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the mammmal i an CNS, But al so serves as” endogenous obligatory co-agoni st
with glutamate for activating N-nethyl-Daspartate (NVDA) receptors. The
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The present invention fulfills this need and related needs.
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R3, R4 and Rs are independently hydrogen, alkyl, fluor, or fluoroalkyl;
and Arl and Ar2 are independently aryl, heteroaryl, cycloal kyl, or
het er ocycl yl where each of the aforenentioned ring is optionally
substituted with Rg, Rh or R' wherg Rg is alkyl, -C=C-R6 (where R6 is
aryl or heteroaryl), halo, haloal kyl”; hal oal koxy, al kylthio, cyano,

al koxy, 25 am no, nonosubstituted am no, disubstituted am no, sulfonyl,
acyl, carboxy, al koxycarbonyl, hydroxyal kyl, al koxyal kyl, am noal kyl
hydr oxy allkexy aspdck akig aieatiyn isaliteandl th @tpmpathd 65Bdrily (T): am nocar bonyi or
acylam no and Rh and Rl are |ndepe dently sel ected fromal kyl, halo,

hal oal kyl , hal oal kox-y, al kylthi o al koxy, am no, m)nosubsti tuted
am no, disubstituted am no, suI f% cyI car boxy, al koxycarbonyl ,
hydr oxyal | cyl, al koxyali cyl, noq)gzl cyI hydr oxyal koxy, al koxyal koxy,
- am noal koxy, am nosul fonyl, E onyl, 3 acylam no, aryl, heteroaryl,
“‘cycl'oal kyl, or heterocycl yl V\/ner @r omati c or alicyclic ring in Rg, R2

and R is optlonally substituted R, Rk or R1 whichare independently
selected fromal kyl, halo, halo Ibégkg hal oal koxy, allcylthio, cyano,

al koxy, am no, monosubst i t ut ed am no, disubstituted am no, sulfonyl, acyl,
car boxy, al koxycarbonyl, hydroxyal Ky, 5 al koxyal kyl, am noal kyl ,

hydr, ] coxy, alkoxyalkoxy, arninoalkoxy, ar ni nosul fonyl, am nocar bonyl ,
or acylamino; or a pharnaceutically acceptable salt thereof provided that:
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E%ycﬁmabﬁyMB@annmmanycl|c saturated het erocyclyl to give a splro ring
wherein /cli c aturat erocycl can be
opt i onal y su ’[I fﬂ%%a"gﬁﬁ‘ﬁ% ??eaﬁ‘gréﬁﬂﬂ‘}%sé’ Bect ed from
al kgilppraaldecrmg, ok carnbink kaifurmald cgl- mx&,uwaahkwwemm 0@ caBPsubst i t ut ed
am sub ti.t ute ;.or Rl a when attached to carbon
" at oér]rtgmf l%ﬂ%f’ pg%’ﬁﬂﬁ' iniacsd §§’ ﬁé‘% -p&t-artam (sre Rdh conbi ne to
f f)rk hsrdfﬁkeriﬁr alhjfll amyll e e-1) lhlﬂii e v efeia Eﬁe of t«r&ﬁy&a%&%ﬁ% Q:%'rﬁlﬂ' ?WL he
ain.is o a y a -N S(0) n- ere Ris
20a an- a‘%l"ﬁ??’e Eﬁo'ﬁ‘ﬂ %mﬁ‘tgg ‘Eﬁetqﬁé?”o\i\‘zﬁ‘é'ﬁ’el n one or two hydrogen
at oms i nR{’ IR &0t R &y limdepentvatin hyarnder, B Hoab] o Mmidhsdlkfiuied Wi th one or
two al ky;lﬁd" and Ar® are independently aryl, heteroaryl, cycloalkyl, or heterocyclyl where each

of the aforementioned ring is optionally substituted with R%, R" or R! where RS is alkyl, -C=C-

RS {where RSis aryl or heteroaryl), halo, haloalkyl, halcalkoxy, alkylthic, cyanc, alkoxy,
25  amino, monosubstituted amino, disubstituted amino, sulfonyl, acyl, carboxy, alkoxycarbonyl,
hydroxyalkyl, alkoxyalkyl, aminoalkyl, hydroxyalkoxy, alkoxyalkoxy, aminoalkoxy,
! aminosulfonyl, amix_mcarbonyl, or acylamino and R” and R'are mdependentty selected from
alkyl, halo, haloalky!, haloalkoxy, alkylthio, cyano, alkoxy, amino, monosubstituted amino,
- disubstituted amino, sulfonyl, acyl, carboxy, alkoxycarbonyl, hydroxyalkyl, alkoxyalkyl,
30 aminoalkyl, hydroxyalkoxy, alkoxyalkoxy, aminoalkoxy, aminosulfonyl, aminocarbonyl,



4 R3, R4 and Rs are independently hydrogen, allcyl, fluor, or fluoroalkyl;
and " Arl and Ar2 are independently aryl, beteroaryl, cycloalkyl, or
het er ocycl yl where each of the aforenentioned ring is optionally
substituted with Rg, Rh or Rl where';Rg is al kyl, halo, haloallcyl,

hal oal koxyral i cyl t hior cyano, . al koxyram ti o, nonosulistitutecl aril:140s

di substituted 5 am no, sulfonyl, acyl, carboxy, alkoxycarbonyl,

hyci roxyal kyl', ai koxyal kyl, ami noal kyl, hyciroxyall coxy, alkoxyalkoxy,
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substi tuted or RI which are independently sel ected from al kyl,
hal Gm%a%q%z ac. =I?6xy, al kyl t hi o, cyano, al koxy, ami no,

mn@%ﬁbﬁﬁh&e&h@ﬂ!}aﬁﬂceﬁabﬁlsﬁwﬂ&}é& E&Qdﬁﬂhﬂ@ sul fonyl, acyl car boxy,
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(/), 12.1 and R2 are |ndependent%¥ﬁse ﬁ cted fron1hydrogen al kyl,

hal oal | cyl , al koxy, hal oal koxy, éteroaryl cycl oal kyl, or

het erocycl yl wherein the aforenentipned rings are optionally substituted
with IV, Rh, or R 25|ndependengwif el e %%ed from al kyl, hal o, hal oal kyl,

al koxy, haloallcoxy, hydroxy, &yamo, Jmonosubstituted amino, or

di substituted am no; or Rl apq,.R2; when attached to the sane carbon
atom can conbine to form cycl oaI ;6_5 m)nocycl ic saturated heterocyclyl
to give a spiro ring wherein t he® cycl al kyl or nDnocycIic saturated
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- NR-alkcr@"- hal-oS{k@)cp, hyldedrar, eydro monSsdbytﬂmmEmmb @ d«;dbsam;bdrﬁmwom@)'; and
ur%ﬁﬁ Q&greln or tmo h dro en at 'nox &ylene chain can be
28pt iBBRdt ?%ﬁ?qﬁ S é?%a? Eﬁ R4"and R5 are
i ndependemt hyd R, dfrmemaci&ldlqy |the §a|mm:rambomtoﬁ:l var gahbipt {o fmm-cycloaMylgnd Ar 2
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hal Of?clnggkyl,h a?ngg','liﬁm}/o Q’aﬁ L f?dor Qﬁgo;ty, 5ro>(¥, monosubstituted amino, or
25  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 fo form —C;-Cs- alkylene chain wherein one of the carbon
atoms in the alkylene chain is optionally replaced by a —NR-, -O-, -S(O)n- (where R is
hvdrogen or alkyl and n is 0-2) and further wherein one or two hydrogen atoms in the
36  alkylene chain can be optionally substituted with one or two alkyl;



am no, nmono substituted am no, disubstituted am no, sulfonyi, any',

car boxy, al koxycarbonyl, hydroxyal kyl, al koxyallcyl, am noal kyl,

hydr oxyal kexy, al koxyal koxy, am noal koxy, am nosul fonyl, am nocarbonyl, or

acylam no and Rh and Ri are independently selected from 10 al kyl, hal o,
hal oal kyl , hal oal koxy, allcylthio, dyano, al koxy, am no, nonosubstituted

am no, disubstituted am no, sulfonyl, acyl, carboxy, al koxycarbonyl,
hyci r oxyal kyl , alkoxyalkyl anm noal kyl , hydroxyalkoxy, alkoxyalkoxy,

am noal kqQeysa gsulf car bo het eroaryl ,

cycloallg§ R ﬂe V%?Qﬂ%&hggg’ g%?% °P@§%FP% ring in Rg,
Rh and RiAd" sn@p,rr? Qi&&hdi@peﬁ&ﬂiﬁltylafylllmie d?lcloaﬂjrl @t Hterodycyh whE® each
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al oall gyl , &l kax al oal kox aryl eter ycl gai ky
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10aN QARG Y, BmfiifstENE Qﬁid@bﬁérb@:ﬁyi 2 yIRmacysahl, GesalayiaéRibaligt afrocycl yl to

give a splro ring wherein th cy. cloallﬁég Qr nonocycl i1 ¢ saturated

het SEBEYRICY WhSH e ab?f?i‘tﬁﬁéﬂ iSYAITaE i e B APE K RPPtRpallypubgtuted
i ndeganre Rk oy RS ohegt 26 ﬁde@éﬂcﬁhky beleciék 8% alkViURALS, hdibdIRy Olthdankoxy,

quoroaIkoxy hydr oxy, nonosubstituted am ng, or disubstituted am no; or
R ey, o 2Hiory carBiRo; HORAFBEHURA JFEne disnpstnisd amigaFufopdsitions of
t he 3fhoRtl PAKSE MRkl gdro&?ﬂkﬁoﬁllk Reatld, L8EPanSL aroxhikdkene chain
wherein one of the carbon atons in the al kylené chain'is optionally

1P eplalieasyalipry anpoalkoxy, amingsyifpoyl( HR@EETROPE, PRAPFERACHY al kyl and n is
0- 2%%&&5&9@@&&& %ﬁmesex@@leeéoftpm&eﬁduhagen atons in the al kyl ene chain
can be optionall stituted with one or two alkyl; R?, R4 and RS are

i ndependdhg P@mn%ndowmafﬂ@ is opt %‘F—bcwyﬂrs(iﬁwsmiwamc agid, 2-(4-  Art
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where each of 't f'or enent’i oned ring is op ti onal subs |tuted Wth Rg,
Rh d?“%olm&f@eﬂj‘)@shbélF‘kWh‘S%)f%ethﬂérkéa@l@qmy ﬁw@&}rkwpace&m@ﬂdt AT &, cyano,
28 kqm,sg}maea (IDERBY By HE- B8R dheny Ine Bl 3, 51&@%?1'&&9&@@1 fonyl, acyl,
car boxy,  al koxycarbonyl , hydroxy al kyl, allcoxyallcy am noal kyl , 5
hydﬁ@?ﬁﬁ#ﬁﬁ%&, alkoxyalkoxy, anlnoalkoxy, am nosui f onyi , anlnocarbonyl, or

acyl am nqn%aﬂ;e Rt saEn Bits, 3k €hd dlﬁq:ﬁﬁﬂﬁl entbynsiel(pcReshd RO ghdepbndenal o,

o Rt b e Ao Sk SO ks Ry AR
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am noal | coxy, am nosul fonyl, am nocar onyI acylarnlno aryl, heteroaryl,
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cyan, al kdxgad %m"mﬁm affaPhed (16 15 PO SATLoR atern. eRneRding \orfarn S5\ PkYISH f onyl |
aCy|mm§ﬁ?Q@é(¥amﬁiel8CBéYé}0 SJRARY brive mégﬁ-gmlwﬁafém thd iﬁﬁ%@ﬂ:ﬂ%k modfERe! i cyl,

hydr oxya koxy al koxyal Koxy, am noal koxy, ani ngsul f.on am nocar bonyl, or
acy|sahieied beferryEladcEthir ozzwnmé pubstiguted Hﬁh RrpRa o8 Pnﬁ%mn pey ssfecdedang RS
38 € AdRAgekkARd flibls, nBoalkyd rfﬁiéY ! hv&rlaﬁy n%:?cshﬁsﬂi‘ﬁ&d 4rgaBoPhENyl or
4-1H-tetrazol - 5- yIphenyI and (i) 4 and R5 are hydrogen and
Art‘h%ﬂﬁﬁﬁﬁﬁﬂm?ﬁ@nmArz i's not phenyl or 4 chlorophenyl In a second

aspect, tfi shd RY QRlchQRabieadb Eﬁ%ﬁ Qtoh& ?3&1:51 BF@%E&'B'p%@iboﬁé)émﬁé' tion
conprising a cortpound of Fornul a arnaceutlcaII¥ acceptabl e salt

t hermdpfragpe gngocas oompries @ fegﬁp‘e?uﬁ: e!iky#eep wbain whejeinepe of hastRAReut i cal | y
accea@élﬂplneméakﬁyxé&%am‘ is oaﬁs&mazy&@@amq% IeRl b acgenl ahhs i piera. In
one enbodi nent, a thi'rd aspect’, this invention is '
directed to a nethod of treatlng a di sease treatable by inhibition of

G yT1l receptor in a patient which nethod conprises admnistering to the
patient a pharmaceutical conposition conprising a conpound of Forrmula (1):




25 wherein: nis an integer fromone to three; 7 RI and R2 are

| ndependently sel ected from hydrogen, al kyl, haloallcyl, alkoxy,

hal oaLkoxy, aryl, heteroaryi, cycloal kyl, or heterocyclyl wherein the

af orenentioned rings are optionally substituted with le, Rb, or 12,4

I ndependent|ly selected from al kyl, fal o, hal oallcyl, allcoxy, hal oal koxy,
hydr oxy, cyano, nono substituted am no, or disubstituted amno; or Rl 5
and R2 when attached to sane carbon can together froman oxo group; or

cycTBaTaRsH BREL AT B R i i et Sra ey oy PR o6RTeBR, o i ng
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tta 0 car.bon, at ons a or. 3 Zi ne
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af/\ﬁmf (Iw%mféw Blakpllog metcfdmyl 12, Heflo, @plolamyd alﬂgmanm&aﬂeﬂﬂﬁy, &and\RlkoxyD-, - S(0) n-
ere I'S ogen or a an .S er EI’EI e or two
Ly o ASB ToRTLET e s b r e Bmine, S o EPPPYr ed wi t h
?lne HidrdMatkal, kiltoxiyal E?l a&ré@dfﬁiﬁsy&;é Aamaetsamm?m&dxgmtd:}hegemﬁ,al kyl, |t .
uoro, or uor oa n r an \§ n e nae he er oary
cyclFpRgHLong) aﬁ’é‘t‘l& ¥h 91 aﬁéﬂ%ﬁﬁ@f’é&éﬁ‘ PRy sheteR AR
10pt Iemeslql halo, suh thﬁm;mﬁee&]mh :f aﬁglt’lnithl: e raauﬁag m@@wﬁmﬁnmer e R6
is ary ar ate:. s al Q oa cyano,
al kgisubstitytedgmigo, %‘)ﬁaghsgx 1 gagbey ﬁzscaﬁm gr%ﬁlgarél%ﬂﬁﬁqk Hul fonyl
acy| amiadsIReX ¥ydrak Yeikos6a hikeRYAIkoRY drorosditdiyy hmirdisilfotyd ldaibocationynoal kyl

hydr oxyal koxy al koxyal koxy, arni noal koxi am nosul fonyl, .ar nl nocar bonyl

or Syl ErdnbetrivaheyRIoaling. erhsieseayaii YheTe e STTRARCir Bliralig 1S hal o,
hal ogd I¥land R&sQHEEANYy sulstidthdd Wvith REFENR R! alnksiate ntithaQienPiasiihst i t ut ed

am no, disubstituted am no, sulfonyl, acyl car box al koxycar bonyl ,
16y o 55y Al Bl RIS Al P AR0 1ok FRttio RPRORRBRA Koxy,

ar ni Reakkaxbsuaddastb! alinyt, A6V NES86:80 BMdoxy@@‘Béz@}m Hjﬂro:@ﬁbklyi het er oaryl ,
cycl oal kyl, or heterocyclyi where the aromatic or alic %CIEJHPO rieng inV, Rh

and a@cexna@wbmlemlyhmﬁgﬁlwealkmq%k?%MWP Xy

I ndepgndentbii S&l £5ladnd r om al kyl', hal o, ' hal oal kyl', hal oal koxy, al kylthio,
cyano, al koxy, am ho, nonosubstituted am no, disuybstituted am
Fk‘i/ ﬁ%%?é‘fkw

sul f onyl , Ingeirte erabadimsyts, 18I tR KRRAURGPS F oAy Dx R awgindgp
R ”é%@éété&)’%éxp h?&fhfgeﬁ?yaicﬁowoajﬁylk%ﬁl} ey aAAL ,aﬁyn@,aiehﬁmycywmm,sw fonyl ,

am nocar bo or "acyl am no; or a phar maceutlcal I y a m q#

t herb@@rocmiylaﬁmfﬁm@%awf@@mﬁ@ niggs 16 optiPRALY SubsHY ittt cal |y
acce 148y £6h MR 2R NAIMSA LSS, hiloakeontalloryexehp] ent. I n
sorre&gggéng n%es in the rethod above, thtg@lcorrgoun?oof Formula (1) is

wher momRpSUYBHHEdRINIAG Ori ATBSERERSATIPOSH| ect ed from hydrogen, al kyl |
hal oal kyl p! gh KRX YwhdhB@ahdiOYhe Hn¥d carbon atom, can combine to form cycloalkyl or

25  monocyclic saturated heterocyclyl to give a spiro ring wherein the cycloalkyl or monocyclic
saturated heterocyclyl can be optionally substituted with RY R®, or Rf independently selected
from alky!, alkoxy, fluoro, fluoroalkyl, fluoroalkoxy, hydroxy, monosubstituted amino, or

disubstitnted aming; or
R and R?, when attached to carbon atoms 2 and 5 or 3 and 6 positions of the
30  piperazine ring, can combine to form ~C1-Cs- alkylene chain wherein one of the carbon
atorns in the alkylene chain is optionally replaced by a -NR~, ~O-, -8(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 substiruted with one or two alkyl;
R?, R’ and R® are independently hydrogen, alkyl, fluore, or fluorealtkyl; and



8 heteroaryl, cycloal kyl, or heterocyclyl wherein the aforenentioned rings
are optionally substituted with Ra, Rh, or Rh independently selected from
al kyl, hal o, hal oal kyl, al koxy, hal oal koi cy, hydroxy, cyano,
nmonosubstituted am no; or disubstituted amno; or - Rl and R2, when
attached to the sanme carbon atom can conbine to fornrcycloal kyl or-_ 5
nonocyclic saturated heterocyclyl to give a spiro ring wherein the
cycloalicyl or nonocyciic saturated heterocyclyl can be optionally
substituted, wi,th,Il L4, %e, r RL i ngependent I){ sel ected from al kyl, al koxy,
f1 uor, 472 g1e hAHeBAeIMEsYYy hetyrmre gy plindserdsterpencly] whera sachor

di s UbkStht bith@AeABheP1in®ls dRtioRAlly RebstinhenwRhFFCREL: RUyAE ROR AkATRalR, and 5
or 3 ng 6 sitions o{ tfhe 10 pi perazine ring, can conbine to form

- C1-sdo alkﬁﬁ%o%m thive FEADY. Bikexpantipe. maRBYPStiEefBminD, diubstitagdene
chal dinir, Qitton9l) Abj1Y o B ARRE B Bomdlhryaraialieyt ADPaldBhfoallr> hydrogen
or alkyl and n'is 0-2) and further "wnerei n one or two roger atonms in
Phe Bydrexpabingy cakeryaliewny pamispaikensl mingsninyt, eméinpoarbonybpeasanine al kyl ;
K3, & ginghd iBad 888 I I r roal kyl ;
and 15Ar| ar?gaglgd%%g?ﬁ epggr?élégnﬁt??@ aryI%ﬁM#ogé’choﬁba }éli%lof or

het ePEaGAKAIXYWARING, Bapsubstitutas amise cdisvhstiorediaminggsilipnyh acnedrbyxy,

subsdii. i1t kﬁhalﬂ ;I'I%Eﬁa ' l.Q, .. | cyl,

hal oaliﬁgf%g%df(%%tgﬁ%, ’cyaél)({)%a%l koxy,oﬁéﬂ’%g,@o%#ﬁ%g sa?cl(}txg%le(%?%m no,

di s sinpelkpyy @mipaseifony]) apinprarbaeyll acyiaminex syl detervayriacpdentkyl, or

ydrigxss , N Q@I'In(% hyol ¥ :gﬁ?ééé oXy,
Igm' noal k%ﬁ%l %%r%%éﬁ%%&c!l e,;r %ﬂocar %)nnl;l ’?Egoa?ﬂ)&:% m n%l lglf)lg’%é%(%and RI
ar e Vil BpdhaeR M@@@I@éﬁ%ﬁﬂﬁdﬁ@ﬁ}’ atlkgted feat alkyl hhloabdigdlkylhbaloalkécowy

al k [ . K ' ik j NQ. _d] i.tuted
am %%{(ﬁgﬁ?’f%%%%&é%%ﬂ ;%%]g’r %g&bﬂ%ﬁ%%b%% b%gﬁl?%r %)%?/131 i@#&;} %Iaﬁgkyal kyl ,

ant | GeekePRy plicokrarhoryh i droyyaliy k elipay#lsyly amdnratiovh| Hyaroxyabiwinos ul f onyl
am NIEARARAN s SYhRE it for PCLEERREony CAFARAAD: licBf e oCYC! V!

where the aromat]jc or alic clicring in optronal ly
18ubswvhen el 28! B arh orithylF R, &' ard\iii ach bpdregem ded dnbisrd-hydresiphetdd tfenom

ToneS e P e it GTERRE T dpfanish ol STOR, R el

al kdwyiesepeng|Ar inpheoyytatiodt” isabkpheral kyf-chamemteayll cyl , hydr oxyal koxy,

al koxyal k ] . ] ] I ..acylamno. In
come. embod pri SR Al BB AR by - BB o B (1) e
whe reemprging sscdmpound ofl Eomntle d)ne phartdreediwiz seceptable DIMh¢ravf@mt i on deficit
VP Cyi : _ ) e . ; . nitive

2gi sor der s\ézfgsﬁsﬁ g?ﬁféﬁﬁ?ﬁ%@ﬁé%%ﬁr eni g’f"{l&a\ﬁ? ab%@r?ﬁg?afln%ueﬁeﬁf’ ggggct , this
i nvameisceuticallyrasetnteble oxcipiept. hdwlond embidiognt ndohpound Fornula (1): RS
wher ei n: 183 ' ; ; : ' ndently
sel ected raot?ﬁuﬁ%eg{gg%?%{eég% 3Shcg oa tf'/ Ia,m% ﬂ%’(ﬁ/ q‘é’?éﬁ%ﬁi@“ﬁ?@r,
het éwoahipitioncsfdlly Al kedeptogin b geéerd oyiatly nctlivarcompristrordaiipisemagtte dred ri ngs

are BE.&PQI Y i MLt . Bh i R&R tly selected from
al k){% , %a o,alr%g%ggﬁ%gﬁb%g%\g%f?m%%%%oxy?o'ﬁﬂ?/afggy, gglg'no,
Zponosubstituted amino, or disubstituted amino;, or R and R2, when attached
to the sanme carbon atom can conbié’ge to formcycl oal kyl or 10 nonocyclic

saturated heterocyclyl to give sgfcmﬁ-i ng wherein the cycloallcyl or

nonocycl i c saturated heterocycly an be optionally substituted with Re!,
Re, or Rf independently selectegh f nomrH kyl, allcoxy, fluor, fluoroalkyl,
ft uor oal koxy, hydroxy, nonosubstiiku am no, or disubstituted am no; or
R and R2, when attached to carbolﬁNag? ns 2 and 5 or 3 and 6 positions of

t he 3
<

&
wherein:

n is an integer from one io three;



15 pi perazine ring, can conbine to form-01-C3- al kyl ene chain wherein one
of the carbon atons in the alkylene chain is optionally replaced by a
-NR-, -0-, -5(0)n- (where Ris hydrogen or alkyl and n is 0-2) and further
wherein one or two hydrogen atons in the allcylene chain can be optionally
substituted with one or two allcyl; 123, R4 and Rs are independently
hydrogen, al kyl, fluoro, or fluoroal kyl; and 20Arl and Ar2 are

i ndependently aryl, heteroaryl, cycloadlcyl, or heterocyclyl where each of

the aforenmentioned ring is optlonally substltuted with R5, Rh or RI where
V is al kyk, areR( stk ndepReiensy selppted froame ydressny alkyl, haﬁoancyhﬂﬂ@aww

hal agh &9&;&?, G%QF EHEQ
—-d?.s ubstitu egllygm %gé agylufy n ylal)lﬁﬂf‘t)émcg{l’gg‘\%?r qﬁ%iﬁ%% %gd ae
hydm%yaﬁlhymbsamkﬁdw@t RUIR, ar R insigbensigntly kslenteskram h9d¢ I&@}Qﬂélr)r%oxy,

P e R L s At oa?i‘*@ At o and 1
al kysng i “ovhenyadiacheddb kurg carkmh gan tmﬁm@@mmm@ommo di substituted
am no, Supf anyks o3¢ Ett.Tc%@ﬁ bO¥E saﬁ-}Jﬂ%ﬁ’cﬁnae[tPI%”é’ein oE%I Gl Yo gé’lkﬁlk;(fi or

al koxyal Kyl anm’ noa ydroxya koxy, al koxya cy, amn
ami mﬂcbrghqsatuzam ringtseamem ko gwve\d sparorTing wingrein theetvstaadiey lof rrwecxxéiCkyl or

het L [ ¢ F
opt (AR SMREL b IRANRA g P ), K, BOR Radenton Bl coted
10 framalitykydlkoryaflogrohfitarablioyl, ,ﬂmmjhmh@hyqirow’,lcmwmﬁnwwanmmOalokoxy,
18M Nfayy Hﬂq Lyt ed amno, disubstituted am no, sulfonyl, acyl,
0X

car boxy, yca‘r onyl, hydroxyal kyl., al koxyal kyl, am noal kyI
hydr oxyal Rba:cyd R'alv&@nagtalﬂcdmpammé@m}d 5 and m@élpﬁsmyns of theri nocar bonyl

o HHG s PRTB s W p LB 08 I RS o B oo oo o

R4, aREms Zkriheaﬁd'lﬁu’é chaimlipeptivralysepetedioda aHBM,e-D uﬁQ@)H-deﬂed{ & basic

hydr o) ¥SI 2 o %gcytl nlso(ggiqgrfpgr Oupg‘;ht%}en?gﬁeg wyd g.hfay y of the RI,

0 provide a~¢o oun ornula (r;
I(SC) aﬂg'tiemaiahxyadrmempmgnaﬂy adisdtacktinithane sabwo gkyl he corrpound of Formul a

(1) obtaiped, a A} optionall
separat i n% g} g?s%enﬁpé e')nfler{l%’ R%dr%% %g&‘f YOI a Iaf o’bt ai ngd from y
15St ep ( ahr! ookd)Ar? mmdbmpe@de)ntbbwvéh“ yid exklodiiatl, wmfﬁr(m)cbrit\vheaﬂaam are

met h R4 and.R5 are d gn 3 ¥ |, en A?
S ﬁap}??y%{ﬂ%rﬁ?gﬁglpn% S BT -}¥ raz E‘%“Aﬁl ks hgny dEI %k %@ﬁ C_@
, R (where RS is aryl or hetm‘yﬁ} ‘hato, haloalkyl, haloalkoxy alkylthm cyano, alkoxy,

26  arnino, monosubstituted amino, disubstituted amino, sulfonyl, acyl, carboxy, alkoxycarbonyl,

hydroxyalkyl, alkoxyalkyl, aminoalkyl, hydroxyalkoxy, alkoxyalkoxy, aminoalkoxy,
aminocsulfonyl, eminocarbonyl, or acylamino and R" and R’ are independently selected from
alkyl, hale, haloalkyl, haloalkoxy, alkylthio, cyano, alkoxy, amine, monosubstituted amino,
disubstituted amino, sulfonyl, acyl, carboxy, alkoxycarbonyl, hydroxyatkyl, alkoxyalkyl,
25 aminoalkyi, 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 R, R* or R! which are independently selected
from alkyl, halo, haloalkyl, halocalkoxy, alkylthio, cyano, alkoxy, amino, monosubstituted
amine, disubstituted amino, sulfonyl, acyl, carboxy, alkoxycarbonyl, hydroxyélkyl,
30  alkoxyalkyl, aminoalkyl, hydroxyalkoxy, alkoxyalkoxy, aminoalkoxy, aminosulfonyl,
aminocarbonyl, or acylamino; or
a pharmaceutically acceptable salt thereof , or a mixture 2 compound of Formula (I)
and a pharmaceutically acceptable salt thereof and a pharmaceutically acceptable excipient.
In some embodiments, in the method above, the compound of Formula (1) is where R

35  and R? are independently selected from hydrogen, alkyl, haloalkyl, alkoxy, haloalkoxy, aryl,



R3, R4 and R5 are hydrogen and Arl is phenyl then Ar2 is not phenyl or

4- chbr ophenyl; In sone enbodinents in the process above, the conpound of
Formula (1) is where: 20RI and R2 are independently hydrogen or al kyl; R3,
R4, and R5 are hydrogen; and Art and A? are independently phenyl, each
ring optionally substituted with Rg%r Rh where V and Rh are independently
al kyl, hal o, hal oal kyl, hal oal koxy, al kylthio, alkoxy, alkylcarbonyl,
alkoxycarbonyl 251 n sone enbodi nents in the process above, the conpound

e i.n dent| n.or al k
Rt oy 08 e CroR s o RERRERAR N inls BRI (o )
phermbstmmdhmh R lbbpmr ﬁhmldbgexrslam setledmtt&mmldﬂkﬂ ledo I%Ialmﬁg«l,enlkb@nd Rh are
i nd I hal o Itlalo al koxy,
BOaﬁpﬁ&gﬁﬂéloH&+$¥ or 8 ﬁ%&@%@#@ﬁi gagWﬁ)tﬁg ﬁ%ﬁ@%@ 3 Sfry at the carbon
TTearryr ng RhendR?, wiren atiachefra ﬂg;rmm ¢a8bdrijtom, ddn doeiwind mifoBesytioalidydBr... -.— ...
stated, the follow n teJ used in,the

fi nl t er e
SpechPheEhs sliefRthHi-aRlehlS eiisl it sinicyh oo Tt Pkl Togy e
Appl sauaaﬂedmemmbybbﬂ'eaﬁ moﬁwﬂanmm@mammg R, RY, or RF iflefsstidentipastecaal i near
saturate vaI nt h droc cal ,of. one to sjx, carbon atons or a
br a;%'c ec?ﬂ?'go é"ﬁ?y?%g‘lﬂ’%%jé?’%ﬁyﬁhﬁ’ﬁy c*a?n%f*i’%tﬁ?tsé aBRGi%E car bon
atonh$ﬂmmgm¢dmmhhybz ethyl propyl, 2-propyl, butyl (including al
i sonmeric for 2 pentyl (i.ncluding all meric and the |iKke.
10" Al i cyc ingﬁegﬁ§m§¥ﬁg%ﬁéP6ﬂ&??%m¥?%ﬁaﬁfﬁ°’ @9%%@5?%89?0%#“heterocyclyI
101 nopipérakiky h:ﬁaﬁcanmnﬁnaawl foRBaC, SRt ulkglend cHavatiRndin BidopgardaaRar adi cal  of
one to_six,carb 'SEQPﬁﬁﬁ anched sat ur at ed_di val ent hydrocar bon

e G i AT VIFBRECL B Rot Hr QU SPAFER & g
met Hyldesen cetal[lgyll afi®én 153ﬁ—apﬁﬁ¢eﬂﬁtheiumfdﬁybﬁ @t%ﬁoﬁi}@r ogén afRhdi e opyI ene,

R i EE S5 arren R S5bsun wiBeRs o ArosRgk Vi thi o, and che Iike
" AI | cyl sukf, ca‘haha m'ﬁldape:ﬁanﬂ hﬁcﬂbgéﬂ, am@erfﬁ:di’o iop ﬂ%bﬂ@ﬂky@san@ef i ned above,
lg g- ”Etﬂ}"' anH ArQ Qxye mde(:apteg ent Lf O{ Emgtﬂroaxﬂdc;c?gaﬁlcyi or heterocycly! where each
of the aforementioned ring is optionally substituted with RE, R® or R where R® is alkyl, halo,.
haloalkyl, haloalkoxy, alkylthio, cyano, alkoxy, amino, monosubstituted aminao, disubstituted

amino, sulfonyl, acyl, carboxy, alkoxycarbonyl, hydroxyalkyl, alkoxyalkyl, aminoalkyl,
hydroxyalkoxy, alkoxyalkoxy, amincalkoxy, aminosulfonyl, aminocarbonyt, or acylamino
20 and R and R are independently selected from alkyl, halo, haloalkyl, haloalkoxy, alkylthic,
cyano, alkoxy, amino, monosubstituted amino, disubstituted amino, sulfonyl, acyl, carboxy,
alkoxycarbonyl, hydroxyalkyl, alkoxyalkyl, aminocalkyl, hydroxyalkoxy, alkoxyalkoxy,
aminoalkoxy, amincsulfonyl, aminocarbonyl, acylamino, aryl, heteroaryl, cycloalkyl, or
heterocyclyl where the aromatic or alicyclic ring in R, R"and R' is optionally substituted
25  with R, R* or R' which are independently selected from alkyl, haio, haloalkyl, haloalkoxy,
alkylthio, cyano, alkoxy, amine, monosubstituted amino, disubstituted amino, sulfonyl, acyl,
carboxy, alkoxycarbonyl, hydroxvalkyl, alkoxyalkyl, aminoalkyl, hydroxyalkoxy,
alkoxyalkoxy, aminoalkoxy, aminosulfonyl, aminocarbonyl, or acylaminc.
In some embodiments, in the method above, the compound of Formula (1) is where n
30 is 1. In one embodiment the disease is ADHD (attention deficit hyperactivity disorder), MCI
{mild cognitive impairment), or cognitive disorders associated with Schizophrenia.
/f In a fourth aspect, this invention is directed 10 a method of making a compound
Fonnula (D:



"Am no" neans a 20" Al kyl am no" neans a -NHR radi cal where Ris al kyl as
defi ned above, e.g., nethylarnino, ethylam no, propyiamno, or

2- propyl am no, and the |iKke. "Al koxy" means a -OR radical where R
is alkyl as defined above, e.g., nethoxy, ethoxy, propoxy, or

2- propoxy,iso-, or tert-butoxy, and %he |ike. " Al koxycar bonyl "
nmeans a -C(0)OR radical where Ris al kyl as defined above, e.g., 25 ‘
met hoxycar bonyl , etl aoxycarbonyl, and the |iKke. "Al koxyal kyl " neans

a |inear nonoval ent hydrocarbon radical of one to six carbon atons or a
branched nonoval ent hydrocarbon rali cal of three to six carbons

substituted with at | east one aI E gr%up preferably one or two al koxy
groups, as defined above, e.g.7 d\[ﬂ}t yethyl, 1-, 2-, or
3 met hoxypr opyl, 2-ethoxyet hyI he I [ ke 30" A koxyal kyl oxy" or

"al koxyal koxy means a - OR radi ca rne R i s al koxyal kyl as defined

above, e.g., net hoxyet hoxy, 2-etimitygthoxy, and the |ike.
" Am noal kyI " means a | i near nono ﬁl‘kﬁ‘ hydr ocar bon radi cal of one to six
| en

carbon atons or a branched nono hydr ocar bon radical of three to six
carbons substituted with at |east offe, preferably one or two, -NRR where R
i's Logen, alkyl, or -COe where le is 35alkyl, each as defined above,
and IS sel ected from hydrogen, al kyl, hydroxyal kyl, 12 al koxyal | cyl,
aryl ,' ar ahksydn integeefroan Yio, 3;het er oar al kyl, or hal oal kyl, each as defined

el o RomrS Ry P B ol e B o Sipeet APy o, 7 o
acet dioatkoop eopyheterammy], tclyeloblklye .OT heterocycl@rﬂ%@&h:kﬂ%ﬂorﬁﬁﬁﬂﬁm&drﬂgs medi cal

\é\hglr‘?%g{ Y ﬁ'i’r‘g’sﬁg%?%%é KR d g%%eabo é‘ﬂy Sel%cmd%ﬁﬁ%gg?lﬂoﬁ%?am%ans a

- CONRRbx Y, a:dioahdoxy«ﬁgr&oﬂ byancn d&:mmﬂsﬁtdt@d ayiiopgedisutatikirdd arfhind! exyal kyl ,

al | coxyal nm noal each as. defi ned here n an en,
kot oy i B R SRt pien R Slpqp stoll et oites oy loalks] of
Foet emﬂm@ck@' barufupddtlisderpcyolil, to lppteer iyQing ®hioyin thb xt_ﬁﬂaml df)thono&lyki@é(yal kyl

or ani noal ,_ea as. defined hereij car bonyl ,
G o TRRGR iSSP R A 0° GricTeds srreotea Sl R4 R E indBrgden i saitecd

- SO24NRE aIk}&,ChIR&ky,\ﬂﬁefcﬁ fidotcdity dmsxemieasut;l YryBaest OgeRosudkdated amials, @ty al Kyl ,
al ko | ko or, am noal kyl , each as defined herein and R is hydrogen,
al ky awg‘fi%da %tycl oal kyI al kyl, aryl, aral kyl, heteroaryl, ‘

het er_oar aRkyhd Rhatrmmgaeﬂmdm daﬂioarmstyhabbyb,mhw@m@b bythe al koxyal kyl,
L PRSRRS Yo e LSl s Rk cavon - py 1
rrealr@taars nf)&]lakaﬂﬁﬁemaaéhﬂmr@nm @playéd biaal—bm Kye-, -szy:qillowmyd Ris i
cycC a roar eterpara erocycly

o Bl gt e i is o2 B S FYHEEOR b & Y0 ST aos Al T S o oyl
2?2?’?‘%?2@?””&‘3’“”“?2‘1“?“22ﬁ“w““ﬁ““?’é“é“nd‘ﬁ e ey lat i no” means &
“\ECOR 1 aBidh a‘\%m‘ge %eﬁlqeé’e‘&ff’ﬁ‘why |ﬁ%‘§?ﬂ fhporgy ‘Eﬁf‘ﬁwa‘ y&%bal | cyl al kyl ,
wwyl, arahiydnd Jﬂéta@é pkydndehey EszQ&feEHnKatb?i cpabﬂﬁc?wﬁheytbrmycxyl where each

D opP Gy FiER st s prawiety substoitgg syt RE R or PREX I ARV sy o1
OL bkéwﬁdre Ré-ﬁé)ﬁﬁt bﬁhé;mdﬁlg@)ahbmnhmaﬂkﬁahal?akexﬁ eﬁﬂ;@mm gga@r, alkexg, g.

