WO 2010/099502PCT/US2010/025687 COMPOSITIONS, SYNTHESIS, AND METHODS OF
UTILIZING ARYLPIPERAZINE DERIVATIVES CROSS REFERENCE TO RELATED APPLICATIONS
[0001]This ApRIRABEPOEI3IMS the benefit of and priority to, U.S. Provisional AEHREaAHHRAGS7
61/155,791, filed February 26, 2009, the contents of which are incorporated by reference in its entirety.
FIELD OF THE INVENTION [0002]The present invention relates to compositions of arylpiperazine
derivatives, synthesis of arylpiperazine derivatives, and methods of utilizing arylpiperazine derivatives.
The present invention more particularly relates to synthesis, compositions and methods of utilizing
arylpiperazine based compounds which are useful for the pharmacological treatment of schizophrenia
and related psychoses such as acute manic, bipolar disorder, autistic disorder and depression. WO
2010/099502PCT/US2010/025687 BACKGROUND OF THE INVENTION 100031Medications used to
treat psychotic disorders are called antipsychotics. Typical antipsychotics (sometimes referred to as
conventional antipsychotics) arc class of first generation antipsychotic drugs and used to treat
psychosis including schizophrenia. The typical antipsychotics include chlorpromazine
(THORAZINER)), fluphenazine (PROLIX-NCR)), haloperidol (HALDOUR), thiothixene (NAVANEQ),
trifluoroperazine (STELAZINEO), perphenazine (TRILAFONR), and thioridazinc (MELLARILO). The
second generation antipsychotics introduced in the 1990's arc called atypical antipsychotics.
Compared to the first generation antipsychotics, the atypical antipsychotics appear to be equally
effective in reducingOMROSIVEONS)SYNT HES IS A DaNDT HODISOBI DMI hLZLINY be better than
the typical antipsychotics at relieving the negative symptoms of schizophrenia such as apathy,
withdrawal, emotional depressionARY UFFRR ANENEVPICRINAIPEYEIRotics currently in clinical use
include Aripiprazole (ABILIFYt), clozapine (CLOZARILt), risperidone (RISPERDALCR)), olanzapine
(ZYPREXAQ), quetiapine (SEROQUEUR)), and ziprasidone (GEODONR). 10004]Atypical
antipsychotics have diminished propensity to cause extrapyramidal symptoms (EPS) and tardivc
dyskincsia (TD) than typical antipsychotics. Additional benefits associated with the atypical
antipsychotics include better treatment of negative symptoms, better compliance, possible benefits for
cognitive impairments, and lower rates of relapse. Within the class of atypical antipsychotics, however,
differences exist both in efficacy and side effects. Clozapine does not cause EPS, and is clearly more
effective than all other antipsychotics used in humans to date. It is however a life-altering drug,
because of its side effects and need for continual medical monitoring, in some countries, for
agranulocytosis. This has markedly limited its use. The other atypical antipsychotics with the greatest
amount of efficacy data arc risperidonc and olanzapine. These drugs are the most commonly used
first-line antipsychotics today. This is warranted because they are more clinically effective than
conventidrROND GRFFERENGE JERELATERA RREH R EIONNever, both risperidone and olanzapinc
arc limited by side effects. Risperidone causes prolactin elevations, weight gain and dose-dependant
EPS. om[H?Q/Mne Udds anplictianed anmh thrubenaith@f wedgriteyEintmh Hd%ng‘émél%@é ARpligAISse
abnormalifie% 1Q38kapnerANd Kprasione iRy BR sehecrlieMAtivaSIe HishRIHNRE BPeLRiAzapine but
these drugs do not appear to be as clinically effective as the other atypical antipsychotics. Aripiprazolc
is one of & H&WHEF¥ration of atypical antipsychotic drugs approved by the FDA for the treatment of
schizophrenia in
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WO 2010/099502PCT/US2010/025687 November 2002 (Satyanarayana, C. et al. WO 2006/030446;
Tsujimori, H. et al. WO 2004/063162; Salama, P. et al. WO 2004/099152; Wikstorm, H. et al. WO
2003/064399Y ROAHY2¥Eroved for the treatment of acute mania and mixedPido8184386%4ted with
bipolar disorder in March 2005. Aripiprazole does not differ greatly from other atypical antipsychotics
with respect to treatment response, efficacy and tolerability. 100051Atypical antipsychotics are
increasinglX ORIGR OIEN D'OFilUIER BV BNAIBOoents for a variety of psychiatric conditions. Conditions
for which atypical antipsychotics are prescribed include bipolar disorder, psychotic depression,
schizophfefia) pervasiia tilevelopinentahcisoctets, ditedtonacetidiit vyperagtliyi disdygera(ADHD),
oppositional defiant.di order.(]%DD and conduct disordey. They are also used symptomatically to treat
age, B RS RS BEr DA TR ) B B FRURSI Gk B OISt affoct
associategwitititheatrepsmantiotlaigpicad antipry abetipsyespsciallyudieightigaiplandiarigdnduced
diabetes mellitus. [0006]In. general, atypical antips I a f the side effects of typical
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have been identifi s a.major risk. factor. for various medical disorders.that might be responsible for
come o T e ey s S e Bt o
antipsychegtiely[efoatj@ffraxgiet pheattraositygy gmaptirog tdehadluoieatiotisnsddelmainb/nespansible for
most of the erse side effects associated with the atypical antipsychotics. Ml the atypical.
sy o D A e R RS il R S o
disordersstidves ppoththerafhdrticda et ttaietvjiyeskion exdripld kon€hef dypicab shupdedhgrescribed
atypical antipsychotic .drugs, Olanzapine.and th ive atypical apti ic.drug, clozapine
e oo e L I R Y B R e (o o
and D4), sgratidoire (RHPER DAAHR2 co BHATIENn @G YFPRREXA @) |reeigin (PR QQUH aphar@), histamine
(H1), muscarinic (Mi); ne transporter (DAT) and norepinephrine transporter (NET) receptors
R e RS

(Miyamotopet al. hiatry, 2005, 10, 79). Similarly, the other FDA approved atypical

antipsychglips sUch s isperidageadariRibmzsle.ace pisaIRRYIsdIn.Re Signifisan activties

against more than nine of the reCeptors mentioned above. The current reasearch suggests that

compouridsngsensitiHE Scudtjaadjzndy topestai 0EL DRy i satcreitda LA Addi Bl Danaféise ptors
may have dheiiniendgd ﬁ%@%f?&?gﬁfgg Eﬂé(t?'(@’fl?l‘)%[u@e bl RA08s éég?aiti%%%ﬁb&?tro’ N.C.,

Seamans, J. K., Pharmacopsychitry 2007, 40(S I'), 527S33; Stark, A. D. etal., Psychopharmacology
2007, 19bsts73a8p)isisitenssiplosasiex mibitagnaetivimraanestsitiat kegepraies adapstonin, SHT2c,
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[0008]Although, the atypical antipsychofics (aripiprazole, clozapine, risperidone, olanzapine,

quetiapingdantfeaisrdserate)ccdere oy ausinidal ued e pletbnmsighettestvadbemed othatreatment of
people with.Sehizaphrenias HaiRIsR et M@éﬁl&h@i'ﬁ%@gﬂgﬁﬁ%}“d}? IRRIReH ralgiy profiles.

[0009]Theretore, development of a novel antipsychotic that has improved therapeutic target selectivity

than the effeenepdvasdite charaprsnedier] ProVIea REfdBHeEa SEEHIES nietie ey iRsytRsitreatment of
schizophigpia, a0d s8laIRY RYRRQHCAiSarterin S UNMARN Gy i NWRNHIOALIRAL AR gnpresent

invention provides compounds, synthesis of the compounds, compositions and methods of using the

compourffscfbeuaditiy deHisophrenrad @ elaempsierssdy suere Hicaeotecempienbipors: disorder,
autistic disQrdel-AnHERIRRRIOHAPErRitNG CAMRRUIISAIR ANPIRR! AriRe JiRivativesedie Present

invention provides methods for synthesizing such arylpiperazine compounds. The present invention
also pro GersERIERND difass g yTpipi easipctD s e dhan pRzapanti JEovIsB e Dotk ARsiidRtion of
arylpiperazingi passshatvriraliantipsyshotissdor ieptingcehizorirsiaanIelatshpsvehases such as
acute manic, bipolar disorder, autistic disorder and depression.

gain and dose-dependant EPS. Olanzapine use is associated with much more weight gain in

addition to lipid and glucose abnormalities. Qetiapine and Ziprasidone may be safer

alternatives to risperidone and olanzapine but these drugs do not appear to be as clinically

effective as the other atypical antipsychotics. Aripiprazole is one of a new generation of

atypical antipsychotic drugs approved by the FDA for the treatment of schizophrenia in
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100111The compounds of the subject invention provide next generation novel antipsychotics that arc
particularly effective and safer for the treatment of schizophrenia. They are advantageous because of
their highly 33280893 macological, metabolic, and pharmacokinetics pr8FIEIISERW/8Hounds of
the invention are designed: | ) to exhibit affinity for dopamine 2 (D2) receptor; 2) to exhibit affinity for
serotonin IA (5-HTIA) receptor; 3) to exhibit affinity for serotonin 2A (5-HT2A) receptors 4) to form
therapeuneaityPECINE QR gndt 2eyve e tahalite(e)2 06 0302406) 930 ARG TH) 820 118/025687 100121In

one aspect 58 resent jnvention provi%e rylpiperaz ne derivatives comprisin nds of

Formula %ﬂ) 86@} _Q%R%a}i_a}r’lﬁ{BPR%t al\ W 20%”8&%? 5%, Wikstorm, H. et a?. \7\9(5 508398819855 It
was approved for the treatment of acute mania and mixed episode associated with bipolar
disorder in March 2005. Aripiprazole does not differ greatly from other atypical

antipsychotics with respect to treatment response, efficacy and tolerability.

[0005]  Atypical antipsychotics are increasingly being used in children and adolescents for
a variety of psychiatric conditions. Conditions for which atypical antipsychotics are
prescribed include bipolar disorder, psychotic depression, schizophrenia, pervasive
developmental disorders, attention-deficit/hyperactivity disorder (ADHD), oppositional
defiant disorder (ODD), and conduct disorder. They are also used symptomatically to treat
rage, insomnia, and anorexia. Younger patients appear to be at a higher risk of adverse effects
associated with the treatment of atypical antipsychotics especially weight gain and drug

induced diabetes mellitus.

[0006] In general, atypical antipsychotics share many of the side effects of typical
antipsychotics, including sedation, akathisia, weight gain, extrapyramidal symptoms (EPS),
neuromalignant syndrome, and tardive dyskinesia; longer experience with them have shown
that new risks need to be considered, such as metabolic syndromes and QTc prolongation.
QTc prolongation is known to have potential liability to produce fatal cardiac arrhythmias of
Torsades de Pointes (TdP). Drug induced adverse metabolic effects such as weight gain, lipid
abnormalities, and diabetes mellitus have been identified as a major risk factor for various
medical disorders that might be responsible for some of the increased morbidity and mortality

rates in psychotic patients treated with atypical antipsychotics.

[0007]  Off-target pharmacology and drug to drug interactions are mainly responsible for
most of the adverse side effects associated with the atypical antipsychotics. All the atypical
antipsychotic drugs currently being used for the treatment of schizophrenia and related
psychotic disorders have poor therapeutic target selectivity. For example, one of the most
widely prescribed atypical antipsychotic drugs, Olanzapine and the most effective atypical
antipsychotic drug, clozapine are reported to have significant activities against more than 12
receptors such as dopamine (D, D,, D3 and D), serotonin (5-HTz4, 5-HT,¢, 5-HTg, and 5-
HT5), adrenergic (alpha 1 and alpha 2), histamine (H;), muscarinic (M;), Dopamine
transporter (DAT) and norepinephrine transporter (NET) receptors (Miyamoto et al.,
Molecular Psychiatry, 2005, 10, 79). Similarly, the other FDA approved atypical
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antipsychotics such as risperidone and aripiprazole are also reported to have significant
activities against more than nine of the receptors mentioned above. The current reasearch
suggests that compounds exhibiting activity against dopamine (D) and serotonin (5-HT;
and 5-HT,x) receptors may have the intended antipsychotic effect (Snyder, S. H., Nature
2008, 452, 38-39; Di Pietro, N. C., Seamans, J. K., Pharmacopsychitry 2007, 40(S1), S27-
S33; Stark, A. D. et al., Psychopharmacology 2007, 190, 373-382) while compounds
exhibiting activity against other receptors like serotonin, SHT,¢, histamine (H,), and

adrenergic (alpha 1) may cause adverse side effects such as cardiac arrhythmias.

[0008]  Although, the atypical antipsychotics (aripiprazole, clozapine, risperidone,
olanzapine, quetiapine, and ziprasidone) currently in clinical use represent significant
advances in treatment of people with schizophrenia, there is a need for new psychotropic

drugs with improved safety profiles.

[0009]  Therefore, development of a novel antipsychotic that has improved therapeutic
target selectivity than the currently available therapies would provide effective and safer

medicines for the treatment of schizophrenia and related psychotic disorders.

SUMMARY OF THE INVENTION

[0010] The present invention provides compounds, synthesis of the compounds,
compositions and methods of using the compounds for treating schizophrenia and related
psychoses such as acute manic, bipolar disorder, autistic disorder and depression, where the
compounds are arylpiperazine derivatives. The present invention provides methods for
synthesizing such arylpiperazine compounds. The present invention also provides methods
for using arylpiperazine based atypical antipsychotics, and composition of arylpiperazine
based atypical antipsychotics for treating schizophrenia and related psychoses such as acute

manic, bipolar disorder, autistic disorder and depression.

[0011]  The compounds of the subject invention provide next generation novel
antipsychotics that are particularly effective and safer for the treatment of schizophrenia.
They are advantageous because of their highly desirable pharmacological, metabolic, and
pharmacokinetics profiles. The compounds of the invention are designed:

1) to exhibit affinity for dopamine 2 (D) receptor;

2) to exhibit affinity for serotonin 1A (5-HT;4) receptor;

3) to exhibit affinity for serotonin 2A (5-HT,4) receptors

4) to form therapeutically inactive or least active metabolite(s).

4.



R2 Formula 1 wherein: A is -(CF12)-,-S(0)(0)-(CI-12),,-, -(C112)-0-CH2-C1-12-, CH2-S(0)(0)-(CF12)-,
-(CH2)-S(0)(0)-CH2-CH2-, -0-C(0)-(CH2)-, S-C(0)-(CH2)11-, -N1-1-C(0)-(CH2)11-,
-CH2-C(0)-OM@F#29029%59212-C(0)-S-(a12).-, -(al12),?-C(0)-0-CH2-CH2-, (CPRYAIBAOMRA368TH2-CF12-,
-(CI-12)n-C(0)-S-CH2-CH2-, CH2-0-C(0)-(CH2)"-,-CH2-S-C(0)-(CH2)n-, (CH2)11-O-C(0)-CH2-CH2-,
(C1-12)-M1-C(0)-CH2-CH2-, or (CF12),,-S-C(0)-CH2-CH2-, wherein n is an integer from 1 to 7; B is O,
S, S(0)(Opoer2yle; amdroapai RhepesRa: ifvnRon BviRiés and fRskisdindeRendeantly dyaseigeip, alkyl,
substituted alkyl, aryl. substitut (iaryl, arylalkyl, substituted arylalkyl, cycloalkyl, substituted cycloalkyl,
cyclohetéﬁﬁﬂ%ﬂ@%gﬁmﬁﬁ bheteroalkyl, heteroaryl, substituted heteroaryl, heteroarylalkyl,
substituted heteroarylalkyl, acylalkyloxycarbonyl, acyloxyalkyloxycarbonyl, acylalkyloxycarbonylamino,
acyloxyalkyloxycarbonylamino, alkoxy, gbkoxycarbonyl, alkoxycarbonylalkoxy,

alkoxycarbonyllalkylamino, alkylasglfinyl_alkylsulfonyl ), amipio, alkylamino, arylalkylamino,
dialkkylamino, arylalkoxy, arylalkoxyc r;mow, ﬁonylalkylamino, aryloxycarbonyl,
arylloxycarbonylalkoxy, aryloxycafb i4no, carthaxy, moyl, carbamate, carbonate, cyano,
halo, heteroaryloxycarbonyl, hydrony, phosphdte, phosphonate, gulfate, sultanate, or sulfonamide,
wherein R, R2, fe, R4, R5, R6, R7 and le figg%lglff\y optionally be substituted with isotopes that

include, but not limited to 2H (deuterium), 3H (tritium),

wherein:

A is (CHz)s—, ~O~(CH2)a-, -S-(CH2)n-, -S(O)(0)-(CH2)u-, -NH-(CH2)n-,
-CH;-0-(CH3)y-, -(CH3)p,-O-CH;,-CH;-, -CH-S-(CHz)s-, -(CH;),-S-CH,-CH>-,
-CH,-S(0)(0)-(CHz )y, -(CH,)a-S(0)(0)-CH,-CH,-, -0-C(O)-(CHa)s-,
-S-C(0)-(CHz)u~, -NH-C(0)-(CHz)u-, -CH,-C(0)-0-(CHa)u-,
-CH;-C(0)-NH-(CH3),-, -CH,-C(0)-S-(CH3)y-, -(CH;),-C(0)-O-CH,-CH,-,
-(CH,)p-C(0)-NH-CH,-CH;-, -(CH;),-C(0)-S-CH,-CH-,
-CH,-0-C(0)-(CHa)y-, -CH-NH-C(O)-(CH,)y-, -CH>-S-C(0)-(CHy)»-,
-(CH;)»-0-C(0)-CH,-CH,-, (CH,),-NH-C(0O)-CH,-CH;-, or
(CH;),-S-C(0)-CH,-CH;-, wherein n is an integer from 1 to 7;

B is O, S, S(0)(0), or NR’; and

cachof R', R% R*, R, R°, R®, R7, and R® is independently hydrogen, alkyl, substituted alkyl,
aryl, substituted aryl, arylalkyl, substituted arylalkyl, cycloalkyl, substituted
cycloalkyl, cycloheteroalkyl, substituted cycloheteroalkyl, heteroaryl, substituted
heteroaryl, heteroarylalkyl, substituted heteroarylalkyl, acylalkyloxycarbonyl,
acyloxyalkyloxycarbonyl, acylalkyloxycarbonylamino,
acyloxyalkyloxycarbonylamino, alkoxy, alkoxycarbonyl, alkoxycarbonylalkoxy,
alkoxycarbonyllalkylamino, alkylasulfinyl, alkylsulfonyl, alkylthio, amino,
alkylamino, arylalkylamino, dialkkylamino, arylalkoxy, arylalkoxycarbonylalkoxy,
arylalkoxycarbonylalkylamino, aryloxycarbonyl, arylloxycarbonylalkoxy,
aryloxycarbonylalkylamino, carboxy, carbamoyl, carbamate, carbonate, cyano, halo,
heteroaryloxycarbonyl, hydroxy, phosphate, phosphonate, sulfate, sulfonate, or
sulfonamide, wherein R', R%, R, R*, R>, R®, R” and R® and A may optionally be



13C, 36¢i, 115F, 15N, 11-, 0 180,31P, 32P, and 35S; or a pharmaceutically acceptable salt, racemate
or diastereomeric mixtures thereof. 100131In one aspect of the invention, pharmaceutical
composition¥ a9 WBNEEd comprising the compounds of the present discloBGREUf30M4)PASHe aspect
of the invention, methods of treating one of psychoses, schizophrenia, acute mania, bipolar disorder,
autistic disorder or depression are described, comprising administering to a patient in need thereof the

compounds of thebpriesedtwisciosopes 1A ibdinio s espechokihe Myentiassicanpputdsehthe present
disclosure are ugsed 40 treat giﬁchpselg sghizephrenia; acute mania, bipolar disorder, autistic disorder
or depression. 10016 ohe ’pe(c}o e invent , cdmpounds of present disclosure are used in the

manufacture famedi%%nﬂent for in etreatrr;gent 8f ?Ptsg/choses scf}iﬁzogr&rleniaf acute mania,

bipolar di¥otder: autistic Gisditsr o gﬁraesg%r?rf}%gtoﬁsﬁc% Sea %réﬁir?gb réhia, acute mania, bipolar

disorder, H??FC d'isorder or dﬂfﬁ?ﬁgon' ETAI{TED DE%C IPTION.OF THE INVCFTI\&TION 100171The

. one aspcc C mvention armaccutical co os1tions are provided . . .
present invention réﬂat%-satéjsyn eslIs, compoéﬁlons and me I%olgilgo using aryrplperazme derivatives

which areasgfisifigrtire sdmgpsohiz o e piz@nd dsldtsdrpsychoses such as acute manic, bipolar
disorder, autistic disorder and depression. The present invention provides compounds, compositions
and metH88%4br phaomaesnogicdithemmenonf veHiedphfdriatiagdnelafadysdpshsses such as acute

manic, bIRglaL HiSeHeT AHI I KlS0rh: ARG AEP aSSIA0. REEIN MR I0g Al Bicesiglgervise
stated, the following terms used in this application, including the
comprising administering to a patient in need thereof the compounds of the present

disclosure.

[0015] In one aspect of the invention, compounds of the present disclosure are used to

treat psychoses, schizophrenia, acute mania, bipolar disorder, autistic disorder or depression.

[0016] In one aspect of the invention, compounds of present disclosure are used in the
manufacture of a medicament for use in the treatment of psychoses, schizophrenia, acute
mania, bipolar disorder, autistic disorder or depression treat psychoses, schizophrenia, acute

mania, bipolar disorder, autistic disorder or depression.
DETAILED DESCRIPTION OF THE INVENTION

[0017]  The present invention relates to synthesis, compositions and methods of using
arylpiperazine derivatives which are useful for treating schizophrenia and related psychoses
such as acute manic, bipolar disorder, autistic disorder and depression. The present invention
provides compounds, compositions and methods for pharmacological treatment of
schizophrenia and related psychoses such as acute manic, bipolar disorder, autistic disorder,

and depression.

