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NOVEL HETEROCYCLIC UREA DERIVATIVES AND THEIR USE AS
DOPAMINE D; RECEPTOR LIGANDS

BACKGROUND OF THE INVENTION

The subject nventlon relates to novel heterocyclic derivatives that selectively bind to the
dopamine Dy racepta~ The therapeuhc effects of currently available antipsychotic agents
{neurcleptics) are generally believed to be exerted wvia biockade of D, receptors, however this
mechamsm is also thought to be responsible for undesweable extrapyramidal sids effects
{eps) associated with many neurcieptic agents Without wishing tc be bound by theory, it has
been suggested that blockade of the dopamine Ds receptor may give nse to benefidial
antipsychotic activity without significant eps  {ses for sxample Sokoloff et ai Natur~ 1950
317 146-151 and Schwarlz et al Clinical Neuropharmacology Vol 16 No 4, 285-314
1883) This receptor is found in high abundance in brain regions associated with amotional
and cognitive functions Compounds that selectively bind to the dopamine D3 receptor are
useful in {freating certain central narvouis system disorders These central nervous system

disorders Includs the following ndications

1) Psychoses (including scinzophrenia) — See for example Biochem Fharmacol 1892, 3(4),
659-86, Chn Neuropharmacol 1993 16(4), 205-314 Neuwropsychophermacology 1997
18(6) 375-84 Am J Psychialry, 1999 166(4) 610-616,Psychopharmacology (Berl), 1905
12C(1) 67-74

2) Substance dependenca and substance abuse -- See fur example Neuroreport, 1987 B(8-
10), 2373-2377, J Pharmacol Exp Ther 1996 278(3) 1128-37 Brain Res Mol Bramn Res,
1997 45(2) 3359
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3) Mood Disorders (including manla, depressive disorders and blpolar disorders) —- See for
example Clin Neuropharmacol, 1988 21(3),176-80, Am J Med Gene(, 1958 81(2),192-4 J
Chn Psychiatry, 1995 56(11) 514-518 J C. n Psychisiry, 1995 56(9) 423429, Am J Mea
3enef 1995 60(3), 234-237 FPharmacopsychiatry, 1999 32(4) 127-135, J Affect Disord
1999 52(1-3), 275-290, Am J Psychmatry 1999 158(4) 610618

) dyskinete disorders (including Parkinson's Divease Parkinsonism Neuroleptic-inducad
Tardlv2 Dyskinesla and Gilles de la Tourstte Syndrome) — See, for example Ciin
Neuropt armacol, 2000 23(1) 34-44 Eur J Pharmacol 1883 385(1), 3946

5) sl=ep disorders (Including narcolepsy) - The Dy agonist pramipexole causes narcolepsy
A D, antagonst would be useful for reversing this undesireable side effect See Aust Fam

Physizan 1989 28(7) 737 Neurology, 1989, 52(8), 1906-1910

6) anwety disorders (including obsessive compulsive disorders) —~ See, for exampie, Physol
Bshav, 1997 63(1), 137-141, J Citn Psychiatry, 1995 56(8), 423-429 J Psycluatry Neuroscr
2000 25(2) 185 J Affect Disord 16899 £6(2-3) 219-226

7) nausaa - Dopamine antagonisis are used aione and In combination with SHTJ antagonists
See for uxample Support Care Cancer 1998 6(1) 8-12 Support Care Cancer, 2000, 8(3)
233-237 Eur J Anaestheslol, 1999 16(5) 304-307

8) dementia ~ See for example, Baiav Braun Res, 2000 109(1), 99-111 Neuroscience
1999 89(J) 743-749

SUMMARY OF THE INVENTICN

This inveniion refates to a class of compounds and pharmaceutically acceptable salts thereof
which are salective modulators of dopamine Dy receptors The compounds may acl as
agonists parhal agonists antagomists or allostanc modulators of dopamine D, receptors and

are vuseful for a vanely of therapeube applications

In another aspect, tha Invention relates o a mathod for treating central nervous system
disorders associated with the dopamins D5 receplor activity in a patlent in need of such
reatment compnsing administering to the subject a therapeutically eflective amouni of a
compound descnt 2d heren for alleviation of such disorder The central nervous system
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conditions cr disorders that may be freated with these compounds include Psychotic
Disorders Substance Dapendence, Substance Abuse, Dyskinehc Disorders (e g Parlonszon
Disease Parkinsonism Neuroleplic-induced Tardive Dyskiresla Gilles de la Tourelte
Syndrome and Hunfington s Disease) Nausea Dementia Anxiety Disorders Sieep
Disorders, Circadian Rhythm Disorders and Moaod Disorders

©

in yet another aspect the subject nvantion is directed toward a pharmaceutical composstion
compnsing an effective amount of a compound described herain with @ pharmaceubcally-
acceptable camer or diluent optionally in conjunction with one or more dopamine Dy D, D,

Ds or SHT receptor antagonists

In yet another aspact the subject invention s diracted towards procasses for the preparation
of the class of compounds descnbad hereln

Aiso within the scope of this invention are mathods for using these novel compounds as

imaging agents for doparmune Dy receptors  Methods of using these compounds as imaging
agenis are presented as are intermedialas and meathods for making the Imaging agents

DETAILED DESCRIPTION OF THE INVENTION

In accordance with the pressnt Invention, there are provided compounds of formula |

_-B—NH—C=Y—R,
3
R/MCHZ),,
|
wharein

AsCHorN
Y ls O or NR,

whereln R, 18

a) hydrogen,

b) Cy-Ceaikyl, or
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c)

/(C R 4R5H'—
(@)

wherein
5 sach Q rs independently hydrogen C.-Cealkyl, halogen or
{rfluoromethyl
each Ry, and Rgls independently hydrogen or C,-Cealkyl
tisOor1, and
qisQorft,
10 nis2ord
Rg s hydrogen, C-Cealkyl of

~on )

wharelnwis1 2or3

XiwQOorS
15 -B-~I1s a yroup selected from (a) - (e}
(@) ~(CRxRz)m
®)
\‘/XR\-'/
Ry Ry
20 {c)

_

"

&)

S

\3
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wherein

mis3 4 5 orb

each R and Runis ndepandently hydrogen, C-Cealkyt or
(CHz)OH wherainais 0 1or2,

Rs Ry R: nd Ry are each independently hydrogen, hatogen or C,-
Csalkyl with the proviso that whan Rg 15 C,-Cealkyl, R Is not C,-

Caalkyl

R 1s a group selected from (a) or (b}

. S
o m,ﬂ@@‘ o worf=

0O

wherein
each L 15 indepandently hydrogen C,-Cealkyl, halogen or
trfluoromethyl,
K18 hydrogen C-Cealkyl CHO (CHahOH (CHpOC-Cealkyl or
halogean
whereinbis 1or2
pisQO 1ora,
eni,Tord

R21s a gruup sclected from (a) — (1)
T.......

(@ (M),
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)
\@(R'H)G
d
{)
(e)
h
N O
38
(0 CH,
CH,
() -C-Crzalkyl
(g) {CR15R 10)s-CO.Cs-Coalkyl
{h)
0)]
O
Q)

U\tI
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(k)
O\ _-CH,
\
H,C
{H -CHCH.SO.CHs,
5 (m) -(CR7R1p)~0OC1-Coalkyl
{n) -CH.CH.OPh
(0) {CReR2)CZs
{p) -COFI
{(q) -COCV;
()
1N J),
N
(s)
0..°
s
O—(Hw,
®
N
| O
L
10
whersin

-T-1s =elacted from (i) or (if)
0] ~(CRwR11 I~
15 whersin
wiIs0,1or2 and
each Ry and Ry Is independently hydragen or
Cy-Caalkyl

AN

()]

20

lo
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eachM G H and J is independently selectad from

(1) hydrogen,

(2) halogen,

(3) C -Cealkyt

(4) C.-Caalkoxy

(5) phenoxy

(6) phenyt,

(7) tmfluoromathyl,

(&) trifiuoromathoxy,

(9) ~COz-Ryp wheein Ry 18 hydrogan or
C1-Coalkyl,

(10) ~COC,-Caalkyl,

(11)  hydroxy,

(12) —CH;}ORgz wherem Ry Is hydrogen or
Ci-Cgatkyl,

(13) —C(CH_CH,

(14) —NO.,

{15} —S8SCHs. and

(18) benzyloxy,

each Rzand Ry, is indapandentty hydrogen or C,-Cealkyl,
visOori

Rus 8 hydrogon or C-Caealkyl

cis0 1or2

disCor1

each Rs; and Ry 1s independently hydrogen or C,-Caalkyl,
sis01 2% 4or5

oisifor2

each Ry; and Ry 1s Indaperdently hydrogen C,-Caalkyl or
CO,C;-Coalkyl

rls2or3

each R,y and Ry Ie mdependently hydrogen or

C, C:alkvi,

Ras Is hydrogen or Cy-C.aliod,

Z is chiorine or fluorine

qkOor1,

\
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V is chiune or fuonne, and
h ki andzare0Q 1 2 or3

The subject invention is directad toward compeounds or phammaceubcally arceptable salls of
Formula | as depicted above In elther racemic or pure stereclsomenc forms

Terms used her=in have the following meanings
a) “Phamaceutically acceptable salts™ means other an acid addition salt or a basic

addstion salt which 1s compatible with the treatment of patients for the intended use

*Pharmaceutically acceptable acld addition salt” I1s any non-toxic organic or Inorganic acid
addiion salt of the basa compounds reprasented by Fonnula | or any of its intermediales
Mustratrve inorganic acids which form sultable saits Include hydrochloric hydrobromic
sulfunc and phosphonc acld and acid matal salts such as sodium monohydrogen
orthophosphate and polassium hydrogen sulfate  lliustrative organic aclds winch form
suitable salts include the mono-, d- and tn-carboxyllc acids ldusirative of such acids are for
axample, acetic glycohe laclic pyruvic malonic, sucanic, glutanc fumaric, malic tartaric
aitne, ascorbic malelc, hydroxymaleic, bensoic hydroxybenzoiwe, phenylacstic, cinnamic,
saheydlic, 2-phenoxybenzoic, p-tolusnesulfomnc acid and sulforic acids such as
methanesulfonic acid and 2-hydroxyethanesulfonic acid Erther the mano- or dl-acid salls
can be formed and such salts can est in either a hydrated soivated or substantially
anhydrous form  In generat, the acid addition salis of those compourds are more soluble in
water and vanous hydrophllic arganic solvents and which in cornpansan to their free base
forms genarally demecnshats h'gher me*ting points

"Pharmaceutically acceptable baslc additton salts™ means non-tnxic orpanic cr inorganic
basi. additon salts of the compounds of Formula (*) o~ any of its inlermediates Examples
are alkali mefal or alkaline-sarth meta’ Pvdroxides such as sodiurm potassium calclum
magnesium or barium hydre ades ammonia and aliphatic alicyclic, or eromatic organic
amines such as methviamine, tnmethy'amme and picoline Tt 3 selertion criterla for the
appropriate salt will ba known to one skiled i the art

b} Sterecisomers”® Is a ganeral tern for all iIsomers of the indiv.dusl nrolacules that drfer

only in the orientation of their aloms In space It Includes mirror Imags 1Isomers
(enantiomers) ¢eomeic {cis/lrans} isoras and somaers of comrpounds with more than one
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chiral center that are not mirror images of one another (diasterecisomers)

c) “Alkyl” means a brarched or siraight chain alkyl or alkylore group, as 1s appropriate to
the formula speciiad by the amount of carbons in the alkyl e.y , C:-Cs alky' means a one
fwo thres four five or six carbon branched or straight chaln alkyl or alicylene, as ‘he case
may be or any ranges thereof, for exampia but not imited to C1-2 C1-3 C1-4 C1-5 C2-3,
C2+4 C2-5 C2-C6 C3-C4 C3-5 C38 C4-5 C4-6 C58,efc

d) Pahent” means a warm blooded animal such as for axample rat mice dogs cafts
guinea pigs, and primates such as humans

e) "Treat" or lreatng” means to alloviate symptoms, eliminate the causabon of the
symptoms either on a lemporary or parmanent basis or 1o prevent or slow the appearance of
symptoms of ths named disorder or condilion

) *Therapeutically effecive amount means a quanliy of the compound which Is
effectlve in trealing tha nemed dlsorder or condticn

9] *Pharmaceutically acceptable camer” 1s a non-.0x¢ solvent, disparsant excpient,
adjuvant or cther matertal which is mixad with the active ngredent in order to parmit the
formation of a pharmaceutical composition | ¢ & dosage fonm capable of sdmimistration to
the patient. One example of such a carrier s a pherma~eutizally accoplable oll typlcally used
for parentaral administration

h) “Psychoses” or “Psychotc Disorders® means conditions wherzin the patent
expehences a major mantal disorde~ of organic and/or emotlonal ongin characterized by
derangament of the personality and loss of contact with reailty, often with delusions
hallucinabons or illusions  Included under the term psychoses ars the disorders
schizophrenia schizophreniform disorder schizoaffecir e disorder deusional disorder brief
psycholic gisorder shared psychohc disorder, psychohic disorder not otherwise specifisd and
substance-induced psychotic disorder as defined by the Diagnostic and Statisbcal Manual of
Menta] Digorders 4th ed , pubhished 1984 by the Amencar Psychiatne A~saciation

Washinglon D C USA, Incorporated herein by ~eference

)] "Subatance Dependence” maans a condion wharein ihe patent axhibis a
maladaptive pattern of substance use leading lo cinecally  Jnificant imparment or distress

&
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There 1s a paltem of repeated self-administration thal usually resuits in {oierance withdrawal
and compulsive drug-taking

)] “Substance Abuse” means a condition wher ain the patient axhibits a maladaptive
pattemn of substance use manifesied by recurrent and sigruficant adverse consequences
related to the repeated use of substances There may be repeated fallure i Julfill major role
obligations repeated use in siuations m which it Is physically hazardous multiple iegal
problems and recumrent socml and interpersonal problems  Unlike the critena for Substance
Dependence, the crrteria for Substance Abusa do not InclLde tolerance withdrawal ora
pattern of compulsive use and Instsad only include the harmful consaquences of repeatad

use

k) *Parlanson s Diseasa” means a slowly progressive neurological co *diion
characlenzed by tremor ngldity bradykinesia, and postural instatiity Other manfestations
inciude depression and domanba

)] *Parlangonism™ means a condition where the patient exhibits Parkinsonian signs or
symptoms (i 2 tremor rnuscular ngidily or akinesia) that develop In assoclation with the use

of naurolaptic madication

m) "Neurolgplic-induced Tardive Dyskinesia® means a disorder characisized by
involuniary movements of the tongue jaw trunk or extremrties which have developad in
association with the use of neuroleptc medication The mvoiuntary movements may be

chorelform athetoid or rhythmic.

