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Schi zophrenia is a debilitating psychiatric disorder characterized by a
conbi nati on of negative (blunted affect, w thdrawal, anhedonia) and
positive (paranoia, hallucinations, delusions) synptons as well as marked
cognitive deficits. Wiile the etiology of schizophrenia is currently
unknown, the di sease appears to be produced by a conplex interaction of
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conpound as defi1ned above or .a ph%[irraceutl cally acceptable salt fhereof.
Acctor atymiral eptpsyabohe) 2gie with heHer EDFCY RRASHRE SA™P GREFYE SERPIHEY above
or hdphradcaraaidtaidoatd yvidaeffegsabl e salt thereof for use in nedicine.
According to a fourth aspect, there is provided the use of a conpound as
defined above, or a pharmaceutically acceptable salt thereof, for the
manSBMARY of a nedi canent for the treatment or prevention of a psychotic

di sorder. THRGOEH] BSlbludid difd:od2d BRSApculib gl ShiRhax figfica compound
as defined above ar, a p

aLnmaceuti cal | cceptabl e salt therepi f.or use in
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D2 asekised aihniopanindTXAant serotardmSHTR# peurdysfsorissiorodysifumctionanmal i an
patient. According to a sixth aspect, there is provided a conmpound
as defined above or a pharmaceutically acceptable salt thereof for use in
treating schizophrenia in a mammal i an patient. According to a seventh
aspect, there is provided a conpound as defined above or a



pharmaceutically acceptable salt thereof for use in treating bipolar

di sorder in a manmalian patient. According to an eighth aspect, there is
provi ded a conmpound as defi ned above or a pharmaceutically acceptable salt
thereof for use in treating ‘Al zheinmer's disease in a manmal i an pati ent.
Accor di ng t cceorting tde frstpemict, tieleds proviledn cahptedd af foom@dolind as defi ned above
or a pharmaceutically acceptable salt thereof for use in enhancing
cognition in a mammalian patient. According to a tenth aspect,
there is provided a conpound e@ def above or a pharmaceutically
acceptabl e salt thereof f Ing anxiety,.in a manmal i an
patient. DETAILED DF_BS X 6 THE | NWENTY ON\The ,orésent invention is
directed to conmpounds..of-t el f opiira I :

20081124030PCT/ US20087 00434 d¢herein: Rl i _
unsubstituted or substituted with 1-6 fluoro, where ) and the 5

hydr oxyl group on the ring are"attached to the sane tarbon atom or a
pharmaceutical Iy acceptable salt thereof : Wthin this

enbodi ment, the present invention incliudes conpounds wherein Rl is

G _3al Yy whi ch is unsubstituted or substituted with 1-6 fluoro.

Furth F’W‘t hin this enbodi nent, the present invention incl uqes conpounds

10 whRt & Gi-salkyk uéveqhelém@wtf%mdtméubmsuﬁdwﬁs $tfluegp.orhergin Rnandipe | (2)

- ethyl hydroxyl group on the ring are attached to the same carbon atom,

which is

or a pharmaceutically acceptable salt thereof.

According to a second aspect, there is provided a pharmaceutical composition which
comprises a pharmaceutically acceptable carrier and a compound as defined above or 2
pharmaceutically acceptable salt thereof.

According to a third aspect, there is provided a compound as defined above or a
pharmaceutically acceptable salt thereof for use in medicine.

According to a fourth aspect, there is provided the use of a compound as defined
above, or a pharmaceutically acceptable salt thereof, for the manufacture of a medicament for
the treatment or prevention of a psychotic disorder.

According to a fifth aspect, there is- provided a compound as defined above or a
pharmaceutically acceptable salt thereof for use in treating a neurological or psychiatric
disorder associated with dopamine D2 and serotonin 5-HT2A neurotransmission dysfunction
in a mammalian patient.

According to a sixth aspect, there is provided a compound as defined above or a
pharmaceutically acceptable salt thereof for use in treating schizophrenia in a mammalian
patient.

According to a seventh aspect, there is provided a compound as defined above or a
pharmaceutically acceptable salt thereof for use in treating bipolar disorder in a mammalian
patient. | '

According to an eighth aspect, there is provided a compound as defined above or a
pharmaceutically acceptable salt thereof for use n treating Alzheimer's disease in a

mammalian patient.
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(3) n-propyl, (4) isopropyl, 15(5)trifluoronmethyl, and (6)trifluoroethyl.
Further within this enbodi nent, the present invention includes conpounds
wherein RL is nmethyl. Also further within this enbodi ment, the present

i nvention includes conmpounds wherein R1 is ethyl. Also further within
this enbodi ment, the present invention 20includes conpounds wherein Rl is
trifl uor onet Wgkording teplyarth mspect, dliere kreprpvided atcoinpeumdt 4s glefingsicabore st £onpounds
of the ML erel ' f] [ .
phar I’Y&C%gtl ca{?l%}]éa?lgcagéee %aa I%‘ﬁstglf]{g&ft F?Zrl{eggfd.l Qﬁ%n 2@%3’8?” r%tel%tpg{)? qjt]%ngnaélfa%sent
i nvent i patienhcl udes conpounds of the fornula la': 22344 WO

2008/ 124030PGT/. / ' i 4 i i in-
phar maceut i cggfé%%gggﬁﬁgﬁ%gpm{ Ther (ra rg#qﬁ d CBI?TIB%%P:T%G ff r%lﬁpe b o

e sal't the An e nt” o e present
i nvent i gharmacsutichdis acrepipide prdthertolt fhieusk oy imeatiag arbxicty in 2 mammalian patient.

DETAILED DESCRIPTION OF THE INVENTION
The present invention is directed to compounds of the formula I:
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| b wherein RI'is defined herein; or a pharnmaceutically acceptable salt

t hereof 10An enbodi nent of the present invention includes conpounds of the
f8Phula Ib': |Ib" wherein R is defined herein; or a pharnmaceutically
accept ableo smbti2sbker eof 15Speci fic enbodi nents of the peBE&808/4MIBENt i ON

i ncl ude a conpound which is selected fromthe group consisting of the

subj ect conpounds of the Exanples herein and pharnaceutically acceptable
salts thereof and individual enantio and di astereoners thereof The
conpounds of the present inventyon ntain one or nore chiral centers

and can thus occur as_ yacemategs and m c turegy._single enantioners,
pfd i \di vi dua\_di/ast gr eomers. Additi onal

di ast ereomeric 20 mi »¥t ore

asymmetric centers mpy-be " dependi ng\upon t he hAture of the various

substituents on the nol ecule. ch such asymetric g ) will 22344 WO
20081124030PCT/ US2008/ 004336 i nglependent |y produce two gptical isonmers and
it is intended that all of the possible optical isonmers and di astereoners
in mxtures and as pure or partially purified conmpounds are included
within the anbit of this invention. Thek present invention is meant to
conpr ehglginal | such isomeric forns of these conpounds. 5The independent

synt heses of these,diastereone or their,c ogr aphi ¢._sgpar.ations m
AT IR o RS SR b SR R R AR e i S
getﬁod@k@@wlggfoﬁ |0ﬁ$1%ﬁriﬁ§£xeia|ftach;EHQbItheaﬁﬁ‘ﬁlc?ltbenatoﬁ’f;lelo_(:hem st(r]I y may be
eterm ne the x-ray cryst oqar of crystalline products or

e aelfor Rt RS ey s Vae o :

crystafid are derivatized, if necessary, with
reagent cont ai ni Witharthzsyprhasimérn, tbeM@Pntdﬂvﬁ{lﬁgﬂt\iﬂch@gwm@'@éﬁW@i@i@t‘?éﬁw.
| f desC{gdikyy@kieRisCunsubstituted or substituted with 1-6 fluoro.
Further within this embodiment, the present invention includes compounds
10 wherein R! is selected from the group consisting of:
' ¢ methyl,
(2)  ethyl,
(3)  n-propyl,
(4 isopropyl,
15 (5) trifluoromethyl, and
(6) trifluoroethyl.
Further within this embodiment, the present invention includes compounds
wherein R1 is methyl. Also further within this embodiment, the present invention includes
compounds wherein R1 is ethyl. Also further within this embodiment, the present invention
20 includes compounds wherein Rlis triﬂ.uoromethyl.
An embodiment of the present invention includes compounds of the formula la:

HO
R

Ia

wherein R is defined herein;
25  or a pharmaceutically acceptable salt thereof.
An embodiment of the present invention includes compounds of the formula Ia":
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10 m xtures of the ‘conmpounds may be separated so that the individual
enantioners are isolated. The separation can be carried out by nethods

known in the art, such as the coupling of a racem c m xture of
conpoundsvoeemgn2asdant i onerically pure conpound to fornPEl/dbz8t/MHéedneri c
m xture, followed by separation of the individual diastereoners by
standard net hods, such as fractional crystallization or chromatography.
The coupling reaction is often the fgrmation of salts using an
15enantionerically pure acid or e di [ [
then be converted to tH& puxe skanti ey cleavage_of the added chira
resi due. The racem c Ri*% 8 | v .

S ut|I|2|ng__h|ra

directly by chromat ograp ot e
whi ch net hods are well known injthe art. Alternative any enanti omer of
a conpound nmay be obtai ned by spereosel ective synt hes using optically
pure starting materials or reagents of 20 known configuration by nethods
well known in the art. appreci ated by those of skill in the
art, halo or halogen as used herein ar% intended to include fluor, chloro,
br ono mgrehpm)iscﬁjﬁﬁbaﬁéﬂeh Cl 6, as in G _6alkyl is defined to |dent| fy
the gro 1S ha 6 carbons in a linear or branched
arrang8’fr€ﬂ Icgﬁa%“@ti‘é%éék%’?ﬁeci fically includes nethyl, ethyl,

n- pfopyl , i so- pr dap\eimbodinant pf theipsesehtiny¢ntion énaiude? Sompyunds é theyfbroald Inexy| .
A group which is designated as being i ndependently substituted with
substituents nmay be independent uted with nultiple nunbers of
such substituents. "phar maceuti cal |y accept abl e
salts" refers to salts pr epp a-fronba*;rnageuf\calny\ ccept abl e non-toxic
bases or acids incl udi f i ~ 7and i norganic or
organic acids. Salts derts NG |norgan|c‘basés i e al um num
amoni um 30cal ci um H@pper, feiric, ferrous, lithi gnesi um mangani c
salts, manganous, potassium sddium zinc, and t he | Parti cul ar

enbodi ment s i ncl ude t he anmoni um caIC|un1 magnesi um potassi um and
sodiumsalts. Salts in the solid formgay exist in nore than one crystal
structure, and may al so be in the formof hydrates. Salts derived from
phar raebekindd] ksydefioodkhtrainl e or gani c non-toxic bases include salts of

primary aﬁﬁﬁ&g&ﬁ&MMb@ﬁquﬁﬂ&gﬁq&wéﬁfnes 35substituted am nes including
naturalﬁy occurrlng subst |tu£ d am nes, cycli m nes nd ﬁgsic i0ﬁ+
exthange resi ns, ABGEROdiEnest g %Flﬁ’éese%{“éﬁnﬂ@nl EH‘%@FW@PO & Pf g formula Ib”
N, INII-dlbenzertherne di am ne, diethy| am ne, 2-diethyl am noet hanol ,

2- di met hyl am no- et hanol , et hangj am et hyl enecliam ne, 22344 WO
20081124030PCT/U82008/00433 | phol i ne, N-ethyl pi peridine,

gl ucanm ne, glucosamne,I g 7 sbanVﬁ€\\|soarqpylanlne | ysi ne,
met hyl gl ucam ne, nnrpﬁc ' i p&N-azi &, ppol yani ne resins,
procai ne, -puri nes, Wt i et hyl am ne; : am ne,

tripropyl am ne, trone am ne, and the |ike. Wen th;\ pound of the
present invention is basic, sa® s may be prepared fro pharmaceutical ly
accept abl e non-toxic acids, i ncludi ng i norgani c and organi c acids. Such
aci ds include acetic, benzenesulfonic,jybenzoic, canphorsulfonic, citric,
et hanesul f oni fumarjc,, gluconic, glutamc, hydrobrom c, hydrochloric,
|seth|8hWEm}fgﬁﬁP§ Iefe, malic, mandelic, nethanesul fonic, nucic,

nltrlCo;g&ﬁﬂ&h&wuﬁaﬂbﬂkbﬁﬂMﬂe&ﬂhm&ﬁhbric, succinic, sulfuric, tartaric,

E;ggr ggpgrsnul:f 0 Rﬁ?’@ K31 td ¢ en?bo%lﬁlgrﬁs of gﬁ% préD Qﬁttill&e‘ﬁlﬁ@ﬁ nfTRRY c%ﬁﬂ)toﬁnc? WhichGs

selected from the group cons:stmg of the subject compounds of the Examples herein and

sfationary phases,

pharmaceutically acceptable salts thereof and individual enantiomers and diastereomers thereof.
The compounds of the present invention may contain one or more chiral centers
-and can thus occur as racemates and racemic mixtures, single enantiomers, diastereomeric
20 mixtures and individual diastereomers. Additional asymmetric centers may be present depending
upon the nature of the various substituents on the molecule. Each such asymmetric center will
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10 mal ei ¢, phosphoric, sulfuric, fumaric, and tartaric acids. It will be
understood that, as used herein, references to the conpounds of the
p?¥ent invention are meant to also include the pharnaceutical ly

accept ablveogeistigs03Exenpl i fyi ng the invention is the usécwszﬂhﬁﬂ%lwpounds
di scl osed in the Exanpl es and herein. The subject conpounds are useful in
a nethod of treating a neurological or I 5 psychiatric disorder associated
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amount” means the amount of the subject compound. that will elicit the biological or medical
response of a tissue, system, animal or human that is being sought by the researcher, veterinarian,
medical doctor or other clinician. It is recognized that one skilled in the art may affect the
neurological and psychiatric disorders by treating a patient presently afflicted with the disorders

30  or by prophylactically treating a patient afflicted with such disorders with an effective amount of
the compound of the present invention. As used herein, the terms "treatment” and "treating”
refer to all processes wherein there may be a slowing, interrupting, arresting, controlling, or
stopping of the progression of the neurological and psychiatric disorders described herein, but
does not necessarily indicate a total elimination of all disorder symptoms, as well as the

35  prophylactic therapy to retard the progression or reduce the risk of the noted conditions,
particularly in a patient who is predisposed to such disease or disorder.