P en or Ira a adl C is
ekt LR T S e o R R o gl T A o

MO NON@reNally 0£1Q6:2FAN0N, dArathiosikl], Gk dioRy&RotY all@ﬁty@z&biapmnahcﬁmmmaher ein one or

) Wg| %gé%ﬁ%%:ﬁ%%my ed 0¥ %C%f? R g“ﬁﬁﬁﬁ{% u}qeRgldegﬁy sdlectbd lfrom

Q/Cidﬁﬁll ksmbahdsw‘kynamxy,(@hhﬂ@ ra@amcRanaﬁ cahinaheogofRbitudcigabkyl as
defined above; cycl oprop){)l rret

cyc| DFBpRYE ﬁ?’l‘m éPlfW(]:sl 35he £97 {”*YS -ﬁgg}’ %nge;l{;l’éa?lbwkyﬁeans

- COOhninchikyl, hydroxyalkoxy, a}koxyalkoxy, aminoalkoxy, aminosulfonyl, aminocarbonyl,

acylamine, aryl, heteroaryl, cycloalkyl, or heterocyclyl where the aromatic or alicyclic ring in
30 RER"andR'is optionally substituted with Rj, R¥ or R! which are independently selected



"Central piperazinyl ring" refers to ring in Formula (1) and is nunbered

as shown above. "Di substituted am no" neans a -NRR radical where R

and R are independently al kyl, cycloal kyl, cycl oal kyl al kyl, aeyl,

sul fonyl, aryl, aral kyl, heteroaryl, heteroaralkyl, heterocyclyl

het erocycl yl al kyl , hydr oxyal kyl , al kexyal kyl , or am noal kyl , each as

defined herein, e.g., dinmethylam no, phenyl nethylam no, and the |ike.
"Hal 0" means fluor, chloro, brono, or iodo, preferably fluoro or chloro.
Haloaﬁﬁﬁgy means aIkyI radi cal as defined above, which is substltuted
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carbons substituted with one or t yar oxy groups, provided that if two
hydr oxy groups are present they arepgot both on the same carbon atom
Represent ati ve exanpl es include¢gbﬁl gnot limted to, hydroxynethyl,

2- hydroxyet hyl , 2-hydroxypropyl, 3= roxypropyl 1- (hydr oxynet hyl ) - 2-
met hyl propyl , 2- hydr oxybutyl , 3- hy')gg butyl, 4- hydroxybutyl
2, 3-di hydr oxypropyl, 1- (hydroxydﬁihy - 2- hydroxyethyl
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het erocycl yl al kyl , hydroxyal kyl, al koxyal kyl, or am noal kyl, each as

defined herein, e.g., nmethylam no, phenyl am no, hydroxyethyl am no, and the

i ke. "Spiro" conpound is a bicyclic conmpound with rings connected

t hrough just one atom the connecting atomis also called the spiroatom




COHCO2H e-iNN A 1Ar2 ,Ar1'Ar2 , and the like. 15 releasing the active
i ngredient of Forrmula (1) when the procirug is admnistered to a manmal i an
subj ect. Rel ease of the active ingredient occurs in vivo. Prodrugs can be
prepared by techni ques known to one skilled in the art. These techni ques
generally nodify appropriate functiamal groups in a given conpound. These
nodi fi ed functional groups however regenerate original functional groups
in vivo or by routine manipulation. Prodrugs of conpounds of Formula (1)
i ncl ude conmpounds wherein a hydroxy, am no, carboxylic, or a simlar group
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when the cyclic groups such as aryl, heteroaryl, heterocyclyl are
substituted, they include all the positional isoners albeit only a few
exanples are set forth. Furthernore, all pol ynorphic forns and hydrates of
a conmpound of Formula (1) are within the scope of this invention. "Oxo"
means =(0) group. "Optional"™ or "optionally" neans that the




heteroaryl, heteroarallcyl, heterocyclyl, heterociclylalkyl, each as
defined herein, e.g., niethylsulfonyl, phenylsul fonyl, benzylsulfonyl,
pyridinyl sul fonyl, and the |ike. The phrase in the definition of groups R
and 12.2 in the clainms and in the specification 50f this Application
"....wherein the aforementioned rings ld&e optionally substituted with Rh,
or It.” independently selected fronfand simlar phrases used for others
groups [e.g., Art and Ar2 groups] in the clains and in the specification

Wi th raipeedlkiloartyl) artioyiPediardand, Heesroathikyl, lo} halegiifl, AxcH dskdefinb®nérsid Bat t he
rings can be nmono-, di-, or trisubstituted unless indicated otherw se.

10" Tr camingnetayl, mefhglaminenthylo?-cfhyimiagsemefuiads] . 3-diaminoppyl, pr event i ng

t he digﬁg§ﬁ jfﬁ Sk. gg | i e (i sease not to
develop I'n §~nan§%$%?ﬁ§P@W%y %aggb%%%g %o ggﬁg%g%ﬁg%%%%ﬁ to the disease
but does nol'Ayghoaks! neafea DR dhdipilayvhedy Rt andncatkyl hedelidabeve, e.g., 2-

(2) inhibiting the disease, i.e., arresting or reducing the devel opnent of

i.e
the di d@aasthoxySilimetbylaminopropoxypindige Ligs- (3) relieving the

di sease, i.@pm: | nl Stﬁﬂfﬁk’ ' : i i éﬁﬂ! ynpt ons.
A "therapeut%%%f y é@?%é?%%gﬁannunt %%%ﬁgh@%%ﬁgﬁgégé&%?&gbglnp&ﬁ%ﬁ of

For mul alkgl, hythtvatalkylh elkoryhikyl] ot animdalkel ceanhasrddfifedhetaieand Ryisa di sease, is

AR L RETEE R T AT L M,
et 1 e B R i o A bl s
1- 8 behengin, e.g., -CONH,, Tetiwariincbahsnyl efinetediminovebagipodrits livd. Fornul a (1)
R A NG T R T R Ul
Cpd # hificyl, By drok GAIRPIC ARBX Ik ¥1Cor aminoalkyl, each as defined herein and R’ is hydrogen,
alkyl, cycloalkyl, cycloalkylialkyl, aryl, aralkyl, heteroaryl, heteroaralkyl, heterocyclyl,
heterocyclylalkyl, hydroxyalkyl, alkoxyalkyl, or aminoalkyl, each as defined herein, e.g., -
SO,NH;, methylaminosulfonyl, dixneﬂlylaminosulfonyl,r and the like.
"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, pyridinylcarbonyl, and the like.
When R is alkyl, the radical is also referred to herein as alkylcarbonyl.
"Acylamino" means a -NHCOR radical where R is alkyl, haloaikyl, cycloalkyl,
cycloalkylalkyl, aryl, aralkyl, heteroaryl, heteroaralkyl, heterocyclvl,or heterocyclylalkyl,
each as defined herein, e.g., acetylamino, propionylamino, and the like.
"Aryl" means a monovalent monocyclic or bicyclic aromatic hydrocarbon radical of
6 to 10 ring atoms e.g., pheny! or naphthyl. .
"Aralkyl" means a —(alkylene)-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, cvclopentyl, or evelohexyl, and the like.
"Cycloalkylalkyl“ means a —(alkylene)}-R radical where R is cycloalkyl as defined
above; e.g., cyclopropyimethyi, cyclobutylmethyl, cyclopentylethyl, or cyclohexylmethyl,
and the like.
"Carboxy" means ~-COOH.
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“Central piperazinyl ring” refers to l ring in Formula (I) and is

numbered as shown above.

"Disubstituted amino" means a -NRR’ radical where R and R’ are independentiy
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 chloro.

"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., -CHxCl, -CF3, -CHF,, ~CH2CFs, -
CE>CF;, —CF(CH;«;);; and the like. When the alkyl is substituted with only fluoro, it is
referred to in this Application as fluorocalkyl. '

"Haloalkoxy" means a —OR radical where R is haloalkyl as defined above e.g., -OCF;,
-OCHF;, and the like. When R is haloalkyl where the alkyl is substituted with only fluoro, it
is referred fo 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-hydroxypropyl, 3-hydroxypropyl, 1-(hydroxymethyl)-2-
methylpropyl, 2-hydroxybutyl, 3-hydroxybutyl, 4-hydroxybutyl, 2,3-dihydroxypropyl, 1-
(bydroxymethyD-2-hydroxyethyl, 2,3-dihydroxybutyl, 3,4—dihydfoxybuty1 and 2-
(hydroxymethyl)-3-hydroxypropyl, preferably 2-hydroxyethyl, 2.3-dihydroxypropyl, and 1-
{(hydroxymethyl)-2-hydroxyethyl. - |

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

"Heterocyclyl” means a saturated or unsaturated monovalent monocyclic group of 5
to § ring atoms in which one or two ring atoms are heteroatom selected from N, O, or
S(O)n, where n 1s an integer from 0 to 2, the remaining ring atoms being C. The
beterocyclyl ring is optionally fused to a (one) aryl or heteroaryl ring as defined herein
provided the aryl and heteroaryl rings are monocyclic. The heterocyclyl ring fused to
monocyclic aryl or heteroaryl ring is also referred to in this Application as “bicyclic
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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, pyrrolidino, piperidino, homopiperidino, 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 heterocyclyl group contains at least one
nitrogen atom, it is also referred to herein as heterocycloamino and is a 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 also referred to herein as saturated monocyclic
heterocyclyl. '

"Heterocyclylalkyl" means a —(alkylene)-R radical where R is heterocyclyl ring as
defined above e.g., tetraydrofuranyimethyl, piperaiinylmethyl, morpholinylethyl, 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 heteroatom
selected from N, O, or 8, the remaining ring atoms being carbon. Representative examples
include, but are not limited to, pyrrolyl, thienyl, thiazolyl, imidazolyl, furanyl, 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.

"Monosubstituted amino” means a -NHR radical where R is alkyl, cycloalkyl,
cycloalkyla]kyl acyl, sulfonyl, aryl, aralkyl, heteroaryl, heteroaralkyl, heterocyclyl,
heterocyciylalkyl, hydroxyalkyl, alkoxyalkyl, or aminoalkyl, each as defined herein, e.g.,
methylamine, phenylamino, hydroxyethylamino, and the like.

“Spiro” compound is a bicyclic compound with rings connected-through just one
atom, the connecting atom is also called the spiroatom, most often 2 quaternary carbon

("spiro carbon™). Representative examples include, but are not limited to,
l/CO2 COzH COZH
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2 Ar! A2 and the fike.

Al
The present invention also includes the prodrugs of compounds of Formula (I). The
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term prodrug is intended to represent covalently bonded carriers, which are capable of
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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 occurs in vive. 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 or by routine manipulation. Prodrugs
of compounds of Formula (I) include compounds wherein a hydroxy, amino, carboxylic, or a
similar group is modified. Examples of prodrugs include, but are not limited 1o esters {e.g.,
acetate, formate, and benzoate derivatives), carbamates (¢.g., N,N-dimethylaminocarbonyl of
hydroxy or amino functional groups in compounds of Formula (1)), amides (e.g.,
trifluoroacetylamino, acetylamino, and the Iike); and the like. Prodrugs of compounds of
Formuia (T) are also within the scope of this invention. _

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 comprehensive 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 metbods 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, sulfuric acid, nitric acid, phosphoric acid, and the like; or formed with
organic acids such as formic acid, acetiﬁ: acid, propionic acid, hexanoic acid,
cyclopentanepropionic acid, glycolic 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 acid, cinnamic acid, mandelic acid, methanesulfonic acid,
ethanesulfonic acid, 1,2-ethanedisulfonic acid, 2-hydroxyethanesulfonic acid,
benzenesulfonic acid, 4-chiorobenzenesulfonic acid, 2-naphthalenesulfonic acid, 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, hydroxynaphthoic acid,
salicylic acid, stearic acid, muconic acid, and the iike; 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 ion, or an aluminum 1013 Or
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ci i hycdctioe brais| sleh @by reseiflion of materials. All chiral, diastereomeric, racemic forms

(R -2-(4-((3-bronophenyl ). (phenyl) et hyl )pi_%erazi n- 1-ypacetic acid

di hydr#e Rt e seeperof this mventugiyindess thefperile sisreosh PE1eBPS AR of

For mul ; KL is (R-nethyl, R2, 12.3, R4 and R5 are hydrogen, Arl
§ sl ifisBlied.

and Ar ere Ar2 is substituted with le and RI' as shown

bel ow. Tabl @craiti caBpbind€of Eotnulé (FRoan 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 alky! group albeit only a few examples are set forth.
Furthermore, when the cyclic groups such as aryl, heteroaryl, heterocyclyl are substituted,
they include all the positional isomers albeit only a few examples are set forth.
Furthermore, all polymorphic forms and hydrates of a compound of Formula (1) are within
the scope of this invention.

*Oxo" means =(O) group.

"Optionél" 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 Whjch it does not. For example, "heterocyciyl
group optionally substituted with an alkyl group" means that the alkyl may but need not be
present, and the description includes situations where the heterocyclyl group is substituted
with an alkyl group and situations where the heterocyclyl group is not substituted with
atkyl.

A "pharmaceutically acceptable carrier or excipient" means a carrier or an excipient
that is useful in preparing a pharmaceutical composition that is generally 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 carmer/excipient” as used in the specification and claims includes both one and

more than one such excipient.



Stereochemat *C 16 3-CF3 HRS 17 3-Br HRS 18 H H (no stereo) 2 HClL 19
3-1 HR 2 HCl 20 3-Br H
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"Sulfonyl" means 2 —SO;R radical where R is alkyl, haloalkyl, aryl, aralkyl,
heteroaryl, heteroaralkyl, heterocyclyl, heterocyclylalkyl, each as defined hergin, =.g.,
- miethylsulfonyl, phenylsulfonyl, benzylsulfony!, pyridinylsuifonyl, and the like.
The phrase in the definition of groups R' and R? in the claims and in the specification
5  of this Application “....wherein the aforementioned rings are optionally substituied with R®,
R®, or R® independently selected from.......” and similar phrases used for others groups fe.g.,
Ar! and Ar? groups] in the claims and in the specification with respect to the compound of
Formula (I} and (IA)~(IF), means that the rings can be mono-, di-, or trisubstituted unless
indicated otherwise.
10 "Treating" or “treatment” of a disease includes:

{ 1) preventing the discase 1.e, cansing the clinical symptoms of'the disease not to
develop in 2 mammal that may be exposed to or predisposed to the disease but does not yet
experience or display symptoms of the disease;

(2) inhibiting the disease, i.e., arresting or reducing the development of the disease or

15 its clinical symptoms; or

(3) refieving the disease, i.e., causing regression of the disease or its clinical
sympioms,

A "therapeutically effective amount™ means the amount of a compound of Formula 1))
that, when administered to 2 mammal for treating a disease, is sufficient to effect such

20 treatment for the disease. The “therapeutically effective amount” will vary depending on the
compound, the dis_éase 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 cﬁmpaunds of Formula (I} where R', R?, R, R* and R®
25  are hydrogen, Ar’ and Ar? are phenyl where Ar® is substituted with R8 and R" as shown
below.
Table 1

rCOQH




R2 HC 21 3-Br HS 2 HCl 22 3-phenyl HRS 2 HO 23 3-CF3 HS 2 HC1 74
3-CF3 HR 2 FIC1 25 4-C1 H
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Cpd# | RS R" Stereochem
at *C

1 3-CF; " 18 i}

2 3-Br H RS

3 3-CFs H RS

4 3-Cl 5-Ci RS

5 3-CF; H 5

6 4-Br H RS

7 H H -

8 4-C1 H RS 2 HCl

9 4.CF3 H RS 2 HC1

10 2-Br H RS 2 HC

11 3phenyl | H RS 2HCI

12 4-Br H S 2HCI
13 [4Er i R 7 HCT

14 3-Br H S 2 HCI

15 3.Br H R 2 H(CI

and are named as:

« (K)}-2-(4-{phenyl(3~(trifluoromethyl}phenyymethyl)piperazin-1-ylacetic acid;
2-(4-((3-bromophenyl){(phenymethyl)piperazin-1-yl)acetic acid:
2-(4~(phenyl(3-(triffuoromethyl)phenylmethyl)piperazin-1-ylacetic acid;

5 2-(4-((3,5-dichlorophenyl)(pheny)methylpiperazin-1-yDacetic acid; _
(5)-2-{4-(phenyl(3-(wriflucromethyl)pheny!)methyl)piperazin-1-yDacetic acid;
2~(4-{(4-bromophenyl)(phenylmethyl)piperazin-1-yl)acetic acid;
2-(4-benzhydrylpiperazin-1-ylacetic acid;
2-(4-((4-chlorophenyl)(phenyDmethyl)piperazin-1-ylacetic acid dihydrochloride salt;

16 2-(4~(phenyl(4-(riflucromethyl)phenyl)methyl)piperazin-i-ylacetic acid
dih;ydrochloxidc salt; '
2-(4-((2-bromophenyl)(phenylymethylpiperazin-1-yl)acetic acid dihydrochioride salt;
2-{4~((3-biphenyl)(phenyl)methyl)piperazin-1-yDacetic acid dihydrochloride salt;
(S)-2-(4-((4 -brombphenyl)(phenyl)methyl)piperazin—- l-yDacetic acid dihydrochloride
15 salt; '
{R)-2-(4-({(4-bromophenyl)phenyl)methyl)piperazin-1-yiacetic acid dihydrochloride
salt;



RS 2 HCI 26 4-phenyl | HRS 2 HC1 27 4-Br HRS 2 HC1 28 4-CN HRS 29
HRS 2 110 30 3-phenyl H

3

{5)-2-(4-((3-bromophenyl)(phenyDmethyl)piperazin-1-yDacetic acid dihydrochloride
salt; and
(R)-2-(4-((3-bromophenyl)(pheny)methyl)piperazin-1-yl)acetic acid dihydrochloride

salt.

Table 2 shows representative compounds of Formula {I) where Rlis (R)-methyl, R?,
R?, R* and R® are hydrogen, Ar! and AP are phenyl where Ar? is substituted with R® and R"
as shown below. ‘
Table 2
16
CO,H

.
-l

~ i/ﬂg
ol i3
SRy
Cpd.# |RS RE Stereochem
at*C

16 3-CF, H RS
17 3-Br H RS
18 H 1H (ro sterec) | 2 HCI
8% 31 B R 2 HCI
20 3-Br H R 2 HCI
21 3-Br H 8 2 HCI
22 3-phenyl H RS 2 HCI
23 3-CF3 H 3 2 HCI
24 3-CFsz H R 2 HCI
25 4-Cl1 H RS 2 HCI
26 4-pheny! H RS 2 HCI
27 4-Br H RS 2 HCI
28 { 4-CN H RS

129 1 3-Cl H RS 2 HC!
30 3-phenyt H R

3-0



R 20 Cpd # V Rh Stereochem at

R 34

and are named as:

acid;

*C 31 3-SCH3 H RS 32 2-Br

HS 33 9-Br

20
Cpd # RE R" Stereochem
at *C

31 3-SCH; H RS
32 2-Br H S
33 2-Br H R
34 3-CH; H R
35 3-CH(CH3), H R
36 4-F H RS
37 3-F H RS
38 3-thien-2vyl H R
39 3-SCH; H R
40 3-SCH; H S
41 4-SCH; H R
42 2-F H S
43 2-F . H R
44 3-OCF, H S
45 3-OCF; H R
46 4-pheny! H R
47 4-(2-CHsphenyl) H R
48 4-(3-CHsphenyl) H R
49 | 4-(4-CH;sphenyl) H R
50 2-F 4-F S
51 2-F 4-F R
52 4-F H S
53 4-F H R
54 3-F H. §
55 3-F H R
55A 4-(2-phenylethynyl) H R
55B 3-(2-pyridin-3-vlethynyl) H R
55C 3-(2-pyridin-4-ylethynyl) H R

2—((R)—2—methy1—4—(phenyl(?»-(ﬁiﬂuoromethyl)phenyl)methyl)piperazin- I-yDacetic

2-((R)-4~((3 -bromophenyl)(_phenyl)mcthyl}-2-methyipiperazin—1 -ylacetic acid;

H



3-CH3 HR 35 3-CH(CH3)2 HR 36 4-F HRS 37 3-F HRS 38 3-thien-2yl
3-SCH3 HH R R

21

% (R)-2~(4-benzhydryl-2-methylpiperazin-1-yl)acetic acid dihydrochloride salt;
e e 2H{(R)4-((R)-(3-iodophenyh)(phenylimethyl)-2-methylpiperazin- 1 -ylacetic acid
dihydrochloride salt;
2-((R)-4-((R)-(3-bromopheny)(phenyl)methyl)-2-methylpiperazin-1-yl)acetic acid
3 dihydrochioride salt,
2-((Ry-4-({Sy-(3-bromophenyl)(phenyl)methyl}-2-methylpiperazin-1-yDacetic acid
dihydrochloride salt;
2-((R)-2-methyl-4-(biphenyl-3-yl-phenyl-methyl)-piperazin- 1-yl)-acetic acid
dihydrochloride salt;
10 2~((R)-2-methyl-4~((S)-phenyl(3-(trifluoromethyl)phenylmethyl)piperazin-1-y1) acetic
acid dihydrochioride salt; - o
2~{(R)-2-methyl-4-((R)-phenyl(3-(trifiluoromethyl)phenyl)methyl)piperazin-1-
yhacetic acid dihydrochloride salt;
_ 2+{(R)-4~((4-chlorophenyl)(phenyl)methyl)-2-methylipiperazin-1-ylacetic acid
15  dihydrochioride salt;
2-((R)-2-methyi-4-(biphenyl-4-yl-phenyl-methyl)-piperazin-1-yl)-acetic acid
dihydrochioride salt;
2-({R)-4~((4-bromophenyl){phenyl)methyl)-2-methyipiperazin-1-yl)acetic acid
dihydrochioride salt;
20 2-{(R)—4-((4—~cyanopheziyi)(phenyl)methyl}-z-methylpiperazin—1 -yDacetic acid;
2-{(R)-4~((3-chiorophenyl)(phenymethyl)-2-methylpiperazin-1 -ylacetic acid
dihydrochloride salt; 7
[(R)-ZL-((R).-biphenyl-S-yl-phenyi—methyl}—z-methyi—piperazin- I-yil-acetic acid;
2-((R)-2-methyl-4-((3~(methylthio)phenyl)(phenyl)methyl)piperazin-1-yDacetic acid;
25 2-{{R)-4-((S)-(2-bromopheny)(pheny)methyl)-2-methylpiperazin-1-yl)acetic acid;
2-{()-4-({R)-(2-bromopheny)(phenyl)methyl)-2-methylpiperazin-1-yDacetic acid;
v 2-((R)-2-methyl-4-((R)-phenyl(m-tolyl)methyl)piperazin-1-ylacetic acid;
2-((R)-4-((R)-(3-isopropyiphenyl)(phenyl)methyl)-2-methylpiperazin-1-yl)acetic acid;
2-{{R}-4-((4-fluorophenyl)(phenyDmethyl)-2-methylpiperazin-1-yhacetic acid;
30 2-((R)-4-((3-fivorophenyl)(phenymethyl}-2-methylpiperazin-1-yi)acetic acid;
2-((R)-2-methyl-4-((K}-phenyl(3-(thiophen-2-yDphenyl)methylpiperazin-1-yDacetc
acid;
2-((R)-2-methyl-4-((R)-(3-(methylthio)phenyl X phenylymethyl)piperazin-1-ylacetic

- agid;



39 40 3-SCH3 HS 41 4-SCH3 HR 42 2-FHS 43 2-F - HR
22

2-((R)-2~methyl-4-((S)-( 3-(methylthio)phenyl)(phenyl)methyl)p iperazin-1-yl)acetic
acid;
2-((R)-2-methyl—4—((R}-(&(me&ylthio)phenyl)(phenyl)me‘thyl)piperazi&I—yi)acetic
~acid; '
. 5 -((R)—4—((S}-(2-ﬂuorophenyI)(phenyl)methyl}-2-methy1p1perazm -1-yDacsetic acid;
| 2-((R)-4-((R)- (?.-ﬂuorophenyi)(phenyl}methyl)-2-methyiplpcrazm 1-yDacetic acxd
2-((R)-2-methyl-4-({S)-phenyl(3-(trifluoromethoxy)phenylmethyDpiperazin-1-
vl)acetic acid;
2-{{}8)-2—methyl-4—((1€) -phenyl(B-(tnﬂuoromcthoxy)phcnyl}mcthyl)pxperazm- I-
10 yhacetic acid;
[(X)-4-((R)-bipheny!-4-yl-phenyl-methyl}-2-methyl-piperazin-1-yl}-acetic acid;
{(R)-2-methyl-4-[(R)~(2’ -methy}-biphenyi-4-y1)-phenyl —methyl}piperazim Y-yl}-
acetic acid;
{{R)-Z-methyi-4-[(R)-(3’ -methyl-biphenyl-4-yl)-phenyl-methyl]-piperazin-1-yl]-
15  acetic acid;
{ (R)~2-methyl-4-[(R}-(4’—methyl-biphenyi—é!-—yl}-phenyl—methyl]-piperazin-l-yl}-
acetic acid;
2-((R)-4-(£5)-(2.4-difluorophenyl)(phenymethyl)-2-methylpiperazin-1 -ylacetic acid;
2-—((R)—4—((R}-(2,4—diﬂuoropheny1)(phenyl)methyl)-z-methylpiperazin-l -yDacetic
20 acid; .
2~((R)-4-((S)-(4-fluorophenyl)(phenyl)methyl)-2-methylpiperazin-1-yDacetic acid;
2-((R)-4-((R)-(4-fluorophenyl)}(phenymethyl)-2 -methylpiperazin- 1~-yDacetic acid;
2-((R)-4-{5)-(3-fluoropheny!)(phenyl)methyl)-2-methylpiperazin- I -yl)acetic acid;
2-{(R)y-4-{(R)~(3-fluoropheny)(pheny!)methy})-2-methylpiperazin-1 -yDacetic acid;
25 2—'((R)-2-methy1-4-((R)-phcnf 1(4-(2-phenylethynyl)phenyl )methyDpiperazin-1-
yDacetic acid; _ '
2~((£)-2-methy}-4-((R)-phenyl(3-(2-pyridin-3-ylethynyl)phenymethyl)piperazin-1-
yhacetic acid; and -
2-((K)-2-methyl-4-((R)-phenyl(3-(2-pyridin—4-ylethynyl)phenyl)meth yl)piperazin-1-

30 ybhacetic acid.

Table 3 shows representative compounds of Formula (I) where R is (§)-methyl, R2,
R® R*and RS are hydroge.n, Ar' and Ar* are phenyl where AT is substituted with R® and R"
as shown below.
35 Table 3



44 3-0CF3 HS 45 3-0CF3 HR 46 4-phenyl
4- (3- CH3phenyl) HR

H R 47 4-(2-CH3phenyl) HR 48

5Rh
Cpd # RS R" Stersochem at *¥C
56 H H (no stereo) 2 HCI
57 3-CF; H RS 2 HC

and are named as:

5 (S)-2-(4-benzhydryl-2-methylpiperazin-1-yl)acetic acid dilyydrochloride salt; and
2-((S)-2-methyl-4-(phenyl(3-(trifluoromethyDpheny)methyl)piperazin-1 -yDacetic
acid dihydrochloride salt.
Table 4 shows representative compounds of Formula () where R, R*and R® are
10  hydrogen, Ar' and Ar are pheny! where Ar” is substituted with R® and R" as shown below
and R' and R are as shown below.
Table 4
rCOZH
6N
R siNj—?Rz
4
AR
| 3
Ol s
5Rh
15
Cpd # R’ R* R®E  IR" Stereochem
. at *C

58 H 38-CH: | H H (na stereo) | 2 HCL

59 H {3R-CH; {H H (no stereo) | 2 HCI

[60ma 62 | 2R-CHs | 55-CH; |H H | fro szeren) | 2 HCI
as a mixture B




49 4-(4-CH3phenyl) HR 50 2-F 4-F S 51 2-F 4-FR 52 4-FHS 53 4-FHR

of two
enantiomers
(both are
trans-
dimethyl)
&2 28-CH; | SR-CH; | H H (ro stereoj | 2 HCI
63 H | 3R-CH; | 4- H RS
| phenyl

and are named as:
(S)-2-(4-benzhydryl-3-methylpiperazin-1-yl}acetic acid dibydrochloride salt;
(R)-2-(4-benzhydryl-3-methylpiperazin-1-yl)acetic acid dihydrochloride salt;
2-((2,5-trans)-4-benzhydryl-2,5-dimethylpiperazin-1-yl)acetic acid dihydrochioride salt;
5 2—((2,5-—ci§}-4—benzhydry1-2,S-dimeﬁlylpiperazin-1-yl)acetic acid dihydrochloride salt; and
2-({R)-3 -methyi—4-(phenyl(&diphenyl)methyl)piperazin—1-y])acetic acid.

Table 5 shows representative compounds of Formula (I) where R! is shown below,
‘ R% R’, R and R’ are hydrogen, Ar' and A7® are phenyl where Ar' is substituted with R® and
10 Ar? is substituted with R" as shown below. '

Tabie 3
g -N1_R
(T
5 N 3
2.5 2 h
RgT S 1! g 5
s~ B 8l A,
5 5
Cpd # RE R® R! Stereochem
at *C
64 3-Cl 3-Cl 2R-CHj | (no sfereo)
65 3.F 3-F 2R-CHj | (no stereo)
86 4-CF4 3-CF3 3 H RS
67 4-F 3-phenyl | 2R-CH; | RS 2 HCI
68 4-C] 4-Cl 2R-CHj; | (no stereo) 2 HCl
69 —[4F 3-Br 2R-CH; | RS 2 HCI




54 3-FHS 55 3-F HR 55A 4-(2-phenylethynyl) HR 55B
3-(2-pyridin-3-ylethynyl) 3-(2-pyridin4-ylethynyl) HHR R 55C

10

15

20

25
Cpd # RE R R Stereochem
at *C
70 4F 4F 1 3R-CH; | (no sterea) | 2 BCI
171 4-F 4-F 2-R-CH; | (no stereo)
72 3-CF3 3-CFs 2-R-CH; | (no stereo)
73 3-CF3 3-CFy B (no stereo)

and are named as: _
(Ry2~(4~(bis(3-chlorophenyl)methyl)-2-methylpiperazin-1-yl)acetic acid;
(R)-2-(4~(bis(3-fluorophenyl)methyl)-2-methylpiperazin-1-yDacetic acid;
2-(4-((3-(triflvoromethyl)phenyl}(4-(trifiuoromethyl)phenyl)methyl)piperazin-1-
yhacetic acid;
2-(4-({(4-fluorophenyl}(3-(diphenylymethyl))-(R)-2-methylpiperazin- 1 -yacetic acid
dihydrochloride salt; '
(R)-2-(4-(bis(4-chlorophenyl)methyl}-2-methylpiperazin-1-yDacetic acid
dihydrochloride salt;
2-({R)-4~((3-bromopheny!){4-flucrophenylmethyl)-2-methylpiperazin-1-yl)acetic
acid dihydrochloride salt;
(R)-2-(4-(bis(4-fluorophenyl)methyl)-3-methylpiperazin-1-yDacetic acid
dihydrochloride salt;
(B)-2-(4-(bis(4-fluorophenylImethyl)-2-methyipiperazin-1-yacetic acid;
(B)-2-(4-(bis(3-(triflucromethyl)phenyl)methyl }-2-methylpiperazin- 1 -ylacetic acid:
and

2-(4-(bis(3-(trifluoromethyl)phenyl)methyl}piperazin-1-ylacetic acid.