n) “Gillas de a Tourelte Syndrome” means a condition mandested by molor and vocal
tics (A tcis a sudden, rapld recurrent, nonrhythmic, sterectyped motor movement or
veealization } The disturbancs causes marked distress or sigruficant impairment in social
occupationial, or other iImportant areag of functioning The onset s before age eignieen yaars
and the disturbance 1s not due to the physiological effects of 4 substarcs or general medical

condilion

o) “Dementa® means disorders chamcterized by the deveiopment of muliiple cogrutive
deficits that include memory impairment and are due fo the direct physlological eflects of a
general medical condition to the persisting effects of a substance, or to multiple shiclogles
(e g the combmnad effects of cerebrovascular disease and Alzheimer's disease) Memory
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impairment 1s requirad to makse the diagnosis of a dementia and 1s a prominent early
symptom Dementia disorders share a common symptom preseniation but are differentiated
based on eticlogy See Ciagnostic and Statisheal Manual of Mental Lhsorders, 4th ed

Amencan Psychlainc Association for diagnostic critena

p) Anxiety Disorders” means disorders that include Seasonal Affecive Disorder Panic
Disorder Without Agoraphobia Panic Disordsr with Agoraphabia, Agorsphobia Without
History of Panic Disorder Specific Phobia, Social Phobla Obsessive-Compulsive Disorder,
Post-traumatic Stress Disorder Acute Stress Disorder, Generalized Anxiety Disordar Anxiety
bisorder Due to & General Medical Condihon Substanca-induced Anwety Disorder and
Anxlety Disorder Not Otherwise Spacified as defined by the Diagnosbc and Stabistical
Manual of Mantal Disorders 4th ed

) "Sleap Disorders” means disorders thel include Pnmary Steep Disorders, Sieep
Discrder Related to Another Mental Disorder Sieep Disorder Due to a General Medical
Conditon and Substance-induced Sleep Disorder 2s defined by Lhe Diagnost ¢ and
Statisbeal Manuei of Mental Disorders, 4th ea  Primary Sleep Disorders ara those in which
none of the etclogies hsted below (1 ¢  another mental disondsr, a general medical condition
or a substance; 1s responsible  Pnmary Sieap Discrdars are presumad to arlse from
endogenious abnomalite s in sleep-wake genarating or imihg mechamsms often
complicated by conditioning factors. Pnmary Sleep Disorders in tu, n are subdivided into
Dyssommias (charactsrized by abnormalties in the amount quality, or timing of sleep) and
Parasomnlar (characlenzet by abnormal behavioral or physiological events occuiring in
associabon with sleep, specific sieep stager, or sleep-wake transitions) A representabive
axample of a Primary Sleep Disorder 1s Narcolepsy Narcolepsy is charactenzed by repeated
uresishble attacks of refreshing sleep cataplexy and racument intrusions of elements of rapid
eye movement (REM) sleep into the transilion pariod between slsep and wakefilness

r) Mo~d Disordars are disorders that have a disturbance m mood as the predominant
Teabire As defined by the Diagnostic and Statistical Manual of Mental Disorders 4th ed
Mood Disorders are divided into the Depressive Disorders ("unipolar depression ) the Bipolar
[isorders and two disorders hased on e lo'cgy — Mood Dissder Due ic a General Medical
Condition and Substance Induced Mooc Disordar The Depressive Disorders e Major
Depressive Disorder Dysthyrmc Disordar, and Depressive Disorder Not Othenvise Speaified)
are clstinguished fram the Bipolar Disorders by fi*e fact that there s no hustory of ever having
had a Manic Mixed or Hypomanic Episode The Blpolar Disorders ( e B polar | Disorder
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Bipotar ll Disorder Cyclothymic Disorder, and Bipolar Disorder Not Othenwvise Specified)
involve the presence (or history) of Manic Episodes Mixed Episodes, or Hypomanic
Eplsodes usually accompanied by the presence (or histon ) of Major Depressive Eprsodes

8) “Circadian Rhythm Disorder” means a persistent or racurrent pattern of sleep
disruption Ieading to excesslve sleepiness or insomnla that Is due to & rismatch between the
sieap-wake schedule requirsd by 2 person's envirenment and s or har circadian sleep-wake
pattern The slsep disturbancs causes dmically significant distress or impaiment in soclal,
occupatonal, or other iImporiant areas of funclioning The disturbance does not occur
exclusively duting the course of another Sleep Disorder or other mental disorder The
disturbance Is not due to the direct physiological affecls of a substance {e g , a drug of abuse,
a medication) or a general medical condition

Preferre- compounds are those whareln X is O, Y is NH and -B- 13 group (a) or group {b)
When B [s group {8} m 18 further preferred to ba 4 When -B- is group (b) then Rs Ry Ryor
R, are further prefarred o be hydrogen R; Is prefened to be group (a) or group () Whan
Rz 1s group (a), M 1s further preferred to be hydrogen Ci-Csalkyl, Ci-Ceatkoxy or pheny! and
T s further preferred to be () wherenuis Oor1  When Rq Is group (c) d s further
prefered to ba 1 and Ry Is further preferred to be C-Cgalkyl

Specific embodimenis of the invention inciude the compounds set forth in Table il

Prafarmed ambodiments of the invention are those compounds of Formuta | set forth in Table
lil that extubli enhanced D3 potency Particularly preferred compounds Include the following

1-(4-Methoxy-phenyl)-3-{4-{4-{B-trifluorome hyl-benzo[b]thiophen-3-yi}-prperazin-1-yi}l-butyl}-
urea

1-p-Tolyl-3-{4-{4-{6-influoromethyl-benzofblthiophen-3-yl) piperazin-1-ylj-butvi}-urea
1-{4-[4-(2,6-Diflucro-benzolbithiophen-3-yi}-pipera-m-1-yll-butyl}-3-p-tolyk-urea

1-{4-[4-{2-Chlcro-8 fluor.-benzo[b]ihiophen-3-vi}-piperazin-1-yf)-butyl}-3-(4-chioro-pnenyi)-
urea

1 (4-Acstyl-phenyl)-3-]9-(4-thleno[2,3-d] sorazol-3-yi-p peridin 4-yl)-butyl}-urea
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1-{4-Ethoxy-phenyl)-344-(4-thieno[2 3-dJisoxazol-3-y}-piperdin-1-yt)}-but /l}-urea
1-(4-Ethoxy-phenyl)-3-{4{4-(6-Ffuoro-benzo|blthiophen-3-yi}-{1 4]diazepan-1-yi}-butyl}-urea
1-{4-{4-(G-Fluoro-benzoblthiophen-3-yl}-[1 4]dlazepan-1-yl)-bulyl}-3-(2-fluoro-phenyl)-urea

1-fe-{4-(6-Fluoro-behzo[bjthiophen-3-y|)-[1 4]diazepan-1-yi]-butyi}-3-(3-triflucromethyl-
phenyl)-urea

1-{4-{4-{6-Fiuoro-banzob]thiophen-3-iH{1 4]diazepan-1-yi]-butyl}-3-(4-methoxy-pher yi-
urad

Fhe compounds of the present invention may be pregared by varous methads Schemss |
through VI show tha different ways of prapanng the compounds of Formula |

The compounds of formula (1) of this irvention can be synthasizea by following or combining
one or more of the staps described beloys not necessanty In the ordes presented Throughout
the descnption of the synthetc staps the definiions 6f R R2 Ra, 0 ¥ Y, B and A are as
uiven above unless olherwise stated or indicated and other nomenciatures appes 1g baow
shall have the same meamngs definad 11 thelr respective first appearances unless otherwise

stated or ndicated

Cormpounds of formula | wherem Y Is N may be prepared accoxding to a process which
compnses reachng a compound of formula (11}

(R'l)g
R—-—ﬁ( )DI—B ~NH,
(CHy,
L)
with a compound of formula {H)
X==C=N—R,

(i)

— o e g T may
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Typically, this reaction 5 carmied out in an organic solvent such as, for exampla chloroform
or tetrahydrofuran at a temparaturs of about 20 °C to about 26 °C for about 6 to 18 hours

Compounds of formula | wherem Y 1s O may be prepared accaording to a process which
comprises raacting a compound of formula (Il) with a compound of formula (IV} wherein "LG"
is a suitable leaving group selacted from brommne, chionne, 10dine or -OR, in the instance

where formula (IV) is available as an anhydnde

L(?j O—R,

(v)

Typically this reaction 1s carned out in an orgamc solvent such as, for example, chloroform
or tetrahydrofuran i the presence of a weak base such as, for example, amberdyte-IRA-67 or
tiethylamine The reaction Is typleally conducted at a temperature of about 20 °C to about 25

°C for about & to 18 hours

Alternatively compounds of foomula | may be prepared according to a process which

campnses reacting a compound of formala (V)
(Rs),

with a compound of farmula (VI) wherein "LG” 18 a suilable Ieaving selected from chiorine
bromme lodine mesyl, tosyl brosyl triflyl nosyl nonaflyl o tresyl

LG’B‘NJL/ M2

H
Vi)

24
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Typically, this reaction s carried out i an aqueous miscble solvent such as for example
tetrahydrofuran or acetonitrie, in the presence of water and a bass such as, for example,
potassium tarbonale cesium carbonate, or triethylamine at a tempereture of about 50 C to

about 75°C for about 12 to 24 hours

The compound of formula (I[) may be prepared via synthetic metheds well known in the arl
The starting matenals are either comnmercially available or readily syntheslzed via methods

known from the lterature  For example scheme | descnbes the coupling of an amno-
substituted benzthiophene with a commercaally-avanlable ubsttuted piperazine  The
synihesis 18 analogous for the un-substiiuted piperazine analogs The less stencally hinderad
piperazme nitrogen 15 more reachve and cleanly gives a single product In the
benzobjthiophene coupling The more stencally hindered nitrogen can then be alkylated with

the apprapriate alkylating agent

SCHEME |
ﬁgﬂz \[n tr i I’L”'
\ _ {1
ﬁ )
Brha_~_CN \-.. NH‘ ja:\/\crq
KCO; ¢ J ~

CH,CN

H\N/WNHZ
T N ¢
THF { f

Pipendine-substtuted compounds may be prepared via syntheses analogous io those shown
In the following reaction schames 11 and 1)

24
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SCHEME Il
5
1; Bor) ) DMAP ELN CH JL f
NH _2) (Boc),0 DMAP ELN CHLL -
3) TBAF THF © ﬂ
HO 4) MsCl ELN CH,CL, MsO
"mesylate
0 ok
v
]
1) But), THE, -78°C___
I Y DHaubrMe, T8 \ A [
g 3) mesylate -7B°Ctort . g =
SCHEME Il
10
(\Nijz _MsCIELN i
e X
/\) - M 50
mesylate
o, 0
e
r
= Bu[), THF, -78°C
f \)\\ 'E;-cuu%;SM 789G JFA f\ R
F $ 3 mesyiate -78Clort F,l\/l\s
The praparatian of varlous substifuled aza- and diazacycloheptares is described by Treiber
at al in WO 9725324
15

Cormpounds of tormula | wharein B contains a carbocycls may be preparcd as shown in
Scheme |V
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SCHEME IV
~ ~
HO o , o
Ho SCHly — g {CH)y, — HO (CH,),,
Q O O
BH, Ms,3
THF
~ ' ~
o N'H ~o0 ... o
cH), = MO (CHp), HO (CHp)e
NI

MsCl NaN,
HO//\l/(CH,)m — MO (CrL), . N’/>(CHz)a
'NI

|
N N

R:"N)?\N H
H H (CH,),, RzNCO ='N/>(CH,}

wherein R; 1$ as hereirbefore defined
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a1 2 3or4,andN-18
(Ra)p

K™

wharein R A, Ra g and n are as hereinbefore
defined

Many of the dicarhoxylates or more advanced intermeduates that are genencally dascribed in
Scheme IV are commercizlly available Several of these are shownInTabla1  This table is
used for ilustrative purposes only and 18 not intended to it the scope of the present

invention in any way
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Table 1 - Starling Matenals
Struclure Name CAS # Supplier
Dmethyi cls-1 2-cyclopropane 826-34-8 Acros
dicarboxyiate

'O/
=0
o
\

HO \LOH
i

» 0 0\\—0\

HO d OE}—OH
0 Q

Dumnathyl trans-1,2-cyclopropane
dicarboxylate

Dimethyl 1-methyi-trans-1 2-
cyclopropane dicarcoxylate

Dimethyt 3-msthyl-trans-1 2-
cyclopropane dicarboxylate

trans-Cyclobutane-1,2-dlcarboxylic
acid dimethylester

trans-D L-1,2-Cyclopentane-
dicarboxyhc acld

trans-2-Carbornethoxy
cyclopentane-1-carboxyhc acd

trans-1,2 Cyclohexano dicarboryiic
acid

frans 2-Carbomethoxy
cyclohexane-1-carboxyhc acid

826-35-7 Acros

702-82-1 Acros

28363-78-3 Acros

Syntac

1461-67-8 Aldrich

Rweke

Alanich
Acros

2305320

Rieke
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Structure Name CAS # Suppliar
0 0O cis-1,2-Cyclohexane dicarboxylic 610-08-3 Acros
HO OH acid
0O O cis-2-Carbomethoxy cyclohexene- Rieke
HO-~ e} 1-carboxyilc acid
\

When not commercially available, the approptlale starting matenal may be obtained via
standard synthetlc methods

When a compound of formula (1) 1s obtained as a mixture of aranfiomers these may be
separatad by conventlonal methods such as crystaihzation in the prasance of a resoiving

agent, or chromatogiaphy for examiple using a chiral HPLC colunin

Compounds of formula ({) have been found to exhibit affinity for dopamine receptors in
particular Dg receptors and are expeciod to be useful in tha treatment of disease states
which require modulation of such receplors such as psychotic condiions  Preferred
compounds of the presant invention are those which have higher affinity for dopamine Dy
than dopamina D, recepiors

A major challenge in antipsychotic research 1s to produce agents with reduced side effecls
Orthostatic hypotension 1s a common side effect in antipsychotics that 15 assouated with the
hign potency ihat these agents have at the alpha-1 adrenergic recaptor (harenafter refenad
to as "a-1") A major goal of this work was to find agants with reduced -1 polency