syndronme, neurol eptic-induced acute dystonia, neurol eptic-induced acute
akat hi si a, neurol epticinduced tardive dyskinesia and nedi cati on-i nduced
postural trenor), Glles de la Tourette's syndrone, epilepsy, nuscul ar
spasns and di sorders associated with nmuscul ar spasticity or weakness

i ncluding trenors; dyskinesias [including trenor (such as rest trenor,
postural trenor 35and intention trenor), chorea (such as Sydenhani s
chorea, Hunti ngtpH ismiicep@dsitiolenigad hatiads infeamded bkoensampass a product

th i s, t ' ' i
e baPPRRRYRE R UG DRI, i i SRR ool 3%*8@?%&‘29’%‘?“?‘3“‘“

> a
myoc| opsals, diréetis or BdBdtlyWoROESTLinalion obthr/spepbeBingtrAlest 1pihiciPH *ﬁ% si mpl e
tics, GO I ictmAR IR Yl okiablompuliddisisinbmidi mehetipgs 2
general’l sed ystania such as i.odi qpat hi c. dyston ralg- dysdoni a,
Synpt operduet cAPETERg e aFRYeIREEITHLT ﬁ‘ifgtklﬁfﬂe ,lngﬁ%'%?%sg_ﬁ (%/%tg gﬁﬁ% such” as
bi ephanespmasany peswendhitiuteanltd dealy ar indipatyidtine capbippi. 40mBlsERHRIAT ¢

torticollis. axia i 1 - : _ sh SR ObEE C
dyst on iaggrfg,ahaﬁ; Ptt]aé'l& )}'g%f ﬁl(;: xglﬁteaof Y SR it Er6h’ dBss6Eidtith e robel

nti1nence,” neuronal. da {%lee i ncl UdHﬂ% .ocul.ar . damage,
r et i nojgrédentss onies PHIET BEBRAFIRICBHODIIFHECR Y TFAMYLE “"Rél Tng
i Mpai  NRRLREN, he $Rarmabshibalaiompesitons ofithe piessnt anentoreesotipass Aty s
i ncl uding 1 nsomi a.and narcol e LERVERIch AR harhdigutidaB@t ment
of schicﬁﬁﬁ?ﬁt&ﬁ'i"&?ﬁw BOTLY & g%’ﬁé%“rnfl qéé%%%%bﬁ% ?‘ﬁc@udi,n\gﬁlﬂni rl?ol ar ﬁ .
depr esst@prabBeasenaBy thhpmesssirinally secoptadle” Hdp F\?ﬁ?‘d@%?%?gliﬂ uerg gr excipien
Pr eMENSAIHE compRihIE With i GtheAgreRicR RS famhulatiarpital ot ddletegpdem the;DD% 3
earni ng _disorders, pervagive devel oppeni al. di serder 1.g| wdidet i c
di sor dagcipient thefofo Fheicat MWW%%JA?& é%'&‘f“gwt%%%*} & #Hyh%g? activity
Di sor defderatibd ®imdah praviding 8l eompours] afdhaigvansionetoitke individyaligaescd ahgagpgnt:
di sorders including phobia and post traunmatic stress disorder, cognitive
di sorders associated with denentia, .AlDS denent ] Al zhel ner.: s, .
Par ki nson' s, HunThewilisnokthg icg@ag@l,ads B 2CFAEaNeY ‘f’}}#%&%ﬁ%ﬁwv?&ﬁﬁs?é gpl'g%lasm
tinnit %tiﬁs?amhe@ﬁhﬁse ddrRAistraed by arthddobgy avel knbwpan thiecut. dn parisulat. ditce.
In a specific ephodi.nent. 1 _ it G EeteRbe B i[ﬂﬁé&hﬁ)i: Keatkiar
treati FgMEBTIE L 8?@[5?‘;%?%%}%32&1%{)%%?;?#& ad*r#lni stsg}réi ng to t'I(;f%tgatgl?ent tgy_n
need t hetseafismiforabpaning V2. sgrownin LHZAc Befp sURRETEI Wt‘%?’é?&m‘ FINFERT i on.
Parti CYl-pfa OGS hieweikSAfiARY 8t RHF2d¢hERMimR, Hahd Miweepkfamest i ¢
di sorders and age-.rel ated cognitiv ' LESEMosed BEULE Phteht@VH.ST ON
of the fourth edi%\f‘p’dﬁsfﬁf:t gl%ﬂl'gbdﬁggﬁ‘ﬁg%dr%gugf%ttpst i cal‘oz%&u .0 Mental
Di sor des, 532(0SKkséudd JUIRP, {3960 end Jpensse Ratepsgpplication IF kodd2ebrBlisPdushi ngt on
EC) p[ %cglgﬁ?rﬁ 791 5 A ;Brgste_h@ %mﬁmgs ExHibib gm;»eaggjptopmged | ssci_tzh_e\mh he?mr:cu di ng
ementia, delirium ~amestic di.sorders.an - Lo ket gec! 1 ne.
As usedo W@F‘?‘i{m?‘ﬂ@l‘Pé?aﬁﬁl%(?ﬁ%iwqa\ygﬁmﬂg&ségeiggn(?nc Lege‘sn_?fr eat mént of. t hose
ment al relevant receptors. In general, the present compounds possess relatively high affinity antagonism
for dopamine D2, serotonin 5-HT2A, 02C adrenergic receptors, partial agonism at 5-HT1A
receptors and weak affinity at 5-HT2C, histamine H1 and M1 receptors. Based on this receptor
profile, the present compounds are expectcd to have efficacy on positive and negative symptoms
of schizophrenia. The present compounds are also expected to be relatively well tolerated. The
present compounds are also expected to have a lower propensity for weight gain and treatment
related metabolic disorders relative to currently-marketed atypical antipsychotics.
The compounds of the present invention have utility in treating a variety of
neurological and psychiatric disorders, including one or more of the following conditions or
diseases: schizophrenia or psychosis including schizophrenia (paranoid, disorganized, catatonic
or undifferentiated), schizophreniform disorder, schizoaffective disorder, delusional disorder,
brief psychotic disorder, shared psychotic disorder, psychotic disorder due to a general medical

condition and substance-induced or drug-induced (phencyclidine, ketamine and other

-6-



25di sorders as described in DSMIV-TR The skilled artisan wll recognize
that there are alternative nonencl atures, nosol ogies and classification
s¥8t*ens for nental disorders, and that these systens evol ve wi.th nedical
and sci enwOR00S/1pREYr ess. Thus the term "cognitive di SoOPUBUS2008/804536t ended
to include like disorders that are described in other diagnostic sources.
I n anot her specific enmbodinent, the present invention provides a nethod

for 30 §&Ladihie ARXRLKs, eﬂﬁﬁﬁe ar%‘fﬁéﬂp%yé}ﬂstuﬁﬁﬁ%t@laﬁ& %dai‘rﬁ)t 0 a patient

in nee thereo an e |Ve oun sent
| nvent P&YED Oﬁiaﬁ’sﬁ’F}EfﬁFé{‘SOé‘gB& e sharserriel i TRSHRE Rputstis RETREINE: sor der
obsess ps;@hommahaowf&cdws psydhvsiaristhapheentt etpammm'Adlsqfrdas euth astshbizoighdr

es:  of
o ) 2l Bl BHLET QOB e AR b bt ShlGPU TR ©
Washi nglﬂ@w myespweﬁlm@lgr)ahw@@nwm@qr b iscash and BoitHeNmABS StEasx Fydgome),

di sor d%&ucﬁﬁ§b&ﬁ@1%ﬁds§tmc&na% &tgxuaa S2adsths oPRARSPAYER %ﬁﬂrﬁ%ﬁpéﬁ:@hﬁbeﬁor der
and pani c .at i ncl

ere | sorder,s
e o albnifye SRsue ittt Bh i ei0Gel bl ARBH s B evS R ERS T o
ar t i samfidct Herhatmgmiwmea, tivastuldripestderas er st2R8A'Wilisease, Parkinson’s disease,