Table 6 shows representative compounds of Formula (I) where R' is (R)-methyl, R?,
R?, R* and R® are hydrogen, Ar' and Ar” are as shown below.
CO,H

.
®!

At AR
Cpd. # | Ar Ar’

Stersochem
.at *C
3-CFsphenyl | RS

74 thien-2-yl




2-((R -2-nethyl-4-(phenyl(3-(trifluoronethyl)phenyl)nethyDpi perazin-I|-ypac
etic 21 (R -2-(4-benzhydryl-2-mnethyl pi perazi n-1-yDacetic acid '

di hydr ochl ori de

2-((R-4-((R-(3-icidophenyl) (phenyl)net hyl)-2-net hyl pi perazi n- 1-yDacetic
acid di hydrochl oride salt; p
2-((R-4-((R)-(3-bronmophertyl) (pheny’] ) mdt hyl ) - 2- net hy1pi per azi n- 1- ypacetic
aci d 5di hydrochl oride salt;

2-((R-4-((5-(3-bromphenyl ) (phenyl ) net hyl ) - 2- met hyl pi per azi n4- ypacetic
aci d di hydr ¢chido#i deasal t; A Stereochem
2- ((R) - 2-metihy1- 4- ( bi pheny1- 34yl - pheny1- net hyIC) - pi perazinil -yl)-acetic
aci d di hyci fochl ori fe salt: j-at?
102- ((R) - 2- jrashy 1- 4 fhherS)-yphen\BLEB;dhERYIT T URT ONET NYT ) pienyl ) met hyppi per azin
© -"1-yDacetic %ﬁi d—di-hydrochlorilde_sal t; e
2- ((R) - 2-r ngt ﬁyl- 44| Beyiahy 1 (| 3-€Fambendor bhret hyl ) phieny! ) met hyl ) pi per azi n-|

- yQacetic agpd dih NN [
24(R) - 44( 4- Th_l or nnh_yﬁg\r/l )Y (b plnﬁ %%g‘r%\?ﬁl- 2

15di hieft GERPBIAAE sal t ;

24(R) -2 bl e lopfeth RSB AL AR il apet © 2ot d
24(R) yl&meﬁsﬁﬁiémphenﬂ/l ) (phenyl ) et hyl ) - 2- net hyl pi per azi n- 1- yDaceti ¢ acid

di hydr ochi : : - —_—
: 0 Z_( g};&g %igfﬁ'%ﬁyﬁﬁ‘y(ﬂ‘&ﬁ%%ﬁ%‘%%'ﬁ‘“yff}‘?é?%%ﬁhﬁ{)%wgf%YmWéfi c
chi or ophenylqaRRGROTBL M 5 S HTE IV R R AR ety M HeB G e Gy A S razin. 1 -

yDacetic acid; and

- et hyl pi Dezrlélgin- 1-ypacetic acid

2-((R)-4-(cyclopropyl(3 ~(trifluoromethyl)phenymethyl)-2-methylpiperazin-1 -
yhjacetic acid dihydrochloride salt.
10
' Table 7 shows representative compounds of Formula (1) where R®and R are
hydrogen, Ar' and Ar* are each 4-Clphenyl and R', R?, and R? are as shown below.

R‘H/C_OzH

52
R‘-;.:;N ;-.?:_Rz
4
Cpd# | R iy RZ R+RS
78 H H 2R)-CH, |
75 (5)CH; | H 3(R)-CH;
80 B 3-=(0)
g1 (S9-CH; | H 2(R)-CHs
g2 (R)-CH; | H 2(R)-CH;
%3 H H T 2-=(0)
84 i 65)-CHs | 2(R-CHs 2 BCI
85 H 2-CH; 2-CH; T2 HC
86 CH: |H _ |H 2 HCI
87 IH H 2(R)-CH(CHay, | T2HC




di hydrochl ori de salt;

[ (R -4-((R) -biphenyl-3-yl-phenyl - net hyl ) - 2- et hyl - pi perazin-1-yl | -acetic

aci d;

2- ((R) -2-net hyl-4-((3- (et hyl t hi o) phenyl) (phenyl ) net hyDpi per azi n- 1- ypacet i

c acid; 27

252-((R)-4-((5)-(2-bronophenyl) (phenyl)nethyl)-2-neth.yl pi perazin-1-ypacet

ic acid,

2-aR) - 44(R) - (2- br onpphenyl ) (phenyl) et hyl) - 2- net hy1pi per azi n- 1-yl) acetic

acid; 2-Opd2-rn&'hyl-4-R(R)-phd®fl (mtol ypnERMER) pilper azt h] 1- yDaceti ¢

aci d;

24(R) 4:%8( R) - 3-Hi sopr afli phenyl ﬂ phenyl ) net hyl ) - 2- nE—‘{ H;qlpi perazin-1-yl)ace

ti ¢ aoddre named as: _

2- ( g) - 4- ( (B-2Haqbis@hanyophaiidnidthyiplhybhydipeddn BRRESZ kéigl- yOacet i ¢

aci d; LT L P . . S -

3024( R) - 4B 5 tERproRhsnERReybr nnetyiingrript Ly DErpapole 8634 ) acet i ¢

aci d; , 2-(4—(b‘is(tz-chlogphezhyi)mithgl)ﬁfc)}_mpi razirzx—l-}lrlgacﬁﬁc a:lzid; o _ L

_25;/]£ |( sz:-et I_ gﬁ%@—?{é{}#&)&d: g[oggghe%yf)gemy?ﬁ?-g]eihy:ig)agper%zi%[]{y})g?c}pagc%gIagi?ig azin-

2- aR) - 2- TERRZHERY-4-(IR)(4{cBlor Pty phemthyibpbenl- | RRjpyRRbRecaZ n- 1

-yI)acetl(I‘%Eﬂ%é. heny] . . L

2- ((R) - 2- refRyIsrehlprpheny DmethkDr2-propipmradylyyhssets rditet hyppi perazan- |

Y By i Ay - M B R ST Y Tt o S A
= 2-.ITE -4-((R) - (4-(net hy i 0) pheny phenyl ) met hyppi perazin-1-yl)a

ceti mé'gf‘f?thmﬁde Sai(" :

1 KR) - 449p- AOHIORPEEWT b OIRGTI I-BRA AN hipera¥Bl keI azan-1-yljacetic

aci d;,. ng %@iﬁ% (?—ibf f?}}o)r ophggyij) ( phen%’/%p%r}et hyP—))ﬁr'_UZ&_ nmet hyl pi-per azi n-

i -yl FHEdetlaide gt _ _ _

ZE;;R) , 2- metiaybisf4-tKiShopRa Mk éBy Hbibbil0r - 9IBIRRNNL RRAMh)dFeLIYAR f8F azi n- 1-

yCacetic 1 d; ) . ) ) o

2-((R) - 2- zgkﬁ-ﬁ‘fw%(%}Qfﬁ?%vlmﬂcxl}-?ﬂﬁ%?mwybﬂ@ﬁmcmdqy| ) pi per azi n-

l R &%yhi- R b:&ﬁggiaﬁa4 1- ph 1 hyl ) -2 hyl - pi [ I

1[5§,| I) : aéég i2)~0(_£¥éé>}pséd,e-2}¥10;op§:gn}:l gtﬂ¥l)1;i£32reatzin¥1 -) i-)ar:ercrigtac?c/i cizg}li egﬁgzl'ig.; salt,

{(R-2-nmethyl-4-[(R)-(2'-nethyl - biﬁpheng;l -4-y1) - phenyl - net hyl j - pi per azi n- 1-

yl k acetic acid; ’ {(R) - 24 yl-4-1(R)-(3 '

Let hyl - bi phenyl - 4-y1) - phenyl - met hyl | - pi perazin-1-yl |- 15acetic acid;

{(R-2-nmethyl-4-[(R) - (4

Lrmet hyl - bi phenyl-4-y1)-phenyl -rnet hyl‘l'{<pi perazin-1l-yll- acetic acid;

24(R -4-((S)-(2,4-difluor ophenymnylo) met hyl) - 2- met hylpi perazin-1.-yl)a

cetic acid;
2-((R-4-((R)-(2, 4-difluorophen
aceti.c 20aci d;

24(R) - 4-aS) - (4-fl uorophenyl)
acid; 2-((R-4-((R-(4-fluor
-yl )acetic acid;

22 ((R) - 4468} is(1@nded o 2 dpH{phydy)i (Gpftdfiydoatctyl ph2syirb i) i ipsdnzipent t-yDacet i c
aci deceic(at®) - 44( R) - (3-f | uor ophenyl ) (phenyl ) net hyl ) - 2- et hyl pi perazi n- |
-yl)acetic acid; ‘

Embediments

henyl )Jret hyl ) - 2- met hyl pi per - azi n-1-y1)

. 2- et hyl pi perazin-1 -ypacetic
ny1) met hyl ) - 2- met hyl pi perazi n- |

(A}  Inone embodiment, the compound of Formula (I) has the structure represented
25 by Formula (JA):
CO,H

o

N
T
- K

N
3
<

aa)

R‘!



2524(R) - 2-met hy1- 4- ((R) - pheny1( 4- ( 2- phenyl et hynyl ) phenyl ) met hyppi per azi n- |
- yl)acetic acid; o .
2-((R) - 2-met hy14- ((R) - pheny1(3- (2- pyridi n-3-yl et hynyl ) phenyl) net hyl ) pi pera
zin-1- yDacetic acid; and o _

2- ((R) - 2- et hyl - 44(R) - pheny1(3- (2- pygi di n-4-yl et hynyl) phenyQr net hyl ) pi pera
zin- |- 30yljacetic acid. Tabl e 3 shows representative conpounds of
Formula (I) where Rl is (S)-nmethyl, R2, R3, R4 and R5 are hydrogen, Art
and Ar2 are phenyl where Ar2 is substituted with Rg and Rh as shown bel ow.
35Tabhers3 23 Cpd # R Stereochemat *C 56 HH (no stereo) 2 HO 57 3-CF
- 3 RS2 Hﬁl lamd'R2 are independently selected from hydrogen, alkyl, halog.@lfy}., _all»go}_cy,
haloalkoxy, aryl, heteroaryl, cycloalkyl, or heterocyclyl wherein the aforementioned rings are
optionally substituted with R®, R, or R® independentiy selected from alkyi, halo, haloalkyl,

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

- m— ——

Ar' and Ar’ are independently aryl, heteroaryl, cycloalkyl, or heterocyclyl where each
of the aforementioned ring is optionally substituted with R8, R" or R where R® is alkyl; halo,
haloalkyl, haloalkoxy, alkylthio, cyano, alkoxy, amino, monosubstituted amino, disubstituted
amine, sulfonyl, acyl, carboxy, alkoxycarbonyl, hydroxyalkyl, aikoxyallcyl, aminoalkyl,

10 hydroxyalkoxy, alkexyalkoxy, aminoalkoxy, aminosulfonyl, aminocarbonyl, or ax:y}a.rﬁino
and R" and R' are independently selected from alkyl, halo, haloalky!, haloalkoxy, alkylthio,
cyano, alkoxy, amino, monosubstituted amine, disubstituted amino, sulfonyl, acyl, carboxy,
alkoxycarbonyl, hydroxyaikyl, alkoxyalkyl, aminoalkyl, hydroxyalkoxy, alkoxyalkoxy,
aminoalkoxy, aminosulfonyl, aminocarbonyl, acylamino, aryl, heteroaryi, cycloalkyl, or

15 beterocyclyl where the aromatic or alicyclic ring in RE, R" and R! is optionally substituted
with R, R¥ or R! which are independently selected from alkyl, halo, haloalkyl, haloalkoxy,
alkylthio, cyano, alkoxy, amine, monosubstituted amino, disubstituted amino, sulfonyl, acyl,
carboxy, alkoxycarbonyl, hydroxyatkyl, alkoxyalkyl, aminoalkyl, hydroxyalkoxy,
alkoxyalkoxy, aminoalkoky, aminosulfonyl, aminocarbonyl, or acyl; and

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

‘ Within this group (A), one group of compounds is that wherein R' and R? are
independently selected from hydrogen, alkyl, 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  indspendently selected from hydrogen, alkyl, haloalkyl, alkoxy, or haloalkoxy.

Within this group (A), another group of compounds is that wherein R! and R? are
independently selected from hydrogen, methyl, ethyl, propyl, trifluoromethyl, 2,2,2-
trifiuoroethyl, methoxy, ethoxy, propoxy, trifluoromethoxy, difluoromethoxy, or 2,2.2-
trifluoroethoxy.

30 Within this group (A), another 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 atkyl.

Within this group (A), another group of compounds is that wherein R’ is hydrogen

35  and R? are methyl. |



and are naned as: 5(.5)-2-(4-benzhydryl-2- nethylplpera2|n 1-yDacetic acid

di hydrochl ori de salt; and

24(5)-2-nmet hyl- 4- (pheny1(3 (trifluoronethyl)phenyl)nethyppi Perazin-1-yl)ac
etic acid dihydrochloride salt. Table ..4 shows repre§entat|ve
compounds of Formula (1) where 123, 4 and R5 are 10 hydrogen, Ax' and Ar2
are phenyl where Ar2 is substituted with Rg and Rh as shown bel ow and Fi
and R2 are as shown below. Table 4 15 Cpd # Itll R2 Rg Stereochemat *C

58 H3S-CH3 HH (no stereo) 2 HCI 59
Within this group (A), yet another group of compounds is that wherein R' is hydrogen

and R? is methyl, ethyl, propyl, trifluoromethyi, 2,2_,2—tnﬂuoroethyl, methoxy, ethoxy,
propoxy, trifluoromethoxy, difluoromethoxy, or 2,2,2- -triflucroethoxy and is located at the

carbon atom that is ortho to the piperazine nitrogen atom that is substituted w:th the
5  carboxymethyl group.

Within this group KA}, yet another group of compounds is that wherein R is hydrogen
and R? is methyl, ethyl, propyl, trifluoromethyli, 2,2, 2-triflucroethyl, methoxy, ethoxy,
propoxy, trifluoromethoxy, difluoromethoxy, or 2,2 2-trifluoroethoxy and is located at the
carbon atom that is ortho to the piperazine nitrogen atom that is substituted with the

10 carboxymethyl group and the stereochemistry at the carbon atom carrying the R? group is (R).

Within this group (A), yet another group of compounds is that wherein R' is hydrogen
and R? is methyl and is located at 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 (R).

15 Within this group (A), yet another group of compounds is that wherein R} is hydrogen
andi R? is methyl, ethyl, propyl, trifluoromethyl, 2.2,2-ziflnoroethyl, methoxy, ethoxy,
propoxy, triftucromethoxy, difluoromethoxy, or 2,2,2-rifluoroethoxy and is located at the
carbon atom that is ortho to the piperazine nitrogen atom that is substituted with the
carboxymethyl group and the stereochemiétry at the carbon atom carrying the R? group is (S).

20 - Within this group (A), another group of compounds is that wherein R! and R? are
independently selected from methyl, ethyl, propyl, trifluoromethyl, 2,2, 2-trifluoroethyl,
methoxy, ethoxy; propoxy, trifluoromethoxy, difluoromethoxy, or 2,2,2-wrifluoroethoxy.

Within this group (A), another group of compounds is that wherein R’ and R? are
independently selected from methyl, sthyl, propyl, ﬁiﬂuommethyl, 2,2, 2-rifluoroethyl,

25  methoxy, ethoxy, propoxy, mrifluoromethoxy, difluoromethoxy, or 2,2.2-trifluoroethoxy ]
where R is located at the carbon atom that is orthe to the piperazine nitrogen atom that is
substituted with the carboxymethy] group and R2 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

3¢ independently seieéted from methyl, ethyl, propyl, trifluoromethyi, 2,2, 2-trifluoroethyl,
methoxy, ethexy, propoxy, trifluoromethoxy, diflucromethoxy, or 2,2,2-wrifluoroethoxy
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* gréup and the stereochemistry at the carbon atoms carrying the

35 R"and R? groups are (R,S), (R,R), (S,R) or (5.5).



H3RCH3 HH (no stereo) 2 HO 60 and 62 as a m xture 2R-CH3 5S-CH3 H H
(no stereo) 2 HCl 24 of So enantionmers (both are trans- &nethyl) | 62

2S- CH3

30

Within this group (A), yet another group of compounds is that wherein R! is hydrogen
and R? is 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 amine, or disubstituted amino.

(B)  Inanother embodiment, the compound of Formula {I) has the structure represented by
Formula (IB):

rCDzH

N
S T
R—- R
l\N/‘
RB
ArtT AR

(IB)

10 wherein:

R' and R? togsther from an oxo group;

Ar' and Ar? are independently aryl, heteroaryl, cycioalkyl, or heterocyclyl where each
of the aforementioned ring is optionally substituted with R, R" or Rf where R® is alkyl, halo,
halealkyl, haloalkexy, alkylthio, cyano, alkoxy, amino, monosubstituted amino, disubstituted

15 amino, sulfonyl, acyl, carboxy, alkoxycarbonyl, hydroxyalkyl, alkoxyalkyl, aminoalkyl,
hydroxyaikoxy, alkoxyalkoxy, aminoalkoxy, aminosulfonyl, aminocarbonyl, or acylamine
and R* and R' 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,

20 aminoalkoxy, aminosulfonyl, aminocarbonyl, acylamino, aryl, heteroaryl, cycloaikyl, or
heterocyclyl where the aromatic or alicyclic ring in B2, R” and R’ is optionally substituted
with R, R or R which are independently selected from alkyl, halo, haloalkyl, haloalkoxy,
alkylthio, cyanc, alkoxy, amino, monosubstituted amino, disubstituted amino, sulfonyl, acyl,
carboxy, alkoxycarbonyl, hydroxyalkyl, alkox&alk_yi, aminoalkyl, hydroxyalkoxy,

25  alkoxyalkoxy, aminoalkoxy, aminosulfonyl, aminocarbonyl, or acyl; and

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.

36



SR-CH3 H H (no stereo) 2 HO 63 H 3R CH3 4- phenyl HRS and are naned as:
(S)-2-(4-bei nhydryl-3-nethyl pi perazin-1-yl)acetic acid dihydrochloride
salt; (R)-2-(4-benzhydryl-3-nnethyl pi perazin-|-yl)acetic acid

di hydrochl ori de salt; _ _ _ _

24(2, 5-trans) - 4- benzhychyl- 2, 5- di metyyl pi perazi n-I-ypacetic acid

di hyd. rochl ori de salt; . . . .

524(2, 5-ci s) -4-benzhydryl- 2, 5-di rnet hyl pi perazi n-|-ypacetic acid

di hydrochl oride salt and

2- ((RG)3- mmwm&mﬂﬁ%&&@&ﬂ@%&m%ﬁ%@sﬁﬂ@% S .
Tabl %5 %Iiuo representative conpounds of Forrmula (I) where I'S’s
bel ow, &g% R3, R4 and R5 are hydrogen, Arl and At2 are phenyl where

Art is substituted with Rg and 10 Ar2_ts substituted with Rh as shown
--below. .Table 5 6N RL C Y2 5 143 22

3 wherein:

R' and R” are attached to the same carbon atom and are combined to form cycloaliyl
optionally substituted with R%, R® or RY independeﬁtly selected from alkyl, alkoxy, fluoro,
fluoroalkyl, fluoroalkoxy, hydroxy, monosubstituted amino, or disubstituted amino;

Ar! and Ar® are independently aryl, beteroaryl, cycloalkyl, or heterocyelyl where each

16 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, disubstitutad
arhino sulfonyl, acyl, carboxy, alkoxycarbony!, hydroxyalkyl, alkoxyalkyl, aminoaikyl
hydroxyalkoxy, alkoxyalkoxy, arnmoalkoxy, aminosulfonyl, aminocarbonyl, or acylamino
and R" and Rare independently selected from allcyl, halo, haleoalkyl, haloalkoxy, alkylthio,

15  cyano, alkoxy, ammo monosubstituted amino, disubstituted amino, suifonyl, acyl, carboxy,
alkoxycarbonyl, hydroxyalkyl, alkoxyalkyl, aminoalkyl, hydroxyalkoxy, alkoxyalkoxy,
aminoalkoxy, aminosulfonyl, aminocarbonyl, acylamine, aryl, heteroaryl, cycloalkyl, or
heterocyclyl where the aromatic or alicyclic ring in R%, R and R' is optionally substituted
with RS, RF or R! which are mdependently selected from alkyl, halo, haloalkyl, haloalkoxy,

20 alkylthlo cyano, alkoxy, amine, monosubstituted amino, disubstituted amino, sulfonyl, acyl,
carboxy, alkoxycarbonyl, hydroxyalkyl, alkoxyaliyl, aminoalkyl, hydroxyalkoxy,
alkoxyalkoxy, aminoalkoxy, aminosulfonyl, aminocarbonyl, or acyl; and

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

Within this group (C), one group of compounds is that wherein R! and R? combine to

25  form cyclopropyl, cyclobutyl, cyclopentyl, or cyclohexyl ring optionally substituted Wxth R¢
or R® independently selected from alkyl, hydroxy, or fluoro.

(D}  In another embodiment, the compound of Formula (1) has the structure represented by
Formula (ID):



i0

15

20

25

30

1# Ry V Rt Stereochemat *C 64 3-CL 3-Cl 2R-Cl-13 (no stereo) 65
F 2/2-CH3 (no stereo) 66 4-CF3 3-CF3 H RB

32

rC.IOZH
Rs__f NLRZ
_ RN)R 3
AT A2
D)

wherein:
) R! and R? are attached to the same carbon atom and are combined to form monocyclic
saturated heterocyclyl which are optionally substituted with R R or Rfinde cndently
selected from alkyl, alkoxy, fluoro, fiuoroalkyl, fluoroalkoxy, hydroxy, monosubstituted
amino, or disubstituted amino;

Ar' and AP are independently aryl, hetemaryl; cycloalkyl, or heterocyclyl whers cach.
of the aforementioned ring is optionally substituted with R%, R® or Rf where R® is aliyl, halo,
haloalkyl, haloalkoxy, alkylthio, cyanc, 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, alkyithio,
cyano, alkoxy, amino, monosubstituted amino, disubstituted amino, éulfonyl, acyl, carboxy,
alkoxycarbonyl, hydroxyalkyi, alkoxyalkyl, aminoalkyl, hydroxyalkoxy, alkoxyalkoxy,
aminoalkoxy, aminosulfonyl, aminocarbony, acylamino, aryl, heteroaryl, cycioalkyl, or
heterocyclyl where the aromatic or alicyclic ring in R%, R" and R' is optionally substituied
with R, R¥ or R! which are independently selected from alkyl, halo, haloalkyl, haloalkoxy,
alkylthio, cyano, alkoxy, amine, monosubstituted amino, disubstituted amino, sulfonyl, acyl,
carboxy, alkoxycarbonyl, hydroxyalkyl, alkoxyalkyl, amnincalkyl, 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 ahd R? combine o
form tetrahydrofuranyl, tetrahydropyranyl, piperidinyl, or pyrrolidiny! where each ring is
optionally substituted with R® or R® independently selected from one or two alkyl, bydroxy,

or finoro.

(E)  In another embodiment, the compound of Formula (I) has the structure reprcsenfed by
Formula (IE): ‘
CO.H

N

N
R~ —r

N

I n3



67 4-F 3-phenyl 2R-CH3 ,RS 2 HCl1 68 4-Cl 4-Cl 2R-CH3 (no stereo) 2 HC 69
4-F 3-Br 2R-CH3 RS 2 HCI 25 Cpd # Rg R Stereochem

10

15

20

25

30

33

IE)

whereln; - e —— e

R!and R? are attached to carbon atoms 2 and 5 or 3 and 6 positions of the piperazine
ring, and are combined to form —C;-C;- alkylene chain wherein one or two hydrogen atoms in
the alkylene chain can be opticnally 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 RZ, R” or R where R8 is alkyl, halo,
haloalkyl, haloalkoxy, alkylthio, cyano, alkoxy, amino, monosubstituted amino, disubstituted
amino, sulfonyl, acyl, carboxy, élkoxycarbonyl, hydroxyalky!, alkoxyalkyl, aminoalkyl,

- hydroxyalkoxy, alkoxyalkoxy, aminoalkaxy, aminosulfonyl, aminocarbonyl, or acylamino

and R" and R' are independently selected from alkyl, halo, haloalkyl, haloalkoxy, alkylthia,
cyano, alkoxy, amino, monosubstituted amine, disubstituted amino, sulfonyl, acyl, carboxy,
alkoxycarbonyl, hydroxyalkyl, alkoxyalky!, aminoalkyl, hydroxyalkoxy, alkoxyalkoxy,
aminoalkoxy, aminosuifonyl, aminocarbonyl, acylamino, aryl, heteroaryl, cycloalkyl, or
heterocyclyl where the aromatic or alicyelic ring in R®, R" and R’ is optionally substituted
with R, R¥ or R! which are mdependently selected from alkyl, halo, haloalkyl, haloalkoxy,
alkylthio, cyano, alkoxy, amino, monosubstituted amino, disubstinted amino, sulfonyl; acyl,
carboxy, alkoxycarbonyl, hydroxyalkyl, alkoxyalkyl, aminoalkyi, hydroxyélkoxy,
alkoxyalkoxy, aminoalkoxy, aminosulfonyl, aminocarbonyl, or acyl; and

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

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

Formula (IF):
ru::(:LZH
N
g
R— SR
“n
A
AT AL
{Ir)
wherein:

R' and R? are attached to carbon atoms 2 and 5 or 3 and 6 positions of the piperazine
ring and are combined to form —C;-C;- alkylene chain wherein one of the carbon atoms in the
alkylene chain is replaced by a ~NR-, -O-, -5(O)n- (where R is hydrogen or alky! 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;



at *C 70 4-F 4-F 3R-CH3 (no stereo) 2 HCl 71 4-F 4-F 2-R-CH3 (no stereo)
72 3-CF3 3-CF3 2-R-CH3 (no stereo) 73 3-CF3 3-CF3 H (no stereo)

34

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, halo,
haloalkyl, haloalkoxy, alkylthio, cyane, alkoxy, amino, monosubstituted amine, disubstituted
amino, sulfonyl, acyl, carboxy, alkoxycarbonyl, hydroxyalkyl, alkoxyalkyl, aminoatkyl, - ——--

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

and R" and R’ are independently selected from alkyi, halo, haloalkyl, haloalkoxy, alkyithio,
cyano, alkoxy, amino, monosubsittuted amino, disubstituted arnino? sulfonyl, acyl, carboxy,
alkoxycarbonyl, hYdroxyaIkyl, alkoxyalkyl, aminoalkyl, hydroxyalkoxy, alkoxyalkoxy,
aminoalkoxy, aminosulfony!, aminocarbonyl, acylamino, aryl, heteroaryl, cycloalkyl, or

1¢  heterocyclyl where the aromatic or alicyclic ring in R, R and R is opiionally substituted

- with RY, R* or R' which are independently selected from alkyl, halo, haloalkyl, haloalkoxy,
alkylthio, cyano, alkoxy, amino, monosubstituted amino, disubstituted amine, sulfonyl, acyl,
carboxy, alkoxycarbonyl, hydroxyalkyl, alkoxyalkyl, aminoalkyl, hydroxyalkoxy,
alkoxyalkoxy, aminoalkoxy, aminosulfonyl, aminocarbonyl, or acyl; and

15 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 of the piperazine ring, and are combined to form
—C1-Cy- alkylene wherein one of the carbon is replace by represented by -NR- (where R is
hydrogen or alkyl).

20 {a) Within the embodiments (A)-(F) above and groups contained therein, 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).

25 (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 (S). Within this group, one group of compounds is that wherein the
stereochemistry at the carbon atom carrying the R* group is (R},

30 {c) 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 stereochernistry at the carbon atom carrying the rR? group is
(S). Within this group, one group of compounds is that Wl;crein the stereochemistry at the
carbon atom carrying the R group is (R).



and are n (R)-2-(4-(bis(3-chlorophenypnet hyl)-2-net hyl pi perazi n-1-ypacetic
acid; (R -2-(4-(bis(3-fluorophenyl)nethyl)-2-nethyl pi perazin-l-yl)acetic
aci d;

2-(4-((3-(trifluoronethyl)phenyl )(4-(trif| uor om et hyl ) phenyl ) net hyl ) pi pera
zin- | - 5yl)acetic acid,;

2-(4-((4-fluorophenyl) (3-(di phenyl) rret hyl )) - (R) - 2- net hyl pi perazi n-1- ypacet
ic acid di hydrochloride salt;

(R)-2-(4-(bis(4-chl orophenyl ) met hyl ) - 2- met hyl pi per azi n- 1-ypacetic acid

di hydr OC h(ct)ri d@\f'ls‘ﬁ'hthe cfiZodifahts 4A}-BF) above and groups contained therein, yet

- br Om) - uo.ru%&:h ﬁqgét)wr’feg'm}{lﬁ is ﬂuorom(cyp Ipeeigra% y d1ﬂuor0¥ne)tha(iet ¢ acid
R

di hy%tf

(E) dﬂrﬂtﬁ‘lrc(xh&tg{rn -Whitity thizhe oy, Jome ighotlp) of Toffpiolidigis pedt aziepddn Yqeacet i ¢ aci d
&l
R 5O R RimiERy 3t cenpon atoon cerying fhe B gromh it () o FIHP H1i3 STHRCRAS O g

B5( R)af é%mgﬁbuﬁbsd B (tBat(Widréih Wes QeRbLENEMIBRE BYhY FRHBY lador? caRyRY ki egragh is | - yOac
etic,aci an
2- (4(15b| S(3-(trifluorornethyl)phenyl)nethyl)piperazin-I-yl)acetic acid.

Tabl e 6 siipws M&ﬁﬁw&ﬂﬁddiﬁeﬁtsgnwmd&)q&)ﬁﬂfﬁéhﬁs EdntaibeitRrele ahdl S
net h are hydrog@ Arl and Ar2 are as shown

beI o%ou?%%ﬁ?gﬁe P roge Oéﬁam%#laﬂpp ORgrogPE FALENeYith (2){d).ope grampiofi en- 2- y1
3- CRephgsiks BShat wherein Ar' and Ar” are phenyl, each pheny! optionally substituted as

16 defined above,

Within this embodiment (i), one group of compounds is that wherein Ar! and Ar® are
phenyl. Within this embodiment, another group of compounds is that wherein Ar' is phenyl
and Ar’ is pheny! substituted with R® selected from alkyl, halo, haioalkyl, halcalkoxy,
preferably methyl, fluore, chlore, triflucromethyl, trifluoromethoxy or 2,2, 2-trifluoroethoxy.

is Within this embodiment (i), another group of compounds is that wherein Ar® is pheny!
and Ar” is phanyi substituied with R® selected from alkyl, halo, haloalkyl, haloalkoxy,
preferably methyl, fluoro, chlore, trifluoromethyl, wrifluoromethoxy or 2,2,2-triflucrosthoxy
and R® is located at the 3-position of the pheny! ring, the carbon atom attached to the —
CR?Ar’ group being the 1-position.

20 Within this embodiment (i), another group of compounds is that wherein Ar' is phenyl
substituted with R® selected from alkyl, halo, haloalkyl, haloalkoxy, preferably methyl,
fluoro, chloro, triflucromethyl, trifluoromethoxy or 2,2 2-triflucroethoxy, preferably R® is
located at the 3-position of the phenyl ring and Ar? is phenyl substituted with R" selected
from alkyl, halo, haloalkyl, haloalkoxy, preferably methyl, fluoro, chloro, trifluoromethyl,

25  triffuoromethoxy or 2,2,2-trifluoroethoxy, preferably RF is located at the 3-position of the
phenyl ring.

(i1) 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

30  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’
optionaliy substituted as defined above.

Within this embodiment (i), another group of compounds is that wherein Ar' is

35  phenyl and Ar? is pyridinyl, pyrimidinyl, pyridazinyl, pyrazinyl, or thienyl optionally



26 Cpd. # Ar2 Stereochem. at *C 75 thien-2-yl 3-CF3phenyl R 76
thien-2-y1 3-CF3phenyl S 77 cycl opropyl 3-CF3phenyl RS 2 M
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substituted with R® or R” independently selected from alkyl, halo, haloalkyl, haloalkoxy,
preferably methyl, fluoro, chloro, trifluoromethyl, trifluoromethoxy or 2,2,2-trifluoroethoxy.

Within this embodiment (ii), another group of compounds is that wherein Ar! is
phenyl optionally substituted with R® of R" independently selected from alkyl, halo,
haloalkyl, haloatkoxy, preferably methyl, fluoro, chloro, trifluoromethyl, trifluoromethoxy or
2,2, 2-trifluoroethoxy and Ar? is pyridinyl, pyrimidinyl, pyridazinyl, pyrazinyl, or thienyl,
preferably thienyl.

(i) ~ Within the embodiments (A)-(F), (a)-(d) above and groups contained therein,
and groups formed as a result of combination of groups (A)-(F) with (2)-(d), another group of
compounds 1s that wherein Ar' is phenyl and Artis heterocyclyl, each Ar' and Ar® optionally
substituted as defined above provided that Ar? is not pyrimdin-4(3H)-one that is fused |
to a S-membered heteroaryl ring and is optionally substituted as defined above.

Within this embodiment (iii), one group of compounds is that wherein Ar’ is phenyl
and Ar? is tetrahydropyranyl, piperidinyl, or tetrahydrofuranyl, each Ar' and Ar” optionally
substituted as defined above. |

Within this embodiment (iii), one group of compounds is that wherein Ar' is phenyl
and Ar” is tetrahydropyranyl, piperidinyl, or tetrahydrofurany! optionally substituted with R®
or R! independently selected from alkyl, halo, haloalkyl, haloalkoxy, preferably methﬁ,
fluoro, chloro, triftuoromethyl, trifluoromethoxy or 2,2,2-trifluoroethoxy. Within this group,
another group of compounds is that wherein Ar' is phenyl optionally substituted with R® or
R independently selected from alkyl, halo, haloalkyl, haloalkoxy, preferably methyl, fluoro,
chloro, trifluoromethyl, trifluoromethoxy or 2,2,2-trifluoroethoxy and A is
tetrahydropyranyl, piperidinyl, or furanyl.