The 6-tnfluoromethyl benzolb]thiophenes descibed herein have a dear end somewhat
surpnsing advaniage over the 6-fluoro benzo[bjiophenes 1he G-fluoro benzofblthiophenes
are clearly more potent at the alpha-1 adrenemic receptor than are the 6-triflucromethyl
benzofbjthiophenes This 1s sho vn by companhg pairs of analogs thal only differ m
substitution at the 6-position of the benzo[bjthiophena (see Table 1) In every case, the 6-
flucro benzo[blthlophens is more potent than the comespondirg 8-tnflucromr thyl analog In
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some cases fthuis small structural difference in substittiion at the 8-position produces a
dramabc changs in a-1 potency There are several examples whereln B-fiuoro analogs
exhibited nsnomolar potency whils tha comesponding 6-tnfluorometny! analog exthibited

imicromolar potency
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Especially prefemed compounds of the instant invention are those with a reduced liability for
o-1 receptor binding while &t the same ume having a higher affinity for dopamine Dsthan

dopamine Dz receptors

Receptor affinity can be measured using standard methodalogy such as i1s described beiow
[N-Methyl-3H]Spiroperidot Binding to Cloned Human Dopamine D; Receptors

Purpose

1his assay measures the i vitro actvity of compounds on cloned human dopamine (D.)
1eceplors and predicls the direct dopamine-blocking properties of pulative nauropsychiatric

agents at huran dopamine Ds recaptors
Methorcls

A Cloning

The Dy gene was [solated from a human siriatal cDNA library (Stratagene) The gens
was sequenced and sub-cionad [nto the expression vector RC/RSV (invitrogen) CHO
{Chinese Hamstar Ovary) calls ware siably transfected with 10 ug of the 0,RSV plasmid
using the DOTAP methad from Boehringer Mannheim and 72 clones that vere G418
rasistant were isofated 'Jsing mRNA and binding displacement data a single high exprassing
clone was identified This clone was then grown in large batchaes for the purpose of

developing a 98 well format assay

B Cell G

1 One p'ate (10 cm) with approximatsly 2-3 milllon D cells per plate s Incubated wth 1
nu of Trypsin-EDTA at room termperature for ~2 min or unbl cells have lifted off plates Four
ml of Ham's F12 + 10% Fetal Bovine Serum + 1% Penicliin/Streptomyan + G418 (400
rg/m') medium are added to resuspend cells and 1 ml of this 1s added 1o eech large plale (15
cm} containing 12 mi of the same medium as mentoned above
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2 The § large plates are incubated at 37°C + 5% COa for ~ 3 days or untl the cells are

confiuant

3 After thesa plates are confiuent, thay ane split Into 10 large plates Medwum's
aspirated off 2 mj of Trypsin-EDTA are added fo aach plate and plates are mcubated at RT
for 2 min or until calls hava lifted off the plate Eight ml of th,e F12 medium (same medium as
#1 abova) are added to each plate (10 ml total) to resuspend the cells and 5 m are
t-ansfarred to the 2 new plates containing 15 ml of the F12 media

4 The 10 large plates are incubated at 37°C + 5% CO, for ~ 2 days or unbl the cells are
confluen:

L The 10 large plotes are split Into 60 large platas (using Trypsin-EDTA as #3 except 4
mi of F12 madium are added to resuspend cells and 1 ml i1s aliquoted lo 6 new plates
containing 19 mi of F12 medium each)

5 Plates are incubated at 37°C + 5% CO. for - 3 days or until cell are confluent

7 The 60 large plates are then spiit Into 60 roller botties (100-150 million celis/bottle)

Medium s aspirated off 2 ml of Trypsin-EDTA are added to each plate and mcubated at RT
for ~2 minutes or unhl cells have hiftad off plates Eight ml of F12 medium ars added to sach
rate to resuspand cells and the entire 10 mi are added to 1 roller bothe containing 90 ml of

the F1Z medium

8 The 80 roller botles are immediately placed on their sides and transfe-red to the roller
botfle ncubator They are incubatad at 37°C + 5% CO, for ~ 3-5 days Cells are spun at 30-
40% motor speed In the Forma mcubator

9 Medium i1s poured off and cells are washad 2X in PBS

10 Cells are then scraped off 17 20 mi of PBS and the bollles are nnsad again with 5 mi
cf PBS to rrmove any remalning cells Cells are stored on ice before membrane preprabon

1 The yield fcr GO D; roller boltles has vaned from ~ 250-500 mg
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Note All hssue culture reagents are from Gibco-BRL

c Membrane Preparation

The celis are harvested Into 250 mi cenbrifuge lubes with 100 volumes of cold
phosphate buffered saline (PBS) and spun down {1200xG for 10 min at 4°C) e mediumls
remaved and 100 mil PBS are ~dded to each centrifuge tube, cells are resuspened and spun
down again The PBS 19 removed and the final pellel 1s homogenized in an appropriate volume
of 10% DMSO with a polytron on 10 al @ medium sefling

D Lowry Profein Assay

A 200 ! sarmple mambrane homogenate Is added to 200 ul of 1% SDS, vortexed and
allowed io stand for § min Aliquots (25, 50 and 100 ul} of this mixture are assayed ir duplicate
fuliow ng the standard Bio-Rad DC protain assay protocol (kit catalog number 500-0112) and
using reagent § Absorbance readings are made at 750 nm (note the most accurate protein
OD readings are batwaen 0 1-0 5 uruls} The protsin concentration Is calculated using a
standand curve generatad concurrently with bovine sarum albLmin 3s standard

E Storage/Freezing concrions

Following the determination of the protein concentration and Scatchard analysis, the
protain Is difuted into distlled waler with 10% DMSO to the appropnate volume based on
exrression levels (3max) The concentrated protemn is then allquated into 1 5 ml scew top cap

Eppendoif tubes and placed into & -80°C freezer
F  Bnding Assay Reacents
1 0 5M Trs Buffer pH77
a) 44 4 g Tns HCJ
26 59 Trs Bese

g s to1 Liter {0 5 M Tns buffer pH 7 7 at 37°C)

b) make g 1 10 dilution in distilled H20 (0 05 M Tris buffer pH 7 7)
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2 Tns Buffer containing physiological salts

a) Stock buffer
NaC! 7014g
KCI 0372g
CaClp 02229
MgCl> 0204 g
qs To100miwith05M Tns Buffer

b) Dilute 1 10 in distilled H>0
This yields 0 05 M Tris HC1 pH 7 7 contaming NaCl (120 mM) KCi (5 mM) CaClz (2 mM)

and MgCla (1 mM)
Opticnal add 0 1% ascorbic acid and check pH (In assays with compounds that may

oadize

3 a) 1 0 % polyethylenemmne stock in 0 5M Tns (reagent 1 a)
b) Dillute 1 10 In distiled H20

4 MN~methyl-3H}-Spiropendol (80-80 Cvmmol) 1s obtained from New England Nudlear
catalog #NET-856

for K; determinations [3HJNMSP 15 made up to a concentration of 2 7 nM m buffer 2b
such thal whan 150 il 1s added to each tube a final concentration of 0 4 nM Is attzined in the 1
mi assay Samples of lotal CPM added are taken for each axpanment 1o calculale the total
ligand conceniratior

5 S({-}-Eficiopnde Is obtained {rom Research Biochemicals Inlemationat (RBI

catalog number E-101} A refngerated slock {good for up to a month) solution of S{-)-
eliclopiide 1s made at a concontration of 30 uM 1in buffer 2b  One hundred microiters are
added to 3 wells Tor the determination of norspectfic binding (thls yields a final concentretion of

3 pM in the 1 ml assay)
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For mosl assays a 100 uM stock solution of the test ¢« nipound 1» made up in a suitable
solvent (usually <0 1% acebc acid) and serially dilutea with buffer 2b such that when 100 ul of
drug 's comomed with the «olal 1 mi assay final concent ations ranging from 1€ 5 1080
are attained Characlenstically eight concentrations are stuaied ror each assay however
higher or lower concenirations may be used depanding on the potency of the drug

G Binaing Assa

750 pul Tissue

150 ul [SHINMSP

100 ul vehicle (for total binding) or 30 uM (-)eticlopnde (for nonspecific
bmding) or appropnate drug concentrabon

The 98-Well Packard Unffilters GF/B are incubated for >1 h al 250Cin 0 1%
poyathylamine {from 3 h) The cold tissue 18 added last and mixed on a orbital shaker for a
few seconds and Is then incubaled at 370C for 30 min in a shaking water bath The assay is
stopped by rapid fiitration through Packard Unifilter plates The filter membranes are then
washed with 15 ml of ice-cald 0 05 M Tns buffer  The fiiters are then dned (~15 min under a
heal lemp or incubated for 15 min In @ S0°C oven) and a botlom seal 1s applied Then 40 pl of

Packard Mi-rosant 20 scintillation cocktail 1s added ano a permanent topseeal (Type P) Is
applied and heat sealed The plates are then shaken on an orbital shaker for 1 h and piaced in

tne Packard Topcount and courted fo at least 5 minutes for each poinL

Specific binding 1s deflned as the dilfetence hetwean tolal binding and the binding in
the preserce of 3 uV S-(-}eliclopnde Tolal binding s approximately 10% of the total added
ligand Cheng -Prusolf determu 1ation (K;s) are performed using Pnsm software using a one-
site competition curve analysis where Lhe lop and the bottom of the non-linear regression dre
held constant at 0% =and 100% percent inhibiion  The percent Inhubition at each drug
concontraton 15 the mean of dupiicate determimalions
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[N-Methy! SH]Spiroperidol Binding to Cloned Human Dopamine Dzl.ong Receptors

Purg 1s8

This assay measures the /» viiro achwity of drugs on cloned human doparmine Dalong (Dol )
receptors and predicls the direct dopamine-displacing properties of neuropsychiatric
caldiovascutar and renal agents al human dopaminz D- receptors

Methods.

A Cloping

The D,L nane vsas isoiated from a human stnatal (caudate/putemen) LDNA Ibrary
Tha gene was sequenced and sub-clonad into the exprassion vector pRC/RSV (Invitrogen)
CHO (Chinase Hamster Ovaly) cells were stably trans‘ected and 72 clones that were
geneticin (G418) resistant were 1solated Using mRNA and binding data a single high
exprassing cell ine was {dentified (#44) This cell ine was then grown In suspension cuiture
for the purpose of devsioping a 96 well fonnst assay

B Cell Cylture Condibong

1 Madium for adherent CHO cullures
Hams ri12 1 10° fe al bovine sensm (FBS) + 400 pgiml genshen

{G418) + 10 mi/L. penlcillin-streptomycin {pen-strep)

2 Cells are transfarrcd to suspension culture when at least 1 5 milllon cells are available
(his allow » for 300 000 cells/ml in 2 SO mi spirner flask this 1s the ldaal suspension density)
Cell are remaved from fiasks with trypsin spun down (1000xG) and resuspended in fresh

madium
503% CHO-SFM |1 + 50% Hams F12 w/ 10% FBS (fmal FBS conc. 5%)
+ 400 pg/mi 3418 + pen-strap (10 mifL)
3 After the transfer to suspension cultura growth is monltored and cell viabilily Is

assessed using trypan blus exclusion Totzal and viabie cell count on 5 sectors of the
hemaocytometer are recorded When the viable cell densily rraches 800 0CO celvml the
volumo 15 douvied
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4 After 1 week of growth in the 50/50 medium the cells are spun dowr and ransferred to
a new spinner flask 2nd replaced with 75% CHO-SFM U/ 25% Hamsg F12 + 10% FBS plus the
pen sirep and G418 Thareafar avary 3 days ihe medium is replaced with new medium

ccntaning a decreesing amount of FBS as loliows
ml of CHO 8FM miofHamS [ 12 Final % FBS conc

8750 125 123
8175 625 0625
Y8 00 100 01
& The final m=intenanca cultunng medium s made up as fullows

A stock mxture of 10 mi of pen strep, 0 5 mi of 400 mg/m! {(acve final concentration
200 mg/ml) G418 and 1ml of F3S are mixed and fiitered and refngerated A volume (11 5 mil)
of this mixture is adad to a freshly opened 1 L bottle of CHO SFM I

C Membrane Prepa,ation

The celis are harvested into 250 mi centrifuge tubes with 100 volumes of cold
phosphate buffered saline {(PBS) and spun down (1200xG for 10 min al 4°; The medlum is
remcved and 100 mi PBS are added to each ceninfuge tube cnlls are resuspened and spun
dowr 2gain Thea PBS i1s removed and the final pellet 1s homogenzad 1 an appropnate volume
uf PBS with 2 polylrar on ice at a medium seiting

D Lowry Proteir; Assay

A 200 ul sample membrane homogenate Is added to 200 ul of 1% SDS verlexed and
allowed to sland for 5 min Aliquots (25 50 and 10Q pl) of this mixiure are assayed in duplicate
fol'owing the standarg Bic Pad DC proien assay protocol (kit ca*alog number 500-0112) and
u~ing reagemt S Ahsorbance readings are made at 750 nm (note the maost accurate proteln
0D readings are beween 0 1 0 5 units) The prolein co ycanwabion 1s caicufatad using a
standa~d cu-ve gencrated concdrrently wiin bovine serum albumin as standard
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E St ezIn ihons

Following the determination of the proteln concentration the protsin i1s diluied into
distiied water vath 105 DMSCO o the appropriate volume based on expression levels (Bmax)
The concentratad protein 1s aliquoted into 1 5 mi scraw top 2ppencorf tubes and placed into a

-800C fraezer

F Binding Assay Reagants

1 0 5M Tris Buffer pH7 7

a) 44 4gTris HC!
26 5 g Tris Base
qs lo1Liter (05 M Tns buffer pH 7 7 at 37°C)

b} make a 1 10 dilution ir distiled 120 (0 05 M Tns buifer pH 7 7)

2 Tns Buffer contaming physioiogical saits

a) Stock buffer
NaCl 7014g
KCl 03729
CafClp 02229
MgCls 0204 g
qs To108miwth0 &M Tns Buffer

b) Diiuie 1 101 distifed 20
This ylelds 0 05 M Tns HCI pH 7 7 contaning NaCl {120 mM} KC) (5 mM} CaCls (2 mM)

and MgCla (1 mM})
Oplional add 0 1% ascorbic acid and checl pH (in assays wath corapounds that may oxidize

3 a) 1 0 % polyathyleneirina swock in (0 5M Tris (reagent 1 a)
b) Dilute 1 10 In distiled Ha0
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4 [N methyl-3H]-Spiroparido! (80-8C C'mmol) 1s obtalned from New England Nudear
catalog #NET 856