2008/ 1 3 ' '
cl assi %ﬁl Ql Bg SLA%%? {)9:? % ci’i?ea?% t(?&%?%z)#ggérb?r@&% E)ﬁfﬁa?:'al ﬁg]g(ﬁgi %giteg%s evoI ve
wi th nmsdical ccmdwcm jor Arbstange ghuse): deliriunrapancstiediserders Or ASA EIAJedROSBRIEr 5™ |
i nt enda@km@ arﬁ&étﬂ%o}deksein@luafa@@eﬁ@ s&@s%tdzs%)%&rda%&‘?abh&ﬁﬁi geﬂerﬁlﬁlﬂ@ranﬁie%gnOSt ic

source er s odi nent 'Se I nv ntlon rOVldeS a
SO Sisaidbs DO sl oo et isch B GoE AL R ey L des, @
to a pdisbslat, separammhmm éxsbrdan sedifilgttobizesprnidi pholoh, a;bstanmaudmbedfanxihsr

Pr ese Nl KM et PR o5Hber? RIRAPRIARICA: QlbsBRUSARHARBEOLATI o5 are

par anol I SOr gani catatonic or un ntiate l.zopnreni a and

subst aﬂ%ﬂécmm?@é‘d%s{wh@w&swwed@ﬁuceﬂt clifiwgeparsistingedomeptia Retsigingn of t he
fourt haﬁﬁéﬁic%o@&er%ﬁ!@cl@tﬁm&dﬁ)r aﬂﬂet§tcﬁ§dr($drl t@&l'anwal’déﬁéncﬁﬁcd\&%ﬁidrawal

Di d M | V 200 A 10 P

Vi ngPBBeRndsy SRAIMAAE Aochol ERNEEREs cARER Bblinf JEBRGRMARS Sfnatants,
di sor garbtiey opwadsaplmicgcloiinas sallatives, sypricited awhilytiphobesify, buitnia nervosa
subst a&?@cdﬁﬂﬂﬁ?@ezﬁﬁ%m&&s qﬂl}?{%ﬁﬁgordﬁ d‘ﬂ@&ddlé'ﬂ?&ﬁk fhclddlf&% deptdthive

"schi zgphrenia or psychosi s” i ncludes treatmen hose nent al dlsorders
as%esé‘r@’ﬁ’éﬁ’ fi?PrEi@M“l igclypmng pRpolaE AFPIEsFIf, FFasant tl ﬂFHrFSS}Oé‘c’(S‘é POSEPARE t here
ar e al degressicny prefeisnel afndi@se (MMSphabpresicasnaalcdyapisirfcl distrdanPBySimosd f or

- nental dgbt%gfs%r 30 a?nrge]:%%éc%l#‘?%?&ﬁﬁorf %3{1'9 Xé) kn\ﬁﬁcg& ﬁlgod’r&g&ﬁ%ls l%gl%mg

scientifrc progres ren
i nt endéigondersi pervefies davrlepaiesiol disprsler wahldmg@ua@whmé@ ﬁ!ﬁ?n@?%éﬁomeéﬁgnost i c

sour Cgﬁlcludmg attention- déﬂibt1 ; i’h‘éﬁvﬁy‘)@b’%dtnﬁbﬁ @HB armewnduétmgsopde@qe}gfma gve ?t ion
provi ades a or re I Ng Su ance-r raer n I.Cctilve
ey LA R R SR s S A g Nt

ef f ect digerdannmtclaaéd Beaddnjuey mbveehhdispraseintiuding eRinesins arfdakinetioirapid

20subst ARfaLRY géﬂmﬁng@g@s §d§9éjse$t§f% %au\e@d 1 RERAVARGR, SLnBERARAS | N

denent 1 persi s anxi ety
di sor d@&rkinﬁ@uwdp@gregﬁmsmc@msy, awérm @%i@h@t@w corticobasal

degeneration, parkinsonism-ALS dementia complex and basal ganglia calcification), medication-
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induced tardive dyskinesia and medication-induced postural tremor), Gilles de la Tourette’s
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30  treating anxiety disorders, comprising: administering to a patient in need thereof an effective
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panic attack. As used herein, the term “anxiety disorders” includes treatment of those mental -
disorders as described in DSM-IV-TR. The skilled artisan will recognize that there are
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reactions as sholl domponeds Gfithomientnt snisanersmay he administepd gbf”;ﬁpti@ﬁ”“éetf%ndar d

mani pukat, tiﬁt'fb'inl Gsh@lfaa@ﬁ@a H@H@all ihtdabéndub tlgbwaﬁﬂifaelst&nae&@éﬂﬂohfdr @fudion, L he
experimental procedures nunbering.as shown in enes

o petianeels BV h Bl aDeby HTEILP SRS, Tl eTah Aro SRR AR o
cl ari ttgpical rB30tes bhgineinstrasdn 4ndemby bs fsholatedatlioac bedgttbert hesmfohlpdame\miér e
mul t | pﬂoﬁnﬁlﬁ@é&&' &Hﬁ%ﬁ%@t{rﬁe%c}{ﬁy\ﬁ& W%&g&&ﬁédl@' arcbﬁ)@aﬁ)l@@aﬁﬁé@ nts

React i ons use ate the conpount Is’inv ion are plgepared by

enpl qundgyeh@h@étapmnﬁnag fonrraamrquie ehrdnypisatien. A gddiliantn e tramenhot v
addi ti B]Gode@ aAIRAS siichal GaEd] raHopiss; adalttﬁzn sheep cdbgascatss mohkdygdeto| ghei s,

cleava ctin rou be known in the Ilterature or
ex%pl‘i F@Hn Snoétﬁ"e‘"é(ﬁ Eﬁ%ﬁtwﬁ ‘égadl? EE%WSI n sone cases the final
product may be fThetthver "cvntfiokitiod; af uyed dierempisdntendedria niqnutpess oprogfict
substif 'ﬂfﬁﬂ%sﬁ]% glqul Onfﬁ%f%d%‘ﬁ'tsaih' RDRdHRY éd'!&ddﬁﬁﬁ or Bwpo&i&s NQAtwdii 49 ?F}')réd?xct

reduct i [ ati on at 1 on J S re I-ons
whi ch ‘éi]i“é ESHitD Hfr9ctlarf6 lffﬁt ly e °§ rqa@lﬂ PﬁﬂlP ﬁlée é‘y gd i mg @Bﬁé“ ses the
order gpbcicad nibings.0Uhis tdim hoelagon nogphae@adelitcal schpossonsdy intendedta ed t o

f ot o Ry BT EDt LprRing SheGhére YHRIhERfeRR LR JYifBf Chdtor T
comprising inert ingredients, as well as any product which results, directly or indirectly, from
combination, complexation or aggregation of any two or more of the ingredients, or from
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30 are provided so that the invention m ght be nore fully understood.