(iv)  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 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 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 Ar optionally substituted with R€ or R
independently selected from alkyl, halo, haloalkyl, haloalkoxy, preferably methyl, fluoro,
chloro, trifluoromethyl, trifluoromethoxy-or 2,2,2-trifluoroethoxy.
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Within this embodiment (iv}, one group of compounds is that wherein Ar' is phenyl

 and AP is cyciopropyi Ar! optionally substituted with R® or R? independently selected from
5 alkyli, halo, haloalkyl, haloalkoxy, preferably methyl, fluoro, chloro, trifluoromethyl,
 triflucromethoxy or 2,2,2-triftuoroethoxy.
¥) 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! and Ar® are heteroaryl optionally substituted as defined above.
10 Within this embodiment (v}, one group of compounds is that wherein Ar' and AP
are heteroary! each optionally substituted with R8 or RP independently selected from alkyl,
halo, haloalkyl, haloalkoxy, preferably methyl, fluore, chloro, triﬂuorozﬁethyl,
trifluoromethoxy or 2,2,2-trifluoroethoxy.
(vi)  Within the embodiments (A)}-(F), (a)-(d) and groups contained therein, and
15  groups formed as a result of combination of groups (A)-(F) with (a}-(d), another group of
compounds is that wherein Ar® is heteroaryl and Ar? is cycloalkyl each Ar! and Ar? optionally
substituted as defined above.
(vii) Within the embodiments (A)-(F), (a)}-(d) and groups contained therein, one
group of compounds is that wherein Ar! is heterocyclyl and Ar” is heteroaryl each Ar' and
20  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
Ar? Gptionaliy'substituted as defined above.
(ix)  Within the embodiments (A)-(F), (a)-(d) and groups contained therein, one
25  group of compounds is that wherein Ar' is cycloalkyl and Ar? is cycloalky! each Ar' and Ar®
optionally substituted as defined above. -
The above embodiments, 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 sach group and sub-group contained within group (a)-
30  (d)and (1)-(ix) and each group formed as a resuit of combination of groups (a)-(d) and (i)~

(ix).

(G) 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 R where RE is alkyl,
35 halo, haloalkyl, haloalkoxy, alkylthio, cyano, alkoxy, amino, monosubstituted amine,
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disubstituted amino, sulfonyl, acyl, carboxy, alkoxycarbonyl, hydroxyalkyl, alkoxyalkyl,
aminoalkyl, hydroxyalkoxy, alkoxyalkoxy, aminoalkoxy, éminosulfonyl, aminocarbonyli, or
acylamino and R" and R’ are independently selected from alkyl, halo, haloalkyl, haloalkoxy,
atkylthio, cyano, alkoxy, amino, monosubstituted amino, disubstituted amino, sﬁlfony[, acyl,
carboxy, alkoxycarbonyl, hydroxyalkyl, alkoxyalkyl, aminoalky!, hyciroxyalicoxy,
alkoxyalkoxy, aminoalkoxy, aminosultfonyl, aminocarbonyl, acylamino, aryl, or cycloalkyl
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, haloalkyl, haloalkoxy, alkylthio, cyano,
alkoxy, amino, monosubstinted amino, disubstituted amino, sulfonyl, acyl, carboxy,

-alkoxycarbonyl, hydroxyalkyl, alkoxyalkyl, aminoalkyl, hydroxyalkoxy, élkoxyalkoxy,

aminoalkoxy, aminosulfonyl, aminocarbonyl, or acylamino.

_ (H)  In another embodiment, this inventicon is directed to a compound of Formula
(@), wherein Ar' and Ar” are phenyl optionally substituted with R R® or R! where R% is alkyl,
halo, haloalkyl, haloalkoxy, alkylthio, cyano, alkoxy, amino, monesubstituted amino,
disubstituted amino, sulfonyl, acyl, carboxy, alkoxycarbonyl, hydroxyalkyl, alkoxyalkyl,
aminoalkyl, hydraxyalkoxy, alkoxyalkoxy, aminoalkoxy, aminosulfonyl, aminccarbonyl, or
acylamine and RY and Rl are independently selected from alkyl, halo, haloalky!, haloalkoxy,
alkylthio, cya:io, alkoxy, amino, nionosubstituted amine, disubstituted amino, sutfonyl, acyl,
carboxy, alkoxycarbonyl, hydroxyalkyl, alkoxyalkyl, aminoalkyl, hydroxyaikoxy,
alkoxyalkoxy, aminoalkoxy, aminosulfonyl, aminocarbonyl, acylamine, aryl, heteroaryl,
cycioalkyl, or heterocyclyl where the aromatic or alicyclic ring in R, R" and R’ is optionally
substituted with R/, R" or R' which are independently selected from alkyl, halo, haloalkyl,

- haloaikoxy, alkylthio, cyane, alkoxy, amino, monosubstituted amino, disubstituted amino,

sulfonyl, acyl, hydroxyalkyl, alkoxyalkyl, aminoalkyl, hydroxyalkoxy, alkoxyalkoxy,
aminoalkoxy, aminosulfonyl, aminocarbonyl, or acylamino provided that R and R are not
substituted or unsubstituted tetrazole.

49 In another embodiment, this invention is directed to a compound of Formula
(X), wherein Ar' is pheny! and Ar? is heteroaryl or heterocyclyl optionally substituted with RS,
R” or R where RE is aliyl, halo, haloalkyl, haloalkoxy, alkylthio, cyano, alkoxy, amino,
monosubstituted arnine, disubstituted amino, sulfonyl, acyl, hydroxyalkyl, alkoxyalkyl,
aminoalkyl, hydroxyalkoxy, alkoxyalkoxy, aminoalkoxy, aminosulfonyl, aminocarbonyl, or
acylamino and R" and Riare independently selected from alkyl, halo, haloalkyl, haloalkoxy,
alkylthio, cyano, alkoxy, amino, monosubstituted amine, disubstituted amino, sulfonyl, acyl,
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hydroxyalkyl, alkoxyalkyl, aminoalkyl, hydroxyalkoxy, alkoxyalkoxy, aminoalkoxy,
aminosulfonyl, aminocarbonyl, acylamine, 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 indepéndenﬂy selected from alkyl, halo, haloalkyl, haloalkoxy, alkylthio, cyano, alkoxy,
5  amino, monosubstituted amino, disubstituted amino, suifonyl, acyl, hydroxyalkyl,
alkoxyalkyl, aminoalkyl, hydroxyalkoxy, alkoxyalkoxy, aminoalkoxy, aminosulfonyl,
aminocarbonyl, or acylamino provided that neither of R” and R'is substituted or unsubstituted

tetrazole,

10 &)} In another embodiment, thi_s invention is directed to a compound of Formula
@, Ar' and Ar? are independently aryl, hetercaryl, cyclioalkyl, 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, amnino, monosubstituted amino, disubstituted
amino, sulfonyl, acyl, carboxy, alkoxycarbonyl, hydroxyalicyl, alkoxyalkyl, aminoalkyl,

15 hydroxyalkoxy, alkoxyalkoxy, aminoalkoxy, aminosulfonyl, aminocarbonyl, or acylamino
and R” and Rare independently selected from alkyl, halo, haloalkyl, haloalkoxy, alkylthio,
cyano, alkoxy, amino, monosubstituted amine, disubstituted amino, sulfonyl, acyl, carboxy,
alkoxycarbonyl, hydroxyalkyl, alkoxyalkyl, aminoalkyl, hydroxyalkoxy, alkoxyalkoxy,
aminoalkoxy, aminosulfonyl, aminocarbonyl, acylamino, aryl, beteroaryl, cycloalkyl, or

20 heterocyclyl where the aromatic or aticyclic ring in RS, 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 amine, disubstituted amino, sulfonyl, acyl,
carboxy, alkoxycarbonyl, hydroxyalkyl, alkoxyalkyl, aminoalkyl, hydroxyalkoxy,
alkoxyalkoxy, aminoalkoxy, aminosulfonyl, aminocarbonyl, or acylamino; provided that:

25 (i) when Ar' is phenyl substituted with one or more hydroxy or alkoxy, then Ar? is not
pheny! 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; (ii} when Ar' is phenyl substituted with one or more hydroxy or alkoxy, then Ar” is
not phenyl substituted with heterocyclic or heteroaryl ring wherein the heterocyclic or

30 hetercaryl ring is substituted with carboxy, alkoxycarbonyl, or substituted or unsubstituted
tetrazole ring; (iii) when Ar' is a five membered heteroaryl ring substituted with alkyl,
substituted or unsubstituted heteroaryl or heterocyclyl, then Ar® is not five or six membered
substituted or unsubstituted heteroaryl or heterocyclyl ring wherein the heteroaryl or
heterocyclyl ring contains at least one nitrogen ring atom; and (iv) when Ar! is substituted or

35  unsubstituted phenyl and A is pyrimidin-‘i(jH)-onc substituted or unsubstituted at N-3
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Formula (1) has the structure represenrg%l 23 by Fornmula (1A):
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where:

R' and R? are independently hydrogen or alkyl; and

Ar' and Ar? are independently phenyl, each ring optionally substituted with R® or R
where R® 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 (1) has one of the
foliowing structures:

N Nr,n
® SANNG)

g g
I/' ’ - L;\R!"l ’\Rh
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COH CO,H
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R Re
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28 where: RI and R2 are independently sel ected from hydrogen,

al kyl, hal oalicyl, al koxy, hal oal koxy, aryl, heteroaryl, cycloal kyl, or
het er ocycl yl wherein the aforenmentioned rings are optionally substituted
with V, Rh, or R independently selected fromal kyl, halo, haloal kyl, 5
al koxy, hal oaLkoxy, hydroxy, cyano, #onosubstituted am no, or

di substituted am no; Ari and Ar2 are independently aryl,

het eroaryl, cycloal kyl, or heterocyclyl where each of the aforenentioned
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hal oal kox-Vy provided that at |east one of Rl and R2 is other than
hydrogen. Wthin this group (A), another group of compounds is that
wier gy R e..25 [ ndependently.sel ected from hydrogen, alkyl,

hal oa cyII,n %ﬁ%%?‘?ﬁggc}m}%t’g%ﬁ RosHon 15’ directegyjtp giqempred gf BepuiafD): anot her
group of conpounds is that wherei mR .apgi R2 are i ndependently sel ected
from hydrogen, nethyl, ethyl, pr opyn/t rifluorornethyl, 2,2, 2-

trifluoroethyl, methoxy, ethoxy, lm]a:)\“rgm)gxy, trifluoronethoxy,
di fl uoronet hoxy, or 2,2,2- trifkuotroetthg@. 30Wthin this group (A,

anot her group of conpounds is that rein R and R2 are hydrogen.
Wthin this group (A), another group e conpounds is that wherein R is
hydrogen and R2 are al kyl . At aAN thin this group (A), another

gr oupRfe.compounds is that wherein Rl is hydrogen 35 and R2 arenethyl. 29
Wthin this group (A, yet another group of conpounds is that wherein Rl
i s hydr og& aad®’Ree irslepatdaytly hedogén opsiRpy! , trifluoronethyl,
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Wit thaﬁcrc REis alkﬂ, halo, haioalkyl, 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

25  alkyl, balo, haloalkyl, haloalkoxy, alkylthio, cyano, alkoxy, amino, monésubstituted amino,
disubstituted amino, sulfonyl, acvl, carboxy, alkoxycarbonyl, hydroxyalkyl, alkoxyalkyl,
aminoalkyl, hydroxyalkoxy, alkoxyalkoxy, aminoalkoxy, aminosuifonyl, aminocarbonyl,
acylamino, aryl, heteroaryl, cycloalkyl, or hetcroéyclyl where the aromatic or alicyclic ring in
RE, R" and R' is optionally substituted with R, R or R} which are independently selected

30  from alkyl, halo, haloalkyl, haloalkoxy, alkylthio, cyano, alkoxy, arﬁino, monosubstituted
amino, disubstituted amino, sulfonyl, acyl, carboxy, alkoxycarbonyl, hydroxyalkyl,



5 carboxymethyl group. Wthin this group (A), yet another group of
conpounds is that wherein Rl is hydrogen and R2 is nethyl, ethyl, pmyl,
trifluoronmethyl, 2,2,2-trifluoroethyl, nethoxy, ethoxy, propoxy,
trifluoronethoicy, dffluoromethoxy, or 2,2,2-trifluoroethoxy and is

| ocated at the carbon atomthat is @aetho to the piperazine nitrogen atom
that is substituted with the 10 carboxynethyl group and the
stereochenistry at the carbon atonrcarrying the R2 group is (R).
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car bon atonrt IS ortho to the piperazine nitrogen atomthat is
substitute mnth the carboxynethyl group and R2 is | ocated at carbon that

is para ton hgicarbon atomcarrying the Rl group and the stereochem stry
at the cag:;w atoms carrying the 35 R1 and R2 groups are (R S), (RR),
(S)) or ( Wthin this group (A), yet another group of

conpeun at mhereln Rl is hydrogen and R2 is aryl, heteroaryl,
cyclo eterocyclyl wherein the aforenmentioned rings are
optiona y ? ituted -with 1r, Rh, or R~ independently selected from
al kyl , halé hal oal kyl, . al koxy, hal oal koxy, hydroxy, cyano,
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enbodi nmen the C ound of Fornul a ture represented by
For nTHEPE, F{'BE Sﬁpﬁe%mﬂﬁcy E haio haloalkyl or haloalkoxy In another

- embodiment within this group, the compound of Formula (I) has one of the structures (a)~(e),
15 where the R® group is attached to the 3-position of the phenyl ring a.hd R" is methyl, chlore,
trifluoromethyl, or trifluoromethoxy. In another embodiment within this group, the
compound of Formula (I) has one of the structures (a)-(s), whers the R® group is atfached to
the 3-position of the phenyl ring and the stereochemistry at *C is (R).

20 (1) Inanother embodiment, this invention is directed to & compound of Formula
(I) where:

nisl;
R and R? are independently selected from hydrogen, alkyl, haloalkyl, alkoxy,
haloalkoxy, aryl, heteroaryl, cycloalkyl, or heterocyclyl wherein the aforémentioncd rings are



10 wherein: R and Ra together froman oxo group; Arl and Ar2-are

I ndependently aryl, heteroaryl, cycloallcyl, or heterocyclyl where each of
the aforenmentioned ring is optionally substituted with V. Rh or R where
Rg is alkyl, halo, haloalkyl, haloalkoxy, allcylthio, cyano, alkoxy,
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the compound of Formula (1) is not 2-(4-benzhydrylpiperazin-1-yDacetic acid, 2-(4—
((4-chicrophenyl)(phenyl)methyl)piperazin-1-yl)acetic acid, 2-((2ZR58)-4-((R)(4-(1H-
tetrazol-5-yDyphenyl)(3-hydroxyphenymethyl)-2, S-dlmethylptperazm- ~ylacetic acid, or 2-

30 ((2R,58)-4-((R)~(4-cyanopheny])(3 -hydroxyphenyDmethyl}-2 5-dimethylpiperazin-1-
yDacetic acid.

Within this embodiment, one group of compounds is that wherein R and R® are
independentiy selected from hydrogeﬁ, alkyl, haloalkyl, alkoxy, haloalkoxy, aryl, heteroaryl,
cycloalkyl, or heterocyelyl wherein the aforementioned rings are optionally substituted with

35 RLR% orR® independently selected from alkyl, halc, haloalkyl, alkoxy, haloalkoxy, hydroxy,
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Within th.'.s embodiment, yet another group of compounds is that wherein R’ and R?

are attached to the same carbon atom and are combined to form cycloalky] optionally
20  substituted with R%, R® or Rf mdépendently selected from alkyl, alkoxy, fluoro, fluoroalkyl,
fluorcalkoxy, hydroxy, monosubstituted amino, or disubstituted amino.

Within this embodiment, yet another group of compounds is that wherein R! and R?
are attached to the same carbon atom and are combined to form monocyclic saturated
heterocycelyl which are optionally substituted with R®, R® or Rf independently selected from

25 alkyl, alkoxy, fluoro, fluoroalkyl, fluoroalkoxy, hydroxy, monosubstituted armino, or
disubstituted amino.

Within this embodiment, yet another group of compounds is that wherein R' and R?
are attached io carbon atoms 2 and 5 or 3 and 6 positions of the piperazine ring, and are
combined to form —C)-Cs- alkylene chain wherein one or two hydrogen atoms in the alkylene

30 chain can be optionally substituted with one or two alkyl.

Within this embodiment, yet another group of compounds is that wherein R and R®
are hydrogen, R, Rz, and R* are independently hydrogen or alkyl, and Ar' and Az are phenyl
optionally substituted with RE R¥ or R provided at least one of R!, R?, and R* is other than
bydrogen.
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those skilled in the art following procedures set forth in references such as Fieser and Fieser's
Reagents for Organic Synthesis, Volumes 1-17 (John Wiley and Sons, 1991); Rodd's
Chemistry of Carbon Compounds, Volumes 1-5 and Supplementals {(Elsevier Science
Publishers, 1989); Organic Reactions, Volumes 1-40 (Jobn Wiley and Sons, 1991), March's
20  Advanced Organic Chemistry, (John Wiley and Sons, 4th Edition) and Larock’s
Comprehensive Organic Transformations (VCH Publishers Inc., 1989). These schemes are

merely illustrative of some methods by which the compounds of this invention can be
'synthesized, and various modifications to these schemes can be made and will be suggested
to one skilled in the art having referred to this disclosure. The starting materials and the
25  intermediates, and the final products of the reaction may be isolated and purified if desired
using conventional techniques, including but not limited to filtration, distillation,
crystallization, chromatography and the like. Such materials may be characterized using
conventional means, inciuding physical constants and spectral data.
Unless specified to the contrary, the reactions described herein take place at
30  atmospheric pressure over a temperature range from about —78 °C to about 1‘0 °C, more
preferably from about 0 °C to about 125 °C and most preferably at about room (or ambient)
témperature, e.g., about 20 °C. '
Compounds of Formula (I) where Ar’, A%, R!, R% R, R* and R® are as defined in the
| -St!mmary of the Invention can be prepared as illustrated and described in Scheme A below.
35 , Scheme A
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tﬁP %"“’Br‘?ﬁ& toRifiley elrrhy A @‘i & GREidp.andihe Hiheteidir Arl s
phenyl and Ar2 is cyclopropyl, Arl optlonally substituted with V or Rh
i ndependently sel ected fronb aIkyI, hal o, hal oalicyl, hal oal koxy,
preferably nmethyl, fiuoro, ehloro, trifluoronethyl, trifluoromethoxy or
2,2,2-trifluoroethoxy.




(v) Wthin the enbodinments (A)-(F), (a)-(d) and groups contained therein,
and groups forned as a result of conbination of groups (A-(F) with
(a)-(d), another group of compounds is that wherein Art and Ar2 are

het eroaryl optionally substituted as fi ned above. 10Wthin this

enbodi ment (v), one group of compounds is that wherein Arl and Ar2 are
het eroaryl each optionally substituted with Rg or Rh i ndependently

sel ected fromal kyl, halo, haloalicyl, haloal koxy, preferably mnethyl,

fl uor, ochambydmmﬂs lofl cHeqsstee Urthdsd RIS
2,2,2°tri1 1 ygr et 111) Wt%@n thg{&%ﬁ@n%ﬁfgow . (a)-(a)

and gr og gs com ‘gsd}lftfﬂ]ét?lélia madaed prirde capvestingié i 4 compound
nbi w04 R d
that wherein Ag?r Efpfgfn?’?%@r bm”"hﬁﬁ Q\?ﬁé’r‘fl?ac“y‘?ﬁ‘gﬁl R G o
opt i Ona%OSBT ST ‘?ﬂe@ﬁfe E oqfeheteroalylbﬂmmc aeids yndat Skizukit he
nbodi Iag + S
embodi nerimg (et koncnﬁéns(td)pr@aﬁte g Pokdnt %ﬁﬁﬁr‘%&?}gﬁﬁeg%&r %‘p%fach

i s_heterocyclVl teroar

Z?Fpouggg‘é S‘ibﬁgt{@?ﬁ %ﬁ&ﬁﬁygzyﬁj Gﬁ’étqrthGWWFmﬁdeoﬁbe reaction is ysually )

W t hi ncarfied emtin dhepraichcs 60 C((IEﬂJOIl @l&(ﬁl&ﬁl c@@grs%rs%UlFEs F@@gg)ﬁ%%a%ﬂ%%%b,
Pt or oLsaP AUBRDRETCEN: apbh e' R ol Yot Sra SN et thediabuys.

(i x) Vehibsttioe of h&te&lﬁh@dlsﬁﬁéﬁlé ofg‘éhrc(s%)venﬁ ﬁ])ch(ag)ac&&ﬁhrﬂé Hﬁ’f‘%&)ﬁ % her ein,

f co ounds s wher el n Art IS Cy oa

one 25 u

cycl oall gy@ 6 hITCAPt Ihﬁdlsﬁlb’}éfﬁfqddﬁ’éplw X UEO mmmml ned above

The abildatndadi mv@ma@ah e I s and
subs- %o als cont her e?hr? ﬁéélcgggggﬁg%%ﬁgégﬁéé%r ozg%ls g(htlg hed
W t hin %& %“D(E&A? )-can be conbined i ndependently with each group
and sub gr CAlReratveR, m@awbmfaﬂsf%ﬁéh n(@ht %an%)ou?p&}e@(s@é' X 1a”d each

of corbi nation of groups (i x).

f d a
?reﬁ) uPW%@?‘ﬁB@Eﬂ%iﬁﬂ%ﬁﬁﬂﬂp Arastipm oenditions, the cdimpeundd wher mrrpn&md of
VR o m?reﬂv"’“".’ B p oA A S A T R SER b BBRY Ryt e o
cyano m’ﬁ\e@&&m Hiyes Fﬁ)PF@é’lﬁ?sﬂt qompound ahformula %@hdr&nﬂ o iArtik éﬁmmne@
arni ﬁ??fhk"m’ﬁm "é’?lﬁi’p ool kBOUERCONAN - THVALOMAL Kl Sblomiat
ani no® B%Q?ﬁfhy d u%bCWStRﬁu@r@ Fri(PBinag, iPd(iﬁﬁg)jﬁQnPdigylb@el ected f rom
al kyl Pdhﬁip@)CH‘@HQ(@lz 6l thm&eo%&m or Mithsld iad%qngy Bhs gl'é%;fa%éé ;ﬁgﬁy

rmnosy,gagl tué’ﬁl am no, disubstituted am no
al kox w%mansey@blwgmgsqdmau@m tohwhecabloyltrilehy-dicospal koxy,

al kox a1 @ I o rb c aryl
or cycl. oalﬁy’rcm g?gét iqg%g?%%atl C %%éﬁ*ywﬁg%&ﬁﬁﬁéoqﬁgﬁ (I% (}l@r{%ﬁﬁ Ri |>/s
opt i OHH?rPVag%B@\MWEdAW dihhydroiRpis of tiR; eswmgojupané thedppenidetisl y sel ect ed

from abrkpbundFFe, 0! t hi o ano, ,al koxy, anino,
nmonos sfy l':Hut ed gﬁlﬁﬁo djjlﬂg‘lhrgatt i }jtézt%% u%héfﬁ ?%OM %é ied oy , 10

al koxy'c8r ﬁonowbﬂéﬁvhwwr on owyauamt;ed mﬂmmhﬂﬂkyﬂaywmgl koxy,
al koxpeattkaxabndafopsnoal koxy, am nosul fonyl, am nocarbonyl, or acyl am no.
(H I'n another enbodinment, this invention is directed to a conmpound of
Formul a (| YompAwndsiof Fapmular(d@ candbeaorvertedriy Iothmpt:ompalhﬂdﬁ of@bﬁﬁlklh dhedioni th

R5, Rekaaipidd 1 ky oal koxy, . al kyI t hi o,

cyano,. pkofﬁmgﬁrﬁ? fprcr%rr?gts@st | %ru:}%d%‘%?ei SUGYS ‘B‘%Y"i‘%&’[“@’d’ SuRstifgted or

suLfo o@d@ ﬁam@a@ﬁdﬁﬁnechxmaﬁmyf:heﬁgmnmhﬂl Bybrep&leﬁ(ff@ylﬂlh ][<y| .

amn ¥hond ks aj nosul f ony

am nogar b%or?ylmgj%r acy}ﬁ%ﬁ?o angﬁﬁﬂiJ %élfr%mé %&g%gﬁwoﬁp%bﬁd from

al ky|EShigigcing, edatrkgrouma|am4mmgouplahdy1h¢ﬂmma@n@m1a@gkmngw
arboxy

t %Hﬁﬂb f
gIDIr cgﬁplébaltra%%nmI:é %93( a| i ?gd&ﬁoxymmlg ‘?I%EI hvf}? moﬁ9aFW§F@oxy
al ko R 638/ C e@ﬁﬁ"ﬁﬁéﬂ”«bﬂlﬁ dlmbstnmmwhnn(yhfdemned,dgaﬂb@]auﬁ 8@ no, aryl,

het ersagb e the aromatjc or ali cyclic
ring.in Hﬁém@/%k Qghf#&gﬁwgﬁ%% %‘%‘%‘gﬁ‘?&%ﬂl&%&?w%ﬁ ﬁ’pﬁa.lly caied OUR|  whi ch
are %éh.fﬁé’ﬁ%f@ﬁ% pfa basesueleds pmtemmhltqﬂ -butbalde, aﬂﬂi&h@hkk)dnd altataBat K@hYas

al kylg ubst i tut m ng, disubstituted

i po e YAt Sk e SRR O g s LarmeapRegt

hydr oxyal koxy, al koxyal koxy, am noal koxy, am nosul fonyI nm nocar bonyl , or
acylam no provided that Rh and R are not substituted or unsubstituted
tetrazol e. (I') I'n another enbodinment, this invention is directed to
a conpound of Forrmula 30(1), wherein Arl is phenyl and Ar2 is heteroaryl
or heterocyclyl optionally substituted with Rg,




Rh or R where RS is alkyl, halo, haloal kyl, hal oal koxy, alkylthio,
cy-ano, al koxy, am no, nonosubstituted am no, disubstituted am no,

sul fonyl, acyl, hydroxyal kyl, al koxyal kyl, am noal |l cyl, hydroxyal koxy,

al koxyal koxy, am noal koxy, am nosul fonyl, am nocarbonyl, or acylam no and
Rh and R are independently selected f4om al kyl, hal o, hal oallcyl,

hal oal koxy, 35al kyl thio, cyano, alkoxy, am no, nmonosubstituted am no,

di substituted am no, sulfonyl acyl, 39 hydroxyalkyl alkoxyalkyl

am noai%;lnulal@dvlmqwr Wlﬁkd{ﬂt{uﬁéd@ﬁualk@kﬁlﬂaﬂﬁh&& ;gyaﬂﬁﬁ? nyl
ero

am noc ami no .het er oa cycl oal c cI 1
wher e tg:i F arorrgtl c Pfeéﬁafeéa%éy trﬁfflﬁpgﬁéwpﬁs dmgﬁ:omp@mpd Ofgorgpda Ghwmhlese S
~ subst i ¥t etiAiis bubRkput&hwith hiRir owlplvﬁ’fhﬂkﬁhaﬁd@ Halidle, S61ifs lfaﬁﬁgbxal kyl,

hal o, haloalk al kyl thi o, cyano, alkoxy, 5 am
nDnosuEst??%txﬂh QRRge ??ﬁﬁ%?ltuted am no, suifonyl, acyl hydroxyalkyl,

al koxyal ky! Jt veili reaatdgnlizedrbycr soesal kaxas, in@hkaxual ﬂ{éxgm ﬁﬁé}{s
anm nosyl ggﬁé ,bF%m negcarbon ., or acylarnino, provid at nelt er of Rh

and R11s FUbH &%FM eﬁié@tb%}mrecesa_b@s@yllon feasthihior of the

enbodlmstfomtatmlossl nvention is directed to a conpound of Fornmula (1), Ari
and A3t2 are independently aryl, heteroaryl, cycloalkyl, or heterocyclyl
where each of the aforenmentioned ring is optionally substituted with Rg,

Rh or R whaiternbAvdy] oniidantis oﬁ&hﬁuﬂé’lﬁb Qakdecai!, Apakoqizkgxgz a%dlﬁﬁ' (hio.
cyano, 4 Eleﬁnlégg eagn no m%r%laeis]g_wstl tuted am no, disubstitute

sul f ony achfh HIBERP QRN 78RR Prenyert Bajlustraisd andaddscxiqﬁdlmyl

am noabdbgine HBelbyvdroxyaI koxy, al koxyal koxy, am noal koxy, am nosul fonyl ,

am nocar bonyl, or acylam no and Rh and RI_are independently selected from
al kyl, hal o, haloallcyl, haloal koxySc smﬁﬁ t hi o, cyano al koxy, am no,

nonosubsti tuted am no, d| substi tutﬁﬂ am no, sul frhyl, acyl, carboxy,

al koxycar bonyl, hydroxyal kyl, al & Py, anm R F hydroxyal | coxy,

al i coxyal koxy, am noa Igoxy, am nosyl fonyl , am nogar bonyl acyl am no, aryl,
the aromatic or alicyclic

het eroaryl, cycl oal k Egke eCycIyI wher,
ring in Rg, Rh and Rl ptlo aTQy substit uR H’?Ri-#FQH or Rl which

are i ndependently sel% d fromalkyl, hal o, hal aéskyl hal oal koxy,
al kyl t hi o, cyano, al koxy, am no, nosubst i tu%\q no, disubstituted

am no, sulfonyl, acyl, garboxy, alkoxycarbony roxyal kyl', al koxyal kyl,
am noal kyl , hydroxyal koxy al koxyalkoxy, am noal k oxy, am nosul fonyl,

‘ani nocar bomitemativelc gbmpoants;of %Qﬁuﬁe{l)j Wwikaé Ar2 5'!(1"1)RIVVRé Bnd'R? au‘esas%ﬁﬂ

subst it F]te H&B’ lOr re hy,dr ox al koxy, then Ar2 i's not phenyl or
a bicyc Retar caryl AT I%T‘tlfr bY/Fe&C‘t’II*&a prrepgundd femata diwitthe

bi cyc Icpmpﬁmﬁgoli/ﬁoaneiam tbfmmaﬁely,bn@bmm 6&1@&&&1@%&%&% ﬂ’lEn Ea‘nﬂ% k8o a |
subst b&ﬁhg&td/\ggftﬁn%ﬁps@] —subs%t uted tetrazolyl 5‘ V\/Fl is
phenyl uted W edrﬁﬁoé’eh ?b%@gﬁwsfs;wwuttm pmsgmesofmot
pheny bassissh as trietiylavnink, &ﬁopfmmylamgfe et @E BRE YA 2 b evmgazﬁb BWAES.

het er pg IBﬁ ‘fff% ]tﬁet?e %F rin |s substitined wt

al i coxyc om from pommergily aY@labmlﬁerﬁngéaxl ii) when
At d@scabédalﬂmaserrber ed heter oaryl ring substituted with alkyl,
substituted or =substituted heteroaryl or heterocyclyl, then Ar 2 i's not
five or six nmenbered substituted or =substituted heteroaryl or
heterocyclyl ring wherein the heterQRﬂ or heterocyclyl ring contains at

| east one ol r| n at om (r.v) when Art is substituted or 35
unsubsti tt nedhg\ﬁlé %F LR con t‘b?Wﬁ? Hnge of GNS- Rm@essasbmd playseairade in a

=substarfety eﬂdmasé\lsﬁtesli@ hinbAOGERhY FpBciBh I@aeqcb gfﬁ x{ePs?aff
use I'VE ne r%se red

b b t
ot or s o bigertaidd iy §%§a3%%%gﬁmr§tém§‘§< s,eleaw@yrdmﬁgmm of
corrpcthndsn@cfal Eﬁ elyoing ffdn tey Emh BeS BandhiRr gl vl ?]fes?ﬂ ngg?ﬁl% 50 rtlsaéndHAr 2 are

d b t
o D e  oscnboct rent

t hi s inereesss aotivation b HIRCNRID A Qe peR TERMG e HhutFALAUL Base from l'tl%e:(%%Synap‘uc: R2

terminal. Because a certain amount of glycine is needed for the efficient functioning of

NMDA receptors, any change to that local concentration can affect NMDA - mediated



KN, ArlAr2 where: RI and R2 are independently hydrogen or al kyl; and

Ari and Ar2 are independently phenyl, each ring optionally substituted
with Rg or Rh where Rg and Rh are independently al kyl, halo, haloal kyl,
hal oal koxy, al kylthio, al koxy, alkylcarbonyl, or al koxycarbonyl. In one
enbodi rent within this group, R and R are hydrogen. |n anot her

enbodi nent within this group, at least one of RI and R2 is not hydrogen.
I n one enbodi nent within this group, the conpound of Formula (1) has one
of  t henb@blradntiSsi&t. CheH S%NMEﬂaedﬁ?e)d n%'ﬁ}dﬂansrﬂll%sm% have bt G g (?ﬁl
hydrogen or nethyl_ and Rg a are 1 ndependent ydr ogen, hal o,
hal oal R§fain §?UTHB$Y@513R19>&95%¢@§ ﬁ@réwsr%memnﬁ, deprassion anc@ Byychgseissfon gxamyldr ogen.