DEFINITIONS

[0018]  Unless otherwise stated, the following terms used in this application, including the
specification and claims, have the definitions given below. Any terms not directly defined
herein shall be understood to have the meanings commonly associated with them as

understood within the art of the present disclosure.



specification and claims, have the definitions given below. Any terms not directly defined herein shall
be understood to have the meanings commonly associated with them as understood within the art of
the present WQAGKREISAR/O 2010/099502PCT/US2010/025687 100191it mRESTASHAMR I, as used
in the specification and the appended claims, the singular forms "a,” "an" and "the" include plural
referents unless the context clearly dictates otherwise. [0020]Definition of standard chemistry terms
may be fpaoudjn refiesanresnikd, tingludiog:Car aycapdcHundbarg (1A92ppaavancrehrganic Chemistry

31th Ed." Vols. A and B, Plenym Press, New York. The practice of the present invention will employ,
unless offB %%fmm&geed,eﬁﬁn% Y %?’:ﬁ%%gegﬁéa SOy B R Bres
biochemisthyrkegombinant DNA techniques and pharmacology, within the skill of the art. The
compositions and formulations described herein can be practiced employing the pharmaceutically
acceptabjei2sgipiebtdiaiib salfstaudiabdhimiRemiagtio m'sy Bhdomarautidalchcienods;, 1@tludidgion
(Easton, Rennsyl ia;,Mac lishing Company,. 1990). 100 "Caq unds of invention" refers
to compac a8 EH M e R A P PR ) PRl Gbeh horah The EEAHEE of the
inventionRress Aeadenitifle ddithenbycthefitiohprascat streatioe wiittondbemickeknathewigben the
chemical,structyge and chemipalname senfict, the hemical syuctyres.is deferminative of the identit
of the compound? chompoungs of the mven‘bﬁ)on may BInkaincohe 'Simore Ciirar Centers and/or
double berwenhichiin ErsfarechnayuexisidphsiaiecisommeratisnchasdbabteelzondliBomers (i.e., geometric
isomers), enantiomers of lasisieoizomers, Apgordingly, ihe chemieal siclyras depicted herein
encompass aﬂ?pos& {8 enantiomers and Stereoisomers of the Mustrate c‘()m%)ounds including the

stereoisophericatkupoat fawrefeagle geometrically gitesenbliomdtivalhgpure Bhadiastere@mkerically

pure) and enanfiomarie AR SieleqiseHc mikres, BraNemErG and sigregiggmeric miures can
be resolved into their component enantiomers or sterecisomers using separation‘techniques or chiral

synthesiggsniaucs al RN R0 il acisen, The sempoundatie aysiiian ey also exis

in several tautomeric forms includi e ono' form, the keto form an xtures thereof Accordingly,
the chenfioastaCty residepistddiérereil ko compassiab hibssibtentaenaarehie idmmtidiod thth@tstrated

Comp°““[ﬂ%irTcﬂ%ﬁf%E{l%%@ﬂﬁ_eoiﬁ%}'%%ﬁﬂ% ?h?ﬁei.“ﬁ}{gr‘? ASOLARIGRIN fkﬂ%%lrﬁge GRATPRMRAE Where one

or more atoms have an atomic mass di erent from the atomic mass o conventionally found in nature.
Examplesashésistopiss, thachrayiod stvetpmstedeistoninatiosrabiendensityred theeatianreinsiudes but arc

not 'imit%%Hp%‘dn&%f%ﬁ&ﬁv@&t\%&ﬁ%ﬁ&éﬁfa%ﬁi§ré&ﬁ@%&@& TS SN fa

understood, when partial structures of the compounds of the invention are illustrated, that brackets of
dashes inicelirehapoiisieastahonemosisechatiddsbladiand teotherpdseoftmmeivie emewo

2010/0995gRérldN %?%‘3%9%%%%%%@%%%&8%%@%&%1‘E‘t‘é&&ﬂ?&fd@ﬁ%@&%&%kﬁaﬁ one

compound of the invention and a pharmaceutically acceptable vehicle, with which the compound is

adm@n@st@f@@masbaﬂmswwwiﬂmm@@a feraqisarapts ﬂfé@hhp@@t@@h@%mwm
adm'”'St‘%ﬁ%%t@réﬁﬁﬁé‘ﬁ?&i&'iw’p‘m‘}ﬁrﬁl?é’%% %@%@%ﬁqﬁfﬂaﬁmﬁﬁ?&ﬁ&{&ﬁw&3{1‘?@8{10” mixture.

[0023]"Alkyl" refers to a saturated or unsaturated, branched, straight-chain of cyclic monovalent
hydrocarBissteaciieirtatiyatsy the papntieanaiomedveirsdamatshmnig e Singiieadhaabm of a

parent alkancyiallRa ahialvaccAYRicRk MY FRs i Gt RHt SRS ARIHENEH R EMeAhYIs such
as ethanyl, ethenyl, ethynyl; propyls such as propan-I-yl, propan-2y1, cyclopropan-I-yl, prop-l-en-I-yl,

prop-1-ets2g| sereigtme teehmiquesiop fbpal sEnthegls iadtaisies-webhkngy e felskifed atissbp-2-yn- |
-Yl, etc.; BylyIS Sl Ak REAR 1 e i0R M2 YA & BReM - eRa e nR 1R G UMM R Mo
cyclobutan-I-yl, but-len- 1 -yl, but- 1 -en-2-yl, 2-methyl-prop-1-en-1-yl, but-2-en-1-yl, but-2-en-2-yl,
buta-1, 3carrpym: thatketo Brameand pixtyigs Hiaceatn Ao utheehesoisabyinshues depigied-1-yl,
but- | -ynpdrth Bbtohpés3ir ot ortbrilGor ARG MB iR AR I HUD BlkMompeaHiEAlly
intended to include radicals having any degree or

of the invention also include isotopically labeled compounds where one or more atoms have

an atomic mass different from the atomic mass of conventionally found in nature. Examples

of isotopes that may be incorporated into the compounds of the invention include, but are not

limited to *H, °H, °C, "N, '*0, 170, *'P, **P, ’S, '*F and *°Cl. Further, it should be

understood, when partial structures of the compounds of the invention are illustrated, that

brackets of dashes indicate the point of attachment of the partial structure to the rest of the

molecule.



level of saturation, i.c., groups having exclusively single carbon-carbon bonds, groups having one or
more double carbon-carbon bonds, groups having one or more triple carbon-carbon bonds and groups
having mixt8YE24A182 double and triple carbon-carbon bonds. Where aRpE&Ifi0ES6Y saturation
is intended, the expressions "alkanyl,” "alkenyl,” and "alkynyl," arc used. Preferably, an alkyl group
comprises from 1-20 carbon atoms, more preferably, from 1 to 10 carbon atoms. [0025]"Alkanyl" refers

to a satuagd pranchadpsitaighéfanaimeseisicrafis tadiqahdesiadbydnad emayahedang hydrogen
atom from g single carbon atom of a parent alkane, Typical alkanyl groyps include but are not limited
to, methg?%/lfl Bﬁ?&ﬂﬁﬁ%&%ﬁ%ﬁ%ﬁ %sVBLbif%mWil‘gh,Vbﬁ %%R&‘H@rbspﬁ%?&}% ah- 1 -y, etc.;
butanyls patidhasihgaadnylnidtdied-# (st by Yooty loptap aivdnyibd iseadynistered is
2-methyl-pr paé]rfzf_iél(t_%‘lf%l)’ c%%obutan-l- etc.; and the Iike.}gOOZGEAIken, I" refers to an
unsaturateYBraeHI0 VA JRTERSFPBRESTERO TR AT RERARY 51984 BHEWSrbon-carbon double
bond der;j y the,remaval.of one hydr n atom from a single carbon atom of a parent alkene. The
st 5 bR s Sk R e o el
include, mudrarcahmit hnied ddoathehyh] doopedyts guctemseriop-dnerisldybgpnopehdioaryil single
prop-2-en-1-y1 (allyl), prop-2- WO 2010/099502PCT/US2010/025687 en-2- cloprop- 1 -en- | -yl,
Cyciopros SE0 oo B e RS STy R o S R b
but-2-eninyikeBud- Arethy?: withlgltautBadiethahyil, dobitayl, thiyanP-ytopytabcit-beprdpydnelsibbut-1-en-3-yl,
cyclobuta-1,3-dign 1-yl, etc.: and the like. [0027]"Alkynyl" refeys to an unsatyrated, branched,
it O B Sy R ATl nEg At oS kb R CE bon ved by the
removal ofdoprhydregehybtoylnmopasinglelcarbpi atorhrdf arppe2iynalkyhetclypicalsalkgnys groups
include, but are not.limited tq, ethynyl; propynyls h rop-1-yns1-yl. prop-2-yn:1-yl, efc,; butynyls
Mg e A S e b e 3 L M et
-C(0)R, wheteyRlisthiydmeger, 2dkpthyyaioaikidceyicidhbuedatiafhdrbltadwatiyl heterdalkydidneteroaryl,
heteroarylalkyl, as defined herejn that. may be optjonally.substituted.by ane or mare .substituents as
efmen Mo e e AR et L s A Tkt
cyclohcxyidatsompkytyeishexpihethhitarbonyiybetzoyhdidritearbonyl and the like.
[0029]"Acyloxyalkyloxycarbonyl” refers to a radical -C(0)0CR'R"OC(0)R", where R', R", and R" are
each indéR¥tentlVly/igrogerkalkyphasybisalkynteydadetadatie/radisa! shgrang/inyategosioyl, heteroaryl,

heteroan RS AEARSCerGi et M ARoBR BRI N ARG AR IR SHDRRY S 2

defined herein. Representative examples include, b tTimited to -C(0)0CH20
-C(0)0CH20Q{anCH 2icHde caboypcriaHBG(@roH2hadnezOE) OCHICHEICa®BH3rkaY the like.

[0030]" Ay IR GRIBO MUY iFE IR & @Péﬁ?lélé?&gh%ﬁ%}ﬁi'Eﬁ&ﬁéﬂﬁ’&ﬁ%ﬁ&n@b@d@d\ﬁﬂ&@ae“h
independently hydrogen, alkyl, cycloalkyl, cycloheteroalkyl, aryl, arylalkyl, heteroalkyl, heteroaryl,

heteroaryReRificdevgbfif st atiom ithatendgdb o pribieatip sy bdiiamed birlbaeybr sisteadkpatitlients as

defined herein. REPIESEHIAINE, I[gﬁlﬁg% ?ﬁe?%ﬁpﬁJL‘U%%%%'&&Q)Q%?%%H%, _
-C(0)0CH2C(0)CH2CF13,”-C(0)0CH{CH3)C(0)CH2C1-13, -C(0)0CH(CH3)C(0)C6H5 and the like.

[0031]"AdiaBxydikybsydmibatamino” refers to a radical -

[0025]  “Alkanyl” refers to a saturated branched, straight-chain or cyclic alkyl radical
derived by the removal of one hydrogen atom from a single carbon atom of a parent alkane.
Typical alkanyl groups include but are not limited to , methanyl; ethanyl; propanyls such as
propan-1-yl, propan-2-yl (isopropyl), cyclopropan-1-yl, etc.; butanyls such as butan-1-yl,
butan-2-yl (sec-butyl), 2-methyl-propan-1-yl (isobutyl), 2-methyl-propan-2-yl (t-butyl),
cyclobutan-1-yl, etc.; and the like.

[0026]  “Alkenyl” refers to an unsaturated branched, straight-chain or cyclic alkyl radical
having at least one carbon-carbon double bond derived by the removal of one hydrogen atom
from a single carbon atom of a parent alkene. The group may be in either the cis or trans
conformation about the double bond(s). Typical alkenyl groups include, but are not limited

to, ethenyl; propenyls such as prop-1-en-1-yl, prop-1-en-2-yl, prop-2-en-1-yl (allyl), prop-2-

8-



NRC(0)OCR'R"OC(0)Rm, where R, R', R", and R" are each independently hydrogen, alkyl, cycloalkyl,
cycloheteroalkyl, aryl, arylalkyl, heteroalkyl, heteroaryl, heteroarylalkyl, as defined herein that may be
optionally sHR{?PUHEWHPDNne or more substituents as defined herein. RepreBEREHYE ¢%2¢iiles
include, but not limited to -NHC(0)0OCH20C(0)CH3, - NHC(0)0OCH20C(0)CH2CHI,
-NHC(0)OCH(CH3)OC(0)CH2CH3, - NHC(0)OCH(CH3)0C(0)C6H5 and the like. WO

2010/099502R C THJSgRN102568/4, L9ekptopoyialkyloxteashoRWachinotefarsiol ayraslieal-en-
-NRC(0)QCR'R"C(Q)Rm, where R, R',and R- arc each_independently hydrogen, alkyl, cycloalkyl,
cycloheterdiRyMar; BRRalkSRFe I:J%ﬁr ﬁﬁ%&%ﬂé@p&ﬁhﬁwﬁ- SN e R may be
optionally subsfistsset-dycane @r syorebsulstiilels g dblined haieinl REptesanthiivdi&xamples

include, but not limited to -NHC(0)OCH2C(0)CH3, - NHC(0)0CH2C(0)CH2CH3,

-NHC(0) Q@2 (T H3) B0y 2 Cdid s t N @B} ated HRMQ) Sirtbghod libim bikeyldR33KAeykimino” refers
to "amidqr" as de]ii edtherein.blOC_)34%"AIIt<1¥I€11 mo.means ar icaINHle ere r(Frgresertlts an alkyl, or
cycloalky %Vr%l 'as Gefife g herdiy aPﬁa?tnma@/ eogptloeﬁgiﬁ/ Subsfitted %/ Bne'Sr Moresubstituents as
defined hieseira sRegivasebéativerexdrnplasinalkige;. Aiytpacel abdyliyitedips inebiggaminaeatbylamino,

1-methylethylamino,.cyclohcxylamino and the like. 100351 "Alkoxy" refers to a radical -OR where R
e B e b e e R b s o or

more sulistitdentsl ad definlegrileytibuRepredeyitative @xbtinplds include, but are not limited to methoxy,
ethoxy, propoxy, butoxy, cyclohexyloxy and the like. [0036]"Alkoxycarbonyl” refers to a radical

-C(0)-alkpig28ihere atlkdXydfeas de findidaherdOIROBTdI Al axiygdrbgny lalkylx ¢y céfelisylo a radical
-OCR'R"C(0)-alkox ere alkoxy | defined herejn. Similarly, where R' and, R" are each
iependait O, Ryt R R SR oS R har G REToary,
heteroarytalkylaynddefiiadc e seibsthatechby e eptiona! lyubstistintted Byford bemiore substituents as

defined herein. Representative examples include, but are, nat limited to :OCH2C(0)0CH3
b T e b Sl S i e S
-OCH(CH2a6m3)M(RI0FHRES],-DROK IKDHIYSBOC IROHS |ind the like.
100381"Alkoxycarbonylalkylamino” refers to a radicaINRCR'R"C(0)-alkoxy where alkoxy is as defined

herein. SIANRAly, WHerddyRik o symiomek’ exfchs indepeticd i QyaERET QRIDR/Cloalik
cyclohetggoalyl.appk il SieIoAll hefermatd NatsToandalil a8 defaedHarsin et may be
optionally subsfituted by one or more substittents as defined herein. Répresentative éxaniples
include, lnylabeyhdtdienitaldiztb heteroaryl, heteroarylalkyl, as defined herein that may be optionally
substituted by one or more substituents as defined herein. Representative examples include,
but not limited to —C(O)OCH,OC(O)CH3, —C(O)OCH,OC(O)CH,CH3, —

C(0)OCH(CH3)OC(0)CH,CHz, ~C(O)OCH(CH;3)OC(0)CgHs and the like.

[0030] “Acylalkyloxycarbonyl” refers to a radical —-C(O)OCR’R”’C(O)R”’, where R’, R”’,
and R’ are each independently hydrogen, alkyl, cycloalkyl, cycloheteroalkyl, aryl, arylalkyl,
heteroalkyl, heteroaryl, heteroarylalkyl, as defined herein that may be optionally substituted
by one or more substituents as defined herein. Representative examples include, but not
limited to —C(O)OCH,C(O)CH3, -C(O)OCH,C(O)CH,CH3, —-C(O)OCH(CH3)C(O)CH,CHs,
—C(O)OCH(CH3)C(0O)C¢Hs and the like.

[0031] “Acyloxyalkyloxycarbonylamino” refers to a radical —
NRC(O)OCR’R’OC(O)R’”, where R, R’, R’’, and R’’’ are each independently hydrogen,
alkyl, cycloalkyl, cycloheteroalkyl, aryl, arylalkyl, heteroalkyl, heteroaryl, heteroarylalkyl, as
defined herein that may be optionally substituted by one or more substituents as defined
herein. Representative examples include, but not limited to -NHC(O)OCH,OC(O)CH3, —
NHC(O)OCH,0C(O)CH,CH3, -NHC(O)OCH(CH3)OC(O)CH,CH3, —
NHC(O)OCH(CH3)OC(O)CgHs and the like.



NHCH2C(0)0CH3,N(CH3)CH2C(0)0CH2CH3,NHCH(CH3)C(0)0CH2CH3, WO
2010/099502PCT/US2010/025687 -NHCH(C6H5)C(0)0CH2CH3, -NHCH(CH2C6H5)C(0)0CH2CHS3,
NHC(CH3)(WO- 280 WBZH2CH3, and the like. [0039]"Alkylsulfonyl" refers REA/FEGUARTVR where R
is an alkyl, or cycloalkyl group as defined herein that may be optionally substituted by one or more
substituents as defined herein. Representative examples include, but are not limited to, methylsulfonyl,
ethylsulfqogropylsuifamyiduissdionymand thlike. 120401 "AlRdsufoyik rRfecytrrradical -S(O)R

where R is an alkyl, or gycloalky| group as defined herein that may be optjonally substituted by one or
more sub¥hfieRrstas Kiefifddiherdhs TR ?}ﬁ@%ﬁf&%@lrﬁiﬁygg lﬁaa]t ¥not limited to,

methylsulfjiydhetbyisifinybybrenyiskyiinyddutyisulinydrandlthe ke fOodd]; Allgdthied tefeis to a radical
-SR where R is an alky| or cycloalkyl group as defined herein that m e optionally substituted by one
or more STHPRIAT OBt R RGP AT TS PR AHEIE ot imited (0
methylthiRe pikydiiticivpropylipies bulytthiouanet theilike «d OO (BHOdeT 0 BCHRMINO" refers to a
radical -NR' " Wwh ' " [ gen, alkyl, cycloalkyl,

cyclohet %&aﬁwzg@%w%ﬂgﬁmﬁégﬁgﬁ9§&3§%§%kﬂ as defined herein that may be
optional NSOy AEBIYDNE(ON CbTeagdbbititilents as defined herein. Representative examples
include, but are not limited to, formylamino acetylamino, cyclohexylcarbonylamino,

cyclohexjdd3hylcarmmythamine fdes na Oytaideiashiehnglt Adpanylamino and the like. 100431"Amino"
refers to the radicalNH2. [0044]"Aryl" refers to a monovalent aromatic hydrocarbon radical derived by

the remoj)3f] one ‘Ayklybgematome dne mradmije-ddiBonlaieR ofa@paneni@ntiyitoe dngsykigm. Typical

awl groups include, but are. not imited {0, groupe eriyed from aceaniinylens, acenaphiiylene,
acephenanthryléne, anthracene, azulene, benzene, chrysene, coronene, tiuoranthene, fluorine,
hexacenéd¢ctiexdpbherie, Repratenatas-ndagdoe;slintiabanesdndaho)itademenshghthadene, octacene,

octapheng, actalen) ovalene pRLa:2 4 line. pentacens, peniplene. pentaphene, perylene,
phenalene,% enanthrene,’picene, pleidéne, pyrene, pyranthrene, rubicene, triphenylene,

trinaphth and/&éhf[ likg. Preferable,.an aﬂézgo comprises from 6 to ;(()) carbpn.atoms, more
prorerabi) Dilneor aeHL 2 SLsbon At DO R A P

group as defined herein that may be optionally substituted by one or more substituents as

defined herein. Representative examples include, but are not limited to methoxy, ethoxy,

propoxy, butoxy, cyclohexyloxy and the like.

[0036] “Alkoxycarbonyl” refers to a radical —C(O)-alkoxy where alkoxy is as defined

herein.

[0037] “Alkoxycarbonylalkoxy” refers to a radical —OCR’R’’C(O)-alkoxy where alkoxy
is as defined herein. Similarly, where R’ and R’ are each independently hydrogen, alkyl,
cycloalkyl, cycloheteroalkyl, aryl, arylalkyl, heteroalkyl, heteroaryl, heteroarylalkyl, as
defined herein that may be optionally substituted by one or more substituents as defined
herein. Representative examples include, but are not limited to —OCH,C(O)OCH3,
—OCH,C(0)OCH,CH;, —OCH(CH3)C(O)OCH,CH;, —OCH(CsHs)C(O)OCH,CHs,
—OCH(CH,CHs)C(O)OCH,CH;3, —OC(CH;3)(CH3)C(O)OCH,CHs, and the like.

[0038] “Alkoxycarbonylalkylamino” refers to a radical —NRCR’R’’C(0O)-alkoxy where
alkoxy is as defined herein. Similarly, where R, R’, R and R’’ are each independently
hydrogen, alkyl, cycloalkyl, cycloheteroalkyl, aryl, arylalkyl, heteroalkyl, heteroaryl,
heteroarylalkyl, as defined herein that may be optionally substituted by one or more
substituents as defined herein. Representative examples include, but are not limited to

— NHCH,C(0)OCH;, —N(CH;3)CH,C(0)OCH,CH;, —NHCH(CH;3)C(0)OCH,CHs,

-10-



[0045]"Arylalkyl" refers to an acyclic alkyl in which one of the hydrogen atoms bonded to a carbon
atom, typically a terminal or sp.' carbon atom, is replaced with an aryl group. Typically arylalkyl groups
include, butWet AT benzyl, 2-phenylethan-1-yl, 2- phenylethen-l-yl, NS eRp687
2-naphthylethan-1-yl, 2-naphthylethene-1-yl, naphthobenzyl, 2-naphthophenylethan-I-yl and the like.
Where specific alkyl moieties are intended, the nomenclature arylalkany, arylalkenyl and/or arylalkynyl
is used. Prefereblyc an ary@tarown, is (CEERQ At 9o the atkanyl, alkenyl or alkynyl moiety
of the arylalkyl group is (Ci-Cio) and the aryl moiety is (C6-C20), more preferably, an arylalkyl group is
(C6-C20WN%§&Q?€)@QHHE§Q§Q%ﬁ@n?ﬂ@)ﬂlﬁl@ﬁyl moiety of the arylalkyl group is (Ci-C8) and the

aryl moiety is (C5-§12). [OO46]"A;ryIaIkoxy" refers to an -O-arylalkyl radical where arylalkyl is as defined
herein thHl133ly be dpdsalfpwilbstiteret By sHeabrmerBupdeiiadhis #s dknhea petemkyl

[0047]" ArylalisaxygaERonyialkaXKal ﬁi@&%@o@tﬁ@ﬂé@%‘ SERREED AR sy Winstghxlalkoxy is as

defined herein. Similarly, where R' and R" are each independeritly hydrogen, alkyl, cycloalkyl,

cyclohetelSrg heigin. drgRirgAntaEte e uiyp erekes e/ bieres daniaikpd s tsfindsubersih that may be

optionallyGuRsHHIRS BYop %ﬁfdﬂﬂr% Stitdevisag defiped herein. Representative examples
include, but are not limited to -OCH2C( )0CH2%€5115, -OCH(CH3)C(0)0 CH2C6HS5,

-OCH(C6ipd (0)0@111%&%%@9@&9'6'%%&@@@@%9@%f%{% (EHINHRGICH2CEHS,

and the like. [0048]"Arylalkoxycarbonylalkylamino” refers to a radicalNRC 'R"C( ))-arylalkoxy where
arylalkoxgip g vieeieet hisrein tsihinaylpewneeadly Rubrritiei Ry ans easrrisdepeterihahydrogen,

alkyl, cyciaaliod ieyelahrisroalivianbapialomhdeiereator heteraand beieraaiyating as defined

herein that may be optionally substituted by one or more substituents as defined herein.