These exanples are illustrative only and shoul d not be construed as
I2k¥#ting the invention in any way. 22344 WD 20081124030PCT/ US2008/ 004336
EXAVMPLE IwStaiinidese PCT/US2008/004336

rac-(3asS. 4S, 7S, 7aR) - t et r ahydr o- 1H 4. 7- met hanoi soi ndol e- 1, 3, 5(4H) -trione 0
0 5Chromumtrioxide (2.7 g) was dissolved in concentrated sulfuric acid

(2.3 ”%)sso% oWRE She drlifoiloF t%&%ﬁ%ﬁle‘?ﬁk, 8f frbRicthes Qlpdt bORaMWRMs BFRGadIcRAPYE Se

to a OC solution of rac-(3aS, , b5, TR, . .
7aR) - SOMyerTBsg RE hsryeredisats: In gengrsl. wgwaiagawaloqogz@%wa? s @reparedbyy)
( pr epaigithrhYy ftinfiing®ty Brihgihg thBachvoingdieasintiasdapaiaseittPatiquit cBufet brat i on
(20 LI SIAS Raaan SR W Babe Bt (e bR R I il gL panc
di ssi phtrmslatioThn the abarimapewtizs] ¢anpasitied thihadivg Rbicel dompoand ISd@@i@gwtiﬂa{led in
vacuo. ?_lrﬁbﬁdtgﬁfﬁg?elnt %{jﬁr@ﬂ@:@ QEY R efftdtiuBen Weldro R8s o dohiditiba oVBldk4sad.f or ded 4
g of the titled conmpound as a white sol.i.d. . Step 2: raC-SSaS 48 5R 7S
7aR) - SARGRIFBRY. 6 BRHEREIEEh SR RRSIHRnS OF R ATSHIPESTRAGTIoE 2D 5 one
WO 200&impsRidaRaake U$200:8+4i88 4 33fmpound of the present invention and a pharmaceutically
acceptable carrier. - '
10 Pharmaceutical compositions intended for oral use may be prepared according to
any method known to the art for the manufacture of pharmaceutical compositions and such
compositions may contain one or more agents selected from the group consisting of sweetening
agents, flavoring agents, coloring agents and preserving agents in order to provide
pharmaceutically elegant and palatable preparations. Tablets contain the active ingredient in
15  admixture with non-toxic pharmaceutically acceptable excipients that are suitable for the
manufacture of tablets. The tablets may be uncoated or they may be coated by known techniques
to delay disintegration and absorption in the gastrointestinal tract and thereby provide a sustained
action over a longer period. Compositions for oral use may also be presented as hard gelatin
capsules wherein the active ingredients are mixed with an inert solid diluent, for example,
20  calcium carbonate, calcium phosphate or kaolin, or as soft gelatin capsules wherein the active
ingredient is mixed with water or an oil medium, for example peanut oil, liquid paraffin, or olive
oil. Aqueous suspensions, oily suspensions, dispersible powders or granules, oil-in-water
emulsions, and sterile injectable aqueous or oleagenous suspension may be prepared by standard
methods kitown in the art.
25 The subject compounds are further useful in a method for the prevention,
treatment, control, amelioration, or reducation of risk of the diseases, disorders and conditions
noted herein. The dosage of active ingredient in the compositions of this invention may be
varied, however, it is necessary that the amount of the active ingredient be such that a suitable
dosage form is obtained. The active ingredient may be administered to patients (animals and
30  human) in need of such treatment in dosages that will provide optimal pharmaceutical efficacy.
The selected dosage depends upon the desired therapeutic effect, on the route of administration,
and on the duration of the treatment. The dose will vary from patient to patient depending upon
the nature and severity of disease, the patient's weight, special diets then being followed by a
patient, concurrent medication, and other factors which those skilled in the art will recognize.
35  Generally, dosage levels of between 0.0001 to 10 mg/kg. of body weight daily are administered
to the patient, e.g., humans and elderly humans. The dosage range will generally be about 0.5 mg
to 1.0 g. per patient per day which may be administered in single or multiple doses. In one
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0 To a -78C solution of rac-(3aS,4S, 7S, 7aR)-tetrahydro-|
H- 4, 7- met hanoi soi ndol el, 3, 5(4H)-trione (1.08g, 6.03 mmvl) (Kossakowski,
J8t%y; Zawadowski, Teodor; Balicka, Eliza., Ada Pol oni ae Phannaceutica
(1997), 5#%06Y(s14¥86481) in 50 nl of anhydrous THF was added2ds/i0o433e

met hyl magnesitun bromde (5.02 mM of a 3 Msolution in THF, 15.07 nmmol).
After 2 hr, an additional 3 nL of nethyl magnesi um brom de sol ution was

added. ef%%&heapgﬁmsage Ilaﬁge Al g dut 9@%g : Bsge ;9% g&gﬁhg&@gg@ﬁ ;@Mﬁ&m de

sol uti on t ot al was renoved

and t héum@Wb@PO&r Pém&ﬁq POE Ben Eﬁnﬁﬁﬂ?ﬁf davigad it znténoﬂrmem@émré bRt
quencheg twmhngipﬁtpaﬁerﬁ ﬂda(yl Phdbmadeuticl) c&mFH?ﬂl()ns(o@@[eq;rbﬂthﬁwerﬁ% Ay &
u

wat er was Xt ur was _di

d nmL. MeOH.
T s DRRiRGRE sad e R %%%’ S PPttt St mes 0T K6 ve o
whi i e ngmdierTr cbmanﬁmsbmjﬂslsog VE%Q mgﬁ%Wgﬂed@ﬁ&Zﬁb&kannbd:uM&r ed

t hr OUQEbrﬁch% ﬁtg] rﬁ%( 64 Sﬂ)r‘o@ﬁ‘lea %h QL-M% g&ggetf(o %ﬂtﬁ%’%ﬁ%ga%oﬁpl AR T

solid
[4-(1, l?gbzﬁaﬁgs 64 mgai‘?)q mng;qq IBg ﬁé? %m&aftwe ipgledienbt Froral adainpeation) het hy |
- 5- hydcmpt}sﬁsidmtrﬂhylﬂaemhiﬁéd 6 theHérmny cﬂﬁbl&m&lﬁhﬁgﬂpb@o 1060 méliigthsdTehe

§,|3aR 4 t@?agg%cﬁé’n%) sieh W R 2Rb; 25, Y04 587 PENahS ML 6 U5t 300! b6y RH A7~ 1-
evEl oh&y BPGEA0Ryand BXfyuitligtyms ofrtbepliveeinateg itnbfor the-sgmptamesticadpistnént dbl e- 1,

?ac_z?gih%@gssagg td &e%aﬁ&{t% b€ Heé%gi y"_l‘hc? com ounﬁse Xrna%;)% I@((i)rfnmsterec% on a regimen of 1 to

met handl8%7 REf aéﬁ%wg éP’E)‘i’?é“(t‘S%cerP@r @’451 mmol) in toluene (5 m) and DWF
(1.8 m) were ad$eard nensdRidg-@Beparibg-thet@iyodings stthiRdoVentioh dreSPigtatel in

0. 451 08 ?li’&ﬂﬁg‘sa%%%s%?%ﬁxéwﬁe SRR SRR ST BEIB0ISH RIR Ralbd 22 10
20@811@4@3@%1‘70@@2@9@ m@vﬁslaelenﬂma)l bem@ﬂr@a@‘eﬁ)rdmgvtabtdﬂdateauotaﬂduﬂm@r & for

23 h ad |
23 | at;ggﬁghéé@myﬁ The o S@ds of Bfis mvéﬁ&ﬂrﬁnw& ﬁ@g\i/arbci bpaﬁﬂio%go oﬁéﬁy

ueous sol uti once re wt
et hyl affld?\é\? f‘%h%wtf‘@r?ﬁli‘%‘ﬁ g e ot ? Mlpahneas PRETSEAWA Y
concerthe ateeztture'ﬂnexemplniﬁhalenMemrmfenaﬁpiwe{hird:s Sabsglalencﬁulirﬁmtngg{s apdwn in

eluti f two titled
conpounge el HOA R e FO B P o Bt L G £ i,

di % hyAmgle substienkis gy %@&bﬁd@ tBReEBpE)wiEr¢ (apftiple iRFtients are allowed

114- 0,ubdbetha Idéﬁﬁlﬁbﬂszlﬁﬂrelﬁabo‘é@l R@ﬁ&?dn@u@ed‘tﬁ'gknﬂ% ¥ compounds of this invention

lrrg%/ﬁg%lglex ?{88 g %bg):yﬁggrrﬁgééﬁa YRV IE S c)ﬁgnrngs %n'j_exaxiples herein, in addition to