I n anotdisophrenia, and mn%hme?—l gy &@@e{shfo% SN ki QARG g, For Ml a
(1) has oné_ of the-structures (a)-(e), where g group I's at Hed to

t he 3-&%%@#ﬁ6h of the phenyl ring and V and Rh are |ndependently met hyl ,

hi : f YR thin
'fhi gr Sr ob[)l, ldltcﬁgr conpgwuén(z?q%kuggér% lb?ig)%lﬂasé%lr?ke‘%g 1 s‘?r act ar esé}%'ggM (e),
wher e pheewplggisalandpsyehiain disordsrs srsodated siith glntamfatetrgne npiwotrghsmissign and v
and th?é’f&dtﬁﬂ,eﬁﬁﬁgﬁ@tdnk‘, o By bf the T R6@img! c%h&[h&%r &;%%BQX%S S(%E%Opglr']%ltl

trlfluoromethoxi/ he stereochemstry
enbodi RBIRhows i uﬁlutgﬁcblzgp}ggrpa (Pmn@dntbeﬁmgdmmd, E@Iﬁtmicaor(lmﬁlffﬂi@tmnml)pf t he

Struct yesphfnt@in ﬁ%&ae@%&&&%@% Qfs%’&ér'cﬁel\ﬁ&n%l:&@&d&o bhgf%sgcﬂ&%e tion of

t he phenyl rlng I n another ment i ound of

For rrul @ispndyr, ishared navcbotnt #isorder, peyahods diseydet dye Whieg@etzﬁ mdégcagcmmnmntsmld t
h emstry a
attac ﬁﬂ;s&ﬂcé ﬂ%I(l) sPoHrt t ugld @%ﬁ%ﬁﬁ%ﬂ {(%]tﬁgln%@gdto Qr iS4

*Cis (R. er e nventionis directed to a
corrpoumeéihe%r ampketgmine amd 0thR1 psychheirulafs ané dodained peychnsiggeyistetint | v

hydr og I I ar f| oroallcyl and
20Ar f it dl(a,%\r’ %Egérﬂg S %‘e) [b)%tng ?‘F Qﬁ‘&ﬁvé dlﬂg?&%eeﬁ% Pl’liﬂrgf l%actwe psgc 253 Yy su bstit ut ed
Wi th I@hlmﬁifwﬂ‘ﬁ psychogisg’ isehwoplsemh@ec;trmm disorders eaﬂ-kzysl schizaidoa sebiwgtypal

al kyl t Qo fhARCord@s KPMnesd Teddated with psychosis (such as major depression, manic
depressive (bipolar) disorder, Alzheimer's disease and post-traumatic stress syndrome),

including both the positive and the negative symptoms of schizophrenia and other psychoses;
cognitive disorders including dementia (associated with Alzheimer's disease, 1schem1a, multi-
infarct dementia, trauma, vascular problems or stroke, Parkinson's disease, Huntmgton 5
disease, Pick's disease, Creutzfeldt-Jacob disease, perinatal hypoxia, other general medical
conditions or substance abuse); delirium, amnestic disorders or age related cognitive decline;
anxiety disorders including acute stress disorder, agoraphobia, generalized anxiety disorder,
obsessive-compulsive disorder, panic attack, panic disorder, post- fraumatic stress disorder,
separation anxiety disorder, social phobia, specific phobia, substance-induced anxiety .
disorder and anxiety due to a general medical condition; substance-related disorders and
addictive behaviors (including substance-induced delirium, persisting dementia, persisting
amnestic disorder, psychotic disorder or anxiety disorder; tolerance, dependence or
withdrawal from substances including alcohol, amphetamines, cannabis, cocaine,
hallucinogens, inhalants, nicotine, opioids, phencyclidine, sedatives, hypnotics or
anxiolytics); bipolar disorders, mood disorders including depressive disorders; depression
including unipolar depression, seasonal depression and post-partum depression, premenstrual
syndrome (PMS) and premenstrual dysphoric disorder (PDD), mood disorders due to a general
medical condition, and substance-induced mood disorder; learning disorders,

pervasive developmental disorder including autistic disorder, attention disorders including
attention-deficit hyperactivity disorder (ADHD) and conduct disorder; NMDA receptor-



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

al koxycar bonyl , hydroxyal kyl, al koxyal | cyl, am noal kyl, hydroxyal koxy,

al koxyal koxy, arni noal koxy, am nosul fonyl, am nocarbonyl, or acyl am no and
Rh and R are independently selected from 25al kyl, hal o, hal oal kyl,

hal oal koxy, al kylthio, cyano, al koxyst am no, nonosubstituted am no,

di substituted aM no, sul fonyl, acyl, carboxy, al koxycarbonyl,

hydr oxyal | cyl, al koxyal kyl, am noal kyl, hydroxyal koxy, all coxyal koxy,

amn A ) ul fonyl , .arninocarhonyl, acylam no, aryl, heteroaryl,
cycl ag}akéi ) S%‘Eiﬁog}?%raos&%ﬁ%d%mﬁ%’% Egmgp eifelness, efildsped leermingng in V, Rh
_and Riisqrdenspnd cioadd head sty ot veehent Bofsks, iy . whi re . .
i ndengndently:sglected 30 from al k Il, ?Iﬁgfsbf hal o%%%%}%ﬁ%&@ﬁﬁ?ﬁg‘d
al kyl thi o, gifané‘, g v?Sd’Qﬁ;""’ féﬂse’r%%@mqi perkinsonivinn postericeshalisici t ut ed
am @Sy promesive 0abhmYicabdi QX ¥6a6 HE RV e RALOX Y8l baca) 42
a Y,

akl c | , .am noal kyl , dr oxyal koxy, coxya am noal | coky,
it n%éﬁéé%ﬁf% PR RO %W%@%wd&aeaii gtogli trd¢ifiaton) R, R2, R3
and mechc;aé:ohydullmgéparkihsomnDQWﬁ%Mwbﬁ@&a&%ﬂggﬂg&ﬁ.‘gﬁj T 1%:9;:31{; 9m al kyl ,

hal o | Kyl hal oal koxy, allcylthio, alkoxy, car bonyl* "or
al ko%%%#’%g‘ns dropg, Bﬂ’é"éﬁﬁ%‘&i‘%ﬁ agijte Aysioninj neugpiopls- iBicedisule/ are 5
hy dr elethisia/ newolepte-pghie® tarlio Aysi@RGiRhd & X%&Bh sigroaryl (except
t et rq}?iﬁ%y@i % ,thenyl ach r i,ngyopt onal | ye§u St 'tngf‘%eg Rl *MoLor RI.
Iwn anot her- eSS TYPHOmS: FPi{psy aesuly shemsrbdRisosdes Assdeioge vith/ | S
dr ogseuler sphaticity cRekaRieds Snd¥BAL rrelRLE49a% %ﬁy Rhind 851,870 y1)_ or
phenyl . each I nﬁgﬁ’? tionally subs?i t ut ed \%la%‘#sé §f¢?19&1ngtremor@uéﬁ %sh anot her
enboti B Rt wFPH r ghdiptention remapochmien(suglpenSydenhay's bhsregne of t he
10f oFluntihgign's disdgse b@Sem h&eeBilay Nndr Qﬂ%@rﬁﬂ;ﬂ .(c) N oRlL C RhRg Lfj (e)
where | e i%egycgr ogen of met h#?' i segyano, eq.aéégéésrléiisg’%'Pmﬁi‘Rf%ﬁfP?mé‘ach ring
i s optiEoRd B2 @nd Bemibalise). myosiphus GuciRling geatrelited hgdcdonudaheal kyl , or
hal ofdckbmyocibisd i (iR A0SR e s &% (R RombBE S QMROyINd Of
formila (1), has one of the Struct Uf 6s %16@13(- ge?",]‘gg}%'&bma € i€ ) knd
rstoma tmcluding generalised dystonia such as iodiopathic dystonia, drug-induced dystonia,
symptom.atic dystonia and paroxymal dystonia, and focal dystonia such as blepharospasm,
or c?mandlbxﬂar dystonia, spasmodic dysphonia, spasmodic torticollis, axial dystonia, dystonic
writer's cramp and hemiplegic dystonia); urinary incontinence; neuronal damage including

ocular damage, retinopathy or macular degeneration of the eye, tinnitus, hearing impairment

20  and loss, and brain edema; ermesis; and sleep disorders including insomnia and narcolepsy,
Of the disorders above, the treatmént of schizophrenia, bipolar disorder, depression
including unipolar depression, seasonal depression and post- partum depression, premenstrual
syndrome (PMS) and premenstrual dysphoric disorder (PDD), learing disorders, pervasive
developmental disorder including autistic disorder, attention disorders including Attention-

25 Deﬁcitnyperacﬁ\jriw Disorder, autistic disorders including Tourette's disorder, anxiety
disorders including phobia and post traumatic stress disorder, cogunitive disorders associated
with dementia, ATDS dementia, Alzheimer's, Parkinson's, Huntington's disease, spasticity,
myoclonus, muscle spasm, tinnitus and hearing impairment and loss are of particuiar
Importance.

30 In a2 specific embodiment, the present invention provides a method for ‘creaﬁng-
cognitive disorders, comprising: administering to a patient in need thereof an sffective
amount of a compound of the present invention. Particular cognitive disorders are dementia,
delirium, amnestic disorders and age reiated cognitive decline. At present, the text revision of
the fourth edition of the Diagnostic and Statistical Manual of Mental Disorders (DSM-IV-

35 TR) (2000, American Psychiatric Association, Washington DC) provides a diagnostic tool



15 where the V group is attached to the 3-position of the phenyl ring and .
Rh is nethyl, chloro, trifluoronethyl, or trifluoronethoxy. In another
enbodi ment within this group, the conpound of Fornmula (1) has one of the
structures (a)-(e), where the V group 53 attached to the 3-position of the
~phenyl ring and the stereochem stry al5 *Cis (R. 20(L) I n anot her

enbodi nent, this invention is directed to a conpound of Fornula (I) where:
nisi; R and R2 are independently sel ected from hydrogen, alkyl,

hal oal dyd mclahm@gmdwmk&@mcmmg denli@{tﬁ,r @ritm, afERHiKotbiers %d

wherej n_the af orenentioned rings, are 43 optionall

het er oc
subst i Ii%ﬁ‘?é%‘%ﬂﬁ’e rgcling As used hggeing theferm esoenifive diserdesy mfFlté@anthO;&? meml o
hal oal d¥drderdlak aééenbaﬁirpBSKPW-TwME UWilied YRR mﬁ%@gwimg% iRt e@m Nno,

di substi tuted am no; or , when at e sane

car boreligfRstive aameRe AT %@Q%lqgéqﬁrﬁné%ﬁséiﬁpﬁwn yetemsAeomentale sat ur at ed
het er agyGhivk, 4rd (Hh4Besd s$REMS ewwaw\mﬂ%ﬁzém taﬂg s&é&ﬁiﬂ%giéB%m&Jeth Frggpﬂﬂcxﬁﬁ 'c

Ssat ur at ed heterocyclyl can_be optionally substitut
i ndepeBSNHYY diserdstt évinfangad & foglude dikg disprders thayare figsgtibershirkgther

fluoraog ¢ sdi¥esOXy, nonosubsti tuted am no, or disubstituted am no; or
Rl and when attached to carbon atons 2 and 5 or 3 and 6 positions of
t he pi per azmﬂéoﬁhﬁh@ecﬁwf%‘éﬂmﬁ& the PITQﬁem ingantop-preyidesd methed fortreatinger ei n
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Psychiatric Assoc1at1on, Washington DC) provides a diagnostic tool that includes paranoid,

disorganized, catatonic or undifferentiated schizophrenia 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 disorders, 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 method for treating
substance-related disorders émd addictive behaviors, comprising: adminisiering to a patient in
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cycl oal k-yl, or heterocyclyl wherei A3the aforenentioned rings are
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2Zonmpounds i s that whelsinhuRionad Reraheedichbchedodifosar bon atons 2 and 5
or 3 and gﬂgositi ns of theé)gig?etazi'ne ring, and are conbined to form
-.C-C2- RN e CREPARRAS OF SR vpration © RyEHEEERd AR aderanputipdlal kyl ene
30 céfféctiveamobat Bphiyosftht Ycceplaainhddik OF allinidlseARnGbr 498tsabhiGtlve similar
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single or multipie doses. Preferably, the dosage Ievel will be about 0.1 to about 250 rﬁg/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 sbout
0.1 to about 50 mg/kg per day. Within this range the dosage can be about 0.05 to about 0.5,
about 0.5 to about 5 or about 5 to about 50 mg/kg per day. For oral administration, the

30  compositions are preferably provided in the form of tablets containing about 1.0 to about
1000 milligrams of the active ingredient, particularly about 1.0, 5.0, 10, 15, 20, 25, 50, 75,
100, 150, 200, 250, 300, 400, 500, 6d0, 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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where LG is a suitable |eavi ng] group such as ha tosylate, nesy ate
trif Paf exhibity romrekably bighdniepvaiebiling 2 and R3 are as defined in the Sunmmary
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art.

Solid pharmaceutical excipients include starch, cellulose, talc, giucose, lactose,
sucrose, gelatin, malt, rice, flour, chalk, silica gel, magnesium stearate, sodium stearate,
giycerol monostearate, sodium chloride, dried skim milk and the iike. Liguid and semisolid

excipients may be selected from glycerol, propylene glycol, water, ethanol and various oils,

W
o

including those of petroleurn, animal, vegetable or synthetic origin, e.g., peanut oil, soybean
oil, mineral oil, sesame oil, ete. Preferred liquid carriers, particularly for injectable solutions,

include water, saline, aqueous dextrose, and glycols.



Compounds of fornula 1 are either comrercially available or can be readily
prepared by nmethods well known in the art. For exanple, conpounds of
formula 1 where LG is halo and 123 is hydrogen can be prepared by
reduction of a ketone conpound of fornula Ari COAr2 with a suitable
reduci ng agent such as sodi um borohyslri de, and the like, in a suitable
organi ¢ al cohol solvent such as nethanol, ethanol, and the |like to provide
t he correspondi ng al cohol of fornula Arl CH(OH) Ar2 whi ch upon treatnent

wi th a hal ogenating agent such as thionyl chloride, oxalyl chloride,
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49 Formula (I) where Arl or Ar2 is substituted wi th al koxy, hal oal koxy,
hydr oxyal koxy, or am noal koxy can be prepared by treating a correspondi ng
compound of Formula (1) where Ari or Ar2 is substituted with hydroxy with
al kyl halide, allwxy halide, am noal kyl halide or haloal kyl in the
presence of a base. It will be recogpi zed by a person skilled in the art
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in the synthetic process based on feasibility of the transformations.
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naxagolide, olanzapine, pergolide, perphenazine, pimozide, pramipexole, quetiapine,
risperidone, sulpiride, tetrabenazine, trihexyphenidyl, thioridazine, thiothixene,
trifluoperazine or ziprasidone.

In another embodiment, the compound of the present invention may be administered
in combination with an anti-depressant or anti-anxiety agent, including norepinephrine
reuptake inhibitors (including tertiary amine tricyclics and secondary amine tricyclics),
selective serotonin reuptake inhibitors (SSRIs), monoamine oxidase inhibitors (MAOIs),
reversible inhibitors of monoamine oxidase (RIMAS), serotonin and noradrenaline reuptake
inhibitors (SNR1s), corticotropin releasing factor (CRF) antagonists, adrenoreceptor



52 that includes cognitive disorders including denmentia, delirium
ammestic disorders and age-rel ated cognitive decline. As used herein, the
term "cognitive disorders” includes those nental disorders as described in
DSM I V-TR. The skilled artisan will recognize that there are alternative
nonencl at ures, nosol ogi es and cl assifisgati on systens for nental disorders,
and that these systens evolve with nedical and scientific progress. Thus
the term"cognitive disorders” is intended to include |ike disorders that
are desgagdrtes induoking- | deapteahiagonion] a¢pical anti-deptddsang bBefodsRepinks, G-
enbodi té t he $resent-inventi n gides a nEtﬁod for. treating anxiety
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systens for nental disorders, and that these systens evolve with nedica
and scientific progress. Thus the term'anxiety disorders” is intended to
include like disorders that are deskxadgdes i n ot her di agnostic sources.

I n anot her eci.fi c enbodi pent,. the prese i nyention provi.des a nethod
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i nduced ggychgtic di-sorder....At _present, the, t.ex re¥ision of the fourth
edi t i OBV ST Y BUARETGR A BeP e UsteuyF Pad FepteseRigHY& B vent al  Di sor ders (DSM
I'V-TR) (2000, Anerican Psychiatric Association, Washington DC) provides a
di agnostic tool that includes paranoid, disorganized, catatonic or

undi fferentiated schi zophreni a SvathstipSramples i nduced psychotic disorder.
As used herein, the tern1"sqhizoph§%@}%wgr psychosi s" includes treatnent
of those nental disorders as described 1 h° DSM IV-TR The skilled artisan
wi Il recognize t$althdsRerfe-(ehler@bhaiydaidtvd)-dqmMerahethebber2zesol oai es and
classification systens for nental diso%ﬂers, Zpd t hat these systens evol ve
with medical and scientific progress. us the term "schi zophrenia or

psychosis" is intended to include K6 ST that are described in
@ eéi fic embodinent, the
od ~edt i ng substance-rel ated

ot her di agnostic sources. I

present invention provides a neth

di sorders a?d addi.cti g behavi ors,. co r'si g:.a 'niiter'n to, a patient
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i nventw%dea@&wgaﬁéﬂwémaﬂ&@p ! ai «aﬂn&kjp 304 A0S rARGLAAGS GlittaBphavi or' s
are persisting denmentia, persisting amestic disorder, psychotic disorder
or anxpel § hdeweeokeried mtisc sactyn, substtaped svitibiobepe amtidtial wndensacunty to
dependenc or wthdr | oncl IO ubst ances of ahuse. At present, the
ot e redstoptbount (Y 8 s976sHT Brotb P emes UgAdetieciorchag MEBPiG
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persi sti ng deineihg acthperisfs aésey lesiei lewiplenypsthyhet-(toifldosenaley!)-or
anxieﬁ%;dg§orggneind ced by substance abuse; and tol erance of, dependence
on or WTHAr AE? FF8 subst ances of abuse. As used herein, the term
"substance- rel ated disorders 10 and addi ctive behavi ors” incl udes
treatment of those nental disorder§ §s deéfribed in DSMV TR The skilled
artisan will recogni ze that there afi€r@ceernati ve nonencl at ures,

Systens ovolve with modi Sraans gt CEPRR AT B AR S ReC i orm
"substance- related disorders and addictive behaviors" is intended to
include like disorders that are described in other diagnostic sources. 15
Testing ~The AyTl inhibitory activity of the conpounds of the
present invention can be tested using the in vitro and in vivo assays
described in working Exanple 1 bel ow. 20Adm nistration and Pharnmaceuti cal
Conposi tion In general, the conpounds of this invention will be
adqinisgerqd_ip a therapgutically effeptive annynplby anylpf_the accepted




I n general, conpounds of this invention will be adm nistered as
phar maceuti cal conpositions by any one of the follow ng routes: oral,
systemc (e.g., transdermal, intranasal 5or by suppository), or parenteral
(e.g., intramuscular, intravenous or subcutaneous) admnistration. The
preferred manner of adm nistration 8 oral using a convenient daily dosage
regi men, which can be adjusted according.to the degree of affliction.
Conpositions can take the formof tablets, pills, capsules, sem solids,
powder s, sustained release formnul ations, solutions, suspensions, elixirs,
aerosols, or any other appropriate cdffpositions. 10The choice of

asti 0 5 the node of drug
., formulations in the form

.adni ni stration (e.g., for _oral
of tablets, pills or capsules a z and the bioavailability of
t he drug subst nce. entL ggarnace tical fornulations have been
devel oped* 8358 h&FI°§3T pmg %/}EQ %h 2ot sreek s bin 2y Based upon
t he pidedicoditie bdraliyddedu 3ithBb2 kirhdl) petioRfvide 1 HORIGHe %b&%xﬁ@&d ffdche

15surfage decr eas).n particle size. For exanp U.S. Pat. No.
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$i z eorigaditg @ayker ok Zashed sheBRivENNWANR vw‘é’é&r%ﬁéﬁﬁné&%&ﬁﬂd{gtﬁ réné' i s supported

on a crosslinked matrjx of macronol ecul es, 145, 684

des YRR LI R thettitisrrogmproan A pHAR-8 v FB@ w‘er«maaﬂlﬁwnrthﬁ Witch the drug

SUbSﬁeﬁﬁQ&Wﬁh&ﬂMdrb@ﬁﬁE&&ﬁW?Eﬁﬂ?&se%r()"%‘ﬂ/%r 84L1 paLbigl e size of 400 nm
in the presence of .a 20 surface ier and then dispersed in aliquid

medi um t oUgPS dhempihedairer deseibed rbe Yeu (bramorhsayD@krEegbaeldfkabl y hi gh
bi oaygidophkdyi Dmethanbl) @né SABGAHLEARS RIS Bind Begeneral, a
;onpoundrﬁ %%%%%ign? aﬁ n co%brnair%n m?th at easﬁﬁgﬁe phafnaceutrcally
ccPERBPE exci pi ent . Acceptable exci pients are non-toxic, aid

adm Qhshbdbd Qptheaidd do not adversely affect the therapeutic benefit of the

25 conpound of fornula (). Such excipient may be any solid, |iquid,
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pharnaceutlcal exci pients include_starch, cellul ose, tal gl ucose,
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peanut oil, soybean oil, mneral oil,”sesane oil, etC. Preferred Irqurd
carriers, partrcularly for |njectable sol utions, include water, saline,
aqueous dextrose, and glycol's.  Bference C Cbnpressed gases may be used to
di sperse a conpound of this invention in aerosol form Inert gases

28ui t abl e f or SBihesisof pdebenlS-(Hifpergmehd pbsarDmebxDaiperagng .

Ot her suitable pharnaceuti cal excrprgnts and their fornulations are
described in Rem ngton's Pharnaceutd Sci ences, edited by E W Martin
(Mack Publishing Conmpany, 518th ed. 90). The | evel of the
conpound in a formul ati on can vary thin the full range enployed by those
skilled in the art. . Typically, i atfop W || contain, on a weight
percent (wt % basis, from aboul J9 Wt % of a conpound of formula
(1) based on the tot al fornul ati on, t he bal ance being one or nore

sw table 'Deharsaﬁﬁeybrg@éngm%aﬂmgle&w)gé@mﬁah@a (1de sconpaunsh) is present

a_J evel of about conpounds of 'the present

¥ nv 1o Gl avasedded hiwhshiesds 6h78imh TSricnBolhPRWise AT /a#a@@er n the
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i nvention or the other drugs may have utility, where the conbination of
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connpnly used therefo contenpo aneous y or sequentia a conpound
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conmposition in unit sag ontarnin ot hér drugs and the .
conpBtaer. gpd tcnecqerre@éni‘hcr WéﬁtPFQﬁ’tlct b-(phasty ﬁr(ecﬂuommthebphmma— combi nati on
therapy may al so include therapies 20 in which the conpound of the present

i nvention and one or nore other drugs are adm nistered on different
over |l appi ng schedules. It is also contenplated that when used in

conmbi nation with one or nore other active ingredients, the conpounds of
the present invention and the other active ingredients may be used in




25 those that contain one or nore other active ingredients, in addition to
a conpound of the present invention. The above conbi nations i ncl ude
conbi nati ons of a compound of the present invention not only with one
ot her active conpound, but also with two or nore other active conpounds.
Li kew se, conpounds of the present iggventi on may be used in conbination
with 30 other drugs that are used in the prevention, treatnent, control,
anelioration, or reduction of risk of the diseases or conditions for which
conmpounds _Qf the present invention are useful. Such other drugs may be
adm mddmeeragpe o 0:% g 85.Q1ayield) amoih nea nsedwithow Rutheauirificatief @ren be
cont QRBGEABEHSH BRI W & f res
i nventi o%. Bg\hen glagi‘éc ounc'a%l?gﬁﬁe&l%%&egg% ﬁ?mﬁ [ (t)iﬁaniogoﬁg X RELCL
cont AP EFENBOUIN) Mzt H2bhéMorl Jnore 35 ot her drugs, a pharnaceutica
conpositi Ty sl ! jtl.en to th 56 ,conpound of
the pres eg{k_ I nvﬁe’%%%g?g&g{r&e %?ﬁtbﬁ {SLA*’%%P@F?%%, Ui%ﬁgroﬁhﬁﬁﬁﬁ’éswl' cal
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presgﬁ?ﬂﬁﬁﬁgﬁ¢Q@%ﬁa¥ﬁ§M§%Fgﬁ%§§%?9%§H¥E? ‘conpound of the present
invention to the second active ingredient may be varied and wll _ 5
depend upon the effective dose oﬁﬁggch kpgredient. General ly, an effective
dose of each will be used. In oné“énbodiment, the conmpound of the present
i nvent i ofynfessistnd (3B Anethpl-edpbanyl(@Abithatomathw )b BergilimethyNpifeeiiRs ' S
ggents, beta-secretase inhibitors, gamm-secretase i nhibitors, HVG CoA
reductase inhibitors, NSAID s including ibuprofen, vitamin E, and 10
anti-anyl oid antibodies. In anothgf enbodiment, the conpound of the
present invention may be adninisE?ﬁﬁd in conbination with sedatives,
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hypnoti cs, anxiolytics, antipsyc s, antinmm ety agents,

cycl opyrrol ones, imciazopyridinesYy pyrazdl opyrim dines, minor
tranquilizers, nelatonin agonis ntagani sts, nel atonergi c agents,
benzodi azepi nes, barbiturateg ageni sts, PDE10 antagonists, and
the like, such as: adinazol an= bital, alonimd, alprazolam
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but al bi t allp acaption ¢ (Rpa)-Qemktiyiperatthod gPEL gintte) incOHAR 2OV ¥-L

cl om i clonaze ridone, .cl orazepate,_ chl ordi azepoxi de,
ol or S Rop R RA RRE R - BRBb PRt BoBrsdpdre Tdosman P Rereaexcl aml
I azb@ath fatileh udaithh amemandediwwmo?m,mﬁeuab«??aﬂgmdécgmcfﬁzmg@mpi n,
est | 0 o) m e, fenoham uni tra7eparn
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i M PERThA ithiu azopa net azepa rotiline, necloqual one,
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nefmiﬁdqnsﬁﬂnbsdbéﬂﬁpbﬂ%ﬁﬁ}razopan! nortriptyline, olanzapine, 25oxazepam
ALl g R TR S e R Bl B hG:
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| actate salt) and tihexyphenidyl (benzhexol) hydrochloride, COMI

35i nhi bitors such as entacapone, MOA-B inhibitors, antioxidants, A2a
adenosi ne receptor




57 antagoni sts, cholinergic agonists, NVDA receptor antagonists, serotonin
recept or antagoni sts and dopam ne receptor agonists such as al entenol,
bronocri ptine, fenoldopam |isuride, naxagolide, pergolide and :

pram pexole. It wll be appreciated that the dopam ne agoni st nay be in
the formof a pharnmaceutically acceptablelsalt, for exanple, alentenol
hydr obr om de, bronocri ptine nesyl ate, fenol dopam nesyl ate, naxagoli de
hydrochl ori de and pergolide inesylate. Lisuride and prani pexole are
commonly used in a non-salt form lon apot her enbodi nent, the
conpound of the present invention may be dggglstered in conbination with
a conmpound from t he phenot hi azi ne, thiokanPhane, heterocyclic

di benzazepi ne, butyrophenone, di phenyl yl pi peri di ne and i ndol one cl asses
of neuroleptic agent. Suitable exanplgztéf phenot hi azi nes i ncl ude

chl or promazi ne, nesoridazine, thiorid e, aogetophenazi ne, fluphenazi ne,
per phenazi ne and trifluoperazine. Syitabl e exanples of thioxanthenes

i ncl ude chl orprot hi xene and t hi ot aiffpl e of a di benzazepine is
cl ozapi ne. An exanple of a butyrop al operidol. An exanple of a
diphenylbutylpiperidine i's pinpbzide. An exanple of an indolone is

" spor  donar® ReoieR ShE iRl BRET SRt DAL BK IR B P Gl usea

i N conmnred} inGreetonithlet (@ nﬁgbyasddded)rqaebmgfl bmyndaeetit (6.0 enk, @ 1nmodola
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Pydr ocHoBP A aront 2 aRhatad PnE-ogaey it e Ty R Folet hoUR ERI B rylamine
acet optiémaizj Temmmll pakeaddbd uWmeaazismidey dfiectd bfdlMedeyL@Iﬁ)j@ﬂ arhdRyers

t hat d t trif d d
e S R el e A
nol i noﬂap«&shwb aekﬂedrmdebmféeﬁﬁh@nwmsmghh&mmhummerhecar@mba@ct was

hal oper I i de one are co used i aIt
fornP deﬁgﬁg% ﬁggdrﬁI HI BntS o n&? ﬁ@@p@gxgg téred in
conbi njaibidgbas o @D&howhﬂﬁﬁdl diestaradien IMBUESI, @6&@@:9&1@/&9&35,.2 am+$)4l pride,

benzhexpl , bronpcr.i ptine, biperiden, chlorpromazine, chlorprothixene,
cIozaﬁé&gﬁ@gﬁéggﬁﬁﬁl f enol dopam fluggfzjzine, hal operi dol, |evodopa,

| evodopa wi th benserazi de, |evodopa wljih carbidopa, |isuride, |oxapine,
mesori dazi ne, nolindol one, naxagolid “anzapi ne, pergolide,

per phenazi ne, pinozide, pram pexole,yquetiapine, risperidone, sulpiride,
tetrabenazi ne, trihexyphenidyl, thifor™anine, thiothixene, trifluoperazine
or ziprasidone. In another e jiL-hent , the conpound of the present
invention may be admi nistered in cor Bi natiop with an anti-depressant or
anti-anxi ety agent, including n SpttRiATE&~ eupt ake i nhibitors
(including tertiary amne tricy jedondary amine tricyclics),

sel ective serotonin reuptake inh SS1Us), nonoam ne oxi dase
inhibitors (MAO's), reversible inhibitors of nonoam ne oxi dase (REVI As),
serotonin and noradrenaline reuptake inhibitors (SNRLs), corticotropin
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benzodﬁﬁi@@pnﬁeetomsnlemnégo’rﬁsed e mEﬁnIagtaﬂmga@tate&b@bML Py BmEDA parti al
agoni strgpwabdt AOThd fégéﬁcﬁip&‘véb &iBlaast 59 ﬂlﬁ%@ﬁq&%ﬁhm@aﬁ 9919@ ¥ BmopPaikd ! C

agents, Lnclude: amtriptyline clomp %gIne doxepi n, pram ne

an
trim SHEFIDS, RS L & hIoHES, 2t FilBF Brashp &vas Galyiedvih weer ﬁ@rmasiegl WieCHedl -
profr i’ﬁieydrigﬂgc laf)IﬁWﬁ% Icﬂmbxx{eﬁla‘!‘lﬂﬁﬁﬁhl &b withahmersd N@CEéMIul RO ﬂfeﬁIdlri&@ ,overd
i socar. | en I C [om ne 1. Nn C em de,
von aTSBG dig RS Toe bolP PRt R PRSE e RC in S U el
traz odm@eZ%rmh}d iacetai@An ﬁé{zcagl torgiveotha mﬂeczlakrmodnchele(p) g,x48% yietd)o N (HEInpos.

chl or ﬁﬂﬂy hagppam hal azepam |orazeparn, oxazopam and prazepam
busplﬁé 2??6%I%§§a§ gepi rone and i psapirone, and pharnmaceutically

accept abl e Ié%mggmmcb%mﬂaﬁeamp spnathesis of terwlfﬂ%@hﬁ%@(%ﬁ@ﬂmmaﬂr@ of
COMPOydayIGthe gr)plﬂe@az YRGB! BE T R SolR ﬁﬁs%@?egﬁfeﬁ given to

enabl e those S e art’ to nore ear under nd and to practice

t he present®? I"I?P&‘It% fF@W@WFW HenemdneeipdirRFadndsy)acsiaising t he scope
of the invepgkimiyl mm((mhﬂypﬁbﬁyb@mﬁyl)ﬂnleth?l)p@'&:taiﬁbﬁ@l}aéeeﬁé esentative

Ihﬁgﬁfgrizgkgﬁé%i%f§§&¥le%?5§ ﬁ@ﬁﬁﬂgvﬁ%gﬁﬂﬁi%%@”tﬂ5{mcﬁww’Tb a sol ution

of 3-(trifluoronmethybDbenzhydrol (5 nL, 20 mmol) in CH2C12 (10 nl) was
added dropwi se thionyl chloride (3 m, 41 mmol) at rt. The reaction was
stirred at 50C for 18 h, concentrated under vacuum azeotroped wth

t ol uene and dried under vacuumto give the title conpound (4.9 g, 89%




concentrated to give the title conpound as oil (0.8 g, 79%, which was
used in the next reaction without further purification. Ms (ESI, pos. ion)
mz: 247.1 (M OH). Usi ng t he met hodol ogy descri bed above,

(2- bronmophenyl ) (phenyl ) met hanol , (4- bronophenyl) (phenyOret hanol, and
pheny1(3-(trifluoronethyl)phenypnet ha®dl were 10prepared. Alternative

synt hesi s To a solution of 3-bronobenzal dehyde (15.6g, 84 mml) in
THF (60 nL) was added 3. 0M phenyl magnesi um brom de sol ution in diethyl

et her (18 niers-Biftdl 2-((Ri)42ednpthel-diphas 1@t rifl i@ 6mbihglpltengt)mehyligifenmiel] - and

t he reaﬁti n was stirred at -78 Cor rt. After stirring for 4 h 15 at -78
C or rY/2F{& reaction mxture was diluted with saturated NHACL sol ution

and ext rSc@-Wt?ﬁ-@@l@}bfd&go@eggh@ehﬁ%gé&y%ﬁa&?ﬁ%d@ﬁime1V§azdtet%te\g\/i th
saturate a solution, t ried over SO4, concepnt r at ed. e
crude produlf f'ﬁ%%&?ﬁ&%@%?ﬂﬂé@%?@*ﬁ%@%ﬁ% H?‘ﬁé’&'gyb?cem@ an:

1- ( pheryddyt-1-{4-bédod:oRpdptinnhancermes hyl ) pi perazine Cl) To a
sol ution of phenyl(3-(trifluoromethyl)phenyl)nethanol (10.0 g, 39.6 mmol)

in CH2A 2 (20 nlL) was added thionyl chloride (5.78 nL, 79.3 nmol) dropw se
at rt. After the addition, the reaRkfepshcads warned to 40 C for 18 it The

sol vent evaporated in_ vac 25 and t resi due was dr.ied under vacuum
o T or " IO e PHYS 2 A P EReay D e eRe St BR[O vt | o
of piperazine (13.7 g, 159 mml) in CH3CN and heated to 100 C for 12 h.
The sol vent was renoved in vacuo, the residue dissolved in CH2A 2 (150 nl)
and washed with IN NaCH (150 nlL). The grganic |ayer was dried with K2CO3
or Na2S™, filtered, and concentratedy Th ude product
1- (pheny1(3-(trifluoromethyl)phenyl)-n_nethyl)piperazine (10.8 g, 85.0%
yield) an oil was used w thout further Jpurification or can be purified by
| SCO fl ash chromat ography using 0-1 0'3 N NH3 net hanol solution in CH2C12.
M5 (BSI, pos. ion) mz: 321.1 (N1+1). Using a method simlar to the
synthesi s of 1-(phenyl(3-(trifl yergm .
1- ((2- bronmophenyl ) (phenyQOret hyl and 14(3-
br omophenyl ) (phenyl) - r net hyppi per&zZi e prepared. Reference D
Synt hesi s of
(3R) - 3vimod\il- 1- (pheny1(3-(trifluorornethyl)phenyl)nethyl) pi perazine 10
To a soluti.gen_aof, (R -f-):2-nmethyl.pi perazi 2 |) in CH3CN (20
nm.) was addg%afglflgﬂ’l)l 8{‘ @Fﬁm?@?dﬁgiﬁy%%ﬁﬁgf fozutgg%wlﬂenzene (2.0 g,
7. 4 nuichipreatichnb éatrdd was ad8edlBi@vi ohlotide (0.4md., Sanmel) tana tletkenrib@rwasacuum
The resi d di ssol.v i 2CI 2 n.) and shed, wi.t h. 1N Na (150
R AR IR b e R R S
concenfr/ag,dmmbijearcl DA (X wAUT2 myas) pradsbnidiel{y0 MBGOA ftad tigrifie 22 %82N
NH3/ 1 vl eOH l.utd an in CH2C12.. ive the title u ) . 81%
91 o oy et R0 B segisp S byl PR ol o et B o ant
si m | daydrs wehecaylibéd sisshaf witBRtutated Nagl sclutigah) ehey Hrdd overd K4,80x, Oand
nmet hypphenyl ppi perazi ne . . . X
(3 RpSen TR REHOR Frie] Birsrsifed LRISCOMping 05974 B A ihexanes t give
1- ( phehy fifid ptdduct (0Bg,@RBE Rield)pRENEITELSY Ionpinperazine(vere prepar ed.
Proceeding as described above, tert-butyl! 2-(4-((4-bromophenyl){(phenyl)methyl)-
piperazin-1-yl)acetate was prepared.
Method 2
Using the method described for reri-butyl 2-(4-(phenyl(3-(trifluoromethyl)phenyl)-
methyl}-piperazin-1-yl)acetate, the title compound was synthesized with 1-((3-

bromopheny!)(phenyl)-methy!piperazine (6.8 g, 21 mmol) and tert-butyl bromoacetate (3.3
ml., 21 mmol).