Represenrthtilvaléwampresykalioe dutale Hovilnseddhe like.
NHCH2C(0)0CH2C6HS5,N(CH3)CH2C(0)0CH2C6H5,NHCH(CH3)C(0)0CH2C61-15,
-NHCH(d8¢)c (ojoddibmAscinHe mretzt s oyodtB@sbky! or cycloalkyl group as

NHC(CHRMAL alRICOIRG 'ﬁ%g%'é' SpARRiNe e RRAT Al pvearRnyLGIREs 40 jegical -C(0)-O-aryl

where aryl is defined herein that may be optionally substituted by one or more substituents as defined

herein. [JB5OT ARyIIRyeRHIORIARBRIS fafdrd obatraigiearl louRReapeibaFhige thiibkéoaryloxy is as

defined herorFENHaRN SR ek R™ are each independently hydrogen, alkyl, cycloalkyl,
cycloheteroalkyl, aryl, arylalkyl, heteroaikyl, heteroaryl, heteroarylalkyl, as defined herein that may be

optionally gfgtituted hy ons: o4 yegiaybsiiuents A3 definedvierein: Bespme@&@tixﬁdqxarafées
include, but arc not limited to -OCH2C(0)0C6HS, -OCH(CH3)C(O&( 6H5, -OCH(C6H5)C(0)0C6HS5,
-OCH(CH2dergmiotsHs drogyc pycrs oot siokateraatklikeryl, arylalkyl, heteroalkyl,

heteroaryl, heteroarylalkyl, as defined herein that may be optionally substituted by one or
more substituents as defined herein. Representative examples include, but are not limited to,
formylamino acetylamino, cyclohexylcarbonylamino, cyclohexylmethylcarbonyl-amino,

benzoylamino, benzylcarbonylamino and the like.
[0043] “Amino” refers to the radical —NH,,

[0044]  “Aryl” refers to a monovalent aromatic hydrocarbon radical derived by the
removal of one hydrogen atom from a single carbon atom of a parent aromatic ring system.
Typical aryl groups include, but are not limited to, groups derived from aceanthrylene,
acenaphthylene, acephenanthrylene, anthracene, azulene, benzene, chrysene, coronene,
fluoranthene, fluorine, hexacene, hexaphene, hexalene, as-indacene, s-indacene, indane,
indene, naphthalene, octacene, octaphene, octalene, ovalene, penta-2,4-diene, pentacene,
pentalene, pentaphene, perylene, phenalene, phenanthrene, picene, pleidene, pyrene,
pyranthrene, rubicene, triphenylene, trinaphthalene, and the like. Preferable, an aryl group

comprises from 6 to 20 carbon atoms, more preferably, between 6 to 12 carbon atoms.
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100511"Aryloxycarbonylalkylamino” refers to a radicaNRCR'R"C(0)-aryloxy where aryloxy is as
defined herein. Similarly, where R, R', R' and R" are each independently hydrogen, alkyl, cycloalkyl,
cyclohetero¥/r04¢AI%3Palkyl, heteroalkyl, heteroaryl, heteroarylalkyl, as RERE§2EP&RPeRAt may be
optionally substituted by one or more substituents as defined herein. Representative examples
include, but are not limited to NHCH2C(0)OC6H5,N(CH3)CH2C(0)0C6H5,NHCH(CH3)C(0)0C6H5,

NHCH(Cf035F (0) 0& BB H Gdfiéhs 2 GOASIGQAIRGIEH Sy it G e biithi Gxlddopéa(cbbbadand the like.
[0052]"Carbam%yl" refers to Iwadical .-C?O)NRR where each R group is independently, hydrogen,

alkyl, cyciBAIRIOR) AT EBSHY, BIITURalRTP HEIRRSHIM HE ETIAFyH Wéﬂé?&aw HYtThs defined
herein thatpieyl hespiiepativosybsticutee bytane onmare sbestients as tefined-herein.

100531 "Carbamate” refers tq a radicalNR'C(0)OR", where R' and R" are each jndependently hydrogen,
alkyl cy ST P RSRTBR SHETRTUT Bry AN ARG LRIy et ralky, a5 defined
herein thassheiobenayitionalpheiysitivitahay-ond andbedikbstittieniscaidelingdieseis. are
Representative examples include, but grc not limited tg, methylcarbamate (NHC(0)QC1-11),

etnycar bR RO TERSEE £ B R AL LB e S A T
[0054]"Carbiaiiategafprs (0 ACadicaldR(QQRhwhékeni jalabog oyalaghglineyietohdtaroalkyl, aryl,
arylalkyl, heteroalkyl, heteroaryl, heterpoarylalkyl, as defined herein that be optignally substituted
oy one 0PSB LA SIS e AT HR I o Lo ate B HIACE T uHo CBR R mot it to,
penzyl oatbonate ((C{OIOCHZCALE). apd the e, 10065] Carbosy” means the ragical -COIGH. WO
enzyl car - . and the like. "Carboxy" means the radical - .
201O/_OQd%é%IgégP/(Ug(g%ia%ﬁgl_gée})%&)%%y ino" means the radical-N. 100571"Cycloalky!" refers to a
SUbStItUtﬁgﬂa%Pnsu‘gsrgI lé{} gxc ’“r% elrléytlorgg Ic -\allvry aiﬁy?radical where arylalkyl is as defined

herein that may be optionally substituted by one or more substituents as defined herein.

[0047]  “Arylalkoxycarbonylalkoxy” refers to a radical —OCR’R’’C(O)-arylalkoxy where
arylalkoxy is as defined herein. Similarly, where R’ and R’ are each independently
hydrogen, alkyl, cycloalkyl, cycloheteroalkyl, aryl, arylalkyl, heteroalkyl, heteroaryl,
heteroarylalkyl, as defined herein that may be optionally substituted by one or more
substituents as defined herein. Representative examples include, but are not limited to
—OCH,C(0)OCH;C¢Hs, —OCH(CH3)C(0)O CH,CsHs, —OCH(CsHs)C(O)O CH,C¢Hs,
—OCH(CH,CsHs5)C(0O)O CH,CsHs, —OC(CH3)(CH3)C(O)O CH,C¢Hs, and the like.

[0048]  “Arylalkoxycarbonylalkylamino” refers to a radical —NRCR’R’’C(O)-arylalkoxy
where arylalkoxy is as defined herein. Similarly, where R, R’, R’ and R’ are each
independently hydrogen, alkyl, cycloalkyl, cycloheteroalkyl, aryl, arylalkyl, heteroalkyl,
heteroaryl, heteroarylalkyl, as defined herein that may be optionally substituted by one or
more substituents as defined herein. Representative examples include, but are not limited to
—NHCH,C(0)OCH,C¢Hs, —N(CH3)CH,C(O)OCH,C¢Hs, —NHCH(CH3)C(O)OCH,CsHs,
—NHCH(CsHs)C(O)OCH,CsHs, —NHCH(CH,C¢Hs)C(O)OCH,CsHs,
—NHC(CH;)(CH3)C(O)OCH,C¢Hs, and the like.

[0049]  “Aryloxycarbonyl” refers to radical —C(O)-O-aryl where aryl is defined herein

that may be optionally substituted by one or more substituents as defined herein.

[0050] “Aryloxycarbonylalkoxy” refers to a radical —OCR’R’’C(O)-aryloxy where

aryloxy is as defined herein. Similarly, where R’ and R”’ are each independently hydrogen,
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specific level of saturation is intended, the nomenclature "cycloalkanyl" or "cycloalkenyl!" is used.
Typical cycloalkyl groups include, but are not limited to, groups derived from cyclopropane,
cyclobutaneV&/2dpeHRe, cyclohexane, and the like. In a preferred embodieieHS2H&/BeFalkyl group
is (C3-C10) cycloalkyl, more preferably (C3-C7) cycloalkyl. 100581"Cycloheteroalkyl" refers to a
saturated or unsaturated cyclic alkyl radical in which one or more carbon atoms (and any associated

hydrogengtams)rgitptepenteniydeplaesd, withihesase cilldiifarastdaeiernataouryivnioal as
heteroatcggg to replace the car&on atomﬂﬁB include, byt are not limited to, N, P, O’jﬁfi’ tc. Where a
specific 185EN6? S5TGPAHH TahRhARPT Hiadre org Abmas SaREM B A SdiBR teroalkeny!”

is used. TivrigalEyslehatemalkyhernupmincleeubatcars: Tokilisaitsd tOCmupe Wrived from epoxides,
imidazolidine, morpholine, piperazine, piperidine, pyrazolidine, pyn-olidine, quinuclidine, and the like.
[0059]"Cyc@ﬁé¥(é?§bn@£@ M@&Qdﬁ@@%&%&b}@@%&@h@s@@%@&@kw as defined
herein thﬂ@@ﬁ%)?@ﬂﬂﬂ@)@@ﬁ;[%ﬁﬂ @é fpe or more substituents as defined herein.

100601"Dialkylamino means a radicalNRR' where R and R' independently represent an alkyl or

cycloalkoygyeiip 25 SefiAed DIt Minbe QoA HbAIUIGH &Y o oMmARRiEnts as

defined herein. RepreSentative examples include, but are not limited to dime no,
methylethyydonine, ai ddbunmesthyrsthy §amindy (ehsishRxid ) (R etng Rimie ctehordsrpl tathy)amino,
(cyclohe ropy in q\‘p(‘ﬁ]a!;‘e ' "Dari rug; t ent that is
structuraﬁghﬁeﬁ tedlgt%{zlﬂéxca rug. %‘?}gosﬁ(%%géérlép}gf% e’fggg}h% t’%%ﬁ%%%?%%ﬂ’%%é@ ug except where a
hydrogerhefisrrattelitibdiclefinedchomiorthghneryOh e ioaekyreyhadadod bty ancovamesicbond to another

group (tyRigaf|y, A RIS &Péﬁl.”ﬂ?e#‘f‘é?%eﬁigét&iﬁl 13?%&?%96& GRIRGXHliGAgSPhonic or

phosphoric acid, the corresponding structural fragment derived from such a drug Is considered to be
derived fromvliHehfdioratediacid¥gerhl: JOOEL DO s efersNblald6thbolidd) thatidxhibits therapeutic

and/or pro_wg i /%%%/ @I:Q?? tic_ﬁg%%%%% g’éﬂ ' in effective amounts to a patient or a
mammal. 93}1(8 gé ?'E?SZ ? égféiﬁ(}eé“ﬁéfers to a radical -C(0)OR, where R is
alkyl, substiHed@ikytCryploatkhyCsulstitidted tyeloalkyl, cycloheteroalkyl, substituted cycloheteroalkyl,
awl, substituted aryl, arylalkyl, substituted arylalkyl, heteroalkyl, substituted heteroalkyl, heteroaryl,

substitutggoseieroayirhatrraandaikyle skbatitidad heterpartakindas aefiRggdigrain that may be

optionally substituted by one or more substituents as defined herein. Representative examples
include, M%ﬂ?ﬂ%%@W?&eﬂaéHWl’e?é’t“elP%—1@(6)‘@@19&?}6‘698}5%ME@E@P(U@%@%%PHEX,%henyl ester

(-C(0)006iH )0 e M2V teEseF/ (IO R B raindihentikebd 0P hebstRigss 19 adadical -OR,

where R is alkyl, cycloalkyl, loheteroalkyl,
more g/u’bsgtuents %s ggf%ned herein. y

[0053] “Carbamate” refers to a radical —NR’C(O)OR’’, where R’ and R’ are each
independently hydrogen, alkyl, cycloalkyl, cycloheteroalkyl, aryl, arylalkyl, heteroalkyl,
heteroaryl, heteroarylalkyl, as defined herein that may be optionally substituted by one or
more substituents as defined herein. Representative examples include, but are not limited to,
methylcarbamate (—NHC(O)OCH3), ethylcarbamate (—NHC(O)OCH,CHs),
benzylcarbamate (—NHC(O)OCH,CgHs), and the like.

[0054]  “Carbonate” refers to a radical —OC(O)OR, where R is alkyl, cycloalkyl,
cycloheteroalkyl, aryl, arylalkyl, heteroalkyl, heteroaryl, heteroarylalkyl, as defined herein
that may be optionally substituted by one or more substituents as defined herein.
Representative examples include, but are not limited to, methyl carbonate (—C(O)OCH3),
cyclohexyl carbonate (—C(O)OCgH;;), phenyl carbonate (—C(O)OCsHs), benzyl carbonate
(—C(0)OCH,C¢Hs), and the like.

[0055] “Carboxy” means the radical —C(O)OH.
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aryl, arylalkyl, heteroalkyl, heteroaryl, heteroarylalkyl, as defined herein that may be optionally
substituted by one or more substituents as defined herein. [0065]"Halo" means fluoro, chloro, bromo,
or iodo. [OO8BP UKD XY" means an -0-heteroalkyl radical where heterdfiyURe/EEI§ed herein
that may be optionally substituted by one or more substituents as defined herein.. 100671 "Heteroalkyl,
Heteroalkanyl, Heteroalkenyl, Heteroalkynyl" refer to alkyl, alkanyl, alkenyl and alkynyl groups,

respectivglysg) whictyene’ ehdney enefridggarbomatoms (and any associated hydrogen atoms) are each
independently replaced with the same or different heteroatomic groups. Typical heteroatomic groups

in(cll)Jde(, k[ﬂl)(sl;]ﬂ nm@%@%ﬁﬂ’ﬁf&s&% a@&sﬁ{%ﬁl&é\hﬂﬁéﬂﬁﬁ%ﬁl\w& ﬁk&%@%al@Whlerelak |
P(0),S(0-,5(0)2,SnH?2, and the like, wherein R' is hydrogen, alkyl, substituted alkyl, cycloalkyl,
subsntutéae&é%w&ﬁogﬁwﬁ%%&ifat%dssiyﬁeﬁ&omsg}oﬁaé%ﬁuaﬁglwtigﬂaﬁuafeml%ﬁéew bre
substituemdsda g gsitines) bieekyl [HO68) Hetedo byt Jiefess imadnenomalgiyt detesadarematic radical
derived by the removal of one hydrogen atom from %]tgingle atontlggrf, parent heteroaromatic ring

system. TYPIRRIMANSSHSIPGHISs SYEIQRE B £ IRSE TNt A SIAARIEEFEM acridine,
arsindolesriBodazele, ¢rrbptiaelishamans,(chromear]siiodlineripasteiabila@ole: neaaolgkyndoline,

indolizine, isobenzofuran, isochromene, isoindolc, isoindoline, isoquinolinc, isothiazole, isoxazole,
naphthyri@d&s]oxatiazdihcaxazibde,” pefinsichrnesjpinarainshtidiae;rpledraotivaling, rphieakbminehich

phthalazine, pteridine, purin ran, pyrazine,.pyrazol ridazin ridine, pyrimidine, pyn-ole,
i R e G e e R e e A
thiadiazoteittintaz edenctbiogifiienent thitzadetoxariilypiva] aowrihedike tdPreibradllys tagboetetwoaly) group is
between 5-20 membered heteroaryl, wi - embered heteroaryl bein rticularly preferred.
Protorre TN L r e e g o b SR e BN R s erctiran,
indole, pynidhrzdothnekmenoitazoley dxbaotedhahpytarifeyclob&otddibiarpiand oxydaflypial’ refers to a
radical -C(0)OR where R is heteroaryl sfefine% tha be optignall bstituted by one or more
et e e B A A, R R P e e o of
the hydragedazolidine, morpholine, piperazine, piperidine, pyrazolidine, pyrrolidine, quinuclidine,

and the like.

[0059] “Cycloheteroalkoxycarbonyl” refers to a radical —C(O)—OR where R is
cycloheteroalkyl as defined herein that may be optionally substituted by one or more

substituents as defined herein.

[0060] “Dialkylamino” means a radical —INRR” where R and R’ independently represent
an alkyl or cycloalkyl group as defined herein that may be optionally substituted by one or
more substituents as defined herein. Representative examples include, but are not limited to
dimethylamino, methylethylamino, di-(1-methylethyl)amino, (cyclohexyl)(methyl)amino,
(cyclohexyl)(ethyl)amino, (cyclohexyl)(propyl)amino, and the like.

[0061] “Derived from a drug” refers to a fragment that is structurally related to such a
drug. The structure of the fragment is identical to the drug except where a hydrogen atom
attached to a heteroatom (N or O) has been replaced with a covalent bond to another group
(typically, a promoiety). Note that when a drug is a salt form of a carboxylic, phosphonic or
phosphoric acid, the corresponding structural fragment derived from such a drug is

considered to be derived from the protonated acid form.

[0062] “Drug” refers to a compound that exhibits therapeutic and/or prophylactic and/or

diagnostic utility when administered in effective amounts to a patient or a mammal.
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atoms bonded to a carbon atom, typically a terminal or sp3 carbon atom, is replaced with a heteroaryl
group. Where specific alkyl moieties are intended, the nomenclature heteroarylalkanyl,
heteroarylaMEh PR EYSPheteroarylalkynyl is used. Preferably, the heteroarPQKYSPAMNESS A 6-30
carbon membered heteroarylalkyl, e.g., the alkanyl, a[kenyl or alkynyl moiety of the heteroarylalkyl is
1-10 membered and the heteroaryl moiety is a 5- 20 membered heteroaryl, more preferably, a 6-20

memberqggssieroatmyialkylcfoss tdheradianyl-elkemrk on Aty ety eblirueetalrarylalkyl is 1-8

membered and the heteroaryl moiety is a 5-12 membered heteroaryl. 100711"Hydroxy" means the

radical -S¥Ipado3 R tHiehascinalbratepiohstrear kl. sobsivikd exdahséiraplkideddim "patient”

encompag#R& tNam IS AR IRON-RMMRIS « EXamAlez REdhAMMAIS: inaled acRyb aKg not limited to, any
member of the Mammalian class: humans, non-human primates such as chimpanzees, and other apes

and monkelPEdebstittethirisroduthatsostide khoibstifides hgtsseardpling, aisleidett animals such
as rabbitsicAgg s @R JARIAIGr BIMAL EbIRG FRientm:SuathaS SalsHAUEaARR guinea pigs,

and the like. Examples of non-mammals include, but arc not limited to, birds, fish and the like. The

term doeRFSEHSRtECLARRIGHP sy o Pybgaobinrndpaamaieb aicaly ZdCBSEle: means
approvedc%l@gggﬁvgs%g @L@(W@mfﬁ@;gy&{@ﬁ@@gj@t}g;@%@@yggwpent or listed in the U.S.

Pharmacopoeia or other generally recognized pharmacopoeia for use in animals, and more particularly
in humans—Q0Ie CikKathacedtiballykacceptable salt" refers to a salt of a compound of the invention,
which is pharmaceutically acceptable and possesses the desired pharmacological activity of the parent
compourl@06tich sdithéntheties (b)aaeit adiditioR saltsref&rm adkwlithyinloryliccacidsewiOalkyl,
2010/099502PCT/JS2010/025687 such as hydrochlaric acid, robrom.c acid, sulfuric acid, nitric
mcid, phom oL A o e o R R PR B B S o acic,
hexanoicoptidhaiclobentaied pyapiowicraaid sghstdlienacid, deymiedchacidy. lactic acid, malonic acid,
succinic acid, malic acid, maleic acid, fumaric acid, tartaric acid, citric acid, benzoic acid, 3-(4-
hydroxybk88YIybéhtadad asiencihrmamichiwial, bremdeticiadid, methanesulfonic acid, ethanesulfonic

acid, 1,2-ethanedisulfonic acid, 2-hydroxyethanesulfonic acid, benzenesulfonic acid,
4-chlorod8Agehes(ikstiecatiax 2 maphthateneddifdeioadicyd radicel vehrrslitterientioitiiscandphfinedulfonic
acid, 4- | Ral]-0Ct- € IC_acl c ] ich, 3~ opionic acid,
ey B e i

nycroxyraglgHoic apickRaliEylc AR ISR ARickrHSARIC AEiErANE 118 ik6:.6 @l SRt arpmed when

an acidic proton present in the parent compound is (egaced by a métal ion, e.g., an’alkali metal ion,
an alkalifékeaylrnshaly sy aranmnussnest sl cosrdinateensioh marergfaiic wakensiiemasathnolamine,

diethanolamine JiighaBELAMIDES NP SR AiHEAming Apskis. e, AOREL Phapyageutipally acceptable

vehicle" refers to a diluent, adjuvant, excipient or carriér with which a compound of the invention is
administéieroiooTT{ Revpphbietced festeroatoraidicad upP ) (GR, Yfonay, whbreiRd dmd-F-arc each

independently hydrpgen, alkyk cycloalkyl cyclohgteroalkyl, agyl, ziéll%l[k\yl_,heteroalkyl, heteroaryl,

heteroarylalkyl; as defined herein that may bé optionally substitited by oné or more substituents as

defined hemsiANIONR31"RhosphonalOnpfers-tda+Ainal-RP(OJ(OR)(OR(D where BiHRd-Rindre each
the like, wherein R’ is hydrogen, alkyl, substituted alkyl, cycloalkyl, substituted cycloalkyl,
aryl or substituted aryl that may be optionally substituted by one or more substituents as

defined herein.