(3aR, MSStaﬁ&rﬁa@m]ﬂlﬁt(@&@mS—@%{‘ h¥drolys2; Geavags of prowzidtge Goups, etc., as may
y Opi p%%bumlm Yﬂdlﬁﬁfaﬂﬁ‘é %Péé&: Wg&@ebééuﬁgti% @8% 3! hyl hexahydf o-1H4

, 7-_ 10met hanoi SOI ndol e- 1, 3- |one [ ((1R, 2R) 2-{
[ 25 (1, 2- benzi sot Ip Samp casgs thc final product may be further modifi ed for example, by

prl peﬁaﬂptﬂationydﬂsﬂlﬁstﬂmydn}sﬁ ynic@@ﬁ%)iﬁiﬂﬂﬁhbﬁi ﬂnaﬁxﬂ&YLQﬂéOW'aﬁtﬂmUlM{cBQéf abxsbiion) H 4
S ol e on

87 91 tgﬂ'ﬁ%{‘ (fljyrl'éjuoéx i{@)’a’?h g&ﬁzy ro XTS ieactjons v@? 1:_}&3}:;3 cgm&’sém}yl_l(nom tg‘%qseg Hz) :

7.35 8 illed pip thg azt. gn pgr)le c@egthe(q;tder of arrging ou3hd fodegoinBred@idit schShks daybd

Hz) ;  3aféd fofacilifhte the Teabtibl br tohvatd &I%ntéd%achoﬁ pl‘gtluc@so ]*Hé)folk%wgé ef(egnplg:é_' J

30 are provided so that the invention might be more fully understood. These examples are

illustrative only and should not be construed as limiting the invention in any way.
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157 Hz); 2.68-2.59 (m 6 H); 2.48 (s, 1H); 2.23 (dd, 1H, J = 13, 7 Hz);
1.89 (br d, IH 3 =14 Hz); 1.74 (dd, 1H, 3 13, 5 Hz); 1.67 (br d, 2H 3
=22¥% Hz); 1.61-1.51 (m 3H); 1.48 (d, 2H, J 11 Hz); 1.41 (s, 3H); 1.38
(dd, 1H, wo z0083240% Hz); 1.27-1.09 (in, 4H); 1.06-0.96 par/ugidps/oiS (PSI)
calcd for C291-138N403S: 523.2738 [ M+tH] +; found: 523.2713. In Vitro
Affinity (Ki) on Human Receptors: 5HT I A (native) 8 nM a2C 9 nM a2A 59
nM D2 1 nM 5HT2A <10 nM 20 D3 2gxAWPBET2C 16 nM H 371 nM D1 457 nM
al A31 nM alD 82 nM hERG 644 nM Functional Potency (IC50) on Hunman
Receptors: SHTI A E@BO = 98 (77% nax); ca2C 160 nM a2A 1217 ri M 5HT2A 32
nM D2 25 nM D 0 nM 5HT2C 1707 nf# H 3100 nM hERG 4000 nM

(3aR, 4S, 5S, 7S [ ((1RSER) - 247 CH;MgBr

[4- (1, 2- benzi §1i| azoNIB—yHpt=pef azg n- 1- NH

yl ] net hyl | cyeDallexyd ) net hyl | - 5y wD- Met hy| hefdimg 4 NMHnet hanoi so
i ndol e- 1, d Retentlon tinme 5.2 min. 11-1 NWR
1H, J = 8 Hz); 00(d, 1 H, 746(t

1H J = 8 H)?%85 (dd, 1H, %J.?ﬁ 3. 5;32@
(d, 1H J =7 Hz); 3.34 (dd, lH J:13 10Hz)
2.68-2.59 ( 6 2.48 X

1H, J = 13 (dd

3H); 1.37 (dd =

HRVB ( ESg)y :

Conpounds | wer e synthegL;Ed as

appropridﬁ@ly subSt t ut ed and

nethan0|50|ndole 1(§ d|0r
exanpl es. Ipe requisite g ing materials were commercially avail abl e,

eadh, | y ass;nthe5|zed bé g;e aé%%k%d in the.
tsmb oy ghoe ABLE 1

descri bed |n

Conpound S ure NB NﬁlszL/

NH

0
O

5 Chromium trioxide (2.7 g) was dissolved in concentrated sulfuric acid (2.3 mL)
and water (10 mL). 12.17 mL of this solution was added dropwise to a 0°C solution of rac-(3aS,
4R, 58, 7R, 7aR)-5-hydroxyhexahydro-1H-4,7-methanoisoindole-1,3-dione (4.21 g) (prepared by
modification of the procedures in Japanese Patent Publication JP 8-333368, December 17, 1996)
in 20 mL of acetone. After lhr, 2-propanol (20 mL) was added, and the reaction was stirred 30

{0 min (orange color dissipates). The reaction was filtered through celite and concentrated in

vacuo, Silica gel chromatography eluting with 98:2 CH,Cl;:MeOH afforded 4 g of the titled

compound as a white solid.

Step 2: rac-(3a8.45.5R.78.7aR)-5-hvdroxy-5-methylhexahvdro-1H-4.7-methanoisoindole-1,3-
15 dione

-16-



cH3'

15

20

25

(3aR, 4S,5S,7S,7aS)-2- [alR 2R)-2-{ [4-(1 ,2- benzisothiazol - 3-
yl ) pi perazin- 1 - yl]nmethyl)cycl ohexyl)net hyl]-5-hydroxy-5-
€2Hy| hexahydro-1 H 4, 7- et hanoi soi ndol e- 1, 3- di one 537. 2867
N --\'N WO 2008/124030 -~ PCT/US2008/004336

CHs
HOY

0

To a -78°C solution of rac-(3a8,48,78,7aR)-tetrahydro-1H-4,7-methanoisoindole-
1,3,5(4H)-trione (1.08 g, 6.03 mmol) (Kossakowski, Jerzy; Zawadowski, Teodor; Balicka, Eliza.,
Acta Poloniae Pharmaceutica (1997), 54(6), 479-481) in 50 ml of anhydrous THF was added

methylmagnesium bromide (5.02 ml of a 3 M solution in THF, 15.07 mmol). After 2 hr, an
additional 3 mL of methylmagnesium bromide solution was added. Afier another 2 hr, an

I'1-8

additional 2 mL of methylmagnesium bromide solution was added. Afier 6 hr total at -78°C, the
cooling bath was removed and the reaction allowed to warm to room temperature. The reaction
was quenched with acetic acid (1.725 ml, 30.1 mmol) (Carefully). 200 ul. of water was added,
and the mixture was diluted with CH>Cls and 2 mIL MeOH. The mixture was dried over Na,SQy,
filtered, and concentrated to give a white foam. The foam was dissolved in 5% MeOH/ CH,ChL

and filtered through a plug of silica to give the titled compound as an off-white solid.