Reference G
Synthesis of (R) and (S)-methyl 2-(4-(phenyl(3 ~(trifluvoromethyl)phenyl)methyl)piperazin-1-
yl)-acetate



Ref erence E 25Synthesis of tert-butyl
2- (47- (pheny1(3-(trifluoronethyl)phenyl)nethyl)piperazin-1- ypacetate 61
To a solution of 1-(phenyl(3-(trifiuoronethyfiphenyl)mmethyppiperazine
(10.0 g, 31 mml) in acetonitrile (60 nL) was added tert-butyl
bronpacetate (6.1 nL, 31 nmol) dropwsse froma syringe. The reaction
m xture was stirred at ft for 5 mn. and triethylamne (11 nL, 78 nmol)
was added. Water was added after 18 h foll owed by CH2Cl2. The | ayers were
separated, the aqueous |ayer was extracted with CH2C12 and the conbi ned
organic |l ayers were washed with brine, dried over Na2SO4, and
concentrated. The crude prdduct was purified@by | SCO using 0-80% Et0Ac in
—hexanes to give the titlaggggpound (9.1 g, ékyleld) as brown oil that
solidified on standing SL pos. ion) 435.2 (Mrl). Alternate — -

synt hesi s: To a igl i on of :k
1- (phenyl(3-(frifluoro flphepyl)neth era2|ne (.70 g, 5.3 mmol) in
acetonitrile (20 ral) mas;adde nethyl -b onDace_ate (0.49 nL, 5.3 nmmol)

dropwi se at rt. The VRS L and triethylamne (2.2
ml , 16 mmol ) added~\_A¢ rriﬁg’ #s'at rt the reaction was
diluted with water and extracted with CH2Cl12 . The organic |ayers were
conbi ned and washed with saturated NaC solution, then dried over Na2SO4,
and concemé h&bﬁﬁieanlQ—(ﬁlﬁdﬁQﬂaF{&mﬁ!ﬁé mbas &E'Héﬂfrflzyrﬁéi'hﬁ)bdaé%&'@ @g §-40 %

e

thyl acetate or .0-2% et hyl acetate in ive the tit conpound
1. d"ﬁ"’ 8ACFoRINl (CRmI)ps ag8e mety) brpmoacggls (. ) 6 maspl)grapwist hod
Si Mmidt . The rédtios Wik Bﬁﬁe&f&ﬁ% Ozt aimlﬁ:iélthﬁmﬁﬁte((@ lRehY 1;£e3mﬁdlj Whig{pet hyl) -

phe t hyp |pera2|n 1-yflacetate, the foll ow ng conpounds were prepared.

tert et SArD d@j‘§IHﬁSHPQﬁEEHBH?WTCﬁﬁéh?%ﬁbWﬁ@Mﬁﬁﬁped&zﬁﬁﬁinphcetate

t er tcH | 160 herhem - t
tort: bt‘tw STE? E;M 5 ‘Qfgoﬁ%fhenw SR deied SR oot RECAL sy HH AR ©

t er tOVBL concentrated. The crude product was punﬁed by ISCO using 0~40% ethy]
184( Rreded @iy ds é’cﬁﬁl%@taﬁé% THIA fol HOL QERLAVE ) ARRRYLLERI DD IgBe a7k - 1-

yfl acet at e; tert-b

24( R}*ﬂﬁ%ﬂﬁrﬁmmtyd(@h@nw yhvomapgraphy asctassibsddesioyy pnd twy pepket at €;

t en-vst ¥blitédtowih e Dyek (o4 - (tr|f|uoronethyl)phenyl)nethypplpera2|n- 1
-yfiacetate; and tert_but¥I.2 (4 benz?ydrylplpera2|n -yflacetate.

Ref dRsifgpeattonand Conditigns fay Analyticg ’

2- (4((3- briyeah yah )s@@hﬁ&yelﬁ EPS!P@'::B%%Z{{ mt:x@m ﬁ%& coM?& Qa&e a 10
a sol ution of ( - br onop hen nethanol (0.6

L3 cﬁ’iﬂelrla)‘étlﬁaﬁetr?ien?&u}e 1 HWI colan méute@amtuam se!aectmul ) and the

I eaGhlvRindasSsobdnt E&ifirdl Hhivd STk )
pi per azin- lé-yf{acetatevdl#¥d§§%ﬁﬁ§rng%%g“QQQMQ%QﬁQI ?0 dﬁ%ﬁgﬁ%Z m, 12

o RT3y feleEs it 3 high pressyre “A@qlbﬂ'fetamsan@ierromlmﬂffe RALARBGPC, t he
r eagiebpRolvERs Al %e&smtﬂanmtoersﬁgtgq @E%&'as%ﬁ nfddefel virn The organic

| ayers were conbi ned, washed w th satur d NaCl sol ution, then dried over
Na2 3rosphistic ossswn chamisal ioyiration (WBCHrsoutsetwasouplad itd thsdmbitir8&F Qs ng

5 0 t t 3
t%)ESIQ%%%Sm t@&@%%@@ﬁm e %aysetttfas Bdrb & I‘%%%g\'?e%%r(ﬁoﬁl dbé% :é%sty %ove

t er SFY UFPFm§ﬁg&%%&mﬁﬁéﬁ@bﬁewymﬁﬁﬁﬁéﬁyuﬂ%ﬂﬁyﬂﬁﬁcbuﬁgﬁﬂﬁnﬂogwypacetate was
Pr epadRehu 1 b pod ). Mobile ér% Eg?@.ﬁeexﬂg%?% cg.ﬁ%?xrcﬂ &893 Lo :)‘tt/oez{'x%ﬂx%lyl

2- (4 (phenyl1(3-(trifluoro pl perazi n-T-ypacet at e,
t he Tiotal [flove mip vias d-Omdinisyondngsinpedtug tWas #4{3-

br okQRhSOPL DK IL UBERYPPI per azi ne (6. 8 g, 21 nmmol) and tert-butyl
bronnacetate ?3‘§%ﬁt““2§’nnn ).

25 600 mg of 2 mixture of (R} and (S)-methyl 2-(4-(pheny}(3-(trifluoromethyl)phenyl)-
methylpiperazin-1-y)-acetate obtained above, was taken up in Smi of methanol and 5 m! of
dimethoxyethyleneglycol(DME) and then added 40 ml of methanol, filtered through 0.45um
PTFE syringe filters before injection.

In'_strumentation and Conditions for Prep SFC:




Ref erence G Synthesis of (R) and (S)-nethyl

2- (4- (pheny1(3-(trifluoronethyl)phenyl)nethyppi perazin-1- yl)-acetate 63
To a solution of 1-(phenyl(3-(trifluomrethyl)phenyQrethyppi perazine (2.0
g, 6 5 mol) in acetonitrile (20 nL) was added net hyl bronoacetate (0.59
naL, 6 nmol) dropwise at rt. The reggtion was stirred for 30 mn. and
triethylamne (3.6-inL, 26 mvl) was added. After stirring for 18 h at rt,
the reaction mxture was diluted with water and extracted with CH2Cl2. The
organic layers were conbined, washed with saturated NaCl sol ution, then

?rS |ng oveﬂ‘h&@?@;&nﬁﬁ@gﬁ@EB&g@i Eﬁxln@?%f)x/fﬂ Uﬂl@eéﬁrﬂ;ﬂi&hts%e?e %%;SC 3 Dy
etate_or 0. e cetate|n to g|ve
R NPURR S EMY 10 EBSRoges Ga0ol Kingble BN bAits Cag Seds at od by
-chi r Sbolveht Delidcog Mgiye, Direde dnbﬁ)ﬁ @&@m&d o RRBleswubsienspl | ected with

-100 | ns a |ons for Anal tical SFC_ The
Anal ﬁe?%’gq %T—‘%E gﬁ“é@%ﬁ#@ﬁﬁiﬁ Prmp(igigctpoin S0 $iRs &Gt r ol nodul e,
as 15 Mhrﬂd:ru'mleﬁb &ﬁfﬂch@zb eeldhie DAY Tae TR thé Fﬁﬂﬁéan%ﬁ BRI 2

The SEC was equi pped

col u cheh%] g ve and a sol vent control
wi t hT 13 othemreraea waecksd calumased. WTW%C@HHFPQ QI Ehitale f1ow
cel | Teamm&gﬁsozﬁﬁalxezsm&ﬂ s%ﬁlﬁeﬁfﬁcgﬁ%&ﬁ%@m@?%%h% S bonststdfbE£r S 2Q

~ bench top single quadrupol e nmass spectrometer W th atnospheric pressure

chentigigid cesenAieride (mn@ mehanal €B). mﬁbe veihsideday isoerhdc with layeticef 93EGE 20
syst gﬂ‘}P t I r o 01 and
I\/gss%mr?x%%}l%%weg%’r ana yt‘?ﬁea%%acﬁﬁgn\egﬁﬂgnﬁ&g%g Né‘%é\{%ﬁ:ﬁr(‘él g@f’ 03-H-
thrp Vc‘B@tﬂMﬂ)ngmted@@r}nmélﬁﬁmds duﬁ:ngrt):e iskbizitc eunp Hsefisopaiksl.g g iof 95%

carb f.l ow r 4. 0nt/ en
terrpg{r} (t%re was (e:% )§ n‘d%‘l’gﬂgrge%;gf or 13%% %%géﬁ\%ia"s Z%%ﬁ'gl 2%393¥

m xt (Melbf (R) and (S)-methyl 2-(4-(phenyl(3-(trifluoronet hyl)phenyl)-
met hyl ) pi perazin-1-yl)-acetate obt R ned above, was taken up in 5nl of

met hanol and 5 m of dinmethoxyethyl enegl ycol (DVE) and then added 40 m of
met hanol, filtered through 0.45um Fxdkpisyiri nge filters before injection.

iqistru {0 Rrep SEC .o The preparative
5t U8 R3-SR0 G TEERARIC Bl g R 3
Modul e (SCM - 2500, El ectronics Control Mdul e (ECM -2500, Carbon dioxide
Sol vent Delivery Mdule, Direct Expgnsion probe Chiller, UV Variable

Wavel ength Detector, and Cavro XL 3§00 Modular Digital Punp (injector).

Equi pment was from5 Mettler-Tole Hochem (Newar k, DE). The software in
the purification was Berger SFC Pro v1l.5.305.15. The preparative packed
colum used were two Chiral cel g ;S%hol ral Technologies, 21 mmx 250 mm 5
gm linearly coupl ed together. R phasggconsi st ed of | i qui d carbon

di oxide (A) and nethanol (B). The|nethod was isocratic with a ratio of
92:8 of A B. Total flow ratg™mgs 6@ Rkimn. Oven and col um tenperatures
wer e about 40C. The 10 abovd injected every 224 seconds during
the isocratic run. The first .87g is the (5) isonmer and the second
peakS®pd g is the (R) isonmer. M5 (BSI, pos ion) ink: 393.1 (M+l). Exanple
L L5Synt heshl dr S RSIRMALL a6a T5L T4 RELT & 1R0Rk, 2 ¢

20  piperazine (599 mg, 5980 pmol} in 2.5 mL of MeCN was heated at 140 °C under microwave

irradiation for 30 min. The solvent was evaporated and the solid residue was submitted to

column chrométography (510, EtOAc to EtOAc/2M NH; in MeOH = 100:20) to give a

mixture of two regioisomers (S)-1-benzhydryl-3-methylpiperazine and (S)-1-benzhydryl-2-

methylpiperazine as a white solid. The mixture of the two products was directly used in the
25 next step,

Step 2

To a solution of a mixture of (S)-1-benzhydryl-2-methylpiperazine and (‘S)-l-—
benzhydryl-3-methylpiperazine (490 mg, 1.83%9 mmo!l) in 25 mL of MeCN was added fers-
butyl bromoacetate (356 ul, 2.207 mmol}, followed by slow addition of triethylamine (384 ul,



Step 1 A mxture of chlorodi phenyl nethane (404 ng,  1.993 nunol) and
(S)-(+)-2-nmethyl- 20 piperazine (599 ngy, 5980 gnol) in- 2.5 inL of MeCN was
heated at 140 C under mcrowave irradiation for 30 min. The sol vent was
evaporated and the solid residue was submtted to col um chromat ography
(Si 02, EtOAc to EtOAcr2M NH3 in MeOkg= 100:20) to give a mixture of two
regi-oi soners (S)-1-benzhydryl- 3-nethyl pi perazine and (S)-1-benzhydryl- 2-
met hyl pi perazine as a white solid. The m xture of the two products was
directly used in the 25next step. Step 2 To a solution of a m xture
gf_ (3?]59(1141&?10.:2% yel E‘Q:izlﬂﬂn Ftiyd Whaird iR i alf ¢ wltmsig? I-'Ilhe solution was eva%ora'?edNECN :
ei a ryl- 3: et hyl pi.perazj ne . 1. ‘) nth o was
adde'(z‘]’ %@%ﬁﬁﬁ/ﬂ%ﬁ%ﬂ‘gﬁé@%‘?&m{%@ 8‘@@@2@?’%@}%@% gﬁcﬁ%\ﬁéd by sl ow
addi DenyERDAL H RI0NY 100 1 B ite giveTSEREbEYDE Y 4-bdyl8acLI on m xture
-was stirred at rt overnight The solutiaon was evaporated to dryness and the
r esi BERVIRIREAE R Y DIcEH & § %@ﬁw& REGRE LSy TeRPRIYY gﬁ‘b@?ﬂ%@w-& DCLlv1/ Et 0AC =
¥00; Bet9iptRafint10yiIRQA04s 4 S16H18 oftS) -t ert - butyl  2- (4- benzhydry1-3-
Met hé/l p?r%razi n-?}-’;}/%gcet ate as a colorless oil and (S)-tert-butyl
2-(4J'S%4§zhydr y1l-2- nethyl pi perazin-|-yDacetate as a colorless oil. Step 3
sol uti on gfgaf (-t _ i) ), i Paget at e
(340 g, 894 ‘1%}:%& (Syi %&3%{&0&4?%%% 0X aﬁé%ﬁ%é?ﬁﬁéﬁ%gﬁgﬂ? %e}t ed HCl
sol u§%ommpR 108 ma st §¢trdipsrpepnd iimb wé canermtratr G biolusion (3A%) dpagbred ed to

dr yngssowihlch STRESI MR wiR SvAIoRa e ByheRfand hllfahe Was Bla¥ked out of

]\(;ﬁ) -2-(4- benz(%édr 1- 2- et hyl pi per azi n-_l-YDacet ic acid di g%/%gr,ochl oride as a
i t gherdpiggye 2(@;8,% “+-eoprfhyipieerazizs-pipggtic apitedibydnostiprge ebmpounds

ver ey REERAE MBYERE ot Sdh /2328880 h bed in Exanple 1 above. .

(S)-2-(4-benzhydryI-3-netitylpi perazin-|-yDacetic acid dihycirochloride;

M (ESL 1Bhyfdloviiag sompgunds yery pgparpd by proceeding as described in Example 1

(R -got4- benzhydryl- 3- met hyl pi perazin-|-yDacetic acid di hydrochl ori de; M5

(ESL pos. ion) ink: 325 (M1);. ) e )

(R) - 2- (4- Bz {ykrnghydryhdtesthyipireragin-h-yDpcetjagrie dihydmehigridenydr &SRl ori cl e;

15 gfo%_LioB ﬁr/z:"ﬂ@)(mlii 325 (MFl); . . .

204S) - 2- ((R) - 4- (b1 s(4-chl or ophenyl ) et hyl ) - 3- met hyl pi perazi n-| -yOpr opanoi c

aci d: (R)—Z-(Lbenzhydryl&—methylpiperazin-lwylglaceﬁc acid dihydrochloride; MS (1?}:81,

(R ;]ﬁ,zg_(ﬁ)ﬂ ér/ﬁ:@z%((ﬂ«lﬁﬂj! or opheny9net hyl ) - 2- net hyl pi per azi n-1 - yDpr opanoi c
aci d;

(S)- 24( R) R=2-#-benzbp dryb2 ap ibyipinemsinng byhazetie adig difivgeackiorise MRS panoi ¢
aci dyos jon) m/z: 325 (M+1); _ _ _ _
2- ( (2R, 68)-4-(hi s%_— chl or opheny! ) met hyl ) - 2, 6- di net hyl &; perazin-1-yDacetic
28ci d; 2- ((DCHB-4-(bls(breiprmboni rpethylD=3omethyiniperagingir-yeprapaneid asihacet i ¢
acid; an (2L 4§ 4 Q) - . . .

2-((2R 59) - e _éf{ 1- ZO,I%Phdeimr’r}gﬁi?yl)i PPt L P PoPaneig acid:

di hydr oc ER) 1s(4-chlorophenyl)me yB—Z—methyipiperazin-1-y1)propan0ic acid;

24( 28, 5R) 7 foRedis b iy A -chicroftidiph kR PE badinlyipPaaSh 1y 1L acid;
2-(4-{bis(4-chiorophenyDmethyl)-2,2-dimethylpiperazin-1-yDacetic acid; and
25 a mixture of 2-((2R,55)-4-benzhydryl-2,5-dimethylpiperazin-1-yDacetic acid
dihydrochiaride and 2-((28,5R)4-benzhydryl-2,5-dimethylpiperazin-1-yl}acetic acid
dihydrochiloride MS (ESI, pos. ion) m/z: 339 (M+1),

Example 2
30 Synthesis of 2-(4-(phenyl(3-(trifinoromethyDphenyl)methylpiperazin-1-ylacetic acid



di hydrochloride M5 (ESL pos. ion) mt 339 (Mtl). Exanple 2 30Synthesis of
2- (4- (pheny1(3-(trifluoronethyl)phenyl)nethyl)piperazin-1-yDacenc acid
Met hod A A solution of tert-butyl

2- (4- (phenyl(3-(trifluoronethypphenyl)net hyDpi perazi n-1lyCacetate (9.3 g,
21 namol) inil FA (25 nL, 337 nmol) wgs stirred at 60 C for 6 h. The
reaction m xture was concentrated and the crude product purified by SCX
colum eluting with MeOl-1 then 2N NH3 in Me0Ol-1 solution to give the
title conpound as a racemate (4.8 g, %9. Ms (ESI, pos. ion) mlz: 379.1
(Mt1l). Method B A sol ution of

2-(4- (pheny1(3-(trifluoronethyl)phenyl)nethyl)pi perazin-1- yBacetate (0.86
g, 2 mmol) and 5N sodi um hydr oxi de M nmk, 4 nmol) in MeOH (20 nal) was
heated to 70 C for 1 h. After renoval_Jof solvent under reduced pressure,
the residue was diluted with water, =CIdIfIEd to pH 4 with 1IN HC1, and
then extracted with CH2C12. The was washed with brine, dried
over Na2SO4, and concentrat ed. pr 6duct was purified by | SCO
eluting with 0-15% MeOH in di chlo xfie to give the title compound (0.7
g, 84@6y|eld) M5 (ESL pos. ion) mz: 379.1 (M1). Usi ng synt hesi s

si mi | ethodtthe synthesis of 2-(4-(phenyl(3(trifluoronethyl)pbenyl)-

nmet h i per | - i i t . .
e AL oSkl PPREER) 20k fohdb NS BfbeRmetyien ety Dpiperigtg - o
i on) r)azeta®89.31g, @VMmol) in TFA (25 mL, 337 mmol) was stirred at 60 °C for 6 h. The

2 ( 444r %n%gggﬂ@ﬂé(l ,L\%ra% BOSAIA B LY AR BEAS Ao Biad PHHREE bY SRELSMR chfifly witpS-

|on

2- (44 3yiBOH thbh NAHHemyMeObhsnytigmet Db pitle apimpotnd/Bacwcematadd.d 3vS ( ESI,

pos. i 79. 0. 2- (4- benzhydryl pi perazi n-1-yDacetic
acid I\%@%)Egg(%sésgos Iwﬂr}# 3%{1?9\4?% M+1l) were prepared. Usi ng
synt hadethodiBri | ar to the synt hesis of

P A A R RS it o

pheny Iy)haetteDpi8tey, znmel) ayx&ébémdamadnydlrowﬁie((%l mLpbsmmalpm)MeDH 2848L1L (M1

e e AP S AT M A e e e
'SI% n; hgﬁ]lﬁdlmiﬂz:?&g,gﬁhgﬁad)mpﬁﬂ Wﬁbhﬁﬂ@hﬁh&meﬁpmmtaiwnhﬂ}yﬂﬁc’ﬁhe c acid 5

22 5. aebatit BhoPivad GRS Wil brine, dried over NeaSOw. and copesmirated Thegruge . 4 o)

in di pradest (k8 pnnﬁedmlm@mmg With 056P4uMe@H imdidhidrathatbaedo @BE tht 11823

ot 11 SAVRENED (0 B PRSI NS et et a7t ot WRhum The et ude. pr aduct
was purifi etdsmg sﬁﬁh@sﬂsﬁsmdhnmthe lsytithasn;p o 2- M—Qﬁlbhﬂfﬁimﬂdwmaﬂdyl&b&nyﬁ\) MeOH
sol uti o?r}31 ﬁl& ive. {11_]() eé)cam d%s’ a racemate (1.62 g, 93%. M (EST,

pos.

“n

-(4—((3—bromophenyl)(phenyl)meﬁlyl)pipera_zin-1-yl)acetic acid MS (ESI, pos. ion)
m/z: 389.1 (M+); '

2-(4—((4—bromophenyl)(phenyl)methyl)piperazin-1-yl)acetic acid MS (ESI, pos. ion)
m/z: 389.1 (M+); '

2-(4-((3,5-dichlorophenyl){phenyl)methyl)piperazin-1-yl)acetic acid MS (ESI, pos. ion)
m/z: 379.0 (M+1); and

2-(4-benzhydrylpiperazin-1-yhacetic acid MS (ESL pos. ion) m/z: 311.1 (M+1) were
prepared.

Using synthesis similar to the synthesis of 2-(4-(phenyl(3(trifluoromethyl)phenyl)-
methyl)piperazin-1-yl)acetic acid in Method B, (R}-2-(4-(phenyl(3-(trifluoromethyl)-
phenyl)methyl)piperazin-1-yDacetic acid MS (ESL, pos. ion) m/z: 379.1 (M+1 and (S)-2-(4-
(phenyl(3- (mﬂuoromethyl)phenyl)methyl)p1perazm I-yl)acetic acid MS (ESI, pos. 1on) m/z:
379.1 (M+1) were prepared.



Exampl e 4 Synt hesi s of

2- (44(4-chl O ophenyl) (phenyl ) net hyl ) pi perazi n-1-yl)acetic acid

15di hydrochl ori de To a solution of tert-butyl

2- (44(4-chl orophenyl ) (phenyl ) net hyl ) pi perazi n-1- ypacetate (1.0 g, 2
rninol) in dioxane (10 m) was adde@7414 HCl solution in 1,4-dioxane (20
20 mL, 549 nunol) followed by concentrated HC1L (1.0 nil ,27 nmol). The
reaction was stirred at 50 C for 6 h and concentrated under vacuum The
crude product was triturated with EtOAc or diethyl ether, filtered, and
dried to give the title conmpound (0.8 g, 77%yield). M5 (ESI, pos. ion)
ink: 345.1 (ML-2HC1l). 68 lsin nmethod simlar to the synthesis
“of 2-(444-chl orophenyl) ( phenyl) yF)=-" pi pei azi n-1-yDacetic acid

di hydr ochlSymitesistoli @-(f «(3-bitimapteap) @hndg ymethyDpiperazi- -y Bheotic(@eil
~br-efophenyl ) ( phenypnet hyl ) - 2- met hyl pi perazzi n-1-yl)acetic acid ————
di hydrochl oride M5 (EST, pos. ion) mlz: 403.1 (M)-2HC];

524(R) - 2-met hyl- 4- (pheny1(3-(trifl uofonet hyl ) phenyOret hyppi perazi n-1-y1)
etic acid di hydrochl oride M5 (EST, Hion) rn/z: 393.1 (M+l)-2HCI;
2-(4-((2-bronophenyl) (phenyl ) net hy ipgrazin-l-ypacetic acid

di hydrochl ori de Ms (EST, pos. io0 : 390.1 (M+1l)-2HCL; and

2-(4- (phenyl(4-(trifluoronethyl)phenyOret hyppi perazin-1-yl)acetic acid 1
di hydrochl oti de M5 (EST, pos. ion)Mil z: 379 1 (M+l)-211Cl; were prepare

Exampl e 5 Synthesis of .
2-(4-(bis(3-(trifiuoronethyl)p pp|pera2|n 1l-yl)acetic acid
i hydrochl ori de 15 Step 1 Sol ution of

ac

0
d.

was added 18 UHOBGY 6y ARSbE: %c?%%?ﬂ%éé%hﬁm@p;%ﬁm%{g}m%%aﬁéﬁﬁ The "

_Sus PENSdetile (2.0 g, 4 mmoi) in dioxane (10 m1) was added 4N HCl solution in 1,4-dioxane (30
mL, 823 mimol) followed by concentrated HCI (2.0 mL, 55 mmol). The reaction was stirred
at 50 °C for 6 h and concenirated under vacuum. The crude product was purified by SCX

10 column eluting with methanol then 2N NH; in MeOH solution to give the title compound as a
racemate (1.62 g, 93%). MS (ESI, pos. ion) m/z: 38%.1 (M+).

Example 4
Synthesis of 2-(4~((4-chlorophenyl)(phenyl)methy!)piperazin- l-yl)accnc acid
15 dihydrochloride

To a solution of ferr-butyl 2-(4-((4-chlorophenyl)(phenyl)methyl)piperazin-1-
yhacetate (1.0 g, 2 minol) in dioxane (10 mL) was added 4N HCI solution in 1,4-dioxane (20
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 diethyl ether, filtered, and dried to give the fitle compound (0.8 g, 77% yield). MS
(ES], pos. ion) m/z: 345.1 (M+1-2HCD).



20 was stirred at rt for 24 it The reaction was diluted slowy wth water
and extracted with CH2C12. The organi ¢ was washed successively wth water,
brine, dried over Na2SO4, and concentrated to give

bi s(3-(trifluoronethyl)phenyOnet hanol (10.8 g, 94% yield). The crude oil
was used in the next reaction withogg further purification. Step 2 25To a
solution of his(3-(trifluorornethyl)phenyl)nmethanol (1.1 g, 3.4 mol) in
Cl-12C12 (10 mL) was added dropw se thionyl chloride (0.50 m, 6.9 nmol)

at it The reaction was stirred at 50 C for 4 h, concentrated under vacuum
azeot r ope¥simigsmediod sheilardn theiyndgsia od @r(4vétghiorapbenyiMphenylideethyl)-

(P B R oG 01 b pey a2 ne

(0.81 m, 2rORye((- b3@npphearz@mhnn1})mbtéybmm¢ﬁéﬂplhmd -yackt6 aGdf or 18 h

201 SAISRRLMENUOS! peG T Fiksasie e i ssolved |1 G207

Wit h K2CCB-((R:HZMﬂ4—@h¢nywmmy1@@nybn&ﬁ@bpk(e&zin-l-yl)acetic

(tri r I th cr ude

1- (bifiés?g tr| u%regﬁeg{tﬁb %ﬁeﬁf’@zp%?%ﬁ*&}b azl ne was dissolved in

acet oni t r EHé- ((Z:Brmmgheaﬂb{phmyﬁkmhybplbemahgt)a.teac @Cidshbhydrocl3odderivil ) and

trle I 9 ' I gnas added. The solution was stirred for
b%m ﬁ‘gge gti)/ﬁ %@eﬁéﬁ%ﬁ@’ta}‘act ed with CH2Cl2. The organic |ayer was

was hed wi EH44phemdfdedrifiaEbrstlyliphary])métbyl )piptreindveaddd? 568, and

exane& tgﬁg}h\giyl\fisﬁé‘lgﬁﬁﬁgg% %@3 ?jﬁfﬂslﬁﬂnbgmge%g%aggd ng 0-50% Et0Ac in

(trifluoronethyl)-phenyl)net hyppi perazin-1-ypacetate (0.86 g, 50%yield).
M5 (ESL pos. ion) mz: 503.1 (IVII#( V\:?}é%)l‘(l was then converted to the title
conpound by proceedi ng as descri 8‘“ anpl e 4 above. Exanple 6

€
Synt hesi Symthess ¢212-4-bip3e(uyiydrpinethyl)phed iymahyigsipairinl-yiljcatdettid acid

di hydr ochl ori de A ”]Xtucﬁh [t butyI
2-(44(3-bronDphenyI)(phenyl)net (# 1%%?%Z|n l-yflacetate (0.31 g, 0.70
ol ), phenyl boronic acid (0.085 g, 0.70 rnnol), sodium carbonate
monohydrate (0.077 m, 1.4 mmol), andg,

tetral ds(tri phenyl phosphi ne) pal | adi u 0) (0.80 g, 0.70 mmol ) in, dioxane
(4 nmL) and water (2 nL) was heated 19% C under microwave irradiation
for 20 mn. The reaction was dil ut ter and extracted with CH2Cl12.
The organic | ayer was washed with :ﬁ¢ate NaCl solution, then dried over
Na2SO4 and concentrated. The Erude pfoduct fwas purified by | SCO usi ng 0-50
% Et OAC i n hexanes to give et B F

2- (443- bi pheny1) (pheny1) net hyl) J =-1Eypacetate (0.28 g, 91%yield).
M5 (ESI, pos. ien) mz: 443.2 (Ml), which was then converted to the title
conp QQ by proceeding as described in Exanple 4 above. Proceedi ng as

S reaner S e B O e o

2-( (fﬁ)}rﬁL)T%kl piidel fofiR)m borohydfid (1.9 ml, 53 romol) portionwise at rt. The suspension

mb{ F%é’dzgtﬁg%%# gﬁtgg%/%el ger aéﬁa{%—#&%@c at etsaanlgdg 2nyl.baronic acid

KR) - CHzehLhThe dreabls) wiphemhid 3&&&&1&@5’1&6&12%1&3:2 @nne dnad over Na;SO4, and
y1 ) phenyl et bypel Berazi i L ypagst e, MALER RS oSG 8 Orne crude

phenyil (&s et mpthe Red-rgsdniaa withowefirhe) pptifiestaal n- 1-y1) acetic acid as
descg (éd i n Exanpl e 4 above. Proceedi ng as described in Exanple 6

abov t substituting tert-butyl 2444(3-
I Oerphean)a(smltLGtmﬂc)ﬂBéi BypifhpesasthpbpHenyl hatieinal @ . Met14 mmol) in CHLCL

and WoEET ha¥ Ao B P LO O e b RGPV v IFEHIE S 0. o o
fe ??itbh*ﬂécmtmﬁﬂbﬁfr @'H, Goienttaft GnderRichyhphearbpal with €l adiedafd mwﬁstic:

( CR Ve o give s chlpralis A RroRE Ry BRRER et s Fie A Hda SYBERBE Gt o

tert (‘tﬁﬂh&lomcthyl) henyl methane was addcc?] to a soluﬁon of piperazine (0 81 mﬁ ?|I0 mmol)
4o s e O v ey P ST e e per o v

((R) 2 met hyl- 44(R) - (4- ( 3- net hyl phenyl ) pheny1) - (phenyl)rret hyl ) -

pi perazin-1-yl)acetate, and tert-butyl

aR) - 2-nmet hyl -4- ((R) - (4- (4- et hyl phenyl ) pheny1l) -

(phenyl ) net hyl ) - pi perazi n- 1-ypacetate respectively, which were converted
to [(R-4-((R)-




Exanpl e 7 20Synt hesi s of ] _ _
24(R) - 4- (cycl opropyl(3-(trifitioronethyl)phenyl)nethyl)-2-nethyl pi perazin-
1- yl)acetic acid 0 ?LOHN C D."' Step 1 25To _
3-(trifluoronethyl)benzal dehyde (3'48ﬁ§’ 20 nmmol ) (azeotroped with
benzene) at 0 C was added cycl opropyl f&gnesi um bronmi de (0.5 Min THF, 24
mmol ) dropvvise and the resulting solution was stirred at 0 C for 1 h. The
reaction m xture was quenched with ag. | NTHACl, extracted with ether,

' dr,i 2 ,Lfilt [ e orated 71 to
dr ynos S  FhG A GERUBIN 1 B0 2td Hasiiovith | DOV RREHERL-FE o pur e
DCM) abfganitd dydr%@rmph&ﬂgzl'omﬁﬁﬁ&?ﬁ[ ﬁ;tyic):ﬁ@;%méu)dt ﬁ' gqsei g% 3(L) ow ?3 |g Step 2
. 1( 3- e et hano . . .
{ur oy e rERER b D YA RRSERaR g PrER, ofrE e F s me Y BRheYhnol ) and
the resetiyl)pipesating wayndivibvedtih hé@6higile ( POML) QAR o4 AbWyEblbRloadethte (3138 excess
1ol B P EO O P REEHGA o6 BoR O Beh g Be Roetbuias s strsér i edl
1-(c : 3Lt _
under fdrlglfh,\daluwdlrwi&ndraléﬁ,aﬁd siﬁﬂh%ﬁéd x)(ri(th r@:_}]gzlkfﬁz. mb{%%ml) g;éen%tzvga% ﬁslzlé(g%ﬂg‘ >i tluf e
f 1- [ - 3- | or one ) ,
gunol §g§ﬁ{%§¥§%&y%éﬁ?%éﬁ%ﬁﬁs§ 4:@,1133‘911‘1‘%? d; %Wgﬁ;?;@ﬂu?@gﬁ vva;d
heat edpaifi@lbyIST@ tsihg D15097 B 50 VR n¥RS SYaRPLRIED ang; sol1d resiadue
vvgg gulér%j tted)C{o col u%'{] ca{yg)rrat ogr_a?h)f (Siggg, Et of\atgﬂ tl(SAthM NH3 in
NeOH = .gaqrggaeﬂgy&)-al?% e PiPsgzny ] -y Jacetate (0.86 g, 50% yield). MS (ESL pos.