[0068] “Heteroaryl” refers to a monovalent heteroaromatic radical derived by the removal
of one hydrogen atom from a single atom of a parent heteroaromatic ring system. Typical
heteroaryl groups include, but are not limited to, groups derived from acridine, arsindole,
carbazole, carboline, chromane, chromene, cinnoline, furan, imidazole, indazole, indole,
indoline, indolizine, isobenzofuran, isochromene, isoindole, isoindoline, isoquinoline,
isothiazole, isoxazole, naphthyridine, oxadiazole, oxazole, perimidine, phenanthridine,
phenanthroline, phenazine, phthalazine, pteridine, purine, pyran, pyrazine, pyrazole,

pyridazine, pyridine, pyrimidine, pyrrole, pyrrolizine, quinazoline, quinoline, quinolizine,
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independently hydrogen, alkyl, cycloalkyl, cycloheteroalkyl, aryl, arylalkyl, heteroalkyl, heteroaryl,
heteroarylalkyl, as defined herein that may be optionally substituted by one or more subst tuents as
defined herd%® 200/9%3Preventing"” or "Prevention” refers to a reduction in FER/EPHEYHiN¢§7a disease
or disorder (i.e., causing at least one of the clinical symptoms of the disease not to develop in a patient
that may be exposed to or predisposed to the disease but does not yet experience or display
symptomguiidkalidiseaselol©A8RkIRmlectiig-arounioigiess, wia-grouamhatensdhat Wien attached to a
reactive(%}ogep igé; rgolecule masks, reduces or prevents that reactivity. an ples of protectjng groups
REFTAG e

can be f R RHSTOMBl STeERVE RSPBITRR 17O GSMeCEH RISy il Sofratmes ) and
Harrison lgftadoatéicsepgnshittioutirSypibrtie O matia-dd elttodsinyV oisupstifd ehss d\itel e e sans,
1971-1996). Representative amino pyotecting groups in¢lyde, but are not limited to, formyl, acetyl,
trfluoront U Ry B R ARG OB o N B B, RSy (-TMIS?),
2-trimethylsihdtethangauifioryl ("SES"), trityl and substituted trityl groups, allyloxycarbonyl,
9-fluorenylmethyloxy-carbonyl ("FMOC"), nitroveratryloxycarbonyl ("NVOC") and the like.
Represent@d9¢ hydrptyt@iglestiogesoupséialides bidieat-na(DpitedRoyviibask wheterdaeyhysroxyl

group is either lated qr alkylated such as benzyl, and trialkylsily| ethers and_.allyl ethers.
10081} RACHRFAL TR B SR S RS of B S eHD SF AT A FSIBEh e

[0082]"S ituted.. refers to a graup jn which one or more hydrogen atgms arc.each independently
replacecitihe SIS PGt SRS A e M B S R T PR e o
-X, -R)4, atdims BpHiRS th-S¢axBon N’ by 1y ichlR'4 tefiiindC bk, sE3CAIRE MO, N QD achi® e S(0)20-,
S(0)20H,S(0)20R54, -O 2031, -0S(0)2R54,P(0)(0-)2,P(0)(0R14)(011), QP(0)(010(0R5)), -C(0)R54,
-C(S)R5 fe&émg%‘gypgég}ﬁﬁggﬁég’é -%Jzi@) 8},61&1%(5 aI)e int%r?cqed,]fhg(nom%nc({at&rg

-C(S)01 2etsineny(R) R SY REG G TIE MR b 4Rl HNRETQINRBG)YE R cdritte R(AIRDBINR54R)5, where

each X ig independently a.halogen; gach .R)4, R5), R)6.and R57 are independently hydrogen, alkyl,
bt SR K AR o e et B S S R BT, oo,
cyclohetenoakyiy$ubstityiettioy blabetendalkyl i hétéfoakkyb sut stitlitbd eteventkylpeyeisoadyl,

substituted heteroaryl, heteroarylalkyl, substituted heteroarylalkyl, -NR581e -C(0)R58 or-S(0)2R58 or
optionally L B LB A TS IS St iR O B Bl T i e S hreroali
or substitutendyoiatisteybalkydtsing;thntdR58ayldl RS 9sdr imdeperdentty thy dogeardlkydisubstituted

alkyl, aryl, sybstituted ai b rylalkyl, substituted arylalkyl, cycloalkyl, substituted cycloalkyl,
cyclohetedrggl yTes,nl}eB%]ilet%/ e%e(}:/% Geteroalkyl, heteroalkyl, substituted heteroalkyl, heteroaryl,
substltut%gﬁvéﬁreorz‘%dwpt(ero%rexggsll%:% Su st\tut eteroarylalkyl. 100831"Sulfate" refers to a radical

-0S(0)(0) |sr%ydrogen, a fla C})C/% oalkyl, cycloheteroalkyl, aryl, aiylalkyl, heteroalkyl,

heteroar)@t@froar(nggk%e nsd?%rgqﬁ%%%rreliydggglt;@y be optionally substituted by one or more

substituents as defined herein. [0 fonamide” refers to a radical -S(0)(0)NR'R", where R' and R"

are [0073]  Asused herein, the term “patient” encompasses mammals and non-mammals.
Examples of mammals include, but are not limited to, any member of the Mammalian class:
humans, non-human primates such as chimpanzees, and other apes and monkey species; farm
animals such as cattle, horses, sheep, goats, swine; domestic animals such as rabbits, dogs,
and cats; laboratory animals including rodents, such as rats, mice and guinea pigs, and the
like. Examples of non-mammals include, but are not limited to, birds, fish and the like. The

term does not denote a particular age or gender.

[0074]  “Pharmaccutically acceptable” means approved or approvable by a regulatory
agency of the Federal or state government or listed in the U.S. Pharmacopoceia or other

generally recognized pharmacopoeia for use in animals, and more particularly in humans.

[0075] “Pharmaceutically acceptable salt” refers to a salt of a compound of the invention,
which is pharmaceutically acceptable and possesses the desired pharmacological activity of

the parent compound. Such salts include: (1) acid addition salts, formed with inorganic acids
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independently hydrogen, alkyl, cycloalkyl, cycloheteroalkyl, aryl, arylalkyl, heteroalkyl, heteroatyl,
heteroatylallcyl, as defined herein that may be optionally substituted by one or WO
2010/09950¥OCTIVEI8L0/025687 more substituents as defined herein or G$tldHSINROIBAETR"
together with the atom to which they arc both attached form a cycloheteroalkyl or substituted
cycloheteroalkyl ring. Representative examples include but not limited to azetidinyl, pyrrolidinyl,

piperidinglidnasyaioyhl 4ridNRid; pip@icinyi o] daziit admmiereid, saidsgrorie Beay, bedoptionally
substituted 3 one qr more sybstituents as defined herein. 13 hydrogen, alkyl, cycloalkyl,

cyclohetdPSalsi, & rf&ﬁﬁazm%%%%aﬁ% P PEELPO AR S ORISPANE, BN PSR that may be
optionally:welbptitiiad frysioeioware wdRtiidR isyasvilehiciadl hare uvi (0 08B iS¢ Holdateiceaity's to a

radicalS(0)(0)OR,.where R is hydrogen, alkyl, cycloalkyl, cycloheteroalkyl, aryl, aryl Il?el, heteroalkyl,
heteroary?l%lf? iﬁ @rete X é&%g’ gﬁ J.

) |
etRtba R e asihdyRRTSH a{%&%&&pﬁﬁﬂawﬁhiﬁ%ﬁ or more
substituenydmas defiaed iereinic ROGeIndhiac awednadhériadica, 1héh AQ08fdnidwokrther” refers to a

radical -SR, where R is alkyl, cycloalkyl, cycloheteroalkyl, aryl, arylalkyl, heterqalkyl, heteroaryl,

e oraar O RS A S RS RE S e P A B I ubttients as
defined heneiondROB8L Acahtinghlorobieatanionicaniddisaapktial cissitfenieteid, #1 one embodiment,
to ameliorating the.disease or disprder. (i.e., arresting qr reducing.t evelopment of the disease or at
povbn ik S iR ol ot SRR et S
amelioratiog atlleadkptomiphisd; al plesayhaiariontiabid) aymethbraitcenid) e dbiitheyatiesticin yet
another emgo imint Etreating; qr "treatme§t"lrefers to i hi'lbigng(the itease cg;ii order, either
physicall§ (&g I3 Sr 8 HRIGHED %%{%%?lghy% Ofog LAY, "By SraliiliZat6AD a physical
parame_tat};aﬂ'b laotﬁl,. ﬂmyemianmth,e'fmﬁmlhmﬁmm (Zbrwtﬁ“_@hﬁedtvéﬁf?rmnﬁéfﬁtepmrdpfmngime onset
of the dls%%se or disorder. [gogglléTheér E){eutlc%uyi effective arﬂ?#}nt means the &g’i?unt of a compound

that, whe SRHHTRISTRPIP S 155? lﬁf? éd iﬁg a &' s S 1S b SR B ent for the
disease. ibheditherapetiticallivefi@ctiverdinmoentitkilvaryadépendisgcbndheennhpoinad, the disease and

is severity.and the age, weight, etc., of the patient to be treat nd can be determined by one of skill
in the artéi}v? %Illﬁllﬁrﬁl le %&ep%arflr%%ﬁgheoﬁ'w%%(ﬁﬁig earn[enrlnceemr}(o?vg[?/1 \e/\elallﬂ%e made in detail to preferred

embodi f the,inventian.. While the invention will bhe described in copjunction with preferred
embodim O wil B e B T B A R o S e
embodimemts:r Potthelvohtragymipesndtenthed tocotver atdmmativtesdmodifications, and equivalents as
may be included within the spirit and scope of the invention as defined by the appended claims.
COMPOUNDGE OF PhEpIMUE XHENo a radical —OP(O)(OR’)(OR™"), where R’ and R’ are each

independently hydrogen, alkyl, cycloalkyl, cycloheteroalkyl, aryl, arylalkyl, heteroalkyl,
heteroaryl, heteroarylalkyl, as defined herein that may be optionally substituted by one or

more substituents as defined herein.

[0078]  “Phosphonate” refers to a radical —P(O)(OR’)(OR’’), where R’ and R’’ are each
independently hydrogen, alkyl, cycloalkyl, cycloheteroalkyl, aryl, arylalkyl, heteroalkyl,
heteroaryl, heteroarylalkyl, as defined herein that may be optionally substituted by one or

more substituents as defined herein.

[0079]  “Preventing” or “Prevention” refers to a reduction in risk of acquiring a disease or
disorder (i.c., causing at least one of the clinical symptoms of the disease not to develop in a
patient that may be exposed to or predisposed to the disease but does not yet experience or

display symptoms of the disease).

[0080] “Protecting group” refers to a group of atoms that when attached to a reactive

group in a molecule masks, reduces or prevents that reactivity. Examples of protecting groups
can be found in Green et al., “Protective Groups in Organic Chemistry”, (Wiley, 2™ ed. 1991)
and Harrison et al., “Compendium of Synthetic Organic Methods”, vols. 1-8 (John Wiley and
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100911In one aspect of the present invention, compounds of Formula (I) are described: Re N Th
- -A-N N ReR4R3 Formula wherein: A is -(CH2)-,-S-(CH2)11-, -S(0)(0)-(CH2)11-, CH2-0-(CH2),,-,
-(CH2),,-0-OH2281995¢H2-S-(CH2)11-, -(CH2),,-S-CH2-CH2-, CH2-S(0)®R\XOF).0/025687
-(CH2),,S(0)(0)-CH2-CH2-, -0-C(0)-(CH2)n-, S-C(0)-(CH2)-, -NH-C(0)-(CH2)"-, -CH2-C(0)-0-(CH2)-,
CH2-C(0)-NH-(CH2)11-, -CH2-C(0)-S-(CH2).-, -(CH2)11-C(0)-0-CH2-CH2-,
(CH2)"-CEoim\ I DHB G R e phiedd Bty 4Rt G &b urduph2nitlade) G2 Dot limited to,
-CH2-NH-C(0)-(CH2),,-, -CH2-S-C(0)-(CH2)n-,
forr(11321,( acety)l, tr1 uoroacety(l,)bgnzy%,)genzyloxycarbonyl (“CBZ”), tert-butoxycarbonyl
(“Boc”), trimethylsilyl (“TMS”), 2-trimethylsilyl-ethanesulfonyl (“SES”), trityl and
substituted trityl groups, allyloxycarbonyl, 9-fluorenylmethyloxy-carbonyl (“FMOC”),
nitroveratryloxycarbonyl (“NVOC”) and the like. Representative hydroxyl protecting groups
include, but are not limited to, those where the hydroxyl group is either acylated or alkylated

such as benzyl, and trialkylsilyl ethers and allyl ethers.
[0081] “Racemate” refers to an equimolar mixture of enantiomers of a chiral molecule.

[0082]  “Substituted” refers to a group in which one or more hydrogen atoms are cach
independently replaced with the same or different substituents(s). Typical substituents
include, but are not limited to , —X, —R*, —0", =0, —OR>*, —SR™,—S, =S, —NR™R”,
=NR*, —CX3, —CF3, —CN, —OCN, —SCN, —NO, —NO,, =N, —N3, —S(0),0’,
—S(0),0H, —S(0),0R**, —08(0),0*!, —0S(0),R**, —P(0)(O-),, —P(O)(OR )0,
—OP(O)(OR’*)(OR™), —C(O)R™, —C(S)R>*, —C(0)OR™, —C(ONR*'R>’, —C(0)O,
—C(S)OR™*, —NR*C(O)NR*R”’, —NRC(S)NR*'R”’, —NR’C(NR’*)NR*'R”’, and
—C(NR**)NR**R”, where each X is independently a halogen; each R>, R*®, R°® and R”" are
independently hydrogen, alkyl, substituted alkyl, aryl, substituted aryl, arylalkyl, substituted
arylalkyl, cycloalkyl, substituted cycloalkyl, cycloheteroalkyl, substituted cycloheteroalkyl,
heteroalkyl, substituted heteroalkyl, heteroaryl, substituted heteroaryl, heteroarylalkyl,
substituted heteroarylalkyl, —NR>*R>’, —C(O)R>® or—S(0),R’® or optionally R*® and R*
together with the atom to which they are both attached form a cycloheteroalkyl or substituted
cycloheteroalkyl ring; and R*® and R* are independently hydrogen, alkyl, substituted alkyl,
aryl, substituted aryl, arylalkyl, substituted arylalkyl, cycloalkyl, substituted cycloalkyl,
cycloheteroalkyl, substituted cycloheteroalkyl, heteroalkyl, substituted heteroalkyl,
heteroaryl, substituted heteroaryl, heteroarylalkyl, substituted heteroarylalkyl.

[0083]  “Sulfate” refers to a radical —OS(O)(O)OR, where R is hydrogen, alkyl,
cycloalkyl, cycloheteroalkyl, aryl, arylalkyl, heteroalkyl, heteroaryl, heteroarylalkyl, as
defined herein that may be optionally substituted by one or more substituents as defined

herein.

[0084]  “Sulfonamide” refers to a radical —S(O)(O)NR’R”, where R’ and R” are
independently hydrogen, alkyl, cycloalkyl, cycloheteroalkyl, aryl, arylalkyl, heteroalkyl,
heteroaryl, heteroarylalkyl, as defined herein that may be optionally substituted by one or
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(CH2)"-0-C(0)-CH2-CH2-, (CH2),,-NH-C(0)-CH2-CH2-, or (CH2)11-S-C(0)-CH2-CH2-, wherein n is an
integer from 1to 7; Bis 0, S, S(0)(0), or NR5; and each of R', R29 R39 R49 R59 R6, .-79

1( and R8 iNQRIAMMAY hydrogen, alkyl, substituted alkyl, aryl, substitut@&§ HEA2&k8/RH6H7
substituted arylalkyl, cycloalkyl, substituted cycloalkyl, cycloheteroalkyl, substituted cycloheteroalkyl,
heteroaryl, substituted heteroaryl, heteroarylalkyl, substituted heteroarylalkyl, acylalkyloxycarbonyl,

acyloxyalikyisitathoas acytalkglbkyrartaryfaonaoy aeyakyalkylexieatiantamisa, ahoih
alkoxycarponyl, alkoxycarbopylalkoxy, alkoxycarbgnyllalkylamino, alkylasulfinyl, alkylsulfonyl, alkylthio,
amino, aﬁ%psﬁﬁﬁn%?%@@ﬁ&ﬁirfﬂﬂaw R{}P&f‘ﬁﬂ?ﬁf j@ﬁéﬁﬁ%&g}}l& P&i&l&?&%ﬁfmgﬁ%xy,
arylalkoxpeprosunyhtiicy lenminglcaintauye dib ey liaiybo xy aackanylnlkoxplidiyiaxygaibdnylalkylamino,
carboxy, carbamoyl, carbamate, carbonate,.cyano, halo, heteroaryloxycarbonyl, hydroxy, sphate,
phosphorAE e T2 MR dTB TSRO TGN ETA R ST s iR Y RSP B A may
optionally s suinstityited sithisaiepbsiinah inehudtdidedt et bt ethial diddeleutstiwiglodtkytritium), 13C,
3609, 18F, 15N, 170, 180, 31F), 32F), and 35S; or,a phar eutically acceptaple salt, racemate or
cimstore RS RERRISE S o (D R < o Y A by SR 8 Bosormet:
R6 Thut Ardy beRBtidnatnuld daitaaeieyromd s +(oHdbstidfiHD) deGHRH Bet&id 2)"-, -NH-(CH2)n-,

CH2-0-(CH2)11-, -(CH2)11-0-CH2-CH2-, -CH2-S-(CH2)11-, -(CH2)11-S-CH2-CH2-,
[0085]  “Sulfonate” refers to a radical —S(O)(O)OR, where R is hydrogen, alkyl,

cycloalkyl, cycloheteroalkyl, aryl, arylalkyl, heteroalkyl, heteroaryl, heteroarylalkyl, as
defined herein that may be optionally substituted by one or more substituents as defined

herein.
[0086] ““Thio” means the radical —SH.

[0087] “Thioecther” refers to a radical —SR, where R is alkyl, cycloalkyl,
cycloheteroalkyl, aryl, arylalkyl, heteroalkyl, heteroaryl, heteroarylalkyl, as defined herein

that may be optionally substituted by one or more substituents as defined herein.

[0088] “Treating” or “Treatment” of any disease or disorder refers, in one embodiment, to
ameliorating the disease or disorder (i.e., arresting or reducing the development of the disease
or at least one of the clinical symptoms thereof). In another embodiment “treating” or
“treatment” refers to ameliorating at least one physical parameter, which may not be
discernible by the patient. In yet another embodiment, “treating” or “treatment” refers to
inhibiting the disease or disorder, either physically (e.g., stabilization of a discernible
symptom), physiologically, (e.g., stabilization of a physical parameter), or both. In yet
another embodiment, “treating” or “treatment” refers to delaying the onset of the disecase or

disorder.

[0089] “Therapeutically effective amount” means the amount of a compound that, when
administered to a patient for treating a disease, is sufficient to effect such treatment for the
disease. The “therapeutically effective amount” will vary depending on the compound, the
disease and is severity and the age, weight, etc., of the patient to be treated, and can be

determined by one of skill in the art without undue experimentation.

[0090] Reference now will be made in detail to preferred embodiments of the invention.

While the invention will be described in conjunction with preferred embodiments, it will be
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CH2-5S(0)(0)-(CH2).-, -(CH2).-S(0)(0)-CH2-CH2-, -0-C(0)-(CH2)n-, S-C(0)-(CH2),1-,
-NH-C(0)-(CH2)n-, -CH2-C(0)-0-(CH2),,-, CH2-C(0)-NH-(CH2)?,-, -CH2-C(0)-S-(CH2)n-,
-(CH2)n-C(0YQ2BH2X¥#2-, (CH2)11-C(0)-NH-CH2-CH2-, -(CH2)11-C(0)-PCHYSZH§/025687
CH2-0-C(0)-(CH2),r, -CH2-NH-C(0)-(CH2).-, -CH2-S-C(0)-(CH2)n-, (CH2)n-O-C(0)-CH2-CH2-,
(CH2)n-NH-C(0)-CH2-CH2-, or (CH2)1-S-C(0)-CH2-CH2-, wherein n is an integer from 1 to 7; B isO,
S, S(0)(OpnaedBsdanet eeishef imknBRel BIinRdiHk M RAtidR fo askRerdscinelependeantyniydregen, alkyl,

substituted alkyl, aryl, substituted aryl, arylalkyl, substituted arylalkyl, cycloalkyl, substituted cycloalkyl,
cyc|ohetéPaaa%mbgtmaf@%fa%8?3%&11&91}1%&8%%5} AR ALREARDES A RV alky!,

substituteacheted aaitiial yd, spestati oomasib ey in acylioxyal kidtnyd drboryippeydatkylaicarbonylamino,
acyloxyalkyloxycarbonylamino, alkoxy, alkoxycarbonyl, alkoxycarbonylalkoxy,

alkoxyca | ' ulfonyl, alkylthio, amino, alkylamino, arylalkylamino,

dialkkyla?ﬁ%@%%@gwfm%ﬂ%coxy, arylalkoxycarbonylalkylamino, aryloxycarbonyl,

arylloxyc lal . 1 I lalkylaminq, carboxy,
b1y ’iﬁ@ﬁe\%’s%e%P&P{ﬂ%Baﬁﬁ%@ggéﬁ%R & %%ﬁﬁfggiﬁg%&@ﬁ@%f% lﬁ%sp b

carbamoyl, carbamate, carbonate, c eteroaryloxyca
phosphonate, sulfate, sulfonate, or sulfonamide, wherein Rl, R2, R3, R4, R5,n 6 9 7 KR and R8 and
A may optionally be substitute@ﬁwith isotopes that include, but not limited to 2H (deuterium), 3H

(tritium), 13C, 36C1,18F, BN, N , 31-p, A21-39 /]EE;
R7i ﬁil \j_A_N\_VN é\ 7
re B 4 \
R3 R2

R

Formula 1

wherein:

A is (CHz)s—, ~O~(CH2)a-, -S-(CH2)n-, -S(O)(0)-(CH2)u-, -NH-(CH2)n-,
-CH;-0-(CH3)y-, -(CH3)p,-O-CH;,-CH;-, -CH-S-(CHz)s-, -(CH;),-S-CH,-CH>-,
-CH;-S(0)(0)-(CHz)n-, -(CH2)n-S(0)(0)-CH,-CH;-, -O-C(O)-(CH,),-,
-S-C(0)-(CHa)y~, -NH-C(0)~(CHy)y-, -CH2-C(0)-0-(CHy )y,
-CH;-C(0)-NH-(CH3),-, -CH,-C(0)-S-(CH3)y-, -(CH;),-C(0)-O-CH,-CH,-,
-(CH,)p-C(0)-NH-CH,-CH;-, -(CH;),-C(0)-S-CH,-CH-,
-CH;-0-C(0)-(CH3),-, -CH,-NH-C(O)-(CH3),-, -CH,-S-C(O)-(CH>),-,
-(CH,),-0-C(0)-CH,-CH,-, (CH,),-NH-C(0O)-CH,-CH;-, or
(CH;),-S-C(0)-CH,-CH;-, wherein n is an integer from 1 to 7;

B is O, S, S(0)(0), or NR’; and

cachof R', R% R*, R, R°, R°, R7, and R® is independently hydrogen, alkyl, substituted alkyl,
aryl, substituted aryl, arylalkyl, substituted arylalkyl, cycloalkyl, substituted
cycloalkyl, cycloheteroalkyl, substituted cycloheteroalkyl, heteroaryl, substituted
heteroaryl, heteroarylalkyl, substituted heteroarylalkyl, acylalkyloxycarbonyl,
acyloxyalkyloxycarbonyl, acylalkyloxycarbonylamino,
acyloxyalkyloxycarbonylamino, alkoxy, alkoxycarbonyl, alkoxycarbonylalkoxy,
alkoxycarbonyllalkylamino, alkylasulfinyl, alkylsulfonyl, alkylthio, amino,
alkylamino, arylalkylamino, dialkkylamino, arylalkoxy, arylalkoxycarbonylalkoxy,
arylalkoxycarbonylalkylamino, aryloxycarbonyl, arylloxycarbonylalkoxy,

aryloxycarbonylalkylamino, carboxy, carbamoyl, carbamate, carbonate, cyano, halo,

20-



or a pharmaceutically acceptable salt, racemate or diastereomeric mixtures thereof. 100931In another
aspect of the invention, A is -(CH2)"-. [0094]In another aspect of the invention, A is -0-(CH2),,-,
-S-(CH2)"-, W19 -, - (CH2)1-0-CH2-CH2-,0r -(CH2),,-S-CH2-CHZCHUBYB R H§dther
aspect of the invention, A is -NH-C(0)-(CH2)-, -CH2-NH-C(0)- (CH2)-, -CH2-C(0)-NH-(CH2)- or
-(CH2)"-C(0)-NH-CH2-CH2-. 100961In another aspect of the invention, B is 0. 100971In another
aspect of the in%@fﬁi@ﬁby%&%dﬂbdr@@&@dfbﬂﬁ%h@ﬁp&@t@@ﬂﬁﬁﬁh@ﬂ%@ﬁiﬂ‘ﬁtee@ﬂkbﬁﬁﬁ| &@nd R2 is

independently H, halogel alkyl ar, alkoxy. [0099]The compounds is invention described
herein can haves‘ﬂ)‘}ﬁfi Gra h?rﬁfB f&lo&nng #Af&t&lﬁ%s ﬁgptlésmfg)% BANANMSs of the

invention can havesaifirityemdepapine B 2neeentbs nth)iGerdpo dHdg aftir iy ERtiertaan)have
affinity for serotepin.g-HTd receptors;s . 11, (), Compaunds of the invention can have affinity for
scrotonin 5-HT2A rectors: PG 0, P, ?’ nd S

or a pharmaceutically acceptable salt, racemate or diasterecomeric mixtures thereof.