Step 3: (3a25.4S.5R.78.7aR)-2-[({1R.2R)-2-{[4-(1 2-benzisothiazol-3-ypiperazin-1 -
vlimethvi}eyvclohexyvDmethyll-5-hvdroxy-5-methylthexahydro-1H-4.7-methanoisoindole-1.3-

dione

CH,
HO

and (3aR.45.55.75.7aS)-2-[({(1R,2R)-2- {[4-(1 2-benzisothiazol-3-v])piperazin-1 -
ylimethylicvclohexylmethvl}-5-hvdroxy-5-methylhexahydro-1H-4,7-methanoisoindole-1,3-

dione

To a solution of rac-(328,48,5R,78,72R)-5-hydroxy-5-methylhexahydro-1H-4,7-

methanoisoindole-1,3-dione (88 mg, 0.451 mmol) in toluene (5 ml) and DMF (1.8 ml) were
added trans-R,R-3a, 7a-octahydroisoindolium-2-spiro-1'-[4'-(1,2-benzoisothiazol-3-

yl)}piperazine methanesulfonate (191 mg, 0.451 mmol) and potassium carbonate (125 mg, 0.902

-17-



CH HO' o N8 NftNN (3aS,4S,5R 7S, 7aR)-2- [((IR 2R)-2-1[4-(1, 2-
benzi sot hi azol -3- yl)pi perazin-1 - yl]nmethyllcycl ohexyl) nmet

Hy34} - 5- hydr oxy- 5- et hyl hexahydro-1H 4, 7- net hanoi soi ndol e- 1, 3- di one
537. 2863 WO 2008/124030 ' PCT/US2008/004336

mmol). The reaction was heated at 110 °C for 23 h, then removed from heat. The mixture was
partitioned between ethyl acetate and water, and the aqueous solution was washed once more
with ethy! acetate. The combined organic solutions were dried (Na;SO,) and concentrated. The
residue was purified by silica gel chromatography eluting with EtOAc/hexanes to give 189 mgof
5  amixture of the two titled compounds. Preparative HPLC (Chiralcel OD, 60% EtOH/hexanes +
0.1% dicthylamine) provided: (3aS,4S,5R,78,7aR)-2-[((1R,2R)-2-{[4-(1,2-benzisothiazol-3-
ylpiperazin-1-yl]methyl}cyclohexyl)methyl}-5-hydroxy-5-methylhexahydro-1H-4,7-
methanoisoindole-1,3-dione and (3aR ,48,58,75,7a8)-2-[((1R,2R)-2-{ [4-(1,2-benzisothiazol-3-
yl)piperazin-1-yl]methyl }cyclohexyl)methyl]-5-hydroxy-5-methylhexahydro-1H-4,7-

10 methanoisoindole-1,3-dione. (3aS,48,5R,78,7aR)-2-[({(1R,2R)-2-{ [4—(1 ,2-benzisothiazol-3-
yl)piperazin-1-yljmethyl }cyclohexyl)methyl]-5-hydroxy-5-methylhexahydro-1H-4,7-
methanoisoindole-1,3-dione. Retention time 4.6 min. '"H NMR (CDCL)}6791(d,1H,7=8
Hz); 7.80 (d, 1H, J = 8 Hz); 7.46 (t, 1H, J = 8 Hz); 7.35 (t, 1H, J = 8 Hz); 3.94 (dd, 1H,J= 13,4
Hz); 3.53 (t, 3H, J = 5 Hz); 3.50 (4, 1H, J = 7 Hz); 3.34 (dd, 1H,J=13,10Hz); 2.73 (d, IH, J =

15 7 Hz); 2.68-2.59 (m, 6 H); 2.48 (s, 1H); 2.23 (dd, 1H, J =13, 7Hz); 1.89 (br d, 1H, J = 14 Hz);
1.74 (dd, 1H, T =13, 5 Hz); 1.67 (br d, 2H, J = 12 Hz); 1.61-1.51 (m, 3H); 1.48 (d, 2H, J =11
Hz); 1.41 (s, 3H); 1.38 (dd, 1H, J = 13, 3 Hz); 1.27-1.09 (m, 4H); 1.06-0.96 (m, 2H). HRMS
(ESI) caled for CyoH3sN403S: 523.2738 [M+H]; found: 523.2713. In Vitro Affinity (Ki) on
Human Receptors: SHT1A (native) 8 nM; a2C 9 nM; a2A 59 nM; D2 | nM; SHT2A <10 nM;

20 D3 2nM; 5HT2C 16 nM; H1 371 nM; D1 457 aM; alA 31 nM; a1D 82 nM; hERG 644 nM.
Functional Potency (IC50) on Human Receptors: SHT1A EC50 = 98 (77%max); a2C 160 nM;
a2A 1217 nM; 5HT2A 32 nM; D2 25 nM; D1 1650 nM; SHT2C 1707 nM; H1 3100 nM; hERG

- 4000 nM. (3aR,48,58,78,7a8)-2-[((1R,2R)-2-{[4-(1,2-benzisothiazol-3-yl)piperazin-1-
ylmethyl }cyciohexyl)methyl}-5-hydroxy-5-methylhexahydro- 1H-4,7-methanoisoindole-1,3-

25  dione. Retention time 5.2 min. 'H NMR (CDCly) 6 7.91 (d, 1H, J =8 Hz); 7.80 (d,1H,J=8
Hz); 7.46 (t, 1H, F =8 Hz); 7.35 (t, 1H, J =8 Hz); 3.95 (dd, 1H, J = 13,4 Hz); 3.53 (t, 3H, J =5
Hz); 3.50 (d, 1H, J=7 Hz); 3.34 (44, 1H, J= 13, 10 Hz); 2.73 (d, 1H, J = 7 Hz); 2.68-2.59 (m, 6
H); 2.48 (s, 1H); 2.23 (dd, 1H, J= 13,7 Hz); 1.89 (brd, 1H, J= 13 Hz); 1.74 (dd, 1H, J =13, 5
Hz); 1.70-1.46 (m, 7H); 1.41 (s, 3H); 1.37 (dd, 1H, J = 13, 3 Hz); 1.27-1.09 (m, 4H); 1.06-0.96

30 {m, 2H). HRMS (ESI) calcd for CooH3sN40:8: 523.2738 [M-+H]": found: 523.2709.

Compounds in Table 1 were synthesized as shown above, but substituting the
appropriately substituted rac-(3aS,48,5R,7S,7aR)-5-hydroxy-5-alkylhexahydro-1H-4,7-
methanoisoindole-1,3-dione as described in the Schemes and the foregoing examples. The
requisite starting materials were commercially available, described in the literatire or readily

35  synthesized by one skilled in the art of organic synthesis.
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#11  HO, CF3  ft (3aR 4S,5S,7S 7aS)-2- [((1R 2R)-2-{ |
[4- (1, 2- benzi sot hiazol-3- yl] nmethyl 1 cycl ohexypnet hyl]-5-hydroxy- 5-
t#1% 1 uor onet hyl hexahydr o- 1H 4, 7- met hanoi soi ndol e- L3- di one .yl ) pi perazi n- 1-

577. 2432 WO 2008/124030 PCT/US2008/004336
TABLE 1
Compound Nomenclature MS M+1
o (3aR,48,58,78,72S)-2- 537.2867
1 [((R2R)}2-{[4-(12-

HO,
CHyw -

benziscthiazol-3-
yDpiperazin-1-
© ylimethyl}cyclohexyl)met
hyl]-5-hydroxy-5-
ethylhexahydro-1H-4,7-
methanoisoindole-1,3-
dione
: (3a8,48,5R,78,7aR)-2- 537.2863
7 [((1R,2R)-2-{[4-(1,2-
CHN N C A benziSothiazol-3-
HOY yD)piperazin-1-

e yljmethyl}cyclohexylmet
hyl}-5-hydroxy-5-
ethylhexahydroe-1H-4,7-
methanoisoindole-1,3-

dione

(3aR,48,58,78,7a8)-2- 577.2432

Ho, @ N [((1R.2R)-2-{[4-(1,2-

oF2 ; N N/_\N » S | benzisothiazol-3-
N/ yl)piperazin-1-

0 yl]methyl }cyclohexylmet
hyl]-5-hydroxy-5-
trifluoromethylhexahydro-
1H-4,7-methanoisoindole-