For K, determmatons [SHJINMSP 1s rnade up to a concenlrabion of 2 7 nM in buffer 2b

such that when 150 1u s added to each tube a final roncentration of 0 4 nM 15 attained in the 1
ml assay Samples of total CPM added are taken for e2ch expariment to celculate the total

hgand concentration

5 S{-}-Cuclopnde 's ob‘ained from Resaarch Binchemicals internetronal (RBI
catalog number E-101) A refrigerated stock {(good for up to a month) soiution or S(-)-
cticlopride 1s made at a concentration of 30 £.M In buffer 2b One huncired microliters are

added to 3 weils for tha delsrmination of nonspacific binding (th s yieids a finel conceniration of
3 uM in the 1 ol assay)

6  Test Compcunds
For most assays o 100 pM stock solution of tha tesl compound 1s made up In a suitable solvent
(usually <0 1% acetic acid) and senally di'uled with biffer 2b such that when 100 pl of drug 1s

combined with the iotal 1 mi assay Fnal concentrations ranging from 105 108 M are
attaned Characlenstcally eight concentrations are studied for each assay however higher
or lower concentraticns ray be used depending on the potency of the drug

G Binding Assay

750 ud Tissue

150 wl [ZHINMSP
100 pi vebile (for total binding) or 30 uM (-)eticlopnde (for nonspecific binding) or

appropnale drug concentraton

The 96-Well Packard Unifillers GF/B are Icubaled for >1 h at 25°Cin 0 1%
paolyethylamine {(from 3 b) The cold tssue 1s added last and mixad on a orbital shaker for a
f=w seccnds and s then incubated at 37°C for 30 nun 1n a sheking wate bath The assay Is
stopped by rapld fliration through Pacdkard Unifiter platas The filter menibranes are then
washed with 15 mi of Ice-cold 0 05 M Tris buffer Tha filtars are then dned (~15 min under a
heat lamp or Incubated for 15 tnin in a 60°C oven) and a bottom seal 1s applied Then 40 pl of
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Packard Micrascint 20 saintillation cocktall 1s added and a permanent topseal (Type P) s
appled and heat sealed The plales are then shaken on an orbital shaker Tor 1 h and placed in

the Packard Topcount and counted for at least 5 minutes for each point

Specific binding i1s defined as the difference between lotal hinding and the binding in

the presence of 3 uM S-(-}-sticlopnde Total binding 1s approximately 10% of the total added
hgand Cheng Prusoff determination (K, s) are performed using Pnsm software using a one-

site compehhion curve analysis where the top and the botlom of the non Iinear regression are
held constant at 0% and 100% percern inhibiton  The percant inhibltion al sach drug
10 concentration 18 the mean of duplhcate determinations

PHIPRATOSIN BINDING TO CLONED HUMAN ALPHA-1A ADRENFRGIC REC FPTORS (my.)

15
Purpose

20

25

30

EXFRESSED Ik CHINESE HAMSTER OVARY CELLS (CHO)

This In viiro assay 1s designed as a screen {o idenbfy compotinds
displaying a affinity for the human a,, adrenoceptor subtype expressed
in the membrane fragments of CHO cells The assay measures the
ability of the lest compounds to displaze [*H] prazosin from o, sttes

The Identification of multiple vascular @,-addrenoceptars (a1, @, a14)
In vitra has provideo impetus to define the role(s) of these subtypes in
cardiovascul4r regulation m vive (Vargas and Gorman 1895)
Hemodynamic studias in the unanesthebized rat suggast that vascular
o:a recaptors are tne major sublype involved n the sympathetc
regulalion of prripheral resistance and systemic artenal pressure
{(Piasctk et al  1989) Addibonal evidence for an involvement of
peripharal o, receplors In the malnienance of arlena’ prossure was
demonstrated by the findings hat the selectve a,, antagonist 5-MU
dose dependently lowered reshng artenal pressure in awake conscious
dogs (Plascik et al 1968) A dernonstrated inabilly of the imeversiblie
antagonist chlomethylclonmidine 1o reduce artenai pressure In rais
whan admmistered miravenously, 1s strong evidence agalnst the role of
oy and oy receptors in the acute regulatton uf artenal pressura

(Varpas el al  18973)
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Therefore the binding of compounds to o, drenergic recaptors is
believed to be a good measure of 2 compaund s polential (o cause
orlhostatic hypotension and sedalion as side effects Prazosinis a
potant antagonust of the humnan a,,-adrenoceptor subtype which has
been cloned and i1s expressed In the mambrane fragments of CHO

cells

The cloning of the human ;. CONA was accomplshed first by
scraening a human prostate cONA llbrary (Clentech) from which a
portion of the coding region was obtamed This DNA fragment was
then used o screen a human laukocyte genomic ibrary (Clontach)
and the rest of the coding sequence was oblained Later these two
fragments were sphcad together The entire coding sequence was
then fully sequenced including matching PCR sequence with oniginal
genamic coding sequence thus ensuring splice sites werae joined
comrectly (Schwinn e! al 1985) Once sequenced tha gene was
stubcloned into the expression vector pcDNA3 (Invirogen)

Plasmid DNA was then used for transfection into CHO cells and G448
resistant clones wera Isolated A clohe expressing high lavels of the
ha, receplor fas determined by tmRNA and recaptor bind rg data) was
¢ hosen and pharmacologiually charactenzed

Media ingrodients for Adharen. a4, exprassing CHO Culture

A HAM's F-12 (Celigro)

B 10% 0 2 1t icron fillered Fetal Bovine Serum {FBS)XCeligro)

' 1% 0 2 micron filtsred Penicilin-Streptomyein (Celigro)

D G418 0 2 mucron hltered (Genehcin 400ug/il){(Celigro)

Calis are cullumed us ng astablished methods ana procedures in either
150x25mm cullure plates (scale up to 100 platas) or a comoination of
these plaies and 70 oller botllcs  One cultunng/harvest cycle typlcally
requires 2 weeks and yrelds betwoen 100-400mg protain  Plates or
bouies are incubated at 37°C + 1% CO,

Cells 2,0 harvested by mechamcal scraping washed usi 13 PBS
collected in 250ml Corning palypropylene centrdfugs tubes spun down



fﬁ
lrap

10

15

20

25

30

35

A 40186

Current Lat Data

-30-

(1500RPM) and resuspended in dH;O 10% BMSO (final volutme per
harvest is approximately 50ml} Protein determination Is made using
the Bigrad DC Assay Kit Finally the appropriate volume 1s aliquoted
into a 2mi Cormng Cryowial (10mg/1-1 5 ml) wiuch 1s stored at -80°C

Ca (Clone # 7)

Batch 1/14/98

Receptor Concaniration 2418 fmoles/mg protain
Ka 0 18nM

Volume 1 5 mifcryovial

P otein Concentration approx 10mg/1 Sml

Assay Reguirement G 5 cryovials per 98 well plate (assay volume = 200uliwell)

[’Hl-Ligand

Mzierlals

S
o

»

Procgdure

[7-methoxy"H]-Prazosin 1 OnM (NEN NET-823)
70-87 Crrnmol

Phentolamine mesylate (Research Blocheimicais Int  #P-131)
86 well flat bottom plates (Beckman)

Unifilter GF/B Plate (Packard)

Pulyethylenimine (Slgma #P-3134}

TomTec or Packard Filtermate 196 Ce'l Harvesters

Packard TopCount Scintillaton Courter

A 50mM Tns HC! 0 1% ascorbate pH 7 7 gncubatan buffer)
B 50 mM Tns HCI, oH 7 7 (wash buJifer)

Assay addibons are s follows (in the order indicated)

Tolgl Binding = 50u) buffer A + 50l [*H]prasosin + 100pl membrane
Nonsp Bd = 50.4] 10uM phentolaming+50 p [*Hiprazosind 100,
mambrane

{2st Cpd = 50ul compound + 50u] [PH]prazosin ~ 100ul membrane

Compounds io be evaluated are weighsd out to yield a 10 mM stock

solulion In DMSOQ in a 24 wall pulystyrene plale This s dliufed toa 05
mM stock In dH,0 Serial dilvtions in Buffer A are made from which §C
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pl additions to the plate are made in duphcale in order to achieve the
final concentrations desired Typically one 96 wali plate 18 usad to
avaluate 11 compounds at 4 concentrations (10°%-10® M) in duplicate
Total binding and nonsoectic binding are determined in quadruphcate
Usually one standard is run with each assay

[ HIPrazesin 1s made up in Buffer A such that when 50 pl are added
per well the final conceniraton i1s 1 0 nM n a {inal aszay volume of 200
ul The final concentration should be venfied by running 4 sample m a
scintitation counter prior to adding the [*H1prazosin to the 96 wolt plate
Nots The radwoachwily should bs prepared just before the additions are
made so that it is not allowed to sit on the bench for very long

Packard GF/B Plate Pretrestment The filter plates are presoaked for
al leas! 30 min in wce cold Buffer B containing 0 05% polyethylereimine
{200 /7200 mi) to maxamize filtration efficiency and mimmzs fliter blank

bmding

Incubation & Fiitrabon Once buffer compounds ["H]prazosin and
memidane have been added (and mixad) the 86 well plates are
incubated for 40 min at 37°C and spaced 3-5 mih apart  At40mn
lhe plates are filtered using @ Tomtac Automiztad C.ell Ha-vester
Eitration Is immediately foll. seu by washas of ice cold Buffer B \total

vol ~7 ml)

Drying and Counting Each filter plaie Is dned under a heat lamp for
15 min The back of the plale 13 sealed and 40 pl o Packard microscnt
fiuid are added per well Using Packard film each piats is heat sealed
pnor to being counted ir a Packard Topcount Santimation counter A
program has been wntten that counts eacn plate twice sencing DPM
CPM and TSIS data to dis< and printer

Analysls of Results Raw DPM and CPM duta aie captured on disk
and are imported into one of several suftware packages (Graphpad
Prnsm Ver 2 0 Excel) residing on the LAN  Speufic binding 15 definad
as the differanca between total binding and the bind.ng n the presance
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of 10 uM phentolamine Total binding 18 less than 10% of the total
added ligand Software using one-slte competition curve analysis 1s
empiloyed In the calculation of ICx and K; (Cheng-Prusoff equation
1973) The lop and bottom of the non linear regression are held
constant at 0% and 100% mtubihon The percent Intubibon at each
drug concentratlon i1s the neen of duplicate d=temunations
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The functional achvity of compounds of the invention {: e whether they are
antagonists agonists or partlal agonisis} can readlly be datenuined using the
micraphysiomatar test method that follows

Chinese Hamster Ovary (C'10) cells axprassing the hurman dopamire D3 racaplor
were grown on the surface of a capsule cup Cups ara assemb'ad and placed on the
microphysiometar and buffar (Duibecco's Modifiad Eagie s Medlum without sodium
bicarbonate and without serum) Is perfused through the cup assembly unll a stable baseline
1s achieved (4 hours) Buffer perfusion rate and solutlon ¢hanqges ware conirclied by a
computer Intraceliular acdiflcahon rate was measurad In sach of the B cup assembbes and
reccrded by the compuler Buffer contalmng test compound (10 nM 100 "M and 1 uM) was
parfused through the cup assembly for 20 rnin then buifer contalning quing 1ole (10 nM) and
tast compound (same concentrations) was perfused for an additional 1 i This was followed
hy 2 recovery pernod of 10-60 min where buffer alone was perfused through the cups
Quinpirole increased acldificallon rate A Dj antagonist wil inhibit trus Increase in a

concehtration dependent manner

D; antagonists are of potential use as antipsycholc agents for example in the
treatment of scluzophreria schiuzo-affective disorders psychotic depression and maria
Conditions which may be freated by D, agonists include include dyskmetic disorders such as
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Parkinson s disease naurclepbc-induced parkinsonism and tardive dyskinesias deprassion
anxitety demunta circadan rhythm disorders and drug (e g cocaine) dapendency

in accordance vath yet another empodiment of the present invention there s prosded
a method of modulating the activity of dopamine D, receptors said mathod compns ng
contacting csll-associated dopamine D; receptors with a concentration of a conipound of
formula ! or a physiologically acceptable salt thereofl suffizient o modulate the e2teaty of said

dopamine D, receptor

As employed harein the phrasa "madulating the actity of aopamtnie D receplors®
refers to a variety of therapeutic applications Sald therapsutic applications refer to the
treatment of conditions or disorders which include dyskineuc disorders psychoses anxlety
disorders mood disorders demenha sleep disorders subslance depsndence substance

abuse and nauses

The instant invention also provides a method of frealing conditions or disorders of the
central nevvous system comprising adrinistening to a patient in need thereof a therapautically
eTectr.2 amount of a compound of farmula | or a pharmaceutically acceptable salt tnereof

The mstant invention further provides a method of freating condions or disorders of
the central nevvous sysiam comprising administering to a palient m need thereof a
therapeut cally effective arnount of a compound of formula | or a pl amacsutcally acceptable
salt thereof in conjunction with one or more Dy D, D4 Dg or SHT receplor antegonists

In treating a palient afficted with a condihon or disarder gescnbed above a
compound of formula | can be administered in any form or mode which makas the compound
bioavaiable In therapeutically effectrve amounts including orally sublingually buccally
subcutaneously, ntramuscularly inlravenously transdermally Intrenasally rectally topically
and t e ke One skilled in the art of prepanrqg formulattons can determine the proper form
and maode of admuustrabion depending upon the parhcular . haractenstics of the compound
sclected for the condibon or disease (o be treated, the stage of the disease the condiicn of
the patient and other relevant circumslances For examgple, sae Remington's Pharmaceutical
Sciences 18ih Ediion Mack Publishing Co (1930), Incorpurawed harein by reference

The compounds of Formula | can be admimslered alone or in the form ora
phammaceulical compositton 1IN combination with pharmaceuhcally actoplekle carners, the
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proporiien and nature of which are determined by the solubility and chemical propertiss of the
compound selected the chosen route of adminisiration standard pharmaceutical practice and
other relevant cntena

The compounds of formuia | may be admirustarad oral'y for axample in the form of
tablets troches capsules elbars suspensions soluttons syrups wafers chewing gums
spnncles and tha ike and may coniamn one or more of the following adjuvants binders such
as microcn stalline celivlose gum tragacanth or gelatin excipients such as starch or lactose
disintegrating agenis such as alg'nic acid Prnmogel corn starch and tha like lubricants such
as magnesium stearale or Sterotex ghdants such &s colloidal sihicon dioxide and sweewening
agents such as sucrose or saccharin may be added o a flavoring agent such as peppemint
mathyl saiicy late or oranga flavonng When the dosage unit forn- 1s a capsule it may contaln
in additton to matenals of the above type a llquid camar such as polyathylane glycol or 2 fatly
ol Other dosage unit forms may wontain other vanous matarnials which modify the physical
form of tha dasage unit, for example as coatings Thus tsblels or pills may be coated with
sugar shellac or other anteric coating egsnis A syrup may contain in addibon to the present
compounds suciose as a sweetening egent and certam preservatives dyes and colonngs

and flavons

rhe compounds of Formula | may also be administered topically and when done so
the carrlar may suitably compnas a soluton oihlment or gel basa The base for example
may comprise one or more of petrolalum lanalln  palyethylene giycols, bee wax mmnarar o
diluents su.h as water and alcohal and emulsifiers and stabiiizers