[0092] In another aspect, compounds of Formula (1a) are described:

RZSIZJO \_|_/ @

Formula 1a

wherein:

A'is =(CHy)y—, ~O-(CH2)n~, -S-(CHy)y-, -S(O)(0)-(CHz)y-, -NH-(CHy)yr-,
-CH;-0-(CH3)y-, -(CH3)p,-O-CH;,-CH;-, -CH-S-(CHz)s-, -(CH;),-S-CH,-CH>-,
-CH;-S(0)(0)-(CHz)n-, -(CH2)n-S(0)(0)-CH,-CH;-, -O-C(O)-(CH,),-,
-S-C(0)-(CHz)u~, -NH-C(0)-(CHz)u-, -CH,-C(0)-0-(CHa)u-,
-CH,-C(0)-NH-(CH,),-, -CH,-C(0)-S-(CH)y-, -(CH,),-C(0)-O-CH,-CH,-,
-(CH,)p-C(0)-NH-CH,-CH;-, -(CH;),-C(0)-S-CH,-CH-,
-CH;-0-C(0)-(CH3),-, -CH,-NH-C(O)-(CH3),-, -CH,-S-C(O)-(CH>),-,
-(CH;)»-0-C(0)-CH,-CH,-, (CH,),-NH-C(0O)-CH,-CH;-, or
(CH,),-S-C(0)-CH,-CH;-, wherein n is an integer from 1 to 7;

B is O, S, S(0)(0), or NR’; and

cachof R', R% R*, R, R°, R®, R7, and R® is independently hydrogen, alkyl, substituted alkyl,
aryl, substituted aryl, arylalkyl, substituted arylalkyl, cycloalkyl, substituted
cycloalkyl, cycloheteroalkyl, substituted cycloheteroalkyl, heteroaryl, substituted
heteroaryl, heteroarylalkyl, substituted heteroarylalkyl, acylalkyloxycarbonyl,
acyloxyalkyloxycarbonyl, acylalkyloxycarbonylamino,
acyloxyalkyloxycarbonylamino, alkoxy, alkoxycarbonyl, alkoxycarbonylalkoxy,
alkoxycarbonyllalkylamino, alkylasulfinyl, alkylsulfonyl, alkylthio, amino,
alkylamino, arylalkylamino, dialkkylamino, arylalkoxy, arylalkoxycarbonylalkoxy,
arylalkoxycarbonylalkylamino, aryloxycarbonyl, arylloxycarbonylalkoxy,
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(d) The primary metabolite(s), regardless of the electrophysiological properties of the parent drug, has,
or have, negligible inhibitory activity at the HERG (human ether-ago-go related gene) potassium
channel at tROR8IR%rapeutic concentration of the parent drug in plasnRCEGE2AHEEFEENtration of
the metabolite must be at least five times higher than the normal therapeutic concentration of the
parent compound before activity at the HERG potassium channel is observed); (e) Compounds
of the invention agdoxgtlabdhdnglabolits sdherepfcso 06 pausmaaida\aiesides ¢ yaaisienes, of
metabolic drug-cgéug integaction (DDI) Wgen CO- dmj}réistered ith other%ugs;l&%O
2010/099502PC'FII8FF1TEER - hy droggy RUBOAE I MR AR S WWERUE Hetabolites
thereof, do not sulfstamtiaily elexeie eRAURCHaA, tRSIKCER) vaduRS anbienagyripisianty atone;

(g) Oral bioavailability of the. compounds is.consistent with. oral admjnisfration using standard
aracologicA R AR GO Et B ORGP cE LRIt T Eialso be

administered usitg, 1, défiyEny, systeintiae preduse s sonstant and controllable blood levels overt
time. 101001In one aspect, the invention provides compounds having any two or more of the
above-identififg¢dcharaciesisyiascepitdp ealie sadenanotireti as pecinthe imvetatientjxaafles for compounds
having at least any three or more of the above-identified properties or characteristics. Preferably, the
compoun@®¥¥¥the Inventiom hxpeetall Severvaitaracteristi€stbn properties. 101011Additional
modifications of the compounds disclosed herein can readily be made by those skilled in the art. Thus,

analogs 400P4hits bi tnetbrenspliticef dempoums afeiwiBitGhe)scopd GHthe. sGjed?itivBntion. With
knowledqelqg)thg %g@ﬁgdsﬁg@@ﬁﬁct g}v%@ﬁ% _glg@gg_@rﬁsans can use known procedures to
< olé

synthesize thése compounds from availablé substrates. As Used in this application, the term "analogs”

refers (o pRRPUNGS ABIALrAD SR AR RN e aMe 2 ARRBRICAmRoNT bt ibg)may have been

modified by, for example, adding additional side groups. The term "analogs" as used in this application
also may(éfe?nte'&ﬂm&ﬁ@d@ﬂrzﬁﬂ%%u@m&@%@%%%nother compound but which have
atomic or molecular substitution at certain locations in the compound. 101021 The subject invention
further pépl‘é?ﬁla to Eh%‘?ﬂf@ﬁ’ié‘ﬁﬁ%ﬂﬂpi%@%ﬂ@@e@&%&lf?o@; and compositions comprising the compounds.
The isolated enantjomeric forms of ?tﬁﬁ:ompounds of the invention are substantially free from one

)

another (W9Th enXhABRNT @8R )M BYHBHHLIis!ShE "R” forms of the compounds are
substantiﬁ% ee from the "S" forms.af the compounds are, thus, in enantio ic_excess of the "S"
forms. CAON ol P e L RS S S, BL ity e SRR i S ESmpounds
and arc, talisslkykowsitioryeric excess of the "R" forms. In one embodiment of the invention, the
isolated enantiomeric compounds are at least about in 80% enantiomeric excess. Thus, for example,
the comp0008k ardlat teasr@bolstcd OBt emamtiomdriseked $srprefendilycatie astratmeuif3bso

enantiomfelﬂc excess, more 5jg'yreferablc}/ at least about 97% enantiomeric excess., or even more
P B b

preferably, at least grl&saltoerrptﬂé)ﬁlggg/o enantiomeric excess. WO

2010/099502PCT/US20¢0/0@56818 SYNTiHESHOFET hify COMROIONDSa@NT BE iy ENT,ION
101031The compou f the invention can be. obtained viathe synthetic met _g’?.illustrated in
Schemes 1-2. Sever )?neeotﬁlggglhaév%*%ﬂeeelﬁw le%lglcorl Eeaél ﬁlgyﬁeggﬁl%rfﬁesgﬁ?ﬁlgg};o é‘?ylpiperazinc
derivativesccpterstarting materials and building blocks useful for preparing compounds of the invention

and intermediates th commercia. Al r candge.pr well-known synthetic
methods (see e.g., Gﬁg eqoﬁ%gg%r%ﬁéc?i\l/% r%%%%%\ Ygfrﬁﬁzgﬁi%%%gt%t%msew 4th cd., 2006);
Harrison geeptt@ompendium of Synthetic Organic Methods," vols. 1-8 (John Wiley and Sons,

for Organiy Syntheste y e LB e Lo Sl A e LA ey
Interscientéhatredt, dragihdasapndievs owglrethdnzibe Bnyasit VitaastherhdiRad tuvie et H-Publishers,
2nd cd., 1399 RANUEES: o R SRRE AR Bl R EARR 1S 100 HAAPIS. Y PNES R ra B LSy, RRE
drug in plasma (e.g. the concentration of the metabolite must be at least five times higher than
the normal therapeutic concentration of the parent compound before activity at the HERG
potassium channel is observed);
(e) Compounds of the invention, as well as the metabolites thereof, do not cause,

or have reduced incidence of metabolic drug-drug interaction (DDI) when co-administered

with other drugs;
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Sons, 1St ed., 1995). Other methods for the synthesis of arylpiperazine derivatives described herein
are either described in the art or will be readily apparent to the skilled artisan in view of the references
provided abB224H09492be used to synthesize the compounds of the inve R¥FHUREEKIRGR/, the
methods presented in the Schemes herein are illustrative rather than comprehensive. [0104]In one
method arylpiperazine derivatives comprising Formula (1) was prepared as described in Scheme!. The

starting building blockfbenitriploandosazirdnechwas pivedpseehbiapoling erivgidalsource

Sigma-Aldrich. The compounpd 1 can also be synthesized from a method well known in the literature.
The red OB A TR R @éﬁé%ﬂgwh@a BRRHE S0t um borohydride

(KBH4) in presence @§p0orilcbiewis] sisidigopper (dmpblatitas(Caid]}ishevpratigdolyaitistiations
methanol gave 6-aminobenzoxazinone 2. The target benzoxazinonc 4 was prepared by coupling the
mine 2 SRR SR CAPIGR TSP B B B eE R SRR et
dicyclohexytgaytiadimier(DCEhasscmeplingiagantdupigsengddfvarmilgstasehat produces
4-(N,N,-dimethylamjno)pyridi MAP) in a polar. aprotic solvent medium. The carboxylic acid 3 was
preparedc89ﬁtﬁgt§fﬂ<éll%ﬁf§ﬁoﬁflg{e%ﬁ[’é)&(E%{F\@mgg%%ﬂ% with an appropriate bromocarboxylicacid ester
followedvﬂykﬁeﬁon' ication, Thg[e El%nzox zinonc derivative 4 was converted into hﬁgrocf}l%iede salt 5 by
ith'n

treating drogne%nghalg?leﬁé under Stanadrd conarione he henzexa: irtlvcgﬂ(-:'oér ¢an’alss be

convertedtiote-otbeti fietholofr pdiarstasartinaligrdcs eptabtelsalissechlasimeth@ngsuifaluc facid salts and
lower aliphatic carboxylic a ig salts using well known methods.in the field. W
2010109 B s T S AR S AN GRICRETSPRTSS AL & IO .
OOL.....,..chNracteristics., Pid¥erdDIZMHd-©thia@hdd d¥2he invention have all seven characteristics or

properties.

[0101] Additional modifications of the compounds disclosed herein can readily be made
by those skilled in the art. Thus, analogs and salts of the exemplified compounds are within
the scope of the subject invention. With knowledge of the compounds of the subject
invention skilled artisans can use known procedures to synthesize these compounds from
available substrates. As used in this application, the term “analogs” refers to compounds
which are substantially the same as another compound but which may have been modified
by, for example, adding additional side groups. The term “analogs” as used in this application
also may refer to compounds which are substantially the same as another compound but

which have atomic or molecular substitution at certain locations in the compound.

[0102]  The subject invention further pertains to enantiomerically isolated compounds, and
compositions comprising the compounds. The isolated enantiomeric forms of the compounds
of the invention are substantially free from one another (i.c., in enantiomeric excess). In other
words, the “R” forms of the compounds are substantially free from the “S” forms of the
compounds and are, thus, in enantiomeric excess of the “S” forms. Conversely, “S” forms of
the compounds are substantially free of “R” forms of the compounds and are, thus, in
enantiomeric excess of the “R” forms. In one embodiment of the invention, the isolated
enantiomeric compounds are at least about in 80% enantiomeric excess. Thus, for example,
the compounds are at least about 90% enantiomeric excess, preferably at least about 95%
enantiomeric excess, more preferably at least about 97% enantiomeric excess., or even more

preferably, at least 99% or greater than 99% enantiomeric excess.
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N,.>rt/30 min......"7--- 54 a) R1= 2-O0Me, R2= H; b) R1= 2-CI, R2 = 3-CI 101061In another method,
arylp peraz ne derivatives comprising Formula (1) were prepared as described in Scheme 2. The
starting builNQREBIBERYE%ethoxy-2-nitrophenol 6 was purchased from the SNSRI GS0FEe
Sigma-Aldrich. The nitrophenol 6 was alkylated with ethylbromoacetate 7 by heating in acetone in
presence of a mild base potassium carbonate (K2CO3) to give the ester 8. The ester 8 was treated

with alunSVINT BESTIS ©ATAESC IO MPYUNDS HEhiDHE N Eoaflux temperature to get the
corresponding nitrophenol derivative 9. The compound 11 was prepared by alkylating the nitrophenol 9

with 1,4-dideshobdtanechipuonkdy idenditalaieioticmdenshttdnsddaschbegnihe ticepatiogsthe compound 8

(Scheme.2). The reagtion of c und 11 with.arylpiperazine 12 in presence.of .
Stk SRS SRR AR T
compoundylBiptheiaonigowniyds3 Whe statibje etetttialkedudchvindognbitckhsusstob fooprépratygoride in
presence of metg(lllscolf%? in ethﬁnol agdn:%lcetlc acid %)Ive t mixture at re lux é}(ﬁ?@ag) rature agforded the

CoMmMpo ¢ 1mvenuon crmcdiates thereot arg ¢ lllll' rcla a e or can.ng - .
correspondtllﬁ% Benzoxazmone wnich was converted Into ﬁy rochniori S Y frealﬁng with

hydrogerpoifarndédynddi-standas gndortditoetho Bt ke standarebnitgta lgr P radivetiGroapsditions like
hydrogenation .in presence, talyst, palla pﬁg activated aftbon P /ucﬂ:%lal ve.corresponding
cyclizedrgﬁf}& (Iph.enilh% ’e?ﬁ%%gz’lr%ﬁ%é’lg cafi algo be. c%r%\f;er 8%1%% o91 0 eortsfg?/gn%beglﬁharmaceutically
acceptabl@rsalis Mathoals, inailsands (lébinid\atig sadtS @nd 10Wed 29iph aBzdstdhoxidiclacuk sdlts using well

o e R 0 G ARSI B A o0 01
Volumes 1-45, Karger, 1991; March , Advanced Organic Chemistry,” Wiley Interscience, 4t
ed., 1991; Larock “Comprehensive Organic Transformations,” Wiley-VCH Publishers, 2nd
ed., 1999; Paquette, “Encyclopedia of Reagents for Organic Synthesis,” John Wiley and
Sons, 1™ ed., 1995). Other methods for the synthesis of arylpiperazine derivatives described
herein are either described in the art or will be readily apparent to the skilled artisan in view
of the references provided above and may be used to synthesize the compounds of the
invention. Accordingly, the methods presented in the Schemes herein are illustrative rather

than comprehensive.

[0104] In one method arylpiperazine derivatives comprising Formula (1) was prepared as
described in Schemel. The starting building block 6-nitrobenzoxazinone 1 was purchased
from the commercial source Sigma-Aldrich. The compound 1 can also be synthesized from a
method well known in the literature. The reduction of nitro moiety in compound 1 using a
reducing agent like potassium borohydride (KBH4) in presence of a mild Lewis acid copper
(1) chloride (CuCl) in a protic solvent such as methanol gave 6-aminobenzoxazinone 2. The
target benzoxazinone 4 was prepared by coupling the amine 2 with a suitable carboxylic acid
3 under standard coupling conditions using dicyclohexylcarbodiimde (DCC) as coupling
agent in presence of a mild base 4-(N,N,-dimethylamino)pyridine (DMAP) in a polar aprotic
solvent medium. The carboxylic acid 3 was prepared by the alkylation of a suitable
arylpiperazine with an appropriate bromocarboxylicacid ester followed by saponification.
The benzoxazinone derivative 4 was converted into hydrochloride salt 5 by treating with
hydrogen chloride under standard conditions. The benzoxazinones 4 can also be converted
into other form of pharmaceutically acceptable salts such as methanesulfonic acid salts and

lower aliphatic carboxylic acid salts using well known methods in the field.
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1415 THERAPEUTIC USES OF COMPOUNDS OF STRUCTURAL FORMULA (1) 101081The present
invention relates to synthesis, compositions and methods of using arylpiperazine based compounds
which are uSeAAFHYP8H2ng schizophrenia and related psychoses such as BE& PR&iA23dibolar
disorder, autistic disorder and depression. The present invention provides methods for synthesizing
such arylpiperazine based antipsychotic agents. The present invention also provides methods for
using aryjpiesiazirgchasaed antipsychotic agents and composition of arylpiperazine based
antipsychotic agents for treating schizophrenia and related psychoses such as acute maniac, bipolar
disorder, autistic disorder and depression. [0109]In accor MMﬁe\jnventign, a compound and/or
a composition containing a compound of structural Formulaq1) is adlmin to a patient, preferably
a human, W(ﬂ 2010/099502PC [/LS2010/025687 suffering from sthizopreqi JBrther, in certain
embodim&mts) I@- ) ¥ cB m%z i i inistered to a patient,
preferably avumag, as a treati@nt or pre easure against acute manic, bjpolar disorder,
autistic disorder and depre%i®fi.f0f10]Thus, those of skill in theDgﬁ/WQ)F readily assay and use the
compounds and/or compositions containing c@mpound(s) of stra%ﬁﬁaﬁhula (D{to treat a medical
condition for which an antipsychotic is desired. THERAPEUTIC/PROPHYLACTIC'ADMINISTRATION
[0111]The compoeunds, and/or compositions containing compoungs(s), of,structural Formula (I) can be

advantageo@ sechpM rolne. As previously descrietiN } ; ounds and
compositions ¢on gc pound@)/ fs ) turatFoermuta (1) arc | fqf the treiat\rg nt of R

schizophrenia afid related psychoses sugh X ﬁ{:utert@%miirg, bipol& disorder, autistic disorder 3
depression. [0112]When used to treat or p &/ent the above disease or disorders compounds”and/or
compositions of the inventién can be administered or applied singly, in combirfation with other agents.
The compounds and/or compositions of tha g{n\éez%i,%l gganalso be administered or applied singly, in
combination with other pharmaceutically agtpte ageRts. ingluding other compounds and/or

compositions of the invention.