(cycl onpayZ(5B3(it N+ ) ahREBIAthorDheRYHIIRY tAY kitie oMBLIN 1Y) RBERA LA 3- 15 0)

[ . i rectl sed i n next step.
whi ch yi\{ca@,%n e5 fn Xam; eklabove. , P

Exampie 6
Synthesis of 2-(4-((3-biphenyl)(phenyl)methyl)piperazin-1-yl)acetic acid dihydrochloride

A mixture of zeri-butyl 2-(4-((3-bromophenyl)(phenyl)methyl)piperazin-1-yl)acetate
(0.31 g, 0.70 mmol), phenylboronic acid (0.085 g, 0.70 mmol), sodium carbonate
monohydrate (0.077 ml, 1.4 mmol), and tetrakis(triphenylphosphine)palladium (0) (0.80 g,
0.70 mmol) in dioxane (4 mL) and water (2 mL) was heated at 120 °C under microwave
irradiation for 20 min. The reaction was diluted with water and extracted with CH,Cl;. The
organic layer was washed with safurated NaCl solution, then dried over Na»,SOy4 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-1-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-ylacetate with tert-butyl 2-((R)-2-methyl-4-((R)-

(3-bromophenyl)}(phenyl)methyl)piperazin-1-yl)acetate and phenylboronic acid with
thien-2-ylboronic acid provided 2-tert-butyl ((R)-2—methy1-4-((R)—phenyl(3 -(thiophen-2-



Step 4 To a solution of crude

(2R)-1-(cycl opropyl( 3- (trlfluorornethypphenndethyI) 2- netlaylplpera2|ne
(3.15 g, 105.6 nunol) in 25 m. of MeCN was added tert-butyl bronpacetate
(2.046 M, 12.67 mmol), followed by slow addition of triethylamne (2.203
m, 20 15.837 mml ). The reaction mypture was stirred at a overni ght. The
solution was evaporated to dryness and the residue was submtted to flash
chromat ography (Sic)2, hexane to hexane/ EtOAc = 100:5 to 100:10 to 100: 30)
to give tert-butyl 2-aR)-4-(cyclopropyl(3-

(tri YIDRI@ﬂﬂﬁ@PWD?Wﬁ@ﬁW gﬂ&anyﬂaywhlﬁlww Fenvsepd i Ry -medot-4t@Rys a

24 e R D B BT T g m ol

r»pera2| n-1-yDacetate (350 rag, 0.849 mml) in 150 nL flask was

§dﬂ6d/§’ R el Bl 8 Mol Ba e el BT, por at oc

o dbrpmeybemyiiehenyDgiethydipipsratio- lgyNasc@uite with 2-((R)-2-methyl-4-((R)-(4-

R O v e K L

( ESI 2- nmﬂwlphemur)bmmc adi8.73 ey phenylboroniPrecid eed ﬁﬂgﬂiaslpﬂesy:lbmbw acid Exanpl e

s R e O R e

yl( 3’E°(t¥bu'fﬁ|(Gb}-bﬂﬁﬂhnﬂ’%-m*(ﬂ(ﬂFmﬂhﬂ?h@b@mlml)ipheﬂwb)aﬁﬁylh PWINB (ESI,

mﬁiﬁ %Y?Q(ﬁ\% %tﬁykzaﬁ‘)s(‘; ‘23 Ftih &’5’ ")’%T(r% })me#Wﬂ' ) pi perazin

E (lR) Mpﬁﬁﬂhl' kyhadethteyand tdrebusd lﬁ&l}ﬁ-ﬁ@mﬁme((ﬂ}-(‘(-@-ﬁwﬂwﬁmﬁﬂyl)-
(1 1 EEABRRER Ry IR HYS TP VR et e 1l (-
2-( (R))héhyll‘m&)hyﬁhe#y](x(ﬁmyi}-z-methyl-plperazm I-yi}-acetic acid; {(R)-2-methyl-4-[(R)-

L OB oot e LTI ST L WPRSRY e [ L PRLaZ L b MRS Rl ! ¢

di ac

%{ ( 4(3(-me=ﬁﬁ:4-miﬂhm bﬁh@ﬁyﬂlmmh%ﬂ"ﬂ*mmmb ibﬁ"l]a@enle bﬁlﬂﬁﬁbf@ﬁ‘za?ﬂﬁ)@ﬂ‘( 487 10
e S0 on ,0 Qr.oDnl S oro e n ne ,
RN yor RS e e i S - AR YL R AR B 107 T

by t ddsextitegl iaBxamp{6LBbape, 4.5 nmol ) and the resulting mxture was
reflu. xed overnight. After cooling to rt, the solvent was evaporated to

dryness and the residue was submtted to colum chronmat ography (5102, DCM
to 15 DCM |Vl e01- 1= 100:5) to gi Example 7

- (bi - chl azi e (420 a,white solid.
%t ep %%hem of 2 (m)@)&?e é}l})(%(g? ?ﬁyfﬁﬁﬁ 8’?%’%%1 &&eﬁl VBPE er%l"'gzllon 2- one
(180 ng, 537 gnol) in 10 nL of dﬂ)pc%ciths added net hyl 2-bronpacetate (60
gl, 644 panol), followed by sodi umcgo hydri de, 60% di spersion.in m neral
oil (16 gl, 644 gnol). After stirri g rt overnight, the solvent was
evaporated to dryness and was d|r oL submtted to col um chronat ography
(Si 02, hexane to hexane/ Et OAc" ;ﬁ’!:k@ to 100: 10 to 100:20 to 100:30) to
DY’

give nethyl 2-(4- (bis(4-chlor 1) met hyl ) - 2- oxopi per azi n- 1- yDacet at e

(160 ng) as a white solid.
CFa
\/
Step 1

25 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 guenched with ag.
NH,4Cl, extracted with ether, washed with water, dried over NaySOy, filtered and evaporated



1-.22L3 25To a solution of nethyl

2- (4 (bis(4-chl orophenyl)rret hyl ) - 2- oxopi per azi n-1-yDacetate (160 ngy, 393
gnol) in TI1F MeOH 1-120 5:5:1 (5.5 nmL) was added |ithium hydroxide
nonohydrate (49.5 ng, 1. 179 mmol ) and the resulting solution was stirred
overni ght. The sol vent was evaporateq, diluted with water, adjusted to pH
=5 wth 10% HCl, extracted wth DCM dried over Na2SO4, filtered and
evaporated to dryness under high vacuum The 73 resi due was | oaded
onto flash colum (Si02, DCMto DCM MeOH = 100:5 to 100:10 to 100:15 to

100: ojrypgssg Cedungn em@mmwms@@npmmwm&mm PeuEz DNy ypacet i ¢

SCI( ?goﬁeﬁﬁﬁ&%@)%ﬁ%%?xﬁ%ﬂﬁenyl i§‘r’1"y ! %Régsf; fret(:)];lyl ) pi perazi n-1-

acid Step | A mxture of tert-butyl

yl1)

2-aR)-44 h t hyl Da t at

(429) U Bo bt o BRI R DR RSl ) By 50 Blachaed or - o
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heat & :audesn-(@lme[eycwmpmnmﬂmy E-(frﬁl’ubrdinetﬂ'il%d’r@sﬂdjﬂﬁs RetefaidOaidg o

flas}gggi%o B o3 vtxsge?t)éu%%()?zﬁthgexa set;;[.O hexane/ Et OAc = 100: 10 to 100: 15 to

100:
24( Bteg3net hyl-4- ((9)- pheny1(4 (2- phenyl et hynyl ) phenyl ) met hyl ) - pi per azi n- |

tate 0.St | ut f
D bat y e LBl ey Sttep ey CaCR8 Sy R B -
met hym@qb) mr(azarmaxhy@mme (3( 3%93 Tigundd) B8 xﬂma:lfm@:sr%/%a@%{rﬁ@ °€5 o0 1

‘oo OREPE PR AR e b PisRorRiEd 8 BF sabvsiHr g SR bemas

ev apm'alneldgtaphyl (Si0eSBtOME R Etn@&yzmwm m@z—: bq 08209 e&gﬂe%nmgz%;ihut ed

racted_w th dried over
£l Mﬁéwgﬁa@ﬁ%%m%w@rb Shi Y}r%éﬂqﬂ@gP*aﬁ’@ZW&§3iiéaaié'd“@hwes fl ash
180l udirec{lBnb inbeM d¢tep, DCM MeOH = 100: 5 to 100: 10 to 100: 15 to 100:20) to
glveS24 R) -2-nmethyl -4-((S)- 74
phe - (2- phenyl et hynyl ) phenypnet hyl ) pi perazi n-1-yl)acetiO ‘aci d (240 ng)
as a whi t’Bo s sdltion &f @ode d R9! -4y HeBeTiBeE i RRs R ithgphehpwiReompounds

%’%%Eﬁﬁf?g@(lﬁ)@ g 0P Srmpatihin % ml of MeCH wasadded ari-Bwd ayl ) et hyl ) pi pe

r azitmerhoadetarp c@4d ®,aAC.EY7, mansl), followed by slow addmon of triethylamine 82 203 mi,
26 gt At R S B T e B R0l L i e
‘to dryness and the residue was submitied to flash chromatography {8i0,, hexane to
hexane/EtOAc = 100:5 to 100:10 to 100:30) to give tert-butyl 2-((R}-4-(cyclopropyl(3-
(trifluoromethyl)phenyDmethyl)-2-methylpiperazin- l-yi)acetate as a coloriess oil.
Step 5
25 To tert-butyl 2—-((R)-4~(cyclopropyl(3 -(trifluoromethyDphenyl)methyi)-2-
methylpiperazin-1-yhacetate (350 mg, 0.849 mmol) in 150 mL flask was added 3 mL of 37%
HCI and the resulting solution was stirred at 50 °C for 3 h. After HPLC-MS showed
complete conversion, the solvent was evaporated to dryness under high vacuum fo give 2~
((B)-4-(cyclopropyl(3-(trifiuoromethyl)phenyl)methyl)-2-methylpiperazin-1-yDacetic acid
30 dihydrochloride (290 mg, 79.6% yze}d) as a whiie solid. MS (ESI, pos. ion) m/z: 357 (M=+1).
Proceeding as described in Example 7 above, but substituting cyclopropyimagnesium
bromide with thiophen-2-ylmagnesium bromide provided 2-((R)-2-methyl-4-(thiophen-2-
y1(3-(trifluoromethyl)phenylmethyl)piperazin-1-yhacetic acid MS (ESI, pos. ion) ov/z: 399
V1),



d ycine Transporter 1 (A yTl) Uptake Assay In vitro: This cell-based
assay neasures the ability of test conpounds to inhibit the uptake of

gl yaine by the glycine transporter type |I. Human pl acental choriocarcinoma
(JAR) cells 15 endogenously expressing human gl ycine transporter type 1
(Ady-T1l) were used for this assay. Far uptake assays, JAR cells were
cultured in 96-well cytostar T scintillating tnicroplates (Amershain

Bi osci ences) in RPM 1640 nedi um containing 10% fetal bovine serumin the
presence &penicilli néloo pgi nl) and st reptongci n (100 ug/ml). Cells were
pl at ed -at 2a{R)-2-MgdylH{thienrber-2xyl{ Hitriforametby ) phenrDaedxbpiper8m-G i n a

hum ¢ikdes (O bl edi i was renoved

I N a0 Lot Bk B

from Cytostar_ plate and JAR cel | ncul of _Uptake __
buf f EFifipernsthylinhegul-mahylipiperpzingl -padsiciagid and PMR@RsthyB44(¥)Hepes, 5

rrt i : i . i > IRd . ks : nl of
[4Ci\/hgdl)§f:éih%ﬁ((§)g%rr‘%} ?ﬂr?’rétﬁgll)?ﬁeo t)gé%%}é om 2 r l?a(r%gﬁ?gerl Wﬂ@%%gl n Upt ake

ffer was added to 25 each well to give a final concentration of 5 p. M
After incubation at room tenperatdig 0§ the desired tinme usually 1-2 h,
seal ed 96-wel| Cytostar plates were counted on a TopCount (Packard).
Nonspeci f Synthsiské 2df-(pis@-chipyaphary imethybiZeoxinypmazin 1tfipeptiesddce of 10 uM
cold ALX-5407 (Sigma). |1C50 curves were generated fromthe raw data
collected fromthe TopCount and 30fitted with a four-paranmeter |ogistic
equati on using in-house data anal ysis ®ool, Activity Base. The specific
conpounds of thic invention had an | val ue of |ess than about 10
m cronol ar. I n approxi mate | Cb0O vaflue of a representative nunber of
conpounds of Fornmula (1) in this a 9 provided in the table below. 75 .
Cpd # ICso (nM Cpd # | Cso(nM de#%odive ' ' _

To a solution of chlorobis(4-chlorophenyl)methane (407 mg, 1.5 mmol) in MeCN was

10 Step1

added piperazin-2-one (601 mg, 6.0 mmol) followed by tristhylamine (626 pl, 4.5 mmol) and
the resulting mixture was refluxed overnight. After cooling to rt, the solvent was evaporated
1o dryness and the residue was submitted to column chromatography (SiG,, DCM to

15 DCM/MeOH = 100:5) to give 4—(bis(4-6hloropheny1}meﬂ1yl)piperazjn-Z—onc (420mp)asa

wi'fite solid.
Step 2

To a solution of 4-(bis(4-chiorophenyl)methyl)piperazin-2-one (180 mg, 537 umol) in
10 mL of dry THF was added methy! 2-bromoacetate (60 ul, 644 umol), followed by sodium

20  hydride, 60% dispersion in mineral oil (16 pl, 644 pmol). Afier stirring rt overnight, the
solvent was evaporated to dryness and was directly submitted to column chromategraphy
(Si0,, hexane to hexane/EtOAc = 100:5 to 100:10 to 100:20 1o 100:30) to give methyl 2-(4-
(b'is(4—ch1oroPhenyl)meth'yI)-Z-oxopiperazin‘1 -yDacetate (160 mg) as a white solid.

25 To a solution of methyl 2-(4-(bis(4-chiorophenyl)methyl}-2-oxopiperazin-1-yl)acetate
(150 mg, 393 umol) in THF/MeOH/H,0 = 5:5:1 (5.5 mL) was added lithinm 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,SQy, filtered and evaporated to dryness under high vacuum. The



1 79.1 30 0.934 49 7.2 18 37.6 34 17.8 55A 1.5 20 131 38 0.98 75 4.32

217 39 2.7 77 41.1 24

10

15

20

25

73

residue was loaded onto flash column (Si0;, DCM to DCM/M&OH =100:5 t0 100:10 to
100:15 to 100:20) to give 2-(4-(bis(4-chlorophenylymethyl)-2-oxopiperazin-1-yacetic acid

“ {136 mg) as a2 white solid.
Example 9
Synthesis of 2-((R)-2-methyl-4~((R)-phenyl(4-(2-phenylethynyl)pheny)methyl)piperazin-1-
' yDacetic acid
o
KU\OH
Y

N

'
I | = I

Step 1

A mixture of tert-butyl 2-(R}-4-((S)-(4~bromophenyl)(phenymethyl)-2-methyl-
piperazin-1-yDacetate (459 mg, 0.1 mmol, its preparation follows the general procedures of
Reference GG), 1-phenylethyne (0.137 ml, 1.249 mmol), tetrabutylammonium fluoride

" trihydrate (946 mg, 2.997 mmol) and dichlorobis(triphenylphosphine}palladium(ii) (21.0 mg,

0.030 mmol) was heated at 80 °C under N; atmosphere for 1 h. The residue was subjected to
flash chromatography (Si0-, hexane to hexane/EtOAc = 100:10 to 100:15 to 100:20) to give
tert-butyl 2-({R)-2-methyl-4-((S)-phenyl(4-(2-phenylethynyljphenylymethyl)}-piperazin-1-
yhacetate (460 mg) as a yellow oil.

Step 2 .
To a solution of tert-butyl 2-((R}-2-methyl-4-((S)-phenyl(4-(2-phenylethynylphenyl)-
methyD)piperazin-1-yDacetate (320 mg, 0.666 mmol) in THE/MeOH/H0 = 5;5:1 (5.5 mL}
was added lithium hydroxide monghydrate (279 mg, 6.658 mmol} 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 over NasxSO.,
filtered and evaporated to dryness. The residue was loaded onto flash column (SiO%, DCM to
DCM/MeOH = 100:5 to 100:10 to 100:15 to 100:20) to give 2-((R)-2-methyl-4-((8)-

21



3.94 48 2.14 78. 4.8 79 1190 82 2200 88 134 In vivo assay: 5Male _
Sprague-Dawl ey rats (250-300 grans) were treated with GyTl inhibitor in
Tabl e 1, conpound 3, in 2% hydroxypropyl -net hycel I | ul ose and 1% tween 80
in water at doses rangi ng between 1 and 100 ny/ kg by oral gavage. Two
hours after acute conpound adm ni stration, CSF was col |l ected and
subsequently anal yzed for glycine content using EIPLC coupled to a
fl uorescent detector (ESA inc, Chelnsford MA). Basal |evels of glycine 10
in rat r oI|t r.of CSE or |lower. Formulation Exanples
The fBI9% &4122'1’3?@'1?@% g@’ﬁ?&‘?‘i’“\? Yhmmerarit i aetic wid{A4Rneres acuhitai ning a
conmposplid. of Formula (1). 15 Tabl et Formul ati on The follow ng ingredients
are m xed ntﬁ%tely and pressed into single scored tablets.
| ngr edi ent bad bove therfolleving srmpsrangs wers synghesizedi400
2-((R)-2-methyl-4- ((R)-phenyl(B (2-pyridin-3-ylethynyDphenylmethyl)piperazin-1-
5 yDacetic acid; and

2-((R)-2-methyl-4-((R)-phenyl(3 -(2-pytidin-4-ylethynyl)phenylymethyl)piperazin-1-

ylacetic acid.
Biological Examples
10 : Exampie 1
Glycine Transporter 1 (GlyT1) Uptake Assay
In vitro:

This cell-based assay measures the ability of test compounds to inhibit the uptake of
glycine by the glycine transporter type 1. Human placental choriocarcinoma (JAR) cells
15 endogenously expressing human glycine transporter type 1 (Gly-T1) were used for this assay.
For uptake assays, JAR cells were cultured in 96-well cytostar T scintiliating microplates
(Amersham Biosciences) in RPMI 1640 medium containing 10% fetal bovine serum in the
presence of penicillin (100 pg/mi) and streptomycin (100 pg/mi). Cells were plated at a
density of 4 X 10* cells/well and grown at 37 °C in a hurnidified atmosphere of 5% CO; for
20 24h
Culture médium was removed from Cytostar plate and JAR cells were incubated with
30 p of Uptake buffer (120 mM NaCl, 2 mM KCl, 1 mM CaCl,, I mM MgCl,, 10 mM
Hepes, 5 mM alanine, pH 7.5) with or without compound for 5 min. Then 30 ul of [¥C]
glycine (101 mCifmmol, obtained from Perkin Elmer) diluted in Uptake buffer was added to
25  each well to give a final concentration of 5 pM. After incubation at room temperature for the
desired time usually 1-2 h, sealed 96-well Cytostar plates were counted on a TopCount
(Packard). Nonspecific uptake of ['*C) glycine was determined in the presence of 10 uM
cold ALX-5407 (Sigma).
ICso curves were generated from the raw data collected from the TopCount and
30  fitted with a four-parameter logistic equation using in-house data analysis tool, Activity Base.
The specific compounds of this invention had an ICs, vatue of less than about 10 micromolar.
In approximate ICsp value of a representative number of compounds of Formula (I in

this assay is provided in the table below.



cornstarch50 croscarnel | ose sodi unk5 25| act osel20 magnesi um stearate5 76

Capsul e Formul ati on
and | oaded into a hard-shell

stearate2 Injectable Fornulation

gel atin capsul e.

75

The following ingredients are mxed intimately

_ | ngredi ent Quantity per
capsul e ng conpound of this invention200 | actose spray driedl148 nmagnesi um
Compound of the invention

(e.g., compound 1) in 2% HPMC, 1% Tween 80 in DI 15 water, pH 2.2 with

MBA, q.s. to at least 20 Ing/n. The foregoing invention has been

descri bed i n sete=getigi-t—py-ey—ot—H '"‘*"‘*‘"n ghrd—exanrple~ for purposes

of clarity and ﬁ’&grcs?gﬁ?#%@ | COGF | 1‘6@% Ges% o b Uof skill in the
_art that changes and jnodi ficatfons miy be practiced ‘n the scope of

t he appended cl :il A5~ ”f‘Therefﬂ e is-to-be ynderstood that the above

description islintend o be j44 uster%\‘}e ahf®not redrictije. - The scope

of the inventi 6ngshoul3h.6t Ner ef$7 €, Dg7@ETer ngpgd not (witir rieference to

t he above desciiptiond—but sholul d instead beldeternned with reference to

the fol | owi ng apPenddd-&! ai m;,gr%ﬁ ong| ®Ri%h the7ful'l s c#5@ of lequivalents to

whi ch sueh claiBF arg gRtitIed 3ghN I parEnts, [ parent_gpphicatj ons and

publications cited i this application are hereby 25| ncorporjated by .

reference in theéfr ent3 Pty fordll D@rlp‘}oses 7% the péBe extlent as if each

i ndi vi dual pat €5, BE apptiEatTo puu atton re—sg i ndividually

denoted. 77 Waal is (ﬁqaglbrred 13.%[\ corlgggnd 0 g§or mul a!\ﬁ)

In vivo assay:
5 Male Sprague-Dawley rats (250-300 grams) were treated with GlyT1 inhibitor in

Table 1, compound 3, in 2% hydroxypropyl-methycellinlose and 1% tween 80 in water at
doscs ranging between 1 and 100 mg/kg by oral gavage. Two hours after acute compound
adminisiration, CSF was collected and subsequently analyzed for glycine content using
HPLC coupled to a fluorescent detector (ESA inc, Chelmsford MA), Basal levels of glycine

10 - inrat CSF were 0.5 ng/microliter of CSF or lower.
Formulation Examples
The following are representative pharmaceutical formulations containing a compound
of Formule (I}.
I5
Tablet Formulation
The following ingredients are mixed intimately and pressed into single scored tablets.
Ingredient Quantity per tabiet
20 me
compound of this invention 400
cornstarch 50
croscarmellose sodium 25
25 lactose 120
magnesium steerate 5




Rs RACORH R1 N R2 Nsc 19- An R3 Arl Ar2 5 wherein: nis an integer from1l
to 3; Rl and R2 are independently sel ected from hydrogen, alkyl,
hal oal kyl , al koxy, hal oal koxy, aryl, heteroaryl, cycloal kyl, or

het er ocycl yl wherein the aforenmentioned rings are optionally substituted
with Rd, Rh, or 12.6 independently sélected from al kyl, halo, hal oal kyl,
10 al koxy, hal oal koxy, hydroxy, cyano, nonosubstituted am no, or

di substituted am no; or 1(1 and R2, when attached to the sane
carbon atom can conbine to formcycloallcyl or nonocyclic saturated
heterocyclyl to give a spiro ring wherein the cycloal kyl or nmonocyclic
saturated heterocyclyl can beCeptulobFa@tiulatbmbstituted with Rd, 120, or Kf

i ndepende 5 N .al- ko fl.uor . . .fl uoroal .

f 1 uor oal k@ﬂf%oﬁ%@gﬁ eér%%gsag%@ﬁdd & age%lﬁ Eﬁjéf,]o yedpE as%%?f#’éﬁ:??&“ﬁm no; or
1(1 ampbulg.2, when attached to carbon atonms 2 and 5 or 3 and 6 positions o&f
tyre pi perazine ring, can conbine to form-Cl-CB- allcylene chain wherein
one of the carbon atons in the al kylene chain is optionally replaced by a
-NR-, -0-, -5(0)n- (pedenR is hydrogen or al Qubntip@encdpsul@- 2) and furt her
wherein one or two hydrogen atons i.n the 20 allcyl ene chain can be _
optional |y substit uted—wth-one—or—two—atky——FR3—F%# and R5 are

i ndependently hydrogen, alkyl, fluor, or fluoroal kyl; and Az.' and
Ar2 are independently aryl teroaryl, cycloal kyl, or heterocyclyl where
each of the aforeneﬁ%?ﬁﬂ%ﬂdPP ngg%Fionally substMuted with Re, Rh or
R where R8 is al kyllacteR3pifyGdriedhere 1(6 is aryl orgheteroaryl), hal o,

hal oal kyl, hal oal koxy, alkylthio, cyano, alkoxy, 25 ami no, nonosubstituted
am no, disubstitut ed~ & SRRy H-—eB ',2alkoxycarbonyl,

hydr oxyal kyl", al koxyal kyl, am noal kyl, hydroxyal | coxy, all coxyal koxy,

am noal koxy, am nosul fonyl, jﬂjnogahpongih or acylamno and Rh and R are
i ndependent |y sel ected from dPR§EOIEFOFBUAaHON 65| kyl | hal oal koxy, al kyl t hi o,
T oy o (e icb%bsﬁ?@mhm%% T 30

ul fonyl , yl,.cC xy, .al kox rbo , hydroxyal |l cyl, al koxyal kyl,

1 nin3?¥¥yW$3ﬁ§HFBS§§¥%é%§?a&&ﬁé%@é?ﬁgéy, ani noal koxy, ani nosul fonyl ,

am nocar bonyl, 78 acylam no, aryl, heteroaryl, cycloal kyl, or

het er ocyclyl where the aropatjc or alicyclic ring.in R8, Rh and R _is

opt i onal | iﬂ's GHERYIPG fIEFRPR fasecriesF iR hAPEA da‘e@ by veritesetgn gaf ect ed

f r oneaddiyik, fob pluosdidireadrity bnd BadRahdAXy. it Al BY bbHbes totRNMT skl 1K @Ky axt @M NO,

nonosubstittita di substituted am no, su]fonyl, acyl, carboxy,
al koSh#: ﬁ?%ﬁi/?r,‘d 1ﬁ9§1%5§{’}%3@1a): be practiced within the scope %f the appende% claims.

20 Therefore, it is to be understood that the above description is intended to be illustrative 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 equivaienté to which such claims are entitled.
' All patents, patent applications and publications cited in this application are hereby
25  incorporated by reference in their enfirety for all purposes to the same extent as if each
individual patent, patent application or publication were so individually denoted.



5 al koxyal kyl , am noal kyl , hydroxyal koxy, al koxyal koxy, am noal koxy,

at ni nosul fonyl, am nocarbonyl, or acylam no; or a pharmaceutically
acceptabl e salt thereof provided that: the conpound of Fornmula (1) is not
2- (4- benzhydryl pi perazi nThyDacetic agid, 2-(4-

a4- chl or ophenyl ) (phenyl ) net hyl ) pi perazi n-1-yl)acetic acid,

2-((2R 59)-4-((R-(4-(1H 10

tetrazol - 5-yl ) phenyl) (3- hydr oxyphenypnet hyl ) - 2, 5- di et hyl pi per azi n- 1- ypace
ti cWikdtds Clhdimed:

((2R 58) 4?:;(;@);: &il clyé) ﬁtgeg%l ) ( 3- hydr oxyphenyOnet hyl ) - 2, 5- di et hyl pi per azi
act geRgo npound of Caiml wherein: nis |I; 15R and R2

are i ndependent |y selected from hygsogen, al kyl, haloallcyl, alkoxy,

hal oaf | coxy, aryl, heteroaryl, cgellgaC®yl, or heterocyclyl wherein the

af orenmenti oned rings are optlonally substituted with R, Rh, or Rd

i ndependent |y sel ected from al kg , M B* hal oal kyl, al koxy, hal oal koxy,

hydr oxy, cyano, nonosubstituted akg;nﬂ, or disubstituted ani no; or Rl and

R2, when attached to the sane car a)tnom can conbine to formcycl oal | cyl

or 20 nonocyclic saturated het erocﬁclwi to give a spiro ring wherein the

cycl oal kyl or nonocyclic saturat k2rocyclyl can be optionally

substituted with Rd. Re, or Rf independently selected from al kyl, al koxy,

fluoro, fluoroalkyl, fluoroal koxy, droxy, nonosubstituted am no, or

i syhskdihut ed amino; .or R~ and R2, when attached to carbon atoms 2 and 5

or 3 and 6 positions of the 25 piperazine ring, can conbine to form

- Cl- C3- QIS@FIIEWEGTCWH @¥érei n one of the carbon atons in the al kyl ene

chain is ; I yl'S hydr ogen

or al kyl 1;9‘ n 'S 3%’? g‘a?tf?%éﬁgﬁl er 5?%%%%’92%‘8& ygfgcgogn atonms in

t he haloh!)doecmeawhéxeterwml bﬁclg@iiwb waheterenybiyl inhgreinl the afprepirationed vmgsamyl

and k& I I

net SPERyAN ru RS R IPR, plackbllendy SERERR i oS8 1A HEKRUR,

1& ubaﬂqobcgn hﬂioaﬂkbiw, R drdRly, cyani) nmhemé:vsﬁaltedsa:airioy br dﬂsalb&blmthé Eomamd; ey |

hal oal k k Do,
i sobst ot Y oiiah Sueadnb 0 i S BThA AR PORHIR 16 Kete® v MRy or
hydhﬁmpal kbﬁ)’d satmh’eedmﬁleﬂfrd)cq&lyl t@gmerﬁo@dqdmg Wmm:ckrolpyllcyhbi;mmymd:ycﬁxyi

mn (0] u on 0o.C C RO a n are
oS b R A b Srsier Al frostaen it & v S bR s i o
35Cmma1kgzl Iemmy, f0bie0 fiusmansUbidrbalice gy, aividfuxy, thoaufiisiituiamBim, oo,

sulfpn |, car boxy, - 79 al koxycarbonyl, hydroxyal kyl, al koxyal | cyl,
Pani ASHPRY d)I%fEFF‘Bx?FaI koxy, al koxyal koxy, ami noal koxy, antinosul fonyl,

am nocar t}@‘naﬂd RAGHeA Athed 36 )éhrboh%'ft(ﬁﬁ@@raMHS cﬁ")BCeIIﬂé‘ﬂ Bosition@lofiie er ocycl y1
VIherethearonatlcora|CC|cr|ng| d.1s optjonally

subBineEARYring. anRombine tgfomn —hiten a&%ﬂ}eﬁa’@wewg%rﬁm Qpecd|the £3 O’Fr om al kyl ,
hal gyonhaiOmb 1ede%9ah§egsﬂ@na§1y%§mhwbpa-wancm- agqmﬁy(wm MOis

nonosubstituted anino, disubstituted an no, sulfon acyl, carboxy,

al kbxsiwa@ﬁylkyl AgHR i5Q3) myd Turthier SPEILR OPF OF BN hn%rpggn atf’mﬁdﬁél%‘yal koxy,

I oa%m i e ordRdRasar bonyl, or acylamno. 3.
@he conmpoun o?ﬂéégﬁrt#’gm%er ellﬂ'ﬁéRdI[jhgnd ISZorare ?gr%’e endently selected from
hydr ogen,RaRKyhd Ri akoiadepepdenthy hnmemwék)daﬂk@?yol‘ mqrpalkhbtaeﬁ oaryl,

oot onal 1t SR RS Yl ol B et Ry B RPLARRS DL BBrn,
al kpf thehaforgmdmaiooed Ky is qjtiooxgly shwtmubﬂ ovith R?; r(mﬂjwhcgﬁaﬁl%ls alkyl, -C=C-
mongs "tw%te%é ﬁ$ %darj?lngr rfl%teroarysl ha 0 alifq(reld h%@aﬁchy, alkylithio, cyano, alkoxy,

25  amino, monosubstituted amino, disubstituted amino, sulfonyl, acyl, carboxy, alkoxycarbonyl,
hydroxyalkyl, alkoxyalkyl, aminoalkyl, hydroxyalkoxy, alkoxyalkoxy, aminoalkoxy,
aminosuifonyl, aminocarbonyl, or acylamino and R" and Riare inde:pendentiy selected ﬁ‘om
alkyl, halo, haloalkyl, haloalkoxy, alkylthio, cyano, alkoxy, amino, monosubstituted amino,
disubstituted amino, sulfonyl, acyl, carboxy, alkoxycarbonyl, hydroxyalkyl, alkoxyalkyl

30  aminoalkyl, hydroxyalkoxy, alkoxyalkoxy, aminoalkoxy, aminosulfonyl, aminocarbonyl,



4. The conpound of Claim2 wherein Rl and R2 are hydrogen. 5. The
conpound of Claim2 wherein Rl and R2 are independently selected from 15
hydr ogen, al kyl, hal oal kyl, al koxy, or hal oal koxy provi ded that at |east
one of RI and R2 is other than hydrogen. 6. The conpound of Caim?2
wherein Rl is hydrogen and R2 is alkyl. 7. The conmpound of Caim?2
wherein RI and R2 are attached to the sane carbon atom and are conbined to
form cycl oal kyl option substituted with Rd, le or Rf independently 20
sel EyEEpe.c¥ylahRiproary) kﬁi@alkyu pohgerotyelyt whﬁnedw aromaticrayalicpsdic rivg/dr oxy,

mﬁﬁggﬁﬁ%& [ %dolgmn% sisti S ek ed, AN AR arémdlg&cféﬁg}?%m&e@f A aim?2

ed to the Same carbon atom and are combi ned to
f or rramo rboy.dale helualinds edodikext, ebgytthid, cydrics hlkaxe, @pticonminbsutstibeed t ut ed
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attached tg zilrbon t aNs 2 and 5 or 3 and 6 positions of the piperazine

ri n},mlgh%fl P8 T REE Y™ or mal kyl ene chain wherein one or two hydrogen

at onsplammbdentiahiy herptabhadalt themwoberoviicdanat | y substltut ed with one or two

al kyl. 30,10.The ¢ und of Cl ai V\/n ei,n Rl Rd and, R5 are

hydr ogen t&ﬁﬂ‘”ﬂi’f’“%‘ﬁg‘pﬁ?rf“ﬁ? & H'Hé‘ﬁgg Pi‘é‘lyllfglpirﬁ%lélf %ﬁi%ﬁ‘&%ﬂ%z T le or
@ﬂcmhmﬁ;eﬂﬂ%menﬁam@aﬁnmp&m[@u)acsi&w&i ﬁ&zﬁrﬁ)mamqmmﬂ R2, and

R4 are dro en or | Alr i _and A? are hen [ ﬁpl onal |
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ISOt(m%SSRg are ﬁ{ rogen %3%??} and Ax Qfsgi @‘grﬂ%ﬁgm "R

opt |)’é}$a¢u°ya°3‘é}bst|tut ed with Rg, Rh or Rl. 13. The conpound of Caim 2

wher-e hydrogen, Arl is phenyl optionally
(g (tpoid FGIAEEL FheRlf

substltute At2 is cycloalkyl. 5 14. The conpound of
Claim 2 vlhlérlel n R3 and RS are hydrogen, RI, R2, and R4 are hydrogen or

al kyl, Arg: gmgl ' 1 and Ar2 is
]cycl oaI I c%/l éﬁglrﬁggx%id gj%‘? ea Je%éﬁgél&??cg hﬂrﬁ%ema%gyhﬁﬁpgﬁg %?akroaly han
hy dhelpaikoxybarfheretzyopyly I@dcloﬁlk@ @ll‘ ﬁm@rwmt)é iwheRlin ﬂR&;fORGI,lcmded?Engs &c
hyd bl o2 ubs R 8, Rh
Q%%nﬁly%@sf%u?%d;c oa 1<y|’ &Q}d ﬁac%‘ fg? &fké}l #?ago qu R, R2,
R3 albxanhialegkaxe wabmmuAmDnbmhshanycﬁamhd} Afa;subsmﬁbélanﬁnqur each ri ng
opti onal lfyl 2 Lc‘ibﬁi I&h%gxe gtavﬂeg:lr.{o 'ﬁ% salenhe garxb(l)?ﬁ atom, can combine to form cycloalkyl or

20  monocyclic saturated heterocyclyl fo give a spiro ring wherein the cycloalkyl or monocyclic

saturated heterocyciyl can be optionally substituted with RY, R®, or Rf independently selected
from alkyl, alkoxy, fluoro, fluoroalkyl, fluoroalkoxy, hydroxy, monosubstituted amino, or
disubstituted amino; or
R' and R?, when attached to carbon atorms 2 and 5 or 3 and 6 positions of the
25  piperazine ring, can combine to form —C;-Cs- alkylene chain wherein one of the carbon
atoms in the alkylene chain is optionally replaced by a ~NR-, -O-, -8{O)n- (where R is
hydrogen or alky! 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; and 7
Ar' and Ar? are independently aryl, heteroaryl, cycloalkyl, or heterocyclyl where each
30  of the aforementioned ring is optionally substituted with R%, R" or R where-Rg is alkyl, halo,
haloalkyl, haloalkoxy, alkylthio, ¢yano, alkoxy, amino, monosubstituted amino, disubstituted
- amino, sulfoniyl, a¢yl, carboxy, atkoxycarbonyl, hydroxyalkyl, alkoxyalkyl, aminoaikyl, ‘
hydroxyalkoxy, alkoxyalkoxy, aminoalkoxy, aminosulfonyl,_ aniiilocarbon);l, or acylamino
and R" and R} are independently selected from alkyl, halo, haloalkyl, haloalkoxy, alkylthio,

35  cyano, alkoxy, amino, monosubstituted amino, disubstituted amino, sulfonyl, acyl, carboxy,



17. The conpound of Claim2 wherein R3 and R5 are hydrogen, R, R2, and R4
are hydrogen or alkyl, Arl is phenyl and Ar2 is heteroaryl, each ring
optionally substituted with Rg, Rh or R provided at |east one of R, R2,
and R4 isother than hydrogen. 15 1879The conmpound of C aim 2 wherein RS,
R3, R4, and R5 are hydrogen, R2 is alkyl, A? is phenyl and Ar2 is
heteroa(rjylf (Ca]ach ri n\g/gmoptionally substituted with Rg, Rh or R 19. The
conmpound o aim?2 erein the conpound has .t he ru 00211 N
ppzalkaxywlmy htlseralion ralkeprenlicy), %P@O%%&aﬁmﬁﬁ? WE! %‘r‘h al k3(/l ;nd
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where Rg I's al Shal ‘oal kyl , hal oal

) aI kiablemcwlyhmsqﬂheamwat@amﬁdwphc @Pga'»!R%))&O%%H?PP“%“Y‘FHES"EBWSOUM of .

b CRRIdatkyP haRanang, R are
[ ndepen ént %&%ﬁ%mﬂ%e&}zl il Fte& lﬁ%{*g aL(cl))xy | g attgched to the
3} : p aBdiytthion cayinot hlkopjmamxinc; mgoaxbdtltult@ mmpeé@hmﬂstﬁtﬁ GIaRe, *s@f@fsvl( vl 21.

e c 2. .wher (CO2H1LCO2H
NG o e, RSN b ERVE ARsten, BipRlakpty (o | LERTET!
g r Bﬂc{oﬁ?&lk@%ﬂh amirndalkdke aﬁﬁﬁmﬂﬁ’odybﬁmﬁmarb@yw meylamitte co rrpou nd of

or gu a (l'lh)e co?n%o%gg o?hé;ﬂaez f %erem mgmf kl’z lélu(':e;[ fljirdgpsendently selected from
hydrogen, alkyl, haloalkyl, alkoxy, haloalkoxy, aryl, heteroaryl, cycloalkyl, or heterocyclyl
10 wherein the aforementioned rings are optionally substituted with R, R®, or R® independentiy
selected from alkyl, halo, haloalkyl, alkoxy, haloalkoxy, hydrexy, cyanc, monosubstituted

amino, or disubstituted amino.