Tre solutons or suspensions may a'so mclude ona or more cf the folicving
adjuvanis stenle dliluents such as water for injection sajine solution fixaa oils polysthylens
glycols glycerne, propylene glyco' or other synthetic soivents antibactenal agents such as
benzyl alcohol or methyl paraben antioxdants such as . searble acid or sodiurn bisulfite
chelating agenls such as ethylene diaminetetraacetic acid buffers such as acelates citrates
or phosphates and agents for the adjustment of lonicity such as scdium chioride o~ aextrase
The paran‘eral prevaration can be enclosed in ampoules disposable syringes or mulbple dose
vials

The highly ipophilic esters amidas and carbamates of compounds | are capable of
sustained release in mammals for a perlod of several days or from abou. one to four waeks
when formulated and adminislered as depot prepa-aucns as for example when Injecicd in a
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properly selected pharmaceutically acceptable ol  The preferred oils are of vegalable ongin
such as sesame oil, coltonseed oil corn ail coconut ol soybean o' olive oll and the like or
they are synthetic esters of 1atty acids and polyfunchional alcohofs such as glycerol or

propylenegl scol

The depot compositions of formula | are prepared by dissclving 2 nghy hiposhihe
esler amide or carbamate of the instant nvention in a pharmaceutcally acceptable oil under
sterile conditions The cll 1s selecled so as {o obtair a release of the a2ctive ingredient ovel a
desired period of ime  The appropnate oif may easlly be determined by consulting the pnior
art or without undue exparimentation by one skilled in the ant

The dosage range at which the compounds of formula | exhibit their abikity to act
therapeutically can vary depending upon the particular disease or condltion beiny treatcd and
its severily the patient the formulation, other underiying diseass slates that the patient ls
suffering from and other medications thal may be concurrently administered to the patient
Generally the compounds of formula | wili exhibit thetr therapeutic activities at dosages of
between aboul 0 001 mg/kg of patient bady weight/day to about 100 mg/kg of patient body
wenght/day

In a further aspact the present Invention provides novel radiciabeled imagmng agenis
o forrnula | usefu! nter aha for imaging dopamine Ds receptors in the CNS fo dlagnose CNS
abnomalities

The radiolabeled (iribaled and C 14 Iabsled) forms compounds of formula | are useful
as racholigands to detenmi.ne Lthe binding of cormt ~unds to the dopamine Ds recsptor  They
are also useful as iabe ad parent compounds to determine the metabolism of the compound in
animals Prefercred for this purpose are compounds of farmrula | wherein R 1s group (a) with a
radiolabeled Y*C in the 3-position of the benzo[b]thiophene ring system, L Is tnfluo omethyl p
151 Rais hydrogan nis2and Als N Pahcularly prefered for this pumose are compounds
of formula 1A As employed heroin a "compound of rormula 1A’ shall refer fo the compound of
formula | wherein R i1s grcup (a) wharein L 1s tnfluorometnvl sutstituted m the 6-pusition of the
benzihiophene ring system and a radiolabeled *C i1s in the 3 position of the
san_o{bjthiophene ring systam pis 1 A1s N nis2 and Ry s hydrogen Compounds of
formula fA may ba prepared in a manne- anatogous to that set farth in Example 21

imbalances in dopamine production have been imp icated [n a vatlely of mental and
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physical disorders such as Parkinson's disease (PD) it s thus deswrable to diagnoss and
monitor such imbalances and to monitor the affectiveness of drugs and substances that affect
brain chermstry New and powsrful imaging methods thal enable one to assess the hving
brain in vivo and thereby monltor brain chermistry and the effectiveness of drugs and
substances that affect braln chemistry have been developed Methods such as positron
enussion tomography (PET) and single photon amission computed tomography (SPECT)
nvolve edministenng t- a patient a radioactive tracer substarce comprising a hgand that binds
to the presynaptic or pasisynaptic neurcreceptors in the patient s brain  Emissions {pamarly
gamma rays are emitted from the positrons or photons from the radicactive tracer) are
measured These emissions are indicative of the number ard aegree of occupancy of blocking
of the neuroreceplors The number of neuroreceplors and the degree of occupancy or
btocking 15 calculated utiizing a mathemahcal model and compared with an intra-person or
mier-persan control to delermine the degres of drug response Further treatment of tiie patant
with drugs 1s hased on the comparlsons made For thase methods to be useful however, a
higand that has a high spacificity and affinity for the desired receptor is required

It 1s belisvad thal certain radioactive ligands may be selectn e for dopamine
transporiers and are thus potentally useful in evaluating changes in dopamine function in vive
and in viro especlally tor patlents with Parkinson s disease (PD) which i1s charactanzed by a
seleclive loss of dopamine neurons n the basal ganglia and substantia nigra

Another aspect of this invention relates to methods for ubhzing the compounds of the
inventon as CNS imaging agents Imaging techriques are non invesive diaghosic lechniques
that generally invoive administering a compound with marker atoms that can be detacted
externallv to the mammal Generally these methods comprise administenng to a mammal a
compourd of the nvention dissolved or dispersed in a surtablie pharmaceutical carrer or
diluent The compound of the Invention selectively hinds to dopamine D5 thus permitiing the
imaging of CNS recaptors and the abllity to, inter alia evaluate biain chemisty tne
effectiveness of drugs and neurcnal funclions Imaging techniques suilable for practicing the
present invention include bul are not imited to single photon emission computed tornagraphy
{SPECT) and positron emission tc nography (PET)

Radionuclides that are widely used in diagnosiic nudear medicine include tachretum
[®Tq] lodine ['™] carbon [*'C] and fluonne ['*F  The radiclabeled imaging agert spectically
exemplified heremn contans the radionuchde 1'C It should be noled that the same or simular
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radiochemustry reactlons can be carned out using radionuchdes other than 'C

The invention is further illustraled by the following non-imiing examples and (abufatec
information These examples ara undarsiood to be flustraive only ang are not intendead to
bmut the scope of the present snvention in any way As used herein the followirig terms have
the indicaled meanings g refers to grams, mmol” refers to milimoles mi” refars to
mililiters  “C” refers to degrees Celsius "TLC" refers to thin layer chromatography

"LC/MS refers to iquid chromatography mass spectrommelry  “APCI refers to atmospheric
presstire chemical onization, “mp refers {0 melbng point
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EXAMPLES
Example 1
5 Synthesls of intermediate Substituted Piperazines
o
< H
HCJ o, N =
H,N\/u\? + \g’ OH —E;;N T »
éBz
H, 10% PdiC
MoOH
q H
A e LD
S - L
N 0" N
H H
10 Example 1{a; Preparation of inle iate 3-be nerazing

To a suspension of 3-benzyl-piperazine-2 >-dione (14 98 g 73 mmol, prepared following
generally the procedure of Halpemn and Westley J Org Chem 1868 33 £84)in dry diethyl

ether (500 mL) 1s added dropwise 1o a solution of iithium aluminum hydnde (400 mL of a 1 M

solufion in disthyl ether 400 mmol 54 eq) The suspension is heated at refiux fo, 23 hours
15  and then cooled to 0°C Water (70 mL) |s then cautiously aaded and tie resulting

suspension is warmed lo room temperaiure  After 3 hours the suspension is filtered and the

solid wasiiad with diethy! ather (1 L) The fillrats 13 concentrated under vacuum lo provide

crude titie cmpound (11 40 g 868%) as a yellow crystalline solid A sample (2g)1s

recrystaihized from ¢y clohexana and then from tofusne (o prowide the punfied tille compound
20 (083g)asafine white crystals mp 80-81°C

Anal Calcd FerC HygN2 C 7496 H, 915, N, 1588,

Found C 7484 HO01 N 1615
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l: \k | MeOH
H, 10% Pd/C
HCI EIOH

e

Example 1{b) To a soluton of LDA (285 mL 0 59 mol 2 M n heptane/ THF/ ethylbenzens)
in anhydrous THF (300 mL) coolad to —40 °C was added 2 methylpyrasne (48 5 mL 0 531
mol) dropwise via an addition funnel The reaction was allowed o warm to 20 °C and was
stirea for 80 minutes when a solution of benzaldehyda (54 mL 0 531 mal) in anhydrous THF
(200 mL) was added dropwise via an addition funne! After complete addlbon the reacton
was allowed to warm to room teinperature and was stired for 20 hours The reachon was
ihen cooled in an 1ce bath and saturated NH,.Cl (500 mL) was added The resdlting modure
was extracted with EtOAc (500 mL, 250 mL) The combined extracts were dnsd (NazS0.)
filtered and concentrated to a damp, beige solld The product was inturated with Et-O and
collected then dned overnight to yieid £6 0 g (53%:) of a hght brown solid, mp 81-84 °C

A solution cf the above-obtainad solid (56 0 g 0 28 mol} n MeGH (* 1 1) and conc HCI {290
mL) was stirred at reflux for 24 hours The reaclicn was cooled to room lemperature and
concenirated lo a dark hiquid  The dark hiquid was cooled 11 an ice bath and waler {1 L) was
added The resulung solution was neutralized with a saturated soiution of Na;CO; and the
product was extracted with FtOAc (1L 2 x 500 mL) The combined extracts were drad
(Na,;S0,) fiitered and concentrated o yield 46 g of a dark brown solid  The sohd was punfied
via flash column chromatography (40% EtOAc in heptane) yielding 22 7 g of the o'eflin as a
brown foam.

A 1L Parr shaker bottle was flushed with nrogen and charged with 10% Pd/IC (45 g
Degussa lyre) and the above oblalnsd olefin (200g 0 110 nol) in EICH (450 mL) The
reaction was hydrogenated at 50 ps) for 3 5 hours when the reaction was filtered through a
celite olug and nnsed with ethanol The bottle was recharged with fresh 10% Pd/C (4 5 g
Degussa type) tha filtrate and conc. HCI {16 mL) The reachon vzas hydrogenatec at 50 psi
for 18 hours when the reaction was diluted with warm MeOH and filtered through a Llug of
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celite The solid was thoroughly washed with hot MeOH and the filtrate was concentrated to
vield 11 2 g {39%) of the final oroduct as the d-HCI salt mp 297-300

Sea Tairahedron 30 1974 ppB57-673 and Tet Lett 1979 ppd483-4486

e

£ cuo N I
Ao —

Example 1{c} DBU {14 0 g, 92 mmol) was added to a soluticn of the piperazine diacetale
(18 2g 92 mmol) and aidehvde (12 3 g 82 mmol) n 92 mL of DMF at amblent temperature
The resulting mixture was stirred at room temperature for 5Sh  The precipitated product was
cuollected by filtraton providing 17 1 g of product

K Ko
Sy — Oy

The monoacetats (17 0 g 62 8 mmol) and hydrazme hydrate (94 g 188 6 mmol} in 125 mL
of DMF waere stirred at room temperature for 20 h  The precipitated sohd was collacted by
fitration and ~ashed with water and ethanol leaving 13 7 g of product.

%,r;" — @’;f;':r“’

The olefin (13 6 g, 59 1 mmol) and palladium on carbon (27 g 10% Pd/C Degussa type
50% H20) i: 1 2 1 of methanol were shaken on a Parr hydrogenation apparatus at 40 psi of
hydrogen untl hydrogen uptake ceased The mixture was dilu.ed wmith dichloromelhane and
filtered through celite Concentration of the fillrate prowided 12 1 g of product

RS
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A solution of LAR (156 mL 158 mmol 1M In THF) was added dropwise to a 0°C soluton of
the piperazine dione (12 1 g 52 1 mmof) in 100 mi of THF The mixture was heateo to reflux
and stimed overnight. The mixture was cooled to 0°C and 28 mL of water in 200 mi of THF
was carefully added The resuling mndture stirred for 1 h then i was filtered the filter cake
was washed with THF and the filtrate was concenlrated In vacuo to give 7 4 g of product.