—

[0106] In another method, arylpiperazine derivatives comprising Formula (1) were
prepared as described in Scheme 2. The starting building block 4-methoxy-2-nitrophenol 6
was purchased from the commercial source Sigma-Aldrich. The nitrophenol 6 was alkylated
with ethylbromoacetate 7 by heating in acetone in presence of a mild base potassium
carbonate (K,COs;) to give the ester 8. The ester 8 was treated with aluminum chloride
(AICl3) in anhydrous dichloromethane at reflux temperature to get the corresponding
nitrophenol derivative 9. The compound 11 was prepared by alkylating the nitrophenol 9 with
1,4-dibromobutane 10 under identical reaction conditions described for preparing the
compound 8 (Scheme 2). The reaction of compound 11 with arylpiperazine 12 in presence of
N,N-diisopropylethylamine (DIEA) in acetonitrile at approximately 60-70 °C for 8 to 16 h
gave the compound 13. The compound 13 when subjected to reduction conditions using iron
(IIT) chloride in presence of metallic iron in ethanol and acetic acid solvent mixture at reflux
temperature afforded the corresponding benzoxazinone 14 which was converted into
hydrochloride salt 15 by treating with hydrogen chloride under standard conditions. Other
standard nitro group reduction conditions like hydrogenation in presence of catalyst
palladium on activated carbon (Pd/C) also gave corresponding cyclized product 14. The
benzoxazinones 14 can also be converted into other form of pharmaceutically acceptable salts
such as methanesulfonic acid salts and lower aliphatic carboxylic acid salts using well known

methods in the field.
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[0113]The current invention provides methods of treatment and prophylaxis by administration to a
patient of a therapeutically effective amount of a composition and/or compound of the invention. The
patient may'We 2HHPIATE?, is more preferably a mammal, and most preferadif B WeAhdA2f0814]The
present compounds and/or compositions of the invention, which comprise one or more compounds
and/or compositions of the invention are preferably administered orally. The compounds and/or
compositions of the invention may also be administered by any other convenient route, for example, by
infusion or bolus injection, by absorption through epithelial or mucocutancous linings (e.g., oral
mucosa, g(eﬁtaj]an |ntest|r}al mucosa, etc.). Administration can be systemic or local. Various delivery
systems are Know g encapsulation in liposomes, microparticles, microcapsules, capsules, etc.)
that can be used to admgp <compound and/or composition of the invention. Methods of
administration include, but arg not limited to, ingadermal gntramuscular, intrapggjtoneal, dptravenous,
subcutan@ sal, epidural, oral, subllngWasal Pr'ﬁtracerebral intra al, transdermal,
rectally, b Zﬁmo topically, p art’bu’rg Od¢heears, nose, eves K DT TSHN particularly,

Q ) . .
preferred embodiments, *tﬁé’lux‘r? nds anddor compositions Q%ftu inventian can be delivered via
sustained release systems, preferably oral sustainedgelease systems. In one embodiment, a pump
may be used (see, Langer, supra; Sefton, 1987, CRC Crit. Ref Biomed. Eng. 14:201; Saudek et al.,
1989, N. Engl. J. Med. 321:574). 101161In another embodiment, polymwat/ga can be used (see
"Medical Applications of Controlled Release," Langer ise (eds.)BViley, Néw ﬁﬁg@é@fﬁne
Ranger and Pcppas, 1983, J. Macromol. Sci. Rev. aq%[nol Ghem. 23:61; d&c alsoyLevy et al., 1985,
Science 228:190; During et al., 1989, Arm Neurol. 25: ot d et al, 1989, J. Neurosurg. 71:105).
In a preferred eglpodi en@) olymeric jnaterials are usedif I sustarnedorﬂlea e ds \r\@rx/\referred
polymers mclude scar oxymethyl eIIqu@e hydroxy@ropylcellulose, ]fj/
hydroxypr &1 ulose and hy c8 Idlose (most pre y
hydroxypropy ethylcellulose) Other pref ceIIqugéE )?ﬂg%{% have beéen described in the art
(Bamba et al., Int. J. Pharm., 1979, 2, 307). 101171In another embodiment, enterjg-coated
preparations can be used for oral sustained release administration. Preferred coating materials include
polymers with a pH-dependentLiolttbgr%k(il , pH-controlled release), polymers with a slow or

pH-dependent rate of swelling M) enieresion (i.e., time controlled release), polymers that are
degraded by enzymes (i.e., enzyme controlled release) and polymers that form firm layers that are
destroyed by qn mQrease 'B pressure (| e., pressure- controlleg reﬁaase) Jé)llSlIn st|II another

embodiment, os er sy te e useq for BFal sustai ;‘/se dm (Vergna et
al., Drug Dev. In & ., , 2000, 26 /\n apéef@rred empetiafent OR@rS 0 very
systems arc used for oral sustalned releas d ryvdevices (See for example, Theeuwesle —[R U.S.
Pat. No. 3,845,770; and Theeuwes et al, U.S. Pat. No. 3,916,899). 101191In yet another embodiment,
a controlled-release system catfbe placed in proximity of the target of the comp®unds and/or
composition of the invention, thus requiring only a fraction of the systemic dose (See, e.g., Goodson,

in "Medical Applications of Controlled Release," supra, vol. 2, pp. 115-138(1984)). Other

controlled-release s stems discussed in Langer, 1990, Science 249:1527-1533 may £ also be used. WO
2010/099%H§§@f75é ©F COMPOUNDS OF STR UCTURAL FORMULA ()

[0108] The present invention relates to synthesis, compositions and methods of using
arylpiperazine based compounds which are useful for treating schizophrenia and related
psychoses such as acute maniac, bipolar disorder, autistic disorder and depression. The
present invention provides methods for synthesizing such arylpiperazine based antipsychotic
agents. The present invention also provides methods for using arylpiperazine based
antipsychotic agents and composition of arylpiperazine based antipsychotic agents for
treating schizophrenia and related psychoses such as acute maniac, bipolar disorder, autistic

disorder and depression.

[0109] In accordance with the invention, a compound and/or a composition containing a

compound of structural Formula (1) is administered to a patient, preferably a human,
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101201The compounds, and/or compositions containing compound(s) of structural Formula (1) of the
invention may be cleaved either chemically and/or enzymatically. One or more enzymes present in the
stomach, inN&HAPIMPRN, intestinal tissue, blood, liver, brain or any other RFBSIE2HEEIBS7a mammal
may enzymatically cleave the compounds and/or compositions of the invention. COMPOSITIONS OF
THE INVENTION [0121]In one aspect of the invention, pharmaceutical compositions are provided
comprisingftbeRompa Wokis it preseRt disclosireeibbdzlhe plesesthgomaesiligercontain a
therapeutically effective amount of one or more compounds of the jnvention, preferably in purified
form tog BRI S ISP S BTGl BN RS SHIR YU I RA S0 s to provide
the form feyaprepesapiRbigiratiaBatm paliest aMeemadem siisdered doracpatieitidRiseatapaunds of the
invention and pharmaceutically acceptable vehicles are preferably sterile. Water is preferred vehicle
when the &BIfip8hd of the invention is administered intravenously. Saline solutions and aqueous
dextrose lycerol solutions.can also be employed as liquid vehicles, particularly for injectable
solutions@gg@blee{) uasrr%a?égl?%égﬁ\l/é |tc e%ﬂa%&r%?ugg %SQ%' %}ﬁfg Sseuﬁclﬁ §05m QI (E,S)g/;allﬁ((i:’/gge, lactose,
sucrose, getafinjtinaitcoiceflopcahpdunsi{ia fetkusadiulfictealaie) gitcerod modiostearalieiotalc, sodium
chloride,#@orri%vclﬁsclﬂqgnmlillb I e[l%l,isp(rig 1§I(Ie<ane, glycol, water, ethanol and the like. The present agents,
or pH buftering agents. ﬂ% ition, auxiliary, stabilizing, thickening, lubricating and coloring agents
may be used. [0123]Pharmaceutical compositions comprising a compound of the invention may be
manufactGHEERARFIERE GP B ENbAL Tk AD MIENSVIRAIHMN ating, dragee-making levigating, and
emulsifying, encapsulating, entrapping or lyophilizing process. Pharmaceutical compositions may be

formulatd@hldonvERtisAaINeithe AUERICORO BT HABFC PHPHIBIE e BIRP Bed¥ pradisteeatiesl, diluents,
eXCipientﬁ&hﬁ%@i%%ﬁ%‘&%fﬁ&%‘@&l@l?@Gﬁ%iﬁﬂnﬁrﬁ%kﬁ%%%%%@%ﬂy lQRiBlQ Rreparations
ca

which can be used pharmaceutically. Proper formulation is dependent upon the route of administration

chosen. foePlabre. srREaRPHKEAPSRIBASEIPNEIN B IR P BIPSYRAShe stiupary SRsMER(Ision,
tablets, pills.ReHBR2RE FaRTIUES CARMTHBREARAININGIAHIPSy ARV IBHSIRINE datpIRase

formulations, suppositories, emulsions, aerosols, sprays, suspensions, or any other form suitable for
use. In oRtPelHEemitshtawistisipRTacE atid sifprsstieptable vehicle is a capsule (see e.g., Grosswald et
al., U.S.Pat. No. 5,698,155). Other examples of suitable pharmaceutical WO

2010/099865HC /NS Hord 38 SR ERETH VR A08R Hesrrdlineidera R8s RN ARG RI's
PharmacgittigaliasiensescRhiadrinkis GolinaaaiRhdonagy etk peisnae cdrtidadiiowith985).

Preferred compositions of the invention are formulated for oral delivery, particularly for oral sustained

release dIARNEFAHon RROSTBICERTD GRHISH STBIPERLi RSO E RS B FHE A PR oAb ik enges,

aqueous ¢ i SH SRENFI AN SoSTIFAMRS, RAWHEIS: SHIHIBIONS GARUHESe SYEARS RICRIKIE oideexample.
Orally administered compositions.may cqQntain one, or more optionally agents, for example, sweetening

agents sEMBLURHR AKKOLEIRHIOBT SbeHANA ¥ oring agents such as peppermint, oil of
wintergre cherry coloring agents and preserving agents to provide a pharmagceutically palatable
oroparat B ore B TFEHE s CARa PSR S SR Bhe 143 BB GRRo 1o ey
disintegratiafirastchabs aspiipaticnilod gasirappigsiitial dfictitharebynp ii\dding o sitisiatridoaction over an
extended period of time. Selectively. permeable membranes surrounding an osmotically gctive driving
compourt RS N B R Bl BT SR THBL OPHE RV Gt AL b
platformanfsighicéurabie :eimwiianment surrounding the capsule is imbibed by the driving compound,

which swells to displace the agent or agent composition through an aperture. These delivery platforms
can providd Bt essEntiptbyadra@onsmmds|anelpprofiipoasioppottd iovbeispikeblgrabiapaddmmediate
release formuations,afime, deloy material sucl-as. givosrel mongstearais ongixestol isayate may
also be used. Oral cgmposi lons can Ihclude Standard vehicles Stch as mannito ,ﬁac ose, s?'arch,

magnesiincsteaaten dodidmrsaccperinen cefl thoseyenagnesiyml sabbedatei gtee S bghavehibles are

preferably of PharMASS é’,tk%‘%"e%%?p T e e N S S R U e S A T

suspensions, elixirs an
or mucocutaneous linings (e.g., oral mucosa, rectal and intestinal mucosa, etc.).
Administration can be systemic or local. Various delivery systems are known, (e.g.,
encapsulation in liposomes, microparticles, microcapsules, capsules, etc.) that can be used to
administer a compound and/or composition of the invention. Methods of administration

include, but are not limited to, intradermal, intramuscular, intraperitoneal, intravenous,
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solutions, suitable carriers, excipients or diluents include water, saline, alkyleneglycols (e.g., propylene
glycol), polyalkylene glycols (e.g., polyethylene glycol) oils, alcohols, slightly acidic buffers between pH
4 and pH 6 VEQ20HYRIAI82 citrate, ascorbate at between about mM to about BOIHREP E¥O228ditionally,
flavoring agents, preservatives, coloring agents, bile salts, acylcamitines and the like may be added.
101271Compositions for administration via other routes may also be contemplated. For buccal
administrafientdher cormnesitionscpiaytakerinsdormeobiahieisalazanzase @ta {0 mdatadnil conventional

manner. Liquid drug formulations suitable for use with nepulizers and liquid spray devices and EHD
aerosol dENIEELHA ’tﬁﬂ@%hdﬁ%ajﬁl%rﬂbmﬁa ?’tﬁéﬁh@éﬁ'&ﬁ ABhA atEtti¥at Scceptable

vehicle. P bly, the pharmaceutjcally W 10/099502PCT/US2010/025687 acceptaple vehicle is
auic SUUEE BRGSO S eI EBTE A e B LB TRy b nateria
may be addedtitm aliervihdcherosd vix apsatirsiatibe Sedtmnspprefispbhswal shgamabruicsof the
invention. Preferably, this erial is liguid such.as al o{ml, lycol, polyglycol or f acig. Other
metnocs SHTUANRG T GRS S B SO ST TP S Sk e s are
known toGhadeetBskithdd. tRegart426d, SandBicsalski FYISNPENND. Ml 3H987Biesalski, (i.S. Pat. No.
5,556,611). A compound of the invention may also be formulated in rectal or vaginal compositions

such as $0ppaisitoliesmmthetenior enerh aw | wugricomtinily corhemiohats ippobidry bases such as

cocoa, bytter, or other glycerides ddition to the formulations.dgscrib revigu ? compound of
the mert b e TSk .y e

aqmir_1isteﬂca@gbydndd’apmﬂol%‘&rJeMmpte}CéuE@Jl&%dﬂggrmm%ﬂuséﬂiélme_@ram_ihtﬂr‘asrrmscular _
Injection. T.f‘ﬁ’ég%?%.@ﬁé%?}%gﬁ &8%%’%%9&1?? d§¥eﬂ¥{8%@ﬁ¥oi?%é°§§1”'ﬁ%‘%9a%t@t ﬁfg'@%‘& golymeric or
hydrophobic materials (for example, as an eniulsion in an acceptable ofl) or ion exchiange resins, or as
sparinglyNoluisier getivalidsdnfepestarnplendw dispatingly ssinb lwateftalpazg]wihéor arebmpound of the

sparinglyoioae g Ghsptopeiam . npound o
pharmaci e SCauaR a4 o PR e SRR, S nstantey

retain thépdtivinpuitledtobossidy diayypeoprépatbyl tsylwéerstion! Witcbassbded ok @onost more soluble
In aq“eO??e?é}{je&tﬂgﬁ%@ﬁ@%ﬁ%@gﬁﬁ&@ﬁ&ﬁﬁeﬁ95&1%935?&'&%‘2{%8@%%&'@&%;5 %ﬁs OF USE AND

DOSES 101291A compo ention, or compositions thereof, will generally be used in an
amount eftsetibedindbhietéBrmbatentded putpBienkol UES 2o WAt schizophrenia and related
psychoses such as acute manic, bipolar disorder, autistic disorder and depression. The compounds of

Formula [ BHd cdmprshissnbostainiigeatetmertiedinerBatieng ¢a) hearseshifiistaleuséringsplied in a
therapeufigally. GHeGHYE TP ALAIAL IR AMANRLRT A RRIPBBHRELAS Hith Ry eNURpthak,will be

effective in the treatment of a particular disorder or condition disclosed herein will depend on the

nature ofstiBtildyider oEspritRdledaiste e, PeluawimHad blostandbhdenerdsntaatri§ues known in

the art agREgIQUSN LERFSIPEAIRAGIION i VIbALRSBMVR AST AYE TRRY-QRHCAR! - e grapigyed to
help identify optimal dosage ranges. The amount of a compound of the invention administered will, of

course, iSHPEIdERL SRZEMforRN Bl ears) e sabjararb Eiabfer@addam lgsts that are
2010/099892RCH/SAPHAR2S6R T ARM g Weiph Al thesingh Aig.severity of the affliction, the
manner of administration and the judgment of the prescribing physician. For example, the dosage may

be delivereri 8] a phasmesssticabappmasitionMaisindieadrynistigtianyd mrliRiesaprlications or
controlled release. In a preferred embodiment, the cgg;gounds of the invention are delivered by oral

sustainedEisa S BHRTRLRE N rBARErhb R S HFY-dhth SN2 008 AhiIsuft: dhthe invention arc
administereg-HUeeRBS HAMeRNIRON® BiaferrRYI0BGa PR Y- DRRInG MG IRR JBRRARI djermittently,

may be provided alone or in combination with other drugs and may continue as long as required for
effective %aﬁaﬁéﬁ?ﬁpﬂﬁéSﬁgé%@@fat%%Faw.et@i-sﬁ-ﬁhBaéoh?/ﬁ)o’u%ﬁrﬁ)dm%h%w%ﬁons

containing oroRYURR(Ne of StTeGeyRl Formula (1) for the pharmacological treatment of schizophrenia
and related psychoses such as acute maniac, bipolar disorder, autistic disorder and depression may

be adminigigawgd infhectangehé: i dcmre8, MeopfrRIBEatY ki gyiacP MBSk sRYif ivRXim@ne or
more doses and more preferably 5 mg, 10 mg, 15 mg, 20 mg, 25 mg, 35 mg or 50 mg per day and
most prefgr%lgtﬂﬁ.@trﬁé the compounds and/or composition of the invention, thus Tequiring only a
fraction of the systemic dose (See, ¢.g., Goodson, in “Medical Applications of Controlled
Release,” supra, vol. 2, pp. 115-138 (1984)). Other controlled-release systems discussed in

Langer, 1990, Science 249:1527-1533 may also be used.
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101321The compounds of the invention are preferably assayed in vitro and in vivo, for the desired
therapeutic or prophylactic activity, prior to use in humans. The compounds of the invention may also
be demonstY¥eey 16/ &ective and safe using animal model systems. [013S]PRERIEHWNSGHE
therapeutically effective dose of a compound of the invention described herein will provide therapeutic
benefit without causing substantial toxicity. Toxicity of compounds of the invention may be determined

using stajidae] phamreacesinal dreeariesnanstifiens bereardily asepdaires) by shecskilpd artisan. The
dose ratig between toxic and therapeutic effect is the therapeutic index. A compqund of the invention
will prefeF ST LRAIBL i BTG MG e 15N et e SRS 421 OT e
dosage ahare@mpgemichasistie inventions desared Hesaienvill psetelablyubebtstainiadangeobdr
circulating concentrations that include an effective dose W%:lh little or no toxicity. %1313§}m one aspect
of the inveRti® FH@%F?@&%%?SH%B filvkel PYCRfedBal ﬂi’o‘f:[ﬁ%?ﬁ&%&?ﬂ%@% 4'tiBblar disorder,

autistic disprgesicibalepfessiandatiaescrived, comprising administering to a patient in need thereof the
compounds the present disclosure. [0135]In another aspect of the invention, the method treats

schizophgenRi [qyention, the method treats bipolar disorder. WO
2010/099@%%%@5%@ ﬁ(ﬁ@ﬁf Io@éeaspect of th(_a inv_ention, _compounds_, o_f thg present
disclosurgyys t°M%%%%%%%W&F&eﬁﬁ%ﬁﬂﬁi‘?ﬂM&&ﬁi@&%tﬁn RAIBRAISeIsE gigistic disorder or

depression. [0138]In another aspect of the invention, the use comprises the treatment of
schizopheeniar finstierramommdagpete ofasrattsahewncthe use comprises the treatment of bipolar

disorder.
[0122]  The present composition contain a therapeutically effective amount of one or more

compounds of the invention, preferably in purified form, together with a suitable amount of a
pharmaceutically acceptable vehicle, which so as to provide the form for proper
administration to a patient. When administered to a patient, the compounds of the invention
and pharmaceutically acceptable vehicles are preferably sterile. Water is preferred vehicle
when the compound of the invention is administered intravenously. Saline solutions and
aqueous dextrose and glycerol solutions can also be employed as liquid vehicles, particularly
for injectable solutions. Suitable pharmaceutical vehicles also include excipients such as
starch, glucose, lactose, sucrose, gelatin, malt, rice, flour, chalk, silica gel, sodium stearate,
glycerol monostearate, talc, sodium chloride, dried skim milk, glycerol, propylene, glycol,
water, ethanol and the like. The present agents, or pH buffering agents. In addition, auxiliary,

stabilizing, thickening, lubricating and coloring agents may be used.

[0123]  Pharmaceutical compositions comprising a compound of the invention may be
manufactured by means of conventional mixing, dissolving, granulating, dragee-making
levigating, and emulsifying, encapsulating, entrapping or lyophilizing process.
Pharmaceutical compositions may be formulated in conventional manner using one or more
physiologically acceptable carriers, diluents, excipients or auxiliaries, which facilitate
processing of compounds of the invention into preparations which can be used

pharmaceutically. Proper formulation is dependent upon the route of administration chosen.

[0124]  The present compositions can take the form of solutions, suspensions, emulsion,
tablets, pills, pellets, and capsules, capsules containing liquids, powders, sustained-release
formulations, suppositories, emulsions, acrosols, sprays, suspensions, or any other form
suitable for use. In one embodiment, the pharmaceutically acceptable vehicle is a capsule (see

e.g., Grosswald et al., U.S.Pat. No. 5,698,155). Other examples of suitable pharmaceutical
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[0140]In one aspect of the invention, compounds of the present disclosure are used in the
manufacture of a medicament for use in the treatment of psychoses, schizophrenia, acute mania,
bipolar disoM€r2HA#8Adisorder or depression treat psychoses, schizophrd$id/E2018/4a8a, bipolar
disorder, autistic disorder or depression. [0141]In another aspect of the invention, the use is for the
treatment of schizophrenia. 101421In another aspect of the invention, the use is for the treatment of

bipolar disghidess RPMBINATIHYIHERARY (QL48HNisedan Prabadinenis stthecpyesent invention,
the compounds of the invention.can be used jn.combination ther ith at least one other therapeutic
agent. Tﬁél&ﬁiﬁw@&]%%%qﬁbﬁﬁﬂaﬁcma s gduttc T bl SRPBIOSHISNS preferably,
synergistigally. ilivenpoaferseidranbostimerirat aripasiti gaculprising arebsapatind eflfascinvention is

administered. concurrently with the administration of another therapeutic agent, which can be part of
the same*COHAPSEIGA: In another embodiment, a composition comprising a compound of the invention

is admini $pri r or sulise nt to, administration af another th eutic agent. EXAMPLES
0141 TS TR ORI AL e et DO S e i i S e i i
preparatioityofusp oapmumedsrand o puypakitiormofsibasinagistitn, apcipssayh fos Usingkeompieounds and

compositg)n of einvenlt(éon. It will be apparent o those skilled in.the.art that many modi{ications,

both to materals and Metods, May e praticad Without deparing ?Sﬁt%e%&poer 6f the Irvention.

101451 Irstreetenam plesialok, dhénfoltewingpabireveatiadshhaue fthectoligwpegt srsmahimgs. If an
201010598 DFE HO SIS OAEB At SAHoCE RGN G ST BBt g vice o
pharmaceutically palatable preparation. Moreover, where in tablet or pill form, the

compositions may be coated to delay disintegration and absorption in the gastrointestinal
tract, thereby providing a sustained action over an extended period of time. Selectively
permeable membranes surrounding an osmotically active driving compound are also suitable
for orally administered compounds of the invention. In these later platforms, fluid from the
environment surrounding the capsule is imbibed by the driving compound, which swells to
displace the agent or agent composition through an aperture. These delivery platforms can
provide an essentially zero order delivery profile as opposed to the spiked profiles of
immediate release formulations. A time delay material such as glycerol monostearate or
glycerol stearate may also be used. Oral compositions can include standard vehicles such as

mannitol, lactose, starch, magnesium stearate, sodium saccharine, cellulose, magnesium

carbonate, etc. Such vehicles are preferably of pharmaceutical grade.

[0126]  For oral liquid preparations such as, for example, suspensions, elixirs and
solutions, suitable carriers, excipients or diluents include water , saline, alkyleneglycols (e.g.,
propylene glycol), polyalkylene glycols (e.g., polyethylene glycol) oils, alcohols, slightly
acidic buffers between pH 4 and pH 6 (e.g., acetate, citrate, ascorbate at between about mM
to about 50 mM) etc. Additionally, flavoring agents, preservatives, coloring agents, bile salts,

acylcamitines and the like may be added.