4. The compound of Claim 2 wherein R' and R” are hydrogen.
- 5. The compound of Claim 2 wherein R’ and R? are independently selected from
15  hydrogen, alkyl, haloalkyl, alkoxy, or haloalkoxy provided that at Jeast one of R! and R?is
other than hydrogen.
6. The compound of Claim 2 wherein R' is hydrogen and R* is alkyl.
7. The compound of Claim 2 wherein R} and R? are attached to the same carbon atom

and are combined to form cycloalkyl optionally substituted with R® R°or Rfindependently
20 selected from alkyl, alkoxy, fluoro, fluorealkyl, fluoroalkoxy, hydroxy, monosubstituted
amino, or disubstituted amino.
8. The compound of Claim 2 wherein R! and R? are attached to the same carbon atom
_and are combined to form monocyclic saturated heterocyclyl which are optionally substituted
with R%, R® or Rf independently selected from alkyl; alkoxy, fluoro, flucroalkyl, fluoroalkoxy,
25  hydroxy, monosubstituted amino, or disubstituted amino.
9. The compound of Claim 2 wherein R! and R? are attached to carbon atoms 2 and 5 or
3 and 6 positions of the piperazine ring, and are combined to form ~C-Cy~ alkylene chain
wherein one or two hydrogen atoms in the alkylene chain can be optionally substituted with
one or two alkyl.
30 10.  The compound of Claim 2 wherein R, R%, R?, R? and R’ are hydrogen and Ar' and
Ar? are pheny! 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 of R! R? and R*is other than hydrogen.



(e) 10where R1 is hydrogen or nethyl and Rg is cyano, heteroaryl or

phenyl, each optionally substituted with alkyl and Rh is al kyl, hal o,

hal oal kyl , or hal oal koxy. 23. The conpound of Claim?22 wherein Rg is

| ocated at the 3-position of the phegyl ring and the stereochem stry at *C

is (R. 24. A conmpound selected froma group consisting of:

15(R) - 2- (4- (pheny1(3-(trifluoronmet hyl ) phenyQret hyl ) pi perazin-1 -ypacetic

acid; 2-(4-((3-bromophenyl) (phenyl)methyl)piperazin-1 -ypacetic acid;

2 ( 412( p h e'm‘yé ¢c@mpourid Okt Widr:RIRN RP) R LAY R pidBy @3 %éh, D’{{?—axp Eaﬁ?i laggaci d;
-yDace

hlo 1 1 th - d;
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aci dt3. 2 (M&ﬁpa&m@mhﬁ@&bﬁ&x@r@‘t hmgi R R ok ¥PAGELA A AFd Shenyi
2-(4- benaﬁ%dryl per a2| yDaceti c

52- (e Bﬁ%‘?ﬁw th(iy &Wwﬁﬁﬁsﬁﬂaﬂkﬁll ypacetic acid;

3- (4¥ph | | t id;
> E4‘?‘?26B}’%‘nﬁ““ﬁﬁ“’fd)‘%f%ﬁ%%?@%%&%p%%d%¥ Wﬁ&%ﬁ‘c ReLpRegt © @
2- ( ARSI héﬁyqr)sﬂ@phynalbq Pstitntead- mm o1cR BeiddA is cycloalkyl
(5 &aoﬁe&afﬁaarsa%?ww @Elgwa\tﬁ%msm agi,n- 1 ypacetic acid: 10

(R)-2-(44(4-bronopheny azin-1-yl)acetic aC|d ;

E% -1, g 4- @%nmmd@r@lhwﬁmgnﬁh OB, ped 7mt%udy%géenataéﬁsmﬁgml is
ern/l N- ceti Cc acl
24( )ezﬁnﬁﬁ%ﬁy % ﬁg}l’%/%%&%%’ll Irrgg%“ﬁ%‘gﬁ@ FFEHE yt hy1) pi pera2|tt 1- yDac

1@t i d6aci dhe compound of Claim 2 wherein R, R?, R R4 and R’ are hydrogen, Ar' is phenyl

- 15 4 b h . hy 1 ISP .
SR AR BRI L B pudpppereat ) et
24( RY- 4- (Tm)mdmdwlﬁ%?ﬁ%hwmﬁhvla}e Bydrelbw, /R0 RS i+ ae Y1) aceti ¢
aci

24( %Vf‘?ﬁgﬁf‘ﬁi 2yt A By A ReIfTRAHY PypIRG eRenalensiver wincet | ¢

aci ®e, R or B! provided at least one of R, R? and R*is other than hydrogen.

4(R).- 44 3- br onophenyl hényl ). net hy,l t Ryl pf per azi n- 1- ypacet i ¢
i ( % ('I%e c(ompoung%%(}lal}/n i(“il)here ylg : 1%{‘ and Ryzre h%rdgog%n %15 alkylyg;r is

202%8)y1%naeshhyd hekeroRiyDNQRY Hng- dﬂtloﬂmn&ﬂbsﬂﬁ&éw\k,}mmgpgn azkn-1-y1)-acetic

aci q;

24( RP- 2- nherrpmnenpd of Claien? wterin therf qampcwnd bay epinieret hy ppi per azi n- 1-y1
)acetic acid; CO.H

24(R) - 2- et hyl- 4- ((R) - phenyl(3-(tri TF/uor onet hyl ) phenyl ) met hyppi per azi n-1--
yDaceti c aci d;

252- (M 4- ((4- chI or ophenyl)(phew t%kzz met hy1pi perazi n- 1-yDaceti c

aci d;
J\

A2

Ar?
where:
20 'R'and R* are independently hydrogen or alkyl; and
Ar' and Ar® are independently phenyl, each ring optionally substituted with RS, R® or
R where RE is alkyl, halo, haloalkyl, haloalkoxy, alkylthio, alkoxy, alkylcarbonyl, or
alkoxycarbonyl.

20. The compound of Claim 2 wherein the compound has the structure:

NrCOZH
o

25 ' (@)



2-((R -2-nethyl 4-(biphenyi-el-yl-phenyl-nethyl)-piperazin-1-yl)-acetic

aci d;

24(R) - 44( 4- bronophenyl) (phenyl) net hyl ) - 2-neti | ylpi perazin-1-yl)acetic.acid
; 2-((R)-44(4-cyanophenyl) (phenyOnetfiyl ) - 2- met hyl pi per azi n- 1- ypacetic

aci d;

2-((R)-44(37chl oroplienyl)(phenyl)nmethyl)-2-nethyl pi perazin-1-yl)acetic
aci d;

gg[ (RF and R mye-indigaivodgntigalicyt, piakn yihlontky ek haldaleekyyd athiched a7 e slpotkdicrAcet i ¢
i
((j%thiphel% Tgﬁ{jéhe(' SeraRshemisyy st afyF (¥oheny oret hyl ) pi per azi n- 1- yCacet i ¢

aCI 21 The compound of Claim 2 wherein the com ou.nd has the structure:

24(R) - 448) - (2- br onopheny1) ( phenyl) net hyl) rret hy1p| perazi n-1-ypacetic

aci d; COzH Oz2H

2-C(R)-44(R)-(2-br om)phenyl) (phenyl ) nmet hyl) -|2- met hy1pi per azi n- 1- ypacedc
acid; 24(R)-2-nethyl-4- [t henyl (na-toly yDpi perazin-|-yDacetic

aci d;

3524( R)-4-(cR) - (3-1isopropytRr enyI ) (phenypneiy’| yl) 2 met hyl p| perazin-1-yl)a

cetic acid;, 83 a

24(R) - 44( Y uor opheny, t hay ’ P’ pera2| n- 1-yQGaceti c acid;

24(R) - 44(3-fl uor ophen t hyl) z t h erazin-1-yflacetic acid;

24(R) - 2- et hy1- 4- ((R) - pAenyl 63- hi ophen- 2 y%)heWI ) met hyl ) pi perazin-1-ypa

cetic acid; (B}

S24(R) - 2 mgbmhﬁd Rk {riopBRAd HHAIRASANY ) LABSANbIREE Y hhRhRSLEZ! n- 1-¥1
ac | c [ .

24( %%PIHQPWSWF Qlging gevheyeintbosgrmponid)offoomyls) fehisyppi gfehazi n- 1

-yp&aﬂ&wmgas@mdmr

24(R) - 2- et hy1- 4- ((R) (4- (et hyl t hi o) phenyl )(phenyl ) met hyppi pera2| n- 1-ypac

etic 10acid; _co,H CO,H

24(R) - 4- ((S)ﬁz f1 uor ophenyl )(henyl ) met hyl ) - rrret hyl pi per a4/n 1 ypacetic

aci d;

2- ((R) -44(R 32 fl uorophenyl[(jhenyl ) et hyl [ 24 met hyl pi peﬂf@m 1 ypacetic

aci d; N

2- ((R) 2- met hyl 4Rg((S) phenyl 3- tﬁgfl uor ox)qghony
1524(R) “((R) - y1(k.. ]rm et ) phe
1- yl)aceti c(a)am d; (®) R? ¢) (d)
[ (R -44(R) - bi phenyl- 4-yl| - phenyl - met hyl ) - 2- net §1yl - pi perazin-1-yli-acetic
aci d; (R) 2-rgbt yl-4-[(R-(2

- met hyI enyl - 4-y1) - phenyl - et hyl | - pi perazi n-1-y1) - acetic acid;
20{(R) - 2 h)ﬁ], 4-1(R)- (3" -rnet hyl bi phenyl- 4-y1)-phenyl - et hyl | pi per azi n-

l-ylj- a ;i aci d;
{(R)-2- Q 4- [(R) -(4' - met hyl - bi phenyl-4-y1)-phenyl - net hyl | - pi pera2| n-1-
yll- acetig acid;

24( Rb_di 1 uor ophenyl ) ( phenyl ) met hyl ) - 2- met hyl pi per azi n- 1- ypace
tic agid
2524(R Q{) 2, 4-di fl uor ophenyl ) ( phenyl ) net hyl ) - 2- net hyl pi perazi n- 1- yDac
etic acid,

10 where R! is hydrogen or methyl and R® is cyano, heteroaryl or phenyl, each optionally

substituted with alkyl and R is alkyl, halo, haloalkyl, or haloalkoxy.
23. The compound qf Claim 22 wherein R is located at the 3-position of the phenyl ring
and the stereochemistry at *C is ().
- 24, A compound selected from a group consisting of:
15 (R)-2-(4-(phenyl(3-(trifluoromethyl)phenyl)methyl)piperazin- I~yl)acetzc acid;
2-(4~((3-bromophenyl)(phenyl)methyl)piperazin-i-yl)acetic acid;
2~(4-(phenyl(3-(trifluoromethyl)phenyl)methyl)piperazin-1-yDacetic acid;



24(R) - 4-((S)-(4-fluorophenyl) (phenyl)nethyl)-2-methyl pi perazi n-1-ypacetic
('Zizl( dR) -4-((R) - (4-fluorophenyl) (phenyl)methyl)-2-rnethyl pi perazin-1-yl)aceti
g- ?((::?? 44(3) - (3-fl uorophenyl) (phenylsg rnet hyl) - 2- et hyl pi perazi n-1-yl)aceti
gog?l( ((jR) -44(R) - (3-fl uorrophenyl ) (phenyl ) et hyl ) - 2- net hyl pi perazi n-1-yfl acet
i c acid; 2-(4-((3.5-dichlorophenyl)(phenylymethyl)piperazin-1-yl)acetic acid;

2 ((R) -2 gt RO RSN i BRI SN BRI BIEL DA per i - 1

ypacetic
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EZ?R)-z.ywé?fﬁ%be FRPIRRAY 1 EResB §¢%di n- 4- y1 et hynyl ) phenyl ) net hyl ) pi per a

(9)- 2. (4-pepahyryie 3 pet iyt o ey PRPET L gbeeet e
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ti oo, & stz ) - l.ypacetic acid,
e e
gjgggtcr@)%cp P e\ TS IR ] I qs -prr zin-.1- =Pacel i c acid; ’
24(R) - 3-net A N gaz pﬁeRé%?%{lg?%’@ﬁ@r%ﬁ%ﬁﬁf%%lgé#ﬁ?_ff’vll) acetic acid;
01,2 (@i onmmmtpa oty Brpmeon bypera i ) acel ¢ o
R) - 2- (4- f(di enyd ).ne - 2z anet | _ . !
(2- % 44( g (@%%?{43%(?ol#g{n%gg?ﬁﬁé%ﬁry%eﬁﬁ}ﬂwﬂﬁ%ﬂéwﬁ?ﬂeflﬁ ﬁ‘é\‘ﬁig/ Oret hyDpi per azi n-
2. ( Z(l % ZC;R%i-;ﬁ(g%?F;}}Oéhzgi@%?]nﬂ)lmn%tﬁbﬁmﬁp;zgg -gl)%e{;ﬁﬁctﬁ;per azin-1-yOacet i
. LR -methylaoht “%‘ﬁ{ﬁ’@?}?ﬁé b i az¥PRceligpacet i c
c acid 1 YR Wi Phenyh i ¥ PR Rl Gp
aci cicid; ‘ . :
A3 S AL PRSI AL o2 e - 1-yomcet
-2 ( A-(Fhi h= ; i in-1-yDaceti id ;
(R 5. ¢ i-«?’@fﬁ’.’?ﬁgﬂ‘n o h'zﬁ‘ﬁ’i??g%’fﬁ%‘-%?ﬁe&?“ﬁ%ﬁ%ﬁféif'nf' 1- ybaceti ¢ aci d
20(R) - 2- ét @T‘%@@'@T“F‘f@ﬁ@?ﬂ PW‘)‘B%MQ@?@FWFE}IP@%;hyDW}m@@ nThypacet
(R)-2-(
| ¢ aci d; 2¢(Rj-d- iR RotdhbRAHDARALIHARLI WV HIRBINRRE RS AR 05l aygRceti ¢

d; ) . i :
2- (( R - 2- @D rcommbmalphea e mstholpippmbin iy mattymid;per azi n-
24- yl)ac @-t(?&)%gihyl-él-(biphenyld -yl-phenyl-methyl)-piperazin-1-yl)-acetic acid;

2-((R)-2-methyl-4-((S)-phenyl(3-(trifluoromethyl)phenylymethyl)piperazin-1 -yDacetic

acid;
2-((R)-2-methyl-4-((R)-phenyli(3 -(trifluoromethy!)phenyDmethyl)piperazin-1-
yDacetic acid; '

25 2-((R)-4—((4«chlorophenyl)(phenyl)methyi)-?.-methylpiperazin-1—yl)aceﬁc acid;
2~((R)-2-methyl-4-(biphenyl-4-yl-phenyl -methyl)-piperazin-1-yl)-acetic acid;
2—((1»2}-4—((4-bromophenyI}(phenyl)methyl)-2-methyipiperazin-1~yl)acetic.acid ;
2-((R)-4-((4-cyanophenyl){phenyl)methyl)-2-methylpiperazin-1 -yDacetic acid;
2-({R)-4-{(3-chlorophenyl){phenyl)methyl)-2 -methylpiperazin-1-yl)acetic acid;

30 [(R)-4-((R)-biphenyl-3 —yl—phenyl-methyl)-z—met_hyl-piperazin-1—yl]—acetic acid;
2-((R)-2-methyl-4-((3-(methyithio)phenyl)(phenyl)methylpiperazin-1-yDacetic acid;
2-((R)-4-((S)~(2-bromophenyl}(phenyl)methyl)-2-methylpiperazin-1-ylacetic acid;
2-((R)-4~((R)-(2-bromophenyl){pbenymethyl)-2-methylpiperazin-1 -yDacetic acid;
2-((R)-2-methy]-4~((R)-phanyl(m-toljl)mcthyl)piperazin-1 -ylyacetic acid;

35 2—((R)~4-((Rj~(3 -isopi'opylpheny]) (phenylymethyl)-2-methylpiperazin-1-yl)acstic acid;



24(R) - 2-nmet hy1-4- ((R) -t hi ophen-2-y1(3-(trifluoromet hypphenyOret hyppi per azi
n-1- 25yl )acetic acid;

2-aR) - 2- et hy1- 4- 0) - t hi ophen- 2-y1(3-(t ri fluoromethyl)phenyl) net hyppi per azi
n-1- yDacetic acid;

24(R) - 4- (cyci cxpr opy1(3 (trifluor orret hyl ) phenyOret hy1) - 2- et hyl pi perazin-1
- ypacetic acid;

30(R)-2-(4-(bi s(4-ch| or ophenyl ) net hyl ) - 2- met hyl pi perazi n-|-yQaceti c acid;
(S)-2-(( R}({R)%bﬁ(ﬂs-@ﬂomﬂh@nﬂb@hmoﬁ)methyl))}ﬂleﬂaﬂrwéllaimet-ak)bmﬁb-'%v:irhr opanoi ¢

(9) - ba( R AR RN et T R Re O i dror Spanoi o
aci d; -((R)—Z—methyl-4— {((R)}-phenyl(3- (thmphen-z-yl)phenyl)methy])p]perazm-1-yl)acetic

(R - 2d((R) 4- (bi s(4-chlorophenyenet hyl) - 2- met hyl pi perazi n-1-y1) propanoi c
aci #'®352- (4- (bi s(4- chl or ophenypnet hyl ) - 2- oxopi per azi n- 1- yDacet i ¢ aci d;

85 24( 2R26@R)-2=100th M(Q)Lﬁ @m&}’%?ﬁsﬁhe ﬂf%ﬁpﬂ&x@lﬂhé@&bﬁi‘p@f&ﬁﬁﬁ?ﬁﬁc&my pacetic
pheny y

acid;. 2-(4-(bis(4-chloro di met hyl pi perazi n- 1-ypacetic
aci EF‘dsZ (4- (bi s(4-chlorophenyl) et hyl) pi perazin- 1-yppropanoi ¢ acid,

R -2-(4 1 tic
gam) d; (SZQ%QR?%E%&%]Q??gE%? c@%lnet)ﬁi;%glgg?%m n- %%h@g%gya?lél %g%@#ﬁa:}d
2- (@Fﬂ@:phenyl(S (trifluoromethyl)phenyOnet hyl)-1, 4-di azepan-1-yl)-acetic
act d; or o RNSLABKGHEIEB (4 ARERARKBRIEnHHohet FHER DpEracth- FIROUNS

selected f

19( R) agidy 4- (pheny1(3-(trifl uoronet hyl ) phenyOnet hyl ) pi perazin-1-yl)acetic

aci d; 10%?@ féf(i‘@ @W@ﬁﬁ&fyﬁ‘(ﬁ%&%h&'&%ﬁf I2h AoV RELAS 1Sy efle acid;

di hydr ochl
24(R) - 2- @e(tiﬁyﬂ—(ﬁﬁhﬂ%ﬂmphﬁ(mmm@mhﬂ%ﬁmmumﬂmyﬂylawncacﬂlc| d; and

V1) avet ] & QB BT Ry SN e R S e LD BB Y o
152}410?5{14-a(:imcl opropyl(3-(trifl uor orr:st hyl ) phenyl ) net hyl ) - 2- rr:st hyl pi perazin
15ompr 1 of A -EOHBBU 6P SIS FHO R e Hex DBy PR DRIRST %  compound of
Forga]gd@u(;la);;@nd a pharmaceutically accept able salt thereof; and a

har maceut.j cal ccept abl e exci pi
P f(t )—4—({ -b?phen?rl-g yl- henyi—r?xe yl) 2-methyl-piperazin-1-yi}-acetic acid;

{(R)-2-methyl-4-[(R)-(2’ -methyl-biphenyl-4-yl)}-phenyl-methyl}-piperazin-1-yl}-

acetic acid;

20 {(R)-2-methyl-4-[(R)-(3’-methyl-biphenyl-4-yl)-phenyl-methyl]-piperazin-1-yl}-

25

30

acetic acid:
{(R)-2 —methyi—4—[(R)—(4’ ~methyl-biphenyi-4-yl)-phenyl-methyl}-piperazin-1-yl]-
acetic acid;
2-({R)-4-((S)-(2 4-difluorophenyh)(phenylymethyl)-2-methylpiperazin-1-ylacetic acid;
2-((R)-4-((R)-(2,4-difluorophenyl}(phenylmethyl)-2-methylpiperazin-1-yhacetic
acid;
2-((R)-4-((S)-(4-fluorophenyl)(phenymethyl)-2-methylpiperazin- 1~yhacetic acid;
2-({ R)-4-((R)-(4-fluorophenyl)(phenylmethyl}-2-methylpiperazin-1-ylacetic acid;
2—((R)~4-((S)—(3-ﬂuorophényl)(phenyl)methyi}~2 ~-methylpiperazin-1-yljacetic acid;
2-((R)-4-((R)-(3-fluoropheny)(phenyDmethyl)-2-methylpiperazin-1-yDacetic acid;
2(R)-2 -methyl-4-((R)—phenylf4 -(2-phenylethynyhphenyl)methyl)piperazin-1-
yDacetic acid;
2-((R)-2-methyl-4-((R)-phenyl(3 -(Z-pyridin—;.’r ~ylethynyl)phenyDmethylpiperazin-1-

yhacetic acid;



20 28. A nethod of treating a disease treatable by inhibition of GyT1
receptor in a patient which nmethod conprises admnistering to the patient
a pharmaceutical conposition donprising a conmpound of Formula (1): (I) 25
wherein: n is an integer fromlto 3g, RI and R2 are independently
sel ected from hydrogen, al kyl, hal oal kyl, al koxy, hal oal koxy, aryl,
heteroaryl, cycloallcyl, or heterocyclyl wherein the aforenentioned rings
are optionally substituted with Ra, Rb, or BY independently selected from
al kyl , haRe(Rjaimethiyd-((R)pleenki3y(2-pyaldach koatiynyDitkayymety Bpperazin-1-
nnnoazbsgltuied am no, or disubstituted am no; or 86 Rl and R2,
mheﬁ’?%aﬁﬁgﬁﬂ()the sane carbon atom can conbine to form cycl oal kyl or

nmonocycl i ¢S)ysa(4ubahaedRaierREShivbrabm- ByYRcdicHRid:0 i ng wherein the
Cyd??'ﬂ‘ﬁ%/?le or rmrj&g‘ycl i.,c saturated heterocyclyl can be o}g;ﬁ:eo_nal ly
substu et A-aenyiE - (gitupromeineehrmy hmefladniparagin- I ydseet kgid; al koxy,

5l uor, 1 gmyrnad kdahybIor Rl BNferabi0l SicedERRREUDST i tuted amino, or
i R "and R2, wh

5di substituted am no; or- I , €n attached to carbon atoms 2 and 5
or 3 and Spdittradydsyl-I-methylpipermzimd-wasetic @3¢ conbine to form - Cl- C3-

| kyl j IHn i &h e, | oA.kyl hai n i
bt ) onal |y anT RSk g2 S ol A A AL A BB Tgen or al ky!

optional | reglaced

and n is é’i@: SFa-4-bemzhpdryiider-dimetbylpinsrazind -H)adedgasidat ons in the 10

al I cyl enes Gha 4. be LQRa4: std fut.ed w t.h one.or two al kyl; R3,
R4 and Rszgp@'?n e énﬁ&‘ﬂ@%&ﬂﬁﬁ’ﬁ%ﬁgﬁg’%’%’,“ ’lﬂ'olr"),'I EC?FD?FEfSr oal kyl ; and

181 and AR-Zn(4(binGegdomphtiyl)methy])-hatetrydpipytazine yghaadticydcid; or

het er ocyc)yl re..each of the mentioned ring is gptionally

subst i tutgé_%ﬁw'ﬁblf@f ﬁ%mg}?e %ﬁ@i&r% Y 18???/?_"?1'?5@&?\5!)%‘?‘@15 Rs is aryl or
het er oar y2Y4-({Ba{tdiflubainosthKyphenhb (4 ehifimsyomethidypidhly Dmeths@piperadikaxy, - 15

am ng crert?nosgpsti tuted am no, disubstituted am no, sulfonyl, acyl,
car t}'og?y, “PR xycar bonyl , hyclroxyal |l cyl, al koxyal kyl, am noal kyl

hydr oxyal 4&4@45((4—ﬂhmaéyaiﬁ)!wdip%ﬂmﬁa&wg&ﬁ haBSil feRth-1-RiRkROSERDONY | |
197 acyl anb?)o ﬂl?R@ d % are independently selected fromal kyl, hal o,
gal oal kyl F?a"?‘g' 1R >'<?3‘,q053¥’ ?FXI}W%J?YB%%@YAP ReFage-pageticsitbs ubst i t ut ed
am no, di t4-r @t el DA IR F@agm ‘ i,
A altq%oxyal ng/ilgj )(go amé's’elﬁ)@(:l1 Kyl , yﬁ{/%?@%%l f(%%(éﬁﬂ&glgfk}%xyé koxy,

hydro§¥alkyl,

am 64%koxy, arninosul fonyl, am nocarbonyl, acylanmino, aryl, heteroaryl,
cycl oal kydr)-20r4-has@LOSHEhNny YRRy 15 BomBih O iRbdrEziA1 AhdeUeblig .11 ng in R 8,
12. 11 andd %I i(sh&gp?i onal yngubsttﬁ?ﬁ?ed ngf?lﬁ IF?ZS_l, 1I éb%c%i?%%&@ﬁi ch are

i ndependdéitd(&EadteprephanymehyD)-Banethylriperatinyi-yDarcstioatidoxy, al kyl t hi o,

2 P onyt B4R B s MRSGRIHS o h B 102, oS BRBLIL S B IR B
P e oy Bl D e oKy aeed posul Tony!
t her eof ?ﬁ &?) ‘r%-%e&ggmé@:ig H%‘J%?lg’f'(tﬁ@rﬁ?m a&'%)fgp%aemﬁ[g%%%ﬁ@gﬁéaézﬁ?ﬁ(':al ly

accepeagticaddl t thereof, and a pharmaceutically acceptabl e excipient. 29.

f\n m;t Bg?iée?-&(tlé)!ﬁx%tehpyg-ﬁ((%-ﬁgg&?en%-e?(tjgét)l!iﬁuc?l%n!e&@l)%i]gxily(wmgt{]yl?pi%-le_l:]'az{nel\(f\—e ptor
25  ybacetic acid; '
2-((R)-2-methyl-4-((S)-thiophen-2-yl(3-(irifluoromethyl)phenyl)methyl)piperazin-1-

yDacetic acid;

2-((R)-4~(cyclopropyl(3-(trifluoromethyl)phenyl)methyl}-2-methyipiperazin-1-
yhacetic acid;

30 (R)-2-(4-(bis(4-chlorophenyl)methyl)-2-methylpiperazin-1-ylacetic acid;
(8)-2-((R)-4-(bis(4-chlorophenyl)methyl)-3-methylpiperazin- 1 -y[}propanoic acid;
2-(4-(bis(4-chlorophenyl)methyl)-3-oxopiperazin-1-yDacetic acid;
(8)-2-({R)-4-(bis(4-chlorophenyl)methyl)-2-methylpiperazin-1-yDpropanoic acid;
(R}-2-((R)~4-(bis(4-chlorophenyl)methyl)-2-methylpiperazin-1 -yl)propanoic acid;

35 2-(4~(bis(4-chlorophenylymethyl)-2-oxopiperazin-1 ~yDacetic acid;



30 which nmethod conprises adm nistering to the patient a pharmaceuti cal
conposition conprising a conpound of any of the Cains 2-26 or a mxture a
conpound of any of the Clains 2-26 and a pharnaceutically acceptable salt
thereof, and a pharmaceutically accgptable excipient. 30. The nmethod of
Claim 28 or 29 wherein the disease is Schizophrenia. 87 31.The nethod of
Claim 30 wherein the disease is cognitive disorder associated with
Schi zophr eni a.

2-{(2 R ,65)-4-(bis(4-chlorophenylmethyl)-2,6-dimethylpiperazin-1-yl)acetic acid;

2-(4-(bis(4-chloropbenyl)methyl)-2,2-dimethylpiperazin-1-yl)acetic acid;
2-(4-(bis(4-chlorophenylmethyl)piperazin-1-ypropanoic acid;

(R)-2-{4-(bis(4-chlorophenylymethyl)-2-isopropylpiperazin-1-ylacetic acid;

5 ' 2-{4-(bis(4-chlorophenyl)methyDpiperazin-1-yDacetic acid ; and

2-{(4-(phenyl(3-(trifluoromethy)phenyl)methyl)-1,4-diazepan- 1 -yl}-acetic acid;
or a pharmaceutically acceptable salt thereof
25, A compound selected from:
(R)-Z-(4—(pheny](3-(uiﬂuoromethy})pheny])rnethyl)piperazin»l—yl)acetic acid;

10 (R)-2-(4-benzhydryl-2-methylpiperazin-1-yl)acetic acid dihydrochioride salt;
2-((R)-2-methyl-4-((R)-phenyl(m-tolyDmethyl)piperazin-1-ylacetic acid; and
2-((R)-4-(cyclopropyl(3-(irifluoromethyl)phenylmethyl)-2-methylpiperazin-1-

yDacetic acid dihydrochloride salt. '

26. A compound selected from:

15 2-((R)-4-(cyclopropyl(3 ~(rifluoromethylyphenyljmethyl)-2-methylpiperazin-1-

yDacetic acid dihydrochloride salt.

27. A pharmacentical composition comprising a compound of any of the Claims 1-26 or a

mixture a compound of Formula (I) and a phannalceuticaﬂy acceptable salt thereof; and a

pharmaceutically acceptable excipient.

20 28 A method of treating a disease treatable by inhibition of GlyT1 receptor in a patient

which method comprises administering to the patient a pharmaceutical composition

domprising a compound of Formula (I):

RS
R4_|_~COzH

R1\|:N :.d/ R?
WOR
LR
AT AR
O

25  wherein:

n is an integer from 1 to 3;

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

30  alkoxy, haloalkoxy, hydroxy, cyano, monosubstituted amino, or disubstituted amino; or
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R! and R, when attached to the same carbon atom, can combine to form cycloalkyl or
monacyclic saturated heterocyclyl to give a spiro ring wherein the cycloalkyl or monocyclic

saturated heterocyclyl can be optionally substituted with RY, R®, or Rf 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
pif)erazine ring, can combine to form —C;-C;- alkylene chain wherein one of the carbon
atoms in the alkylene chain is optionally replaced by a —-NR-, -O-, -8(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 independently hydrogen, alkyl, fluoro, or fluoroalkyt; 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 R is alkyl, -C=C-
R® (where R® is aryl or heteroaryl), halo, haloalkyi, haloalkoxy, alkylthio, cyano, alkoxy,
amino, monosubstituted amino, disubstituted amino, sulf;:;nyl, 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, monosubstituted amino,
disubstituied amino, sulfonyl, acyl, carboxy, alkoxycarbonyl, hydroxyalkyl, alk'cyxyalkyf,
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 R, R* or R' which are independently setected
from alkyl, halo, haloalkyl, haloalkoxy, alkylthio, cyano, alkoxy, amino, monosubstituted
amino, disubstituted amino, sulfonyl, acyl, carboxy, alkoxycarbonyl, hydroxyalkyl,
alkoxyalkyl, aminealkyl, hydroxyalkbxy, alkoxyalkoxy, aminoalkoxy, aminosulfonyl,
aminocarbonyl, or acylamino; or a pharmaceutically acceptable salt thereof or a mixture a
compound of Formula (I) and a pharmaceutically acceptable salt thereof, and a
pharmaceutically acceptable excipient. |
29. A method of treating a disease treatable by inhibition of GlyT1 receptor in a patient
which method comprises administering to the patient a pharmaceutical composition
comprising & compound of any of the Claims 2-26 or a mixture a compound of any of the
Claims 2-26 and a pharmaceutically acceptable salt thereof, and a pharmaceutically
acceptable excipient.
30. The method of Claim 28 or 29 wherein the disease is Schizophrenia.
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31. The method of Claim 30 wherein the disease is cognitive disorder associated with

Schizophrenia.