15

20

25

Example 2
H

/

(>

S

Cry

1 (6-(trifluoromethyl)-! nzo[b]thien-3-yl)-plperazine hydrochionde

2a 2-Cagrbomethoxy 3-amino-8-trifiucromethylbenzolblthiophene

Equip a 22-L, 3 neckad round-botiomr fiask wath a mechanical stirrer mitrogen bubbler
and a thermocouple probe charge with 1 20 kg {5 55 mole) of 2-nitro-4-
triflucrometrylbenzonitnia §589 3 g (426 mL 5 55 mole) of methyl thioglycolate and 4 3
L of NMP Cool the resulting yellow solution to 2°C and add slowly over a penod of 78
min a soiution prepared from 466 0 g (11 17 mole 2 0 eq) of hthwm hydroxide
monohydrate in 3 36 L of water while ma ntaining the temperaiure between 2 - 20 °C
Allow the brown slurry to warm 1o 21 °C over a 2 h penod and then dilute with 8 0 L of
water (observe exotherm-> 27 °C) Sir for 42 mn and cool to 18 °C collect the product
by flitration nnsing with 13 L of water then alr-drying at ambient temperature to give

1 295 kg (84 7% yield) of 2-carbomethoxy-3 amino 6-tnfluoromethyibenzo[blithiophene
a5 a hght-yellow solid, 99 8% pure by HPLC assay
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2b  1-(6-[trifluoromathyl)-benzolblthien-3-vl}-piperazine hydrochlonde
Equip a 12-L 3-necked round-bottom flask with a mechanical stuver nitrogen bubbler

and a thermocouple probe, and charge with 1 14 kg (4 14 mole) of 2-carbomethoxy-3-
arnino-8-influoromethylbenzo-[bjthiophene (Example 2a), 196 0 g (2 28 mole 0 E5eq)
of piperazine 4 0 L. of NMP and 570 mL of xylene Heat the solutton ana hold at 170 —
180 °C for 4 h at which time the reaclion 1s ca 88% complete as dstermined by HPLC
assay Cool the brown solution to 168 °C and then add 1 605 kg (18 63 mole 4 5eq)
of piperazine (temp -> 109 °C) following with 1 575 kg (28 28 ma'a 2 0 eq) of p-
toluenesulfonic acid monohydrate (observe exothenn 102 > 130 °C) Connecta
Dean-Stark {rap fo the condenser and heat the reaction o collect an azeofrope
Remove a total of 410 ml. of an agueous distillate while allowng the pot temperature to
increase from 145 to 165 °C  Monitor the progress of the reachion by GC/MS and HPLC
assays After 14 hatca 185 °C (>29% conversion by HPLC and GC/MS assay)} cool
tha reaction to 30-35 °C and thert quench into an axtracior that confams 5 kg of ice, 12
L of water and 8 5 L of foluene Sepa-ate the phasas, wash the organic extract vath 11
Lof 05 N NaOH 2L of salurated aq NaCl and then axtractwith b L of 1 N HCI

Dilute the acidic aqueous extract with 1 kg of ice and basiy to pH 11 2 by adding 624 g
of 50% NaOH Extract the rasuling mixture with 8 5 L of toluens  Wash the toluena
extract with 2 L. of saturated aqusous NaCl, dry (N2.S0,} and filter Charge the filtraie
! a22l 3-necked round-hottomed flask {N., mechanical shimng temperature control
probe) and add a total of 3 7 L of 1N ethereal HCI at 26 — 27 °C so that the mixture Is
positive 1o Congo Red indicator paper Dunng the HCl addiion add a tolal of 25 L of
toluene to Impiova the stiming of the thick slury that results  Stir at ambient
temperaiure for 40 mn filler the slury and wash with 4 5 L of toluene  Afler air drying
obtaln 1 165 kg (87% yield) of 3-piperazinyl-6-trifluoromethyl-benzofbjthiophene
hydrochionde as a fight pini-beige solid 99 1% pure by GC/MS assay

3-Plporidinyl-4-yl-thiano[2,3-d]isoxazole hydrochlonde
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3a 4-{3-Bromo-thiophene-2- onyi}-niperidine-1-carboxylic a ri-buiyl ester

Str a solufion under nitrogen of 3-bromothiophens (21 0 mL 0 224 mol) in tetrahydrofuran
(10L)at-78°C and add a 2 OM soluhion or lithium disopropylamde in
heptane/ietrahydrofuran/sthylbenzene (112 mL 0 224 mol) for 45 min Add dropwise over 2
h a solution of 4-(N-methoxy-N-mathylcarboxamido}-1-pipendinecarboxylic acid 1 1-
dimethyiethyl ester (prepared according to US 5 134 139) (794 g 0281 mol)in
tatrahydrofuran (800 mL) Slirfor 2h add a saturated ammonium chlonde solution and stir
for an additonal 0 § h  Filter the resulting solid and pour the fillrate into water (800 mL.)
Exiract the agueous mixiure with sther and concentrate to oblain a dark igud Pour the
hquid nto water (400 mL) add NaCl and ex(ract tha aqueous mixture with ather Wash the
axtract with waler bnne and dry oser Na;SO, F lter and concentrate o obtain the crude
product Chrematograph tha product over sliica gel (pat ether/ather 4 1) o obtain 415 g

{50%) of white solid
OH

Br

3t 4-[(3-Bromo-thiophen-2-yl)-hvdroxwirnno-methyl]-pipariding-1-carboxy lic scid terl butyl

ester

Stir o mixture o* 4-(3-b omo-thiophene-2-carbonyl}-pipendine-1 carboxylic
acd lert-butyt estar (Example 3a) (41 5g 0 11mol) hvdroxylaimine hydrochlonde (154 g
0 22 mol) and pyndire (190 mL) at amment temperature overmight Pour the reacticn info
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water (500 mL) and extract with dichloromethane (3x}) Wash the combined extrac.s with
saturated CuSQ, solution (2x) dry (Mg$0.) and cor centrale lo a green sulid  Dissclve the
salid in toluene (175 mL) end Ist stand at ambient tamperature for 3h  Collect ihe resulting
cny stals that form and wash with loluens (60 mL) Concentrate the fllirale and agamn dissolve
the residus 1n toluene and proceed to collect additronal crystals to obtain a total yield of 25 g
(58%) of the btle compcund as a light green solid

et

S

Wal

”

(8]

3c 4-Thienol2.3-dlisoxazol-3-yi-pipendine-1-carboxvilc acid tert-bulvl ester

Add to a stirnng solution of 4-[{(3-bromo-thiophen-z-yl}-hydroxymmno-methyljpiperndime-1-
carboxylic acid tert-butyl ester (Example 3b) (26 g 64 2 mmoaf) in 2-methoxyethanoi (200
mL) a solution of potassium hydroxide (7 2 g, 128 4 mrmol) In water (20 m.) Heat the
reaction o 80°C and then add copper powder (1.25g) Str at 80 70°C ror 6h and then at
ambient {emperature overnigh* Pour the reaction mixture Into watar (500 mL) and extract
with E'OAc (3x) Concentrate to a dark residue and punfy by column chromategraphy over
ailica gel (heptane/EtCAc 4 1) lo provide 8 8 g (50%) of a white solid

3d 3 Pipetidinyl 4-y] thigno[2,3-dlisoxazols hydrochlonds

Add ethereal HCI {10 mL) to 4-thieno[2 3-d)isoxazol-3-yl pipendine-1-carboxyllc acid_tert-outyl
estar (Example 3c) (1 0 g 3 2 mmol) and then methanol (1 mL) to affect so'ulon  Parmit to
stand at ambrent temperalura for 1h and then collect 0 34 g of white solid mp 240 241°C
From the futrate collect 0 25 g of additonal white sold mp 263-265°C Bcth samples MS
miz= 200 (M+H)'

Analysis (sample mp 263-265°C).
Cale For GagHyoNOSHCI 49 08%C 535% H 11 45%N
Found 49 03%C 5 20%H 11 25%N
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Example

4
N’H
/
N\

S

1 {6 Fluoro banrzo[b]thlophen-3-yi)-[1,4]dIazepane

4a JIAmino-6-flu ne- ic acl

Al 50°C add lo a siimng solution of 2-carbommsthoxy-3-amino-6 fluore-benzofbjtivophene
(prepared according to US 5,143 923) (90 1 g 04 mol} In HC (450 mL) & 50% aqueous
solution of NaOH (64 g 0 8 mol) over 2-3 min Heat the reachon to 70-73°C and continue to
stirfor 3 h Add 10% agueous isopropanal (45 mL) and b.ing to reflux Remave the
1sopropanol under Nz and add H;O (300 mL) Cool the reaction mixture to bety 'een 7-10°C
and add concentrated HCI {80 mi.}) Add H,O (650 mL), coo! to 5-7°C, fitter the resulling
solid and wash the fiter cake with H20 (2x150 mL) Dry the solid undsar vacuum at 35°C to
obtain B0 6 g (94 7%) of solid mp 180-163°C TLC on silica gel (dichloromethane/methancl
31) R=089

Ab 1-{6-Flucro-benzolblthlophen-3 yi)-[1 dldiazepane

Heat a soluton of 3~-ammo-8-flucro-benzolblthiophene-2-carboxviic acid (5 0 g 24 mmnol) N
1-methyi-2- pyrrolidinone {5 mi) to 100°C for 2h  and then Introduce a siream of nitrogen to
eool the soluton lo room tempeiature  Add homoplperaane (9 5 g 95 mmol) and p-toluene
sulfonic acid monohydrate (8 0 g 47 mmol) and heat the mixture to 145°C for4 h  After that
time cool the reaction mixture to raom temperature dilute with ethyl acetate (30 mLi1 and
wash with brine (3x15 mL) Separate the oganic layer and dry ove- Mg SO, Evaporate the
solvent and punfy the crude praduct by column chromatography (SI02 100 g CH-Cl/MeOH
8 2 than CH,Cl/MeOHMH.OH 9 2 0 15) to glve 3 8 g (65%) of yellow sh ol LC/MS
(LiChrospher § py, RP-18 256G mm

CH;CN/ Waler gradient 20% > 100 % (25 mm} Flow 1 5 mlfmin)

lg= 10 74 min m/2— 260 3

63
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4-[4-(6-Fluoro-benzo[bjthlophen-3 yl)-{1,4]diazapan-1i-y{Jbutyronlirile

Add poassium carbonate (38 3g 284 mmol) to a solution of 1-(6-fluoro benzob)thiopher-3-
yi)-{1 4jdiazepane (Example 4) (23 7 g 95 mmol) and 4-bromobutyronitnie (21 0 g 142
mmol) n acelonitrlile (400 mL) and stir the mixturs under reflux for 10 h  Filter the mixture
evaporate the solvent and dissolve tha resldue In ethy)] acetate (EtOAc) Wash with water
and saturatad sodium chlorids solution and dry the organic phase over MgSO. Evaporate
ite solveni un er vacuum and purify the crude product by co'umn chromatoyraphy
(E1QAc/MeClH 8 1) to give 12 9 g of a yellow ol LC/MS (LiChrospher 5 g, RP-18, 250 mm
CHSCN/ Water(0 G5% TFA)-gradient 2% > 98 % (20 min) Flow © 75 mLl/min)

= 9 46 min, m/z= 317 3

Example &6

N
F S

4-14-{6-Fluoro-benzofhilthiophen-3-yl) [1,4}diazapan-1-yi}butylamine

Add over 30 min at room temperature a solution of LIAIH, in diethyi ether (1M 725 mL) o a
solution of 4-[4-(6-fluoro-benzofb)thiophen-3-y)}-[1 4]diazapan-1-yilouty-cnitrile (Example 5)
(11 6g 36 2 mmol} in dry diethyl ether (200 mL} Heat the solulion to reflux for 5 h  After tha,

4
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trne, aliow the solution to cool to room temperature and carefully quench the reachon with
water and aqueous sodium hydroxide solution Separate the phases and re-extract the
aqueous phase with EtOAc Dry the combmed organic phases over MgSO,, and ramove the
scivent under vacuum Punfy the crude product by column chromalagraphy
(CH,Cla/MeOH/NH_OH 9 2 0 25) to obtain 8 9 g of a colorlesa ol LC/MS ( LiChrospher 5 i
RP-18, 250 mm CHsCN/ Water(0 05% TIA}- gradient 2% ->» 68 % (20 min) Flow 075
mb/min), tg= 7 78 min m/z=3213

Exampie 7

~

N
F S

CN

/\N

4-[4-(6-Fluoro-benzo[blthiophan-3-yl)-[1,4]diazapan-~1-yl[pentano- nitsile
Foliow the prosedure of Example 5 and subsbtule pantanomtrile for bulyronitrile theren fo
obtamn the titls compound (LIChrcspher 5 @ RP-18 250 mm CH,CMN/ Water(Q 05% TFA)-
gradient 2% - 98 % (20 min) Flow 0 75 mL/min) tz=104 mn m/z=3315

Exampie 8

(\ A\/\,N Hz

\

L

4-[4-{8-Fluoro-benzo]blthiophen-3-yi}-[1,4)diazapan-1-yiJpentylamine

Follow the procedure of Example 8, and substitute 4-[4-(6-fluoro-benzolbjthiophen 3-yi)-
[1 4)dlazapan-1-yllpentanonitrile { Example 7) therein to obtan the tle compound LC/MS (



10

15

20

A 4016

57-

LiChrospher § 4 RP-18, 250 mm CH;CN/ Water(C 05% TFA)- gradient 2% -> 98 % (20 min)
Flow 075 mL/min) tz=B 31 min mfz= 3355

Example 8

4-[6-{Trifluoromethyl}-benzobjthlen-1-piperszinabutana.nine dihydrochioride

/\/‘CN

()
7\

9a 4{6-Triflus n 0 -pipsrapnebulyi-nitrite (Z)-2-bidenediogte

Reflux & mixture of 1-{8-(trflucromsathyl)-banzoblthlen-3-yl)-piperazins (Example 2) (101 g
35 3 mmol) 4-bromobutyronitrle {8 25 g 42 3 mmol) anhydrcus pulassium carbonete (8 00
g, 57 8 mmol) and anhydrous acetonitrite (80 mL) for 18 h Filter the slurry wash the
insolubles with dichloromethane (2x150 ml.}, and concentrate the fil‘rate under vacuum
Take up the residue in dichioromethane {125 mL) wash with 5% aqueous NaOH (76 mL)
water (75 mL) and dry (K:COa) Congcentrate under vacuum and chromatograph the crude
product avar silica gel (EtOAc) to obtain 10 3 g (82%) of ember ol Add to an ethanctic
solution of the ofl (12 g 3 40 mmol ), maleic acid (400 mg 3 45 mmal} und concentrate the
solution under vacuum to receive a gum  Triturate the gum with EAOARC to aiford a solid
Raaystalhze the schd from methanolVEOAC to obtain 1 01 g of white arystals mp 158-159°C

A
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Analysis
Calc for CaH,zFaN3OS 53 73%C 4 72%H 8 95%N
Found 53 57%C 4 65%H 8 B6%N
8b 4-[6-{Trflucromethyl}-benznfb;thien-1-piperazinebutanamine dihydrochlonde

Under N, add dropwise 2 solution of 4-(6-trilluoromethyl)}-benzo[b]thien-3-yi)-1-
piperazinebutyl-nitnle (free base of Example 8a) (2 00 g 25 5 mmot) In anhydrous
tetrahydrofuran (THF, 70 mL) to a strred coolad (3°C) suspension of LIAIH, (108 g, 27 9
mmolyin anhydrous THF (120 mL) Maintain the emperature at 3°C for 5§ min and then stir at
ambient temperature for 21 h  Cool the mixture lo 0° C and treat sequentially with Hz0 (1
mL) 15% aqueous NaOH (1 mL) and H,O (3mL) After 20 min at room temperature, fliter
the mixture wash the Insolubles with dichloromethane (2x50mL), and concentrate the flitrate
under vacuum Take the residue up in dichioromethane (150 mL) wash sequentially with 5%
aqueaus NaOH (75 mL) HzO (75 mL) and then dry (K:CO4) Remove the solvent under
vacuum and purify the residue by chromatography over sliica get (ethanolNH,OH 85 §) to
obtamn § 32 g (58%) of the free base of the title compound To a solution of the free base
(830 mg) in ethano! add ethanolic HCI until the soluton 3 acldic (pH 2-3) Concentrate
under vacuum 1o a gum and triturate the gum wilh athanol to obtamn an off-white solid
Rexrystallize tha solld from MeOH/CHC!s to obtain 485 mg of white powder, mp 256-258°C

Analysis
Calculated for Ci7Hpl sNsS«2HCI 47 45%C 5 62%H 9 76%N
Found 47 10% 5687%H 9 62%N
mple 1
M~
YT
CF,%N H,
= Hel