[0127]  Compositions for administration via other routes may also be contemplated. For
buccal administration, the compositions may take the form of tablets, lozenzes, etc.
formulated in conventional manner. Liquid drug formulations suitable for use with nebulizers
and liquid spray devices and EHD acrosol devices will typically include a compound of the

invention with a pharmaceutically acceptable vehicle. Preferably, the pharmaceutically
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DCM =dichloromethane DMAP =4-N,N-dimethylaminopyridine DMF =N,N-dimethylformamide g=gram
h =hours L =liter LC/MS =liquid chromatography/mass spectroscopy M=molar mL =milliliter mmol
=millimols NW-HAEMNAr |AM =micromolar MTBE =methyl tert-butyl etherB¢ EOBRH @308 Fature TEA
=triethylamine THF =tetrahydrofuran

acceptable vehicle is a liquid such as alcohol, water, polyethylene glycol or a
perfluorocarbon. Optionally, another material may be added to alter the acrosol properties of
the solution or suspension of compounds of the invention. Preferably, this material is liquid
such as alcohol, glycol, polyglycol or fatty acid. Other methods of formulating liquid drug
solutions or suspension suitable for use in acrosol devices are known to those of skill in the
art (see, ¢.g., Biesalski, U.S. Pat. No. 5, 112,598; Biesalski, U.S. Pat. No. 5,556,611). A
compound of the invention may also be formulated in rectal or vaginal compositions such as
suppositories or retention enemas, €.g., containing conventional suppository bases such as
cocoa, butter or other glycerides. In addition to the formulations described previously, a
compound of the invention may also be formulated as depot preparation. Such long acting
formulations may be administered by implantation (for example, subcutancously or
intramuscularly) or by intramuscular injection. Thus, for example, a compound of the
invention may be formulated with suitable polymeric or hydrophobic materials (for example,
as an emulsion in an acceptable oil) or ion exchange resins, or as sparingly soluble

derivatives, for example, as a sparingly soluble salt.

[0128] When a compound of the invention is acidic, it may be included in any of the
above-described formulations as the free acid, a pharmaceutically acceptable salt, a solvate or
hydrate. Pharmaceutically acceptable salts substantially retain the activity of the free acid,
may be prepared by reaction with bases and tend to be more soluble in aqueous and other

protic solvents than the corresponding free acid form.

METHODS OF USE AND DOSES

[0129] A compound of the invention, or compositions thereof, will generally be used in an
amount effective to achieve the intended purpose. For use to treat schizophrenia and related
psychoses such as acute manic, bipolar disorder, autistic disorder and depression. The
compounds of Formula (1) and compositions containing a compound of Formula (1) are

administered or applied in a therapeutically effective amount.

[0130] The amount of a compound of the invention that will be effective in the treatment
of a particular disorder or condition disclosed herein will depend on the nature of the disorder
or condition, and can be determined by standard clinical techniques known in the art as
previously described. In addition, in vitro or in vivo assays may optionally be employed to
help identify optimal dosage ranges. The amount of a compound of the invention

administered will, of course, is dependent on, among other factors, the subject being treated,
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TFA =trifluoroacetic acid EXAMPLE 1 [0146]6-Amino-2H-benzo[b][1,4]oxazin-3(4H)-one (2) (Scheme
1). To a suspension of 6-nitro-2H-1,4-benzoxazin-3(4H)-one 1 (0.5 g, 0.0026 mol) and CuCl (0.77 g,
0.0078 mol)\MOZAHREE3 methanol (25 mL), stirred at 25 C was added pot&&§Ji(ih2BHY8tndride (0.98 g,
0.018 mot) in portions (exothermic with evolution of hydrogen gas). The reaction mixture was stirred at
25 C for 30 min The black precipitate formed was filtered and washed with methanol. The combined

filtrate anghivaghingghvestey sppwRicehtoseivei§-aminaitihanz o] haddoxaz nha(dd-ans wiich was
purified by silica gel coﬁlignn chro atoég)%aphy using ethyl a}ce ate, Brown solid 50 29 g,.67%). IFINMR
(400 MH%@B@?E‘?@ 4G RESSSPMESIYRICHI FToR S D8 dosggr ys)deTsd B 2 2.8 Hz,
1H); 6.5%terhae&iddaizeddhosiflohdbls a kgl X4 AMiRistraZion, by multiple applications or controlled
1014714-(4-(2-Methoxyphenyfipiperazin-I-y1)-N-(3-ox0-3,4-chhydro-2H- .

penzolnlfS RS B Pt QRGPS o TRARIEGon are delivered by oral
6-amino-gidbenabiblfdsé hdxanistA(bhl Pesterab(0, 08 ¢ 0T Mo}, the compounds of the
4-(4-(substituted-phenyfipiperazip-1- yebutanoic acid 3a (0.0005 mol), dicyglohexylcarbodiimide (0.1 g,
00005 mBHCH AT YA S0 06 TG SRR ToER RN Ao R AEARG s sirred
at room tespeecdtinerdaitevesnighly bherprogreatoat iheineasiivinaias withbaraddbyethandayey

chromatography (TLC). The reaction mixture was cooled; filtered to remove the urea precipitated,
ashed J A IS G B O L SO AT 8 B S A B AR svaporated under

reduced re ive 4-(4-(substituted-phenyfipiperazin-l-y1)-N-(3-

005 4- I o+ B O RS R A A S CU ML L4 B e gl colurmn
chromatdggraptiy (kidgrGht@hagradedogioh btiephacetates endaplettranoh difetatadrpsprbdset drlgave
satisfactory 1H NMR. and/or Mass spectral data,.White solid (0.06.q9, 29%). IFI.NMR (4 Z,
Coein By S SSRGS S A s
2H); 6.6340igk 0.+ DBOMHD I fBaBly6. 88:(1m, 100N S 93-da;05i (am, DH) B0 Froddsas ak); 7.82 (d, J
= 2.4 Hz, 1H); 9. Sc 1H);.9.12 (hr.s, 1H). MS (ESI): raiz = 42 M+H ), EXAMPLE 3
01481 O S SRy TS S S0 o i g P b5 ARG
benzo[b]jtrAtoxblzin Bayfibutanamide (4b) (Scheme 1). The compound 4b was synthesized using the
protocol described for the synthesis of compound 4a in Example 2 (Scheme I). White solid (0.08 g,

34%). IFTON@AR (4Bbavprapomds of 4 i98enton are, (Refirablyra s, vHy, mad(bivs, &r¥he.09 (br s,
414 S0 B GIRM00] o BT AL SO0 € Lo R A ORBRIT Y, 7137720

(m, 2H); 7.71-7.72 (m, 1H); 8.46 (br s, 1H); 8.58 (br s, 1H). MS (EST): m/z = 463.2 (MI ). EXAMPLE 4
[0149]4- (4 onitatingsy plie hgfidiprerzstiatad yo orefBeetios 3l ¢iy dvon2ignimal model systems.
benzol[b][1,4]oxazin-6-yfibutanamide hydrochloride (5a) (Scheme 1). To a solution of 4-(4-

(substitutdd FenyFisiarhbinthg thrrapesierdyciaaiodore Bé A Lomeuwnd sidbmisvaititanamide 4a in

5 mL dichirgmednaneyaniatdetie ik %ﬂr&%ﬁwu%amdésﬁmgmsgtmqltﬂﬁmaﬁ solution was
evaporated at 25 C to give 4-(4-(substituted- WO 2010/099502PCT/US2010/025687 ph

enyl)pipeFaxisifyal compousds-af AbginyendorHope kesiaigring dusingsendssd hwam @atisidrochloride
2. The R JRAdVGH) R gave SAiRfaciana Y i epdieriMAss sPRRlrab dala y ¥Riteceqlid (60 mg).
MS (ESI): xrilz = 425.2 (M-HC1). EXAMPLE 5 _ _ _

toxic and therapeutic effect is the therapeutic index. A compound of the invention will

preferably exhibit particularly high therapeutic indices in treating disease and disorders. The

dosage of a compound of the inventions described herein will preferably be within a range of

circulating concentrations that include an effective dose with little or no toxicity.

[0134] In one aspect of the invention, methods of treating one of psychoses,
schizophrenia, acute mania, bipolar disorder, autistic disorder or depression are described,

comprising administering to a patient in need thereof the compounds the present disclosure.
[0135] In another aspect of the invention, the method treats schizophrenia.

[0136] In another aspect of the invention, the method treats bipolar disorder.
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1015014-(4-(2,3-Dichlorophenyl)piperazin-l-y1)-N-(3-oxo-3,4-dihydro-2H-
benzo[b][1,41oxazin-6-yl)butanamide hydrochloride (5b) (Scheme 1). The compound 5b was
synthesizedWRi? 498%P3tocol described for the synthesis of compound 5aR&EXEHMPO%@EScheme 1).
White solid (40 mg). MS (ESI): miz = 463.2 (M-HCI). EXAMPLE 6 10151]Ethyl
2-(4-methoxy-2-nitrophenoxy)acetate (8) (Scheme 2). A mixture of 4- methoxy-2-nitrophenol 6 (1.69 g,
0.01 mol)ppsrgssiumoparipret®d{2hétngchtidd, rooh s & bylthcpreasedaisl oiikclusdd, t8.8damol) in 20
mL anhydrous acetone was refluxed for overnlgh%l\ﬂZ}éh). The progress of the reaction was monitored
by thin Ia)&HEARG S §PH P BEHA RN WAL A0 S8 AEa SR SE HERS Bluted with
water aneﬂoq@rix Ire was Fé(tr%(cz%e(% ﬁ\{itkll et%o%c @%teé Th%1 o%aeni Iea ert%astvg?shed with brine,
dried over sodium Suffate %ndg%vaﬁoraFecril 5 give’e )}]I E-fﬁ-nge Sxy- -ﬁﬁroﬁﬁenoxy)acetate 8 which
was purifsebimypaileedagel column chromatography using 0-50% gradient of hexane and ethyl acetate.
Yellow solid (2.18 g, 85%). 1H NMR (400 MHz, CDC13): 6 1.28 (t, J = 7.2 Hz, 3H); 3.82 (s, 3H); 4.25
(9, J = 7.DH9|2H)|mariOtlsr 2bbK T GAtld idver@idnithe 1t Fod®(ads e Be@iBeRtief bipd)ai7.40 (d, J = 2.8
Hz, IH). I%XAI\AGF;LE 7 10152]Ethyl 2-(4-hydroxy-2-nitrophenoxy)acetate (9) (Scheme 2). To a solution

of ethyl Z-tio%ethoxy-z-nitrophenoxy)acetate 8 (1.0 g, 0.004 mol) in 10 mL dichioromethane cooled in

an ice-balgy s a‘%ﬂ%%@&é%@%?tﬁ@'ﬁ%ﬁtﬁ# D '@Pﬂﬂe"ﬁf&%ﬂt"&ﬁ%@tom% [es\ g midure was

gradually warmed to room temperature and then refluxed for 4 h. The progress of the reaction was

mon itoreqlb\yllﬁqmumf @ht@chmgna[ﬁnyu@v Ii@)hg’ eatewotion pﬁmﬂ&ewamghmmmsww rated
sodium b['ff@l{ﬁo B?[;Slétoéfﬁ&ﬁe?%g&?gcﬂé’(ﬁrdéloglllg%%gg?éﬁ ﬂ%ﬂ'ﬁ%"éﬂ&ks, schizothenia, acute

2-(4-hydroxy72’-n‘ rophenoxy)acetate 9 which was purified by silica gel column chromatography using a
gradient ofdnédneottidlistigeacarastic Wiitd SoNdd@ZesPB7%). 1H NMR (400 MHz, CDC11): 6 1.26
(t, J = 6.8 Hz, 3H); 4.27 (g, J = 6.8 Hz, 2H); 4.71 (S, 2H); WO 2010/099502PCT/US2010/025687 6.32
(S, | H); 68d1h, J larpther pmycbddheiventign the ugegsfor the)treatipeny of schizppprenidy. EXAMPLE
8 [0153]Ethyl 2-(4-(4-bromobutoxy)-2-nitrophenoxy)acetate (11) (Scheme 2). To a solution of ethyl
2-(4-hyd &K H it éwé@ét@m%?@o pRaP) fer 1o iipatmens R MRl $dtassium
carbonate (0.39 g, 0.0028 mol). The reaction mixture was stirred at room temperature for 10 min. Then
1,4-dibro@OMBINATIONSBIERAPY28 mol) was added. The resulting mixture was heated at reflux
for 12 h. The progress of the reaction was monitored by thin layer chromatography (TLC). Acetone
was evaf0idtid arld theaestcie dvasidd uttthevitte seatary exticactid vathpetinyd acttiateraedtdned over
sodium sulfate to gjve ethyl.2-(4-(4:bromobuytoxy)-2- itroptﬁn acetate 11 which was purified by
Siica el e e R B R G S TRISH o's2
g, 92%). NME (4@ nkiibiz ADICI 8)c1B e @bc (2 2dnt GuB ddizaddifivel9 D11 198r¢mrdbitpb2y02- 2.09 (m, 2H);
3.48 (t,J=6.8 Hz )i3-99 % J=6.0H ZH%[f 4.26 (d,.d = 6.8 Hz, .2H); 4.70 (s, 2H); 6.99-7.02 (m,
2H): 7.3 8%8,65%1:5%6%&2 I’nﬁ_B? 3&?& S[EEO iﬁﬁ Aﬁg{ﬁg Sition cornpr1S1ng)a comp uhg 0} tge
2-(4-(4-(4n2miethsrydhemtepip erazinitnybbettxihe2dntroptrehionybositter therapeutic agent,

which can be part of the same composition. In another embodiment, a composition

comprising a compound of the invention is administered prior or subsequent to administration

of another therapeutic agent.

EXAMPLES

[0144]  The invention is further defined by reference to the following examples, which
describe in detail preparation of compounds and compositions of the invention and assays for
using compounds and compositions of the invention. It will be apparent to those skilled in the
art that many modifications, both to materials and methods, may be practiced without

departing from the scope of the invention.

[0145]  In the examples below, the following abbreviations have the following meanings.

If an abbreviation is not defined, it has its generally accepted meaning.
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13a (Scheme 2). A mixture of ethyl 2-(4-(4-bromobutoxy)-2-nitrophenoxy)acetate 11 (0.0007 mol),
1-(2-substituted-phenyl)piperazine hydrochloride 12 (0.16 g, 0.0007 mol), N,Ndiisopropylethylamine
(0.36 mL, OVO2P1H8PPH210 mL acetonitrile was heated at 60 C for 12 h. THRCAE§IEHE0ZFEHE reaction
was monitored by thin layer chromatography (TLC). The reaction mixture was evaporated to remove
the volatiles and the residue was diluted with water, extracted with ethyl acetate, the organic extracts
were washed with sodium bicarbonate solution and dried over sodium sulfate to give ethyl
2-(4-(4-(4-(substituted-phenyl)piperazinl-yl)butoxy)-2-nitrophenoxy)acetate 13a which was purified by
silica gel ggtusmn chromatograpiayoyphegea gradient of hexane and ethyl acetate. The pure product 13a
gave sati T@c'@ry 1H NMR angéo,r ats)f%sli)(gctr%l' data. Colorless oil (0.3.g, 88%). IH NMR (400 MHz,
CDC13):'61.26 (t, J = 6.8 Hz, H{Eﬂ% D URDrY); 1.82-1.85 (m, 2H); 2.47 (t, J = 6.4 Hz, 2H); 2.67
(br s, 4HDENObr s, 4H); 3.86idBlodbhhcthd&(t, J = 6.4 Hz, 2H); 4.24 (g, J = 6.8 Hz, 2H); 4.70 (s, 2H);
6.84-6.96-7.08 (m, 6H); 7.38 %Igl :$.8 %sz 1H?. WQ 2010/099502PCT/US2010/025687 EXAMPLE
10 [0155 D (4-(4-(4-(2, 3 AT BB REATBIBRPEIAS butoxy)-2- nitrophenoxy)acetate 13b
(Schemeyilke compound MNwasqEpRiathhisitg the protocol described for the synthesis of
compound 13a as described in Example 9 (Scheme 2). Yellow oil (0.3 g, 81%). 11-1NMR (400 MHz,
CDC13):871.26 (t, J = 6.8 HzZ3H); 1.70-1.73 (m, 2H); 1.80-1.85 (m, 2H); 2.48 (t, J = 6.4 Hz, 2H); 2.65
(br s, 4H}i,3.07 (br s, 4H); 3.98uts J = 6.4 Hz, 2H)., 4.26 (g, J = 6.8 Hz, 2H); 4.70 (s, 2H); 6.94-7.08
(m, 3H); 7.13-7.16 (m, 2H); 7.39 (d, J = 3.2 Hz, 1H). EXAMPLE 11

[0156]6-( -(4-(2-methoxyphellﬁt/f)rpiperazin- | -yl)butoxy)-2H-benzo[h][ | ,4]Joxazin-3(41-)- one (14a)
(Schemel2)/¥shyl 2-(4-(4-(4-(sebdtihitesigpbemayl)pipara zipe dtaySiopioxy)-2- nitrophenoxy)acetate 13a
(0.1 g, 0.0002 mol) was dissolveld in a mixture of 10 mL ethanol and 1.2 mL acetic acid in a 100 mL
flask equipped with an efficieft t8hdenser, and the stirred mixture brought to a gentle reflux. Iron
powder (hD84 g, 0.0015 molmwidiadded, followed immediately by iron(111) chloride hexahydrate
(0.01 g, 0.00010234 mol). The mi 1iure was refluxed for a further 3 h, then cooled and filtered using a
Buchner fUnRel, washed with %%5%18 > The combined filtrate and washings were evaporated. To the
residue widd added ethyl acetatacanclaater, and the aqueous layer was extracted twice with ethyl
acetate. The combined organic.layers were dried and concentrated to give

6-(4-(4-( sﬁtutedphenyl)piﬁ@f& Hl-(l-angbutoxy)-ZH-benzo[b][1,4]oxazin-3(410-one 14a which was
purified byrsiBea=gel column chianyategrbptiy sthigig a gradient of hexane and ethyl acetate. The pure
product 14a gave satisfactory IH NMR and/or Mass spectral data. Colorless oil (0.08 g, 97%).NMR
(400 MHZ TDC11): 5 1.70 (IS EMPE S8 Br s, 2H); 2.47 (br s, 2H):, 2.67 (br s, 4H): 3.10 (br s, 4H);
3.86 (s, 3MA3:91 (br s, 2H); 4chibh(daith)i 6.38 (br s, 1H); 6-48- 6.50 (m, IH); 6.85-6.99 (m, 5H)., 9.12
(hr s, IH) (EST): m/z =412.3 1+HEZ‘. EXAMPLE 12

[0157]6-(’5- -(2,3-dich|orophéﬁ%%8f5 ﬂ-l-yObutoxy)-ZH-benzo [b][1,4]oxazin- 3(410-one (14b)
(SchemeTAFhe compound ABwasapedparsedl using the protocol described for the synthesis of
compound 14a as described in Example 11 (Scheme 2). Colorless oil (0.1 g, 42%). Iff NMR (400 MHz,
CDC13):-6-1:79(br-s;4H); 2 74(br-s; 2H):-2.96(brs,4H); 3.17 (br s, 4H); 3.91 (s, 2H); 4.05 (s, 2H);
6.44 (s, 1H); 6.48 (dd, J = 2.4 Hz; 8.8 Hz, 1H); 6.85 (d, WO 2010/099502PCT/US2010/025687 J = 8.8
Hz, I1H); 6.96 (dd, J = 2.0Hz 7.2 Hz, 1H), 7.12p& ) fpy 1 9-49 (s, 1H), 9.87 (br s, 1H). MS (ES1): miz
= 450.2 (M-).

[0146] 6-Amino-2H-benzo[b][1,4]oxazin-3(4H)-one (2) (Scheme 1). To a suspension of
6-nitro-2H-1,4-benzoxazin-3(4H)-one 1 (0.5 g, 0.0026 mol) and CuCl (0.77 g, 0.0078 mol) in

anhydrous methanol (25 mL), stirred at 25 °C was added potassium borohydride (0.98 g,
0.018 mol) in portions (exothermic with evolution of hydrogen gas). The reaction mixture
was stirred at 25 °C for 30 min. The black precipitate formed was filtered and washed with
methanol. The combined filtrate and washings was evaporated to give 6-amino-2H-
benzo[b][1,4]oxazin-3(4H)-one which was purified by silica gel column chromatography
using ethyl acetate. Brown solid (0.29 g, 67%). '"H NMR (400 MHz, CDCls): & 4.34 (s, 2H);
4.81 (s, 2H); 6.09 (dd, J =2.8, 8.4 Hz, 1H); 6.14 (d, J = 2.8 Hz, 1H); 6.59 (d, J = 8.4 Hz, 1H);
10.44 (s, 1H).
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EXAMPLE 13 [0158]6-(4-(4-(2-Methoxyphenyl)piperazin-1-yObutoxy)-2H-benzo [b][1,4]oxazin-3(4H)-
one hydrochloride (15a) (Scheme 2). To a solution of
6-(4-(4-(subBMAAEAYMENRY ) piperazinl-yl)butoxy)-21/-benzo[h][1,4]oxazin-3(RENEHOMURIAE M1,
dichloromethane was added 2 mL 2M HC1 solution in diethyl ether, and then the solution was
evaporated at 25 C to give 6- (4-(4-(substituted-phenyppiperazin-1-yObutoxy)-2H-benzo
[b][1,4]oxazin-3(4H)-one hydrochloride 15a. T AMEBIEOHuUcts 15a gave satisfactory IH NMR and/or
Mass spectral data. White solid (0.08 g). MS (ES1): raiz = 412.3 (M-HC1). EXAMPLE 14
[0159]6-(147(2, 3-Digh{ardphirowy )iipey BpipctayDblid yyN-2Hokeriz ¢-flilldAjcdzin- 3(410-one
hydrochl ride(E ) (Scheme 2)..The cor. d 15b was prepared usipg the pratpcol described for
the syntt S RO T e L HR SIS o 15 ST REeEo OG-t (0.2 ). MS
(ESI): mibenz0]Pl (Meki(Zi-3i(¥ ADRER RHARNMA CMEQGY, RESBubSifdtagiide bpvipipeiadine
derivatives comprisin r ). described in this inyention e tested in_the in yitro
pharmaco A A T LR R e T A L ORI A and
serotonindmidihyAmeaaepiorslidh@ 006 g0 (088aYSpratid dol$tand. kietdtuoenrefienencessarcedescribed

herein. [0161]Dopamine, D2s (human recombinant g din say 101621 Materials. and Methods:
Recepior ST RLTRHNLS FRED TN i o E R B e e 060
Cilmmol)cdEamtiabd GaphyqIhd HileperckddnoivatiowsS ooolitidin$ttdibeé tesations tiwerecaarried out in 50

minutes ST e R TS A el e
Radioactivitycvappetdntalthecilltecs passdateorpined-ghdsobsipsardcplerphpiptuatnet-il)ake@r-to
ascertain Ay G R S R TP S VN G ONE I IRAMINE s R anat Piding it
gel column chromatography using 0-10% gradient of ethyl acetate and methanol. The pure
product 4a gave satisfactory 1H NMR and/or Mass spectral data. White solid (0.06 g, 29%).
'H NMR (400 MHz, CDCl3): 8 1.94-2.00 (m, 2H); 2.53-2.59 (m, 4H); 2.70 (br s, 4H); 3.14
(br s, 4H); 3.87 (s, 3H); 4.55 (s, 2H); 6.63 (dd, J = 2.4, 8.8 Hz, 1H); 6.84-6.88 (m, 2H); 6.93-
6.95 (m, 2H); 6.99-7.04 (m, 1H); 7.82 (d, J = 2.4 Hz, 1H); 9.04 (br s, 1H); 9.12 (br s, 1H).
MS (ESI): m/z = 425.2 (M+H").