1,3-dione
| (3aS,45,5R,7S,7aR)-2- 577.2433

[((IR,2R)-2-{[4-(1,2-
/N N-s | benzisothiazol-3-
N/ \ yD)piperazin-1-
ylmethyl}cyclohexyl)met
hyl}-3-hydroxy-5-
trifluoromethylhexahydro-
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NN\ / CF3 HO' o (3aS,4S,5R 7S,7aR)-2- [((1R 2R)-2-{ [4-(1,2-

benzi sot hi azol - 3- vyl i perazi n-1-
22344 yl)pip

WO 2008/124030 - PCT/US2008/004336

IH-4,7-methanoisoindole-
1,3-dione

While the invention has been described and illustrated with reference to certain
particular embodiments thereof, those skilled in the art will appreciate that various adaptations,
changes, modifications, substitutions, deletions, or additions of procedures and protocols may be

5 made without departing from the spirit and scope of the invention.
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yl'] methyl 1 cycl ohexyl)nmet hyl]-5-hydroxy-5- trifluoronethyl hexahydro-
577.2433 N\ NN \/
22344
WO 20608/124030 - PCT/US2008/004336
WHAT IS CLAIMED IS:
1. A compound of the formula I
1 N~
HO™
O
5 i
wherein: ,
Rl is C-galkyl, which is unsubstituted or substituted with 1-6 fluoro, wherein R! and the
hydroxyl group on the ring are attached to the same carbon atom; '
or a pharmaceutically acceptable salt thereof.
10 _ .
2. The compound of Claim 1 of ihe formula Ia:
HO. N‘*s
R 4
O
Ia
or a pharmaceutically acceptable salt thereof.
15
3. The compound of Claim 2 of the formula [a"
HO,
R1™ s
)
[a'
or a pharmaceutically acceptable salt thereof.
20
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“ilt 22344 WD 20081124030PC T/ US2008/ 004336

1H 4, 7- met hanoi soi ndol el, 3-di one Wil e the invention has
bé¥h described and illustrated with reference to certain particul ar
enbodi nerwe 2edsaes@ed , those skilled in the art will apppetivatoes/odaaic vari ous
adapt ati ons, changes, nodifications, substitutions, deletions, or

addi tions of procedures and protocols may be nmade w t hout departing from

the spirit and sgope Phe sHEpdMMSRCIAR. | of2RSAAMNGA BO08/ 124030 WHAT 'S
CLAIMED I S: 1. A conpound of the formula I: PC T/US2008/ 004336 :

0
I\ N
R! N—" N N/S :
| \__/
HO
o)

ib
or a pharmaceutically acceptable salt thereof.
5
5. - The compound of Claim 4 of the formula Ib"
N
R! 2
HO"
o
Ib'
or a pharmaceutically acceptable salt thereof.
10

6. The compound of Claim 1 wherein R1 is C1.3alkyl which is unsubstituted

or substituted with 1-6 fluoro. -

7. The compound of Claim 6 wherein R! is selected from the group

15  consisting of:

(1) methyl,

(2) ethyl,

(3)  n-propyl,-

(4) isopropyl,
20 (5) trifluoromethyl, and

(6) triflaoroethyl.

8. The compound of Claim 7 wherein R! is methyl.

25 9. The compound of Claim 7 wherein R is ethyl.
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wherein: Rl is Calkyl, which is unsubstituted or substituted with 1-6
fluoro, wherein RI and the hydroxyl group on the ring are attached to the
sanme carbon atom or a pharnaceutically acceptable salt thereof. 10 2. The
compound of Claim1l of the formula Ia: la or a pharmaceutically

accept abl e sal {9.t herieebmodiaef O o widredf R1Gs aiftmdnethyl.he fornula la': |a'
or a pharmaceutically acceptable salt thereof 22344 WO
20081124030PCTI US2008/ 004336

11. The compound of Claim 1 which is selected from the group consisting of:
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4. The conpound of Caiml of the formula Ib: [Ib or a pharmaceutically
acceptable salt thereof. 5. The conpound of Claim4 of the fornula Ib":

I b’ or a pharmaceutically acceptable salt thereof 6.The conmpound of Caim
1 wherein Rl is G _3al kyl which is unsubstituted or substituted with 1-6
fluoro. 7.The conmpound of d ai Rl is selected fromthe group
15consi sting of: (1) nethyl, ) n-propyl, (4) isopropyl,
20(5)trifluoronet hyl, and yl ./8.—'{he anq%ound of daim?7
wherein 121 is nethylgp, N N

N/

HO"

or a pharmaceutically acceptable salt thereof.

12. A pharmaceutical composition which comprises a pharmaceutically acceptable carrier and a

compound of Claim ! or a pharmaceutically acceptable salt thereof.
13. A compound of Claim 1 or a pharmaceutically acceptable salt thereof for use in medicine.

14. Use of a compound of Claim 1, or a pharmaceutically acceptable sait thefeof, for the

manufacture of a medicament for the treatment or prevention of a psychotic disorder.
15. A compound of Claim 1 or a pharmaceutically acceptable salt thereof for use in treating a
neurological or psychiatric disorder associated with dopamine D2 and serotonin 5-HT2A neurotransmission

“dysfunction in a mammalian patient.

16. A compound of Claim 1 or a pharmaceutically acceptable salt thereof for use in treating

schizophrenia in a mammalian patient.

17. A compound of Claim I or a pharmaceutically acceptable salt thereof for use in treating

bipolar disorder in a mammalian patient.

18. A compound of Claim | or a pharmaceutically acceptable salt thereof for use in {reating

Alzheimer's disease in a mammalian patient.

19. A compound of Claim 1 or a pharmaceutically acceptable salt thereof for use in enhancing

cognition in a mammalian patient.
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259. The conmpound of Caim?7 wherein Rl is ethyl. 10. The conpound of -
Caim7 wherein 10- is trifluoronmethyl. 11. The conpound of Caim 1 which
is selected fromthe group consisting of: or a pharmaceutically
acceptabl e salt thereof. 12. A pharnmaceutical conposition which
conprises a pharmaceutically acceptable carrier and a conpound of Claiml
or a pharmaceutically acceptable salt thereof 13. A conpound of
Caim1l or a ghar micempowsl diyClaise éor alpharmagguticallyeacespfablecnit theeeof for weelinci ne.
14. Use QfxfRo aPIROMWnahmiiAiphic O a pharmaceutically acceptable salt

t hereof, for the manufacture of a nedicament for the treatnment or
prevention of a psychotic disorder. 15. A conmpound of Claiml or a
pharmaceutically acceptable salt thereof for use in treating a
neurol ogi cal or psychiatric disorder associated with dopam ne D2 and
serotoni n 5-HT2A neurotransm ssion dysfunction in a manmal i an patient.

16. A conmpound of Claim1l or a pharmaceutically acceptable salt thereof

for use in treating schizophrenia in a nanmalian patient. 17. A
conpound of Claim 1l or a pharmaceutically acceptable salt thereof for use
in treating bipolar disorder in a manmal i an patient. 18. A compound
of Caim1l or a pharnmaceutically acceptable salt thereof for use in
treating Al zheiner's disease in a mammal i an pati ent. 19. A conpound

of aim1l or a pharmaceutically acceptable salt thereof for use in
enhancing cognition in a mammal i an patient. 20.A conpound of Claim1l or a
phar maceutically acceptable salt thereof for use in treating anxiety in a
mamal i an patient. ' S
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