8

1+(4-Methoxy-phenyl)-3-{4-[4-(8-triflucromethyl-bonzo[b]thlophen-3-yi)-piperazia-1-yi]-
butyf}-uroa hydrochloride
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Under nitrmgen add 4-methoxyphenyl isocyanate (0 42g 2 8 mmol) in CHCl; (18 mL)toa
stiring solution of 4-[6-{tnflucromethyl)-benzofblthlen-1-piperazinevutanamine {froe base of
Example 9b) (1 0g 2 8 mmol} in CHCI; (10 mL) Aliow the reacton to stir at ambrent
temperalure for 18 h filter the resulting solid, wash vath CHCI and obtain €35 mg of product
as a white soiid, mp 202-204°C Concentrate the filtrate and obtain 1 0 g of a sbcky residua
Chromataograph the residue over 40 g of silica gel (CH,Cl/MeOH, 24 1) and obtam an
addibonal 110 mg of product Combine the samples, dissolve in Fot EtQAC-MeOH 71100 mL-2
mi) filter and after coohing add ethereal HC! to precipitate the hydrochlonde salt After2 h
collect 787 mg of the salt as a whlle solid mp 228-231°C  SiIr the solid in refluxing
acatonrtnie for 45 min, allow the mixture to cool and filtar the sclhd to obiain 570 mg of the tile

compound as a white sold mp 240-242°C

Analysis
Calculated for CusMxaFaNQ0:SeHCl 55 29%C 5 57%H 10 32%N
Found 95 21%C 5 71%H 10 22%N

Exampie 11

¢ ~ H\EH\Q‘CH,
Q™

1 (4-Methyl-phenyl)-3-{4-{4-{6-triflucromsethyl-benzo]b]thlophen-3-yf)-plperazin-1-yi]-
butyl}-urea hydrochloride

Add p-tolyisocyanate (0 41 g 3 1 mmol) In CHCIy (8 mL) to a stimng solution of 4-{6-
(nfluoromethyl)-benzobjthisn-1-plperazinsbutanamine (free base of Example 9b) {1 1g 3 1
mmwol) in CHCIs (8 mL) Aliow the reachon to stir at ambient temperature for 63 h, filter tha
resulting solid wash with GHCly and obtain 877 mg of product as a beige soiild Dissoive the
solid in hot EtOAc-MeQH (100 mL-2 mL) filler and after cooling add ethersal HCI to
precipiete a hydrochlonde sall. Collect 868 mg of the salt as a white sohd, rmp 231-234vC
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Recrysialiize the sold from absolute ethanol to obtain 585 mg (37%) of the ttle compound as
a white solid mp 240-242°C

Andlysis
Calculated for CosHxFaN,OSeHC! 56 97%C 5 74%H 10 63%M
Found 57 02%C 5 83%H 10 868%N
Xa 1
A
(!
N\) o
\ CF,-—<
S (e} |
142,8-Diiuorc-benzo]bjthien 3-vi)-plperazine trifluoroacetate
L
C
(\ )ko CH:'5
N\}
F
\
123 4A{6-Fiugro-benso[blihophen-3-yi}-pipa =1~ ] d tert-buty] ester

Add a solubion of di-larf-buty] dicarbonate (& 159 23 6 mmol) In CHC!, (15 mL), dropwise
over 45 min lo a solution at -85°C of 1-(6-flucrobenzo]b]lhiophan-3-yl}-piperazire (prepared
according to US 5 143 923) (2 8 g, 11 8 mmol), 4-(dimethyl -amino)pyndine (0 16, 1 3 mmol)
and disopropylethylamine (4 3ml. 32 g 24 8 mmol) in CHCl, (50 mL) Foilowing complele
additton stir the reaction at amblent tamperature for 20 h and then pour the reachon into a
mixiure of cold (5°C) 5% aqueous NaOM/EfOAc (160/150 mL) Extract the product into
EtOAc, wash the exiract with H;O bnne and concentrate to a red of  Purify the crude ofl
over <llica gel (EtOAc) to abtamn 36 o of red ot LC/MS m/z= 337 (M+H)"
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12b 4-(2-Bromo-6-{luoro-benzolblitnophan-3- na-1- 2 acid ter-b ste,

Add N-bromosuccinimide (0 58 g, 3 3 mmol) to a stimng soluuion of 4-(6-fluoro-
benzobjthiophen-3-yl)}-piperazine~-1-carboxylic acd tert-butyl ester (Example 12a) (1 00 g,

2 97 mmol) m CHCh (32 8 mlL) and retiux for 30 min  Allow cooling to room temperature and
filter Evaporate the solvent and purify the residuze by chromatography over silica gel
{EtOAc/heptane 9 1) to obtaln 0 53 g (43%) of ol MS m/z= 416 (M+H)"

In an alternative procedure add N-bromosuccinimide (1 319 g, 6 62 mmol) to a stirring
solut:on of4-{8-luoro-benzojbjthiophan-3-yi)-piperazine~-1-carboxylic acid tert-butyt ester
(Example 12a) (2 226 g 8 62 mmol) m CCl,and reflux for 2h Alicw cooling to room
temperature and filker Evaporate the solvent and puniy the residue by chro'natography over
silica ge! (EtOAc/heptane 8 1) to abtain 2 34 g (84%) of dll

3 e
(L

F \

S F

12¢_4-(2-Fluoro -B-fluoro-benzofblthicphen-3-vl) piperazine-1-car [ tart-buivl ester

At a temperature of -65°C stir under nitrogen, a solution of the 4-{2-bromo-8-fluoro-
benzofblthiophen-3-yi)}-piparazine-1-carboxylic acid tert-butyl estar Example 12b (1558 g
37 55 minof) in anhydrous THF (247 mL) and add, dropwise n-butylflthium in hexane (2 5M
1953 mt 48 82 mmol) Strfor 30 mm and ihen add, tiropwise N-fiucrobenzenesulfotumide
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(17 76 g, 56 33 mmol) dissolved m ahhydrous THF Str overnight at amble1t temperature
cool the eaction to 0°C, add saturated NaCl solution and then water Extract the moxture
with EtOAc (3x's) combine the exiracts and wash with water and brine  Dry the exiract
(MgS0Q,) and concenirate to obtain 11 0 g of of  Chromatograph the oif over sifica gel
(ether/pel ether @ 1) and obtain 8 28 g (52%) of red off MS mvz 254 (M+H)"

128 1-«2,6-Driluorg-banzolblthlen-3-yi)-iperazine influoroacelate

Stir a solution of 4-(2-fluore -8-fluoro-benzo[bjthiophen 3-yi)-piperazine-1-carboxylic acid lert-
butyl ester Example 12¢ (250 mg 0 70 mmo!) in triflucroacetic acid {2 2 mL.) at ambient
temoerature for 30 min  Evaporata the Irifiuoroacetic acid and treat the residue with ether
Sii- the suspenslon at amblent temperature for 2 h, and fiter the resutting white sold to
obtain 191 rg (38%) of the triflucroacetate salt. MS m/z= 255 (M+H)"

xample 13
l"z

A-[8-{2 6-Dfluoro-benzo[b]thien-~1-piperazinebutanamine

e

F
|
87 r
13a 2:4-14-(6 Fiuorobenzofblttwophen-3-viplnerazin-1-yiibutviiscindols-1.3-dione

Stir and reflux us der argon & mixture of 7-(2 6-difluorg-berzofblthlan-3-yl)-piperazine (free
basz of Example 12d) (1 48 g 5 8 mmol), bromobutylphthalimide (1 85 g 5 8 mmal)
tiethylarmine (1 2 mL) and acetonlinle (26 mL) for 4 h  Allow the reachon 1o cool and then

a)
%

o ——— - -
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diiute with dichioromethane Wash the arganic solution with water saturated KzCOs solution
and dry (K;CO4) Concentrate the solvent and obtain 2.55 g of solld  Chromatograph the
solid over sthica gaf (CH.Cla/MeOH 49 1) to obtain 2 1 g of solld mp 123-125°C, MS, m/z=

456 (MY
15b 4-]6-{2, if] Hhien-1-pi

Stir a suspension under argon of 2-{4-[4-(6-flucrobanzo[blthophan-3-v)plperazin-1-
yijbutylisoindote-1,3-dlone (Example 13a) (205 g 4 5 mmol} in anhydrous MeOH (30 mL}
and add hydrazine (0 5 ml 15 9 mmol) Reilux for 2 § h and allow cooflng to ambient
termperature Cool the reaction in an ice bath and add 1M HCl to a pH ~1  Filler the mixture
cool the flltrate In an ice bath and add 50% aquecus NaCH to basify Extract the aqueous
mixtura with dichlcro -methane wash the extract with ;O dry with IGGCO4 and concentrate to
obtain 1 4 g of o8 which crystailizes upon standing LG/MS m/z= 326 (M+H)"

Example 14
F~¢ \

Owﬂ\{nﬂcm
=]

ST F

14{4-Methyi-phenyl)-3-{4-}4{2,6-difluoro-benzo[blthiophen-3-yl)-plperazin-1-yi]-bHutyl}-
urea

Add a solulion of 4 mathylphenyl Isocyanatls (433 mg 032 mmol) InCHCl {(1-2mL) o a
solution of 4-[6-(tflucromethyl)-benzo[blihien-1-piparazinebutanamine (Example 13b) (3 5
mL of & 0 086M solution in CHCl 0 31 mmol) and shake the reachon for 20 h  Filter the
resulting sold or concantrats e reacton and collect the solid after titurabon with EtOAc lo
obtain 102 7 mg of the htie compound LC/MS (YmcD05-AQ 4x50 rmm water/CH,CN /acetic
acd 94 55005 100% for 0 1 min then water/CH;CN /acelic acid, 50 84 50 5 linear
gradient = 100 % (2 mn, hold 4 min) Fiow 1 0 mL/min) tz= 3 22 min m/z= 459 (M=H)~
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Examples 15-18

The following HPLC conditions are refeired fo m Exaimples 15-18

HPLC Condition {

A) ES5/0 1% Water/Acetorutnle/Formic Acld,

B) 5/95/0 1% Waler/Acetonitile/Formic Axd

Column YMC ODS-A 4x50 ram Flowrate 2 mi/minuta

The Initsa!l HPLC conditons consisted of 100% (A) flowing at 2 mL/mmute After the [nitlal
injaction a linsar gradient was performed sa that at 2 minutes the HPLC conditions werc
100% B These conditons were then held for 3 4 minutes at which ime the system switched
back to Inliial cenditions and equilibrated for the next analysis

HPLC Condition I

A) S5/5/0 1% Water/Acstonlirile/Formic Add

B) 5/85/0 1% Water/Acetonutrliie/Formic Acd

Column YMC ODS-A 2x50 mm, Flow rate-1 mi/minute

The Inibizl HPLC condrions consisled of 100% (A) flowing at 0 1 mL/minute  After the initied
Injection a linsar gradient was paerformed so tnat at 2 minutes the HPLC condiions were
100% B These conditions were tnen held for 3 5 minutes at which time the system switched
back to mitial condlkons and equliibrated for the next analysis

HPLC Condition Ili

A) 95/5/0 5% \Vater/Aceton tme/Formmc Aud

B} 5/95/0 §% Water/Acetonitrile/Formic Aud

Column YMC OD5-A 4x50 mm Flow raie=2 mL/minute

The Inihal HPLC conditions consisted ¢ 100% (A) flowing at 2 mL/minute  Afler the inibel
injection a linear gradient was performesd so that at 2 minutes the HPLGC canditions weare
100% B These condibons we e than hield for 3 4 minules at which bme the systern switched
back to imhial conditions and equllibratad for the naxt analysis
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Example 15

1-{4 [4-{6-Methyl-thieno[2,3-d]isoxazol-3-yi)-piperidin-1-yi]-butyl}3 (substituted)phenyi-
ureas and his-u: eas

15a Preparation of 4-{1-{3-bromo-4-methyl-ithiophen-2-yi)-methanovi]-oipend:ne-1-carboxyh
acld tart-bulyl ester

8
G MO
md \Lr\\’/

Under inarl condltions, add a 2 0 M solution {in tetrahydr.furan/n-heptans) of ithium
diisopropylamide (28 65 mmol, 14 83 mL 1 05 equivalenis) to a cold (-78° C) soluton of 3-
bromo-4-methylthiophene (28 24 mmel, 5 00 g, 1 00 aquivalents) in dry tetrahyrirofuran

(27 33 mlL) Stir at-78° C for 1 hour and add a solutlon of 4 (methoxy-methyl-carbamowl)-
pipendine-1-carboxylic acd tarf-butlyl ester (28 24 m,rnol 769 g 100 ~qurvalents) dropwise
Continue stming &t -78° C for 3 hinura  Quench ta reaction mixture with saturated
ammomum chloride (aquegus 55 ml.) and aliow to wanm to room temperalure Extract the
reachon mbdure with 8 muxture of ethyl acaetate diethyl ether (I 1 3x40 mlL) Combine the
exiracts and dry over magnesiumn sulfate fitsr and evaporate Punfy the residue via flash
column chromatography using & rmxture of n-heplane ethyl acelate (4 1) fo yield a ysllow,
crystaihne =oliki (9 84 g)

MS (Cl, methare) n/a 388 (MH"), LC/MS (APCI) /e 288 (M-100) retention time 2 min 43
sac Condiion |

15b Preparstion af 4-{1-(3-bromo-4-methvi-thiophen-2-vi)-1-hvdroxvimino-methyl-pipendine-
1- ic acd teri-bu e
oM
\
1 o
N
S Wl

el
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Add ammonium hydroxids hydrochionde (50 88 mmol 352 g 2 00 equivalents) to a stired
solution of 4-[1-(3-bromo-4-melihyi-thiophen-2-yl}-methanoyl}-pipendine-1-carboxylic acid tert-
butyl ester (25 54 mol 8 84 g 1 00 equivalents) i pyndine (47 S mL) SUr at room
temperaiure overnighl and at 70° C for 4 hours Cool the reaction mixture and add
hydrochlonc acid (3 M sclution 115ml) Exiract the reaction mixture with dichloromethane
(115 mL) filter the orpanic fayer wash mth water (100 mL) dny over megnesium sulfate filter
and evaporate Recrystallize the resuiting residue from toluene to yeld a whiie solld {4 84 g;
LC/MS (APCI), m/e 403 (MH"), retention tme 2 min 32 sec Condition |

16¢ aration of thigno[2.3-dlisoxazol-3-vi}-pipendine-i-carboxyile acld tet-

butyl ester j\

Add cesium carbonale (3 72 mmol 1 21 g 1 50 squivalenis) and copper todide (0 25 mmol
47 mg 0 10 equivalents) to a shrred solution of 4-[1-(3-bromo-4-methyl-thiophen-2-yl}-1-
hydroxyiminc-rmethyf]-pipendine-1-carboxylic acid tert-butyl ester (248 mmol 100g 1 00
equivalents) in 2-methoxy ethanul (26 mL) Str the resulting riixture ut rcom temperature
overmght and filter o remove the inorganic material Concantrate the filtrate and partition the
resulting oll betwesn athyl acstate (75 mL) and waler (25 mL) Extract the aguzous layer
vath ethy! acelate (2 x 75 mL) and wash the combined organic layers with saturated sodium
chionde (aqueous, 25 mL), dry ovar magnasium sulfate, filfer and evaporats Purify the
residue via flash column chromatography eluting with n-heptarie ethyl acetae & 1) to yeld
a whits solid (588 mg) MS (Ci methane) m/e 323 (MH') LC/MS (ESI) m/e 345 (MNa™)
retention ilme 2,05 minutes Condition I

15d Preparation of 6-methvi-3-piperidin-4-vi-thiano{2,3-d e lgnd
) 8
o )
Hac / ’ H
O-N

Sbr a solution of 4-(8-methyi-tnlenof2 3 ~“hisoxazal-3-yi)-plpendine-1 carboxylic acld tert-bulyl
aster (6 34 mmol 2.85 g 1 00 equivalents) In hydrochlaric acid (48 /5 mL 1 M solution n
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disthy! ether) and mathanol (2 00 mL) at room temperature for 3 5 hours  Fitter the
suspansion coliact the white sohd and dry to yield the desired product (869 mg) Allow the
mother iquor o age overnight, fiiter, coilect the whiie solid and dry to yreld addionat desired
product {1 252 g} LC/MS (ESI) m/e 223 (MH") retention ime 1 14 minules Condition 11

15e t 4-{6-methvi-thianol 2. 3-dlisoxarot 3-y)}-poeridin 1-y]] butyronitrile
oV S
HyC \h’
o—N

Add potassium carbonale (17 72 mmol 245 g 2 40 equivalants) potessium iodide {0 73
mmol, 123 mg 0 10 equ: 1lenis}), and 4-bromobutyroniirie (8 86 mmol, 0 88 mL, 1 20
equivaients) to a slirred solution of 8-methyl-3-pipendin-4-yl-thienof2,3-djlsoxazole
hydrochlorids (7 38 mmol, 1 91 g 1 00 equivalents) in acetonlirile (:0 B4 mlL) and wailer (3 60
mL) Stir the resuling mixture at reflux overrught  Cool to room temperatura filter the
reaction mixture and wash the solid malanal coflectad with dichloromethane and svaporatae
the filrate Take the residue up In dichloromesthane (45 ml) wash with scdium hydroxide
(aqueocus 18 mL 2 M) water (18 mL) saturatad sodlum hydroxida (aqueous 18 mL) dry
over magnesium suifate filler and evaporate Punfy the residue via flash colunn
chromatography using a gradient and eluting with a mixture of n heptane ethyi acetate (05
9 5} to sthy! acetate {100%) to yleld the desired product 43 a biown oil (663 my) LC/MS
(ESI) m/e 290 (MH") retention time 1 19 minutes Condition I

15 Preparation of 4{4-(6-metiyl thienof2,3-dI} T}-pl L-1-yl}-butiamine
8 NSNS AN
1
I
He ]
oN

Under Inert condibons add hthium aluminum hydride (3 42 mmol 3 42 mbL 1 50 equivalents
1 0 M solution In tetrahydrofuran) to a stirred solution of 4-[4-{8-methyl-thiano[2 3-d)'soxazol-
391pip Adin-1-yl]-butyronitrile 2 28 mmo! 660 myg, 1 00 equivalents) m fetrahydrofuran
(dry 1786 mL) Stir the resulting solution at room temperature for 2 5 hours Quench the
reachon mixture by adding water (0 16 mL) ihen sodium hydroxde (aquegus G16mL 2 M
solution) and then watsr {0 5 mL) Dilule the resulbng suspansion with dichioromethane (18
mi) and vigorously stir rr 50 minutes  Filter the resulting mixture through a bed of celite®
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dry over magnesium suifate fiter and evaporate 1o yleld the desired producl (467 mg) as a
brown oll LC/MS (ESI) mve 294 (MH") ratention time 0 58 minutes Condition It

The foliowing 1-{4-{4-(6-Mathyi-thieno[2 3-djisoxazol-3-vi} plperidin-{-yll-buty(}-3-
(substituted)phanyl-ureas and bis-ureas were preparsd using 4-[4-(6-methyk-threnof2 3-
d]isoxazol-3-yi)-piperidin-1-yl}-bultylarmne (151} and carrying cut the procedu-ss found
subsequent {0 the table

Compound Product LC/MS (ES))
Number Canchbon Il
151 o~~~ NN mie 457 (MH"),
M Y Q ratanton tma
e ?\ 1 40 rmnutes
15-2 s HN«,MTN m/e 427 (MH"),
M .4 retentjion tme
1 40 minutes
o~
15-3 F /e 431 (MHY)
a "I" retention time
1 38 minules
154 m/e 431 (MH*)
W Q retention tme
1 39 muutes
15-5 »\NNY m/a 443 (MH")
/QYO D retention time
1 38 minutes
15-8 m/e 515 (MH")
'\"\’"*‘r"\&i; retention trme
-~ o F 1 52 minutes
o-h
15-7 / m/e 620 (MH")
0 retention e
1 65 minules
N o'}"“
o=~N ? Q
Q

RX
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158 c m/a 587 (MH'),
retartiion time
oA 1 62 minutos
W%" .
ey
158 ~0 m/e 592 {(MH"
~ ratenton tme
o 1 59 minJies
,’(}YO ‘\’\"‘r"
- c o
Q’ﬁ retantion tme
. o a 1 80 minutes
N
—\’\—_Hru\ F
0~ a ( S«f\
EF

Add a solulion of 4-{4-{6-methyl-thienaol2 3-d]isoxazol-3-yi)-piperidin 1-yil-butylamirie (0 28
mmol 75 mg 1 00 eguvalants) In dichloromethane (1 00 mL) lo the desirea lsocyanate (0 50
mmol, 1 95 equivaients) Shake each reaction mmture overnight at room temparature
avaporale and purify the reartion mixtures via flash column chromatograph (I3CO Combi
Flash) using a gradient and eluting with ethyl acetata (100%) fo 2 mmxture of ethanal in ethyt

acetare (15 85) Concenirala to give each desirsd product

Example “§

Preparation of 1-{4-[4-{8-Fluaro-benzo[blimophen-3-yi)}-[1 4ldlazepun-1-ylj-butyl}-3-

(substifutad)phenyl-ureas
Compound " Product LCIMS (APC)
Numbar Condition llf
16-1 F m/a 455 (MH")
retenton ime 1
o U 8
18-2 F m/a 455 (MH’)
retention time 1
/O’"T"VA“’A'"A'\“ g min 45 sec.
o \_J
-
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18-3

m/e 475 (MH")
ratention time 1
min 46 sec

164

m/e 458 (MH*),
retention time: 1
min 42 sec

16-56

/e 458 (MI17)
retention time 1
ron 43 sec

166

m/e 500 (MH") |
retention time 1
min 47 sec.

16-7

m/e 471 (MH"),
retention time 1
min 41 sec

16-8

/e 518 (MH™)
relention bme 1
min 47 sec.

/’

16-9

mva 471 (MH)
retenfion tima 1
min 42 sec.

16-10

/= 475 (MH*), |
rate-ilon tme 1
run 48 sec

16-11

nv/e 477 (MH"),
retantion tme 1
min 43 sec

16 12

m/e 508 (MH"), |
retenton tme 1
min 48 sec.
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16-13

/e 518 (MH"),
relsnton time 1
min 47 sec

16-14

mie 525 (MH'), |
retention ime: 1
min 49 sec

16-15

m/s 577 (MH")
retention time 1
min 55 sec.

18-16

m/e 543 (MH")
ratenton me 1
min 51 sec

16-17

mle 543 (MH)
retantion time 1
min 51 sec.

16-18

m/e 477 (MH")
relention tme 1
min 46 sec

16-19

/e 509 (MH')
refention tme 1
ni1 51 sec.

16-20

mv/e 487 {MH"),
retankion ime 1
min 486 sec.

168-21

m 3483 (MH")
retentron time 1
min 39 sec

16-22

m/e 483 (MH")
retention time 1
min 40 sec
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16-23

m/e 483 (MH®)
retention ame 1
m 50 sec.

16-24

m/a 485 (MH"),
retertion ime 1
min 44 sec

16-25

m/a 466 (MH")
reteniion time
imin 43 sec.

18-26

m/e 531 (MH"),
retention hme 4
min 39 scc

16-27

m/e 527 (MH")
retention time 1
min 48 sec.

16-28

mie 527 (MH"),
retention time 1
min 43 sac.

16-2¢

m/e 527 (MH"),
retention tme 1
min 50 sec

18-30

m/e 459 (MH")
retantion time 1
min 42 sec.

The above compounds ware preparcd it & manner analogous fo Example 15 Evaporate the
pure fractions from a punfication performed via flash column chromatograph (ISCO Combi
Fiash) to yield each compound as an o1l Dry each cil under the vacuum pump to give the

final desired compounds
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17a Preparatlon of 4{1-(3-brome-5-methyl-thiophen-2-yl)-methanoyl]-piperiding-i-carboxylic
acid tert-hutyl ester
S

HC—Q N._ -0
Br \Lrll/

Prapared essentally as in Example 15a except that 2-bromo-5-methy! thiophene is used as
the starting matenal In addition 1 20 equivalents of lithium dnsoprooylam'de and 1 24
aquivalen s of 4-{methoxy-methyl-carbamoyl)-piperidine-1-carboxylic acid forf-butyl ester are
ueed for the reachon Accordingly, stirring ume of the raaction mixiure meay vary Punfication
of the residue via flash column chromatography uses a gradiant with a mpdure of ethyl
acetate n-heptane (1 9) to ethyl aceiate n-heptane (2 8} to yleld a vellow ail L.3/MS
(ESI), m/e 332 (M-56) and 388 (MH*} retenuon time 2 16 minutes Condition |l

17b P-eoaration of 4-{1-(3-bromo-5-methvi-thiophen-2-v)-1-hydroxym ro-methwil-plperidine-
1-carbodic acld tert-butyl ester
OH
'\
S ] e (o
HC™NAg, X

Prapared essentially as Example 15b except that 4-[1-/3-Biomo-5-methyl-thiopnen-2-yi)-
methanoyl]-plperidine-1-carboxylic acid tert-outyl ester 1s used as the staring matenal and
the reaction mixture was stred at 70° C for 6 hours  LC/MS (ESIH) m/e 347 (M-56) and 403
{MH’) reiention time 2 02 minutes Condrbon 1)
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17c Preparation of 4-(5-melhvi-thieno, [Rloyd: ras] -piperdine-1- e acid

o—N
Frepaned essentally as Example 15¢ excapt that 4{1-{3-bromo-5-maethyi-thlophen-2-yl)-1-
hydroxyimino-methyll-piperidine-1-carboxylic acxd tert butyl ester is used as the starting
mater'al Two other differences are 1) 0 05 equivalarts or copper rodic'a is used and 2) no
parttion batween etlyl acetate anx water accompanied by subsequent extraction with ethyl
acsotate s required Purificabion of tha residue via f.:sh column chromatography uses a
mixture of elhyl acetate n-haptane (1 4)to yield a white sold LC/MS (ESI) m/e 345
(MNa") retanbon ttime ? 12 minutes Condlbon I

Example 18

5-methoxymethyl-3-plperidin-4-yl-thieno]2,3-d]Isoxazoie hydrochianda
H

HyC
S Ct
H
\
/4 )N
[ o]
184 Preparation of (4-bromo-thiophen-2-¥1)-methanol

H: ]
pRe
Br
Unoer nert conditions add sodium borahydnde (13 82 mmol 0 523 g, 2 08 equivalenis) in
absolule ethanol {16 mL) dropwise over & period of 15 minutes o a sthred mixture of 4-
bromothiophene-2-carboxaldehydea (26 58 mmol 508 g 1 00 equivaients) in cold (C° C)
abeolute sthanol (32 mL) Stir the resulting mixture at rooin lempeiature for 2 5 hours and
add glaclal acetic amd dropwise untll the effervescenco ceasas Evanorale the resultinrg
solution, take the residus up in diethyl ether (75 mL) wash with water (15 mL) and brine (15
ml) and dry over magnesium sulfale Filler and evaporats lo yield the gproduct as a colorlass
ol (513g)
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18b Preparation of 4-bromo-2-methoxymethyi-thiophene

0
e \/@\Br

Add sodium hydnde (737 mg, 28 23 mmol 1 10 equivalents 85%) to a solution containing
mathyl iodide (1 65 mL 26 57 mmol 1 00 equivalents) and (4-bromo-thiophen-2 yl}methanol
(5 13 g, 26 57 mmol 1 00 equivalenis) in tetrahydrofuran (dry, 25 mL) Str the resuilng
mixture at room temperature ovemight and evaporate Parbbon the residue between waisr
(100 mL) and dichloromethane (100 mL) Exiract thae aqueous layer with dichlorcmethane
{100 mL) combine the organic layers dry over magnesium sulfate filter and evaporate to
yioid the desired product as a yellow ol

18c. Preparaton of 4-1-(3-bromo 5+4n -thio e ovil-plpen -1~
¢ rhoxyllc acld tert-butyt aster

A id [thium duzopropyl amide {13 20 mL. 28 37 mmol { 05 equlivalents) to a shrmed cold (-
78° C) solution of 4-bromo-2-methoxymethyl-thiophene (6 20 g 25 11 mmol 100
equlvalents) i letrehydrofuran (dry 24 30 mL) Stir at -78 C for 1 hour and add a solution of
4-(methoy-methyl-carbamoyl)-piperidine-1-carboxylic acd tert-butyl ester (8 84 g 25 11
mmal 1 00 equivalents) in tetrahydrofuran (dry 19 40 mL) dropwise Stir the resuiting
solution at-76° C for 3 hours  Quench the reaction mixture with saturated sodwim chloride
{aqueons 50 mL) Allow the resulting muxture to warm o room {emperature and exiract with
a mixture of ethyl acetete diethylether (1 1 3x35mL) Comblne the exttracts