EXAMPLE 3

[0148]  4-(4-(2,3-Dichlorophenyl)piperazin-1-yl)-N-(3-0x0-3,4-dihydro-2 H-
benzo[b][1,4]oxazin-6-yl)butanamide (4b) (Scheme 1). The compound 4b was synthesized
using the protocol described for the synthesis of compound 4a in Example 2 (Scheme 1).
White solid (0.08 g, 34%). "H NMR (400 MHz, CDCls): 8 1.93-2.00 (m, 2H); 2.50-2.57 (m,
4H); 2.68 (br s, 4H); 3.09 (br s, 4H); 4.50 (s, 2H); 6.63 (dd, J=2.4, 8.8 Hz, 1H); 6.88 (d, J =
8.8 Hz; 1H); 6.99-6.92 (m, 1H); 7.13-7.20 (m, 2H); 7.71-7.72 (m, 1H); 8.46 (br s, 1H); 8.58
(brs, 1H). MS (ESI): m/z = 463.2 (M").

EXAMPLE 4
[0149]  4-(4-(2-Methoxyphenyl)piperazin-1-yl)-N-(3-0x0-3,4-dihydro-2 H-
benzo[b][1,4]oxazin-6-yl)butanamide hydrochloride (5a) (Scheme 1). To a solution of 4-(4-
(substituted-phenyl)piperazin-1-yl)-N-(3-0x0-3,4-dihydro-2 H-benzo[b][ 1,4 |oxazin-6-
yl)butanamide 4a in 5 mL dichloromethane was added 2 mL 2M HCI solution in diethyl

ether, and then the solution was evaporated at 25 °C to give 4-(4-(substituted-
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WO 2010/099502PCT/US2010/025687 (Literature Reference: Jarvis, K. R. et al. Journal of Receptor
Research 1993, 13(1-4), 573- 590; Gundlach, A. L. et al. Life Sciences 1984, 35, 1981-1988.)
[0163]SerotY{r203:0P2582(human recombinant) binding assay 101641 MateR&IE BRI NEAGHs:
Receptor Source:Human recombinant expressed in HEK-293 cells Radioligand:[3f1]-8-0H-DPAT (221
Ci/mmol) Control Compound: 8-O0H-DPAT Incubation Conditions: The reactions were carried out in 50

MM TRISidGll iibbiaAin CORIRINGE-d Qo M-Mgré . DEunME P A4 0K:0il % Assathisads at room
temperature for 1 hour, The reaction was terminated by rapid vacuum filtration onto glass fjber filters.
Radioacrﬁx&m%%%f ol THPHG PSR St SR 1 AT B B Y VA RS it 1o
ascertainvahitd Rtgractio ascpi NES{ ESMpaundsiafih thelened serotonin- 5HT1 A binding site (Literature
Reference: Hoyer, D. et al. Eur. Journal Pharmacol. 1985, 118, 13-23; Schoeffter, P. and Hoyer, D.
Naunyn-Schmiedeberg's Arch. Pharmac. 198@&%}?{ -5’L38) [0165]Serotonin, 5SHT2A (human)
binding assay [0166]Materials and Methods: Receptor Source:Human Cortex

g Ao RO TR Ketafsarip e patan Conelion

The reactions were carried out In S-HCI p .6) at room teniperature for 90 minutes. The

reaction kenzobbibindlethbp-Gylobusamdstrediosdotslg @b (Behefitels. Rudioapivind thhppet onto

the filters, ' g I E ractions of test
' s(?fﬁﬁegfzt&{ %&%ﬂtﬁ#ﬁ:&%%@s@ﬁ%&%ﬁfﬂ{é’%}ﬁ%k@s%@S‘&ﬁ%&ﬁ&?g@iﬂ E%@B acll

compounds with the ser 5HT2A binding site (Litérature Reference: Leysen, J. E. et al. Mol.
Pharmac6ichese | 21Wade-sghid (#8arin; MSREShd riampiedey,(M-HCA). Neuropharmacol. 1994, 33(3/4),
261-273.) [0167]The radioligand binding assays for dopamine-D2s, serotonin-5HT1A and serotonin-
5HT2A were carried out at six different concepiaiiapg gng the test concentrations were 0.5 niVI, 1 nM,
10 nm, 100 nM, 300 Oil and 1000 nM.

[0151]  Ethyl 2-(4-methoxy-2-nitrophenoxy)acetate (8) (Scheme 2). A mixture of 4-
methoxy-2-nitrophenol 6 (1.69 g, 0.01 mol), potassium carbonate (2.76 g, 0.02 mol) and ethyl
bromoacetate 7 (1.1 mL, 0.01 mol) in 20 mL anhydrous acetone was refluxed for overnight
(12 h). The progress of the reaction was monitored by thin layer chromatography. The
reaction mixture was evaporated, the residue was diluted with water and the mixture was
extracted with ethyl acetate. The organic layer was washed with brine, dried over sodium
sulfate and evaporated to give ethyl 2-(4-methoxy-2-nitrophenoxy)acetate 8 which was
purified by silica gel column chromatography using 0-50% gradient of hexane and ethyl
acetate. Yellow solid (2.18 g, 85%). "H NMR (400 MHz, CDCls): 8 1.28 (t, J = 7.2 Hz, 3H);
3.82 (s,3H); 4.25 (q, J = 7.2 Hz, 2H); 4.70 (s, 2H); 7.01 (d, J = 9.2 Hz, 1H); 7.08 (dd, J = 3.2,
9.2 Hz, 1H); 7.40 (d, J = 2.8 Hz, 1H).

EXAMPLE 7

[0152]  Ethyl 2-(4-hydroxy-2-nitrophenoxy)acetate (9) (Scheme 2). To a solution of ethyl
2-(4-methoxy-2-nitrophenoxy)acetate 8 (1.0 g, 0.004 mol) in 10 mL dichloromethane cooled
in an ice-bath was added aluminum chloride (1.6 g, 0.0133 mol) portion wise. The resulting
mixture was gradually warmed to room temperature and then refluxed for 4 h. The progress
of the reaction was monitored by thin layer chromatography (TLC). The reaction mixture was
washed with saturated sodium bicarbonate solution and dried over sodium sulfate to give
ethyl 2-(4-hydroxy-2-nitrophenoxy)acetate 9 which was purified by silica gel column
chromatography using a gradient of hexane and ethyl acetate. White solid (0.28 g, 37%). 'H
NMR (400 MHz, CDCls): 6 1.26 (t, J = 6.8 Hz, 3H); 4.27 (q, J = 6.8 Hz, 2H); 4.71 (S, 2H);
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101681The in vitro pharmacological activities of the selected compounds using radioligand binding
assays arc reported in the following table. WO 2010/099502 PCT/US2010/025687 Compound Assay
IC50 Ki 15aWoeo3®) D2S 0.98 nM 0.30 nM 15a (Example 13) PCT/US2010/025687

6.32 (S, 1H); 6.90 (d, J = 8.8 Hz, 1H); 6.99 (dd, J = 3.2 Hz; 8.8 Hz, 1H); 7.30 (d, J = 2.8 Hz,
1H).

EXAMPLE 8

[0153]  Ethyl 2-(4-(4-bromobutoxy)-2-nitrophenoxy)acetate (11) (Scheme 2). To a
solution of ethyl 2-(4-hydroxy-2-nitrophenoxy)acetate 9 (0.17 g, 0.0007 mol) in 10 mL
acetone was added potassium carbonate (0.39 g, 0.0028 mol). The reaction mixture was
stirred at room temperature for 10 min. Then 1,4-dibromobutane 10 (0.33 mL, 0.0028 mol)
was added. The resulting mixture was heated at reflux for 12 h. The progress of the reaction
was monitored by thin layer chromatography (TLC). Acetone was evaporated and the residue
was diluted with water, extracted with ethyl acetate and dried over sodium sulfate to give
ethyl 2-(4-(4-bromobutoxy)-2-nitrophenoxy)acetate 11 which was purified by silica gel
column chromatography using 0-20% gradient of hexane and ethyl acetate. Yellow oil (0.52
g, 92%). '"H NMR (400 MHz, CDCl5): 8 1.26 (t, J = 6.8 Hz, 3H); 1.91-1.98 (m, 2H); 2.02-
2.09 (m, 2H); 3.48 (t, J = 6.8 Hz, 2H); 3.99 (t, ] = 6.0 Hz, 2H); 4.26 (q, J = 6.8 Hz, 2H); 4.70
(s, 2H); 6.99-7.02 (m, 2H); 7.38 (d, J = 3.2 Hz, 1H).

EXAMPLE 9

[0154]  Ethyl 2-(4-(4-(4-(2-methoxyphenyl)piperazin-1-yl)butoxy)-2-nitrophenoxy)acetate
13a (Scheme 2). A mixture of ethyl 2-(4-(4-bromobutoxy)-2-nitrophenoxy)acetate 11 (0.0007
mol), 1-(2-substituted-phenyl)piperazine hydrochloride 12 (0.16 g, 0.0007 mol), N,N-
diisopropylethylamine (0.36 mL, 0.0021 mol) in 10 mL acetonitrile was heated at 60 °C for
12 h. The progress of the reaction was monitored by thin layer chromatography (TLC). The
reaction mixture was evaporated to remove the volatiles and the residue was diluted with
water, extracted with ethyl acetate, the organic extracts were washed with sodium bicarbonate
solution and dried over sodium sulfate to give ethyl 2-(4-(4-(4-(substituted-phenyl)piperazin-
1-yl)butoxy)-2-nitrophenoxy)acetate 13a which was purified by silica gel column
chromatography using a gradient of hexane and ethyl acetate. The pure product 13a gave
satisfactory 1H NMR and/or Mass spectral data. Colorless oil (0.3.g, 88%). "H NMR (400
MHz, CDCls): 8 1.26 (t, J = 6.8 Hz, 3H); 1.70-1.72 (m, 2H); 1.82-1.85 (m, 2H); 2.47 (t,J =
6.4 Hz, 2H); 2.67 (br s, 4H); 3.10 (br s, 4H); 3.86 (s, 3H); 3.98 (t, J = 6.4 Hz, 2H); 4.24 (q, J
= 6.8 Hz, 2H); 4.70 (s, 2H); 6.84-6.96-7.08 (m, 6H); 7.38 (d, J = 2.8 Hz, 1H).
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EXAMPLE 10

[0155]  Ethyl 2-(4-(4-(4-(2,3-dichlorophenyl)piperazin-1-yl)butoxy)-2-
nitrophenoxy)acetate 13b (Scheme 2). The compound 13b was prepared using the protocol
described for the synthesis of compound 13a as described in Example 9 (Scheme 2). Yellow
0il (0.3 g, 81%). "H NMR (400 MHz, CDCls): § 1.26 (t, ] = 6.8 Hz, 3H); 1.70-1.73 (m, 2H);
1.80-1.85 (m, 2H); 2.48 (t, ] = 6.4 Hz, 2H); 2.65 (br s, 4H); 3.07 (br s, 4H); 3.99 (t, J = 6.4
Hz, 2H); 4.26 (q, J = 6.8 Hz, 2H); 4.70 (s, 2H); 6.94-7.08 (m, 3H); 7.13-7.16 (m, 2H); 7.39
(d, J=3.2 Hz, 1H).

EXAMPLE 11

[0156]  6-(4-(4-(2-methoxyphenyl)piperazin-1-yl)butoxy)-2H-benzo[b][1,4]oxazin-3(4H)-
one (14a) (Scheme 2). Ethyl 2-(4-(4-(4-(substituted-phenyl)piperazin-1-yl)butoxy)-2-
nitrophenoxy)acetate 13a (0.1 g, 0.0002 mol) was dissolved in a mixture of 10 mL ethanol
and 1.2 mL acetic acid in a 100 mL flask equipped with an efficient condenser, and the
stirred mixture brought to a gentle reflux. Iron powder (0.084 g, 0.0015 mol) was added,
followed immediately by iron(III) chloride hexahydrate (0.01 g, 0.000034 mol). The mixture
was refluxed for a further 3 h, then cooled and filtered using a Buchner funnel, washed with
ethanol. The combined filtrate and washings were evaporated. To the residue was added ethyl
acetate and water, and the aqueous layer was extracted twice with ethyl acetate. The
combined organic layers were dried and concentrated to give 6-(4-(4-(substituted-
phenyl)piperazin-1-yl)butoxy)-2H-benzo[b][ 1,4]oxazin-3(4H)-one 14a which was purified by
silica gel column chromatography using a gradient of hexane and ethyl acetate. The pure
product 14a gave satisfactory 1H NMR and/or Mass spectral data. Colorless oil (0.08 g,
97%). "H NMR (400 MHz, CDCls): 8 1.70 (br s, 2H); 1.78 (br s, 2H); 2.47 (br s, 2H); 2.67
(br s, 4H); 3.10 (br s, 4H); 3.86 (s, 3H); 3.91 (br s, 2H); 4.55 (s, 2H); 6.38 (br s, 1H); 6-48-
6.50 (m, 1H); 6.85-6.99 (m, 5H); 9.12 (br s, 1H). MS (ESI): m/z = 412.3 (M +H).

EXAMPLE 12

[0157]  6-(4-(4-(2,3-dichlorophenyl)piperazin-1-yl)butoxy)-2H-benzo[b][1,4]oxazin-
3(4H)-one (14b) (Scheme 2). The compound 14b was prepared using the protocol described
for the synthesis of compound 14a as described in Example 11 (Scheme 2). Colorless oil (0.1
g, 42%). '"H NMR (400 MHz, CDCls): & 1.79 (br s, 4H); 2.74 (br s, 2H); 2.96 (br s, 4H); 3.17
(br s, 4H); 3.91 (s, 2H); 4.05 (s, 2H); 6.44 (s, 1H); 6.48 (dd, J = 2.4 Hz; 8.8 Hz, 1H); 6.85 (d,
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5-HT2A 130 nM 58.50 nM 10169]While the invention has been particularly shown and described with
reference to a preferred embodiment and various alternate embodiments, it will be understood by
persons skifed M 1HEIPERRvant art that various changes in form and details d{ATISMHHE K& ein without
departing from the spirit and scope of the invention. All printed patents and publications referred to in
this application are hereby incorporated herein in their entirety by this reference. CLAIMS 1.A

compounp-h@agirg: thel 5te.esuiei of €eropeund kb1 enaypimmagentialiyasreptalle ssit ibesgof: oCl
Cl Compound 14 b 2. The cq nd of claim 1, wherein the compound is in the form of a
nydrochiohtle it f mlz <IBPLHL

EXAMPLE 13

[0158]  6-(4-(4-(2-Methoxyphenyl)piperazin-1-yl)butoxy)-2H-benzo[D][1,4]oxazin-3(4H)-
one hydrochloride (15a) (Scheme 2). To a solution of 6-(4-(4-(substituted-phenyl)piperazin-
1-yl)butoxy)-2H-benzo[b][1,4]oxazin-3(4H)-one 14a in 5 mL dichloromethane was added 2
mL 2M HCI solution in diethyl ether, and then the solution was evaporated at 25 °C to give 6-
(4-(4-(substituted-phenyl)piperazin-1-yl)butoxy)-2 H-benzo[b][ 1,4]oxazin-3(4 H)-one
hydrochloride 15a. The pure products 15a gave satisfactory IH NMR and/or Mass spectral
data. White solid (0.08 g). MS (ESI): m/z = 412.3 (M-HCI).

EXAMPLE 14

[0159]  6-(4-(4-(2,3-Dichlorophenyl)piperazin-1-yl)butoxy)-2H-benzo[b][ 1,4]oxazin-
3(4H)-one hydrochloride (15b) (Scheme 2). The compound 15b was prepared using the
protocol described for the synthesis of compound 15a as described in Example 13 (Scheme

2). White solid (0.28 g). MS (ESI): m/z = 450.2 (M-HC]).
IN VITRO PHARMACOLOGY RESULTS

[0160] The arylpiperazine derivatives comprising Formula (1) described in this invention
were tested in the in vitro pharmacological assays to evaluate their activities for dopamine,
D;s, serotonin, 5-HT) 4 and serotonin, 5-HT,4 receptors. The in vitro assay protocols and

literature references are described herein.
[0161] Dopamine, D,g (human recombinant) binding assay

[0162] Materials and Mecthods:

Receptor Source: Human recombinant expressed in CHO cells

Radioligand: [*H]Spiperone (20-60 Ci/mmol)

Control Compound: Haloperidol

Incubation Conditions: The reactions were carried out in 50 mM TRIS-HCI (pH 7.4)
containing 120 mM NaCl, 5 mM KCI, 5 mM MgCl,, I mM EDTA for 60 minutes at 25 C.
The reaction was terminated by rapid vacuum filtration onto glass fiber filters. Radioactivity
trapped onto the filters was determined and compared to control values in order to ascertain

any interactions of test compounds with the cloned dopamine — D, short binding site
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3. A compound having the structure of Compound 14b, or a pharmaceutically acceptable salt or
isomer thereof: oCl CI Compound 14b wherein one or more hydrogens of the compound are
optionally sOHRPHENPIRA 2H (deuterium). 4. A pharmaceutical compositioREBRPAsMEINE compound
according to claim 1 and a pharmaceutically acceptable carrier, excipient, or diluent. 5. Use of a
pharmaceutical composition according to claim 4 in the manufacture of a medicament for treating

psychoses.igeiizRItitmcaCit ManiR RipdlaodisardER esdistc Risedeldr wodepsessins7$. The use
of claim 5, wh r(Iali&ascallli,(wsE terteﬁ"[sL%cehézc?e%rére(esnliSM?.3'5r,h{a9§'1:,?1Sggggaim 5, wherein said use treats
bipolar disorder.

[0163]  Serotonin, SHT; (human recombinant) binding assay

[0164] Materials and Mecthods:

Receptor Source: Human recombinant expressed in HEK-293 cells

Radioligand: [’H]-8-OH-DPAT (221 Ci/mmol)

Control Compound: 8-OH-DPAT

Incubation Conditions: The reactions were carried out in 50 mM TRIS-HCI (pH 7.4)
containing 10 mM MgSQy, 0.5 mM EDTA and 0.1% Ascorbic acid at room temperature for 1
hour. The reaction was terminated by rapid vacuum filtration onto glass fiber filters.
Radioactivity trapped onto the filters was determined and compared to control values in order
to ascertain any interactions of test compounds with the cloned serotonin— SHT) 4 binding site
(Literature Reference: Hoyer, D. et al. Eur. Journal Pharmacol. 1985, 118, 13-23; Schoeffter,
P. and Hoyer, D. Naunyn-Schmiedeberg’s Arch. Pharmac. 1989, 340, 135-138)

[0165]  Serotonin, SHT,A (human) binding assay

[0166] Materials and Mecthods:

Receptor Source: Human Cortex

Radioligand: [’H]-Ketanserin (60-90 Ci/mmol)

Control Compound: Ketanserin

Incubation Conditions: The reactions were carried out in 50 mM TRIS-HCI (pH 7.6) at room
temperature for 90 minutes. The reaction was terminated by rapid vacuum filtration onto
glass fiber filters. Radioactivity trapped onto the filters was determined and compared to
control values in order to ascertain any interactions of test compounds with the serotonin—
5HT;A binding site (Literature Reference: Leysen, J. E. et al. Mol. Pharmacol. 1982, 21, 301-
314; Martin, G. R. and Humphrey, P. P. A. Neuropharmacol. 1994, 33(3/4), 261-273.)

[0167] The radioligand binding assays for dopamine-D,g, serotonin-5HT; 4 and serotonin-
SHT;a were carried out at six different concentrations and the test concentrations were 0.5

nM, 1 nM, 10 nm, 100 nM, 300 nM and 1000 nM.

[0168]  The in vitro pharmacological activities of the selected compounds using

radioligand binding assays are reported in the following table.

40-



WO 2010/099502 PCT/US2010/025687

Compound Assay IC50 Ki

15a (Example 13) D2S 0.98 nM 0.30 nM
15a (Example 13) 5-HTIA 0.97 nM 0.65 nM
15a (Example 13) 5-HT2A 262 nM 118 nM
15b (Example 14) D2S 1.96 nM 0.61 nM
15b (Example 14) 5-HT1A 225 nM 1.50 nM
15b (Example 14) 5-HT2A 130 nM 58.50 nM

[0169] While the invention has been particularly shown and described with reference to a
preferred embodiment and various alternate embodiments, it will be understood by persons
skilled in the relevant art that various changes in form and details can be made therein
without departing from the spirit and scope of the invention. All printed patents and
publications referred to in this application are hereby incorporated herein in their entirety by

this reference.
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CLAIMS

1. A compound having the structure of Compound 14b, or a pharmaceutically acceptable

Compound 14 b

salt thereof:

2. The compound of claim 1, wherein the compound is in the form of a hydrochloride salt.

3. A compound having the structure of Compound 14b, or a pharmaceutically acceptable

Compound 14b :

wherein one or more hydrogens of the compound are optionally substituted with °H

salt or isomer thereof:

(deuterium).

4. A pharmaceutical composition comprising the compound according to claim 1 and a

pharmaceutically acceptable carrier, excipient, or diluent.

5. Use of a pharmaceutical composition according to claim 4 in the manufacture of a
medicament for treating psychoses, schizophrenia, acute mania, bipolar disorder, autistic
disorder or depression.

6. The use of claim 5, wherein said use treats schizophrenia.

7. The use of claim 5, wherein said use treats bipolar disorder.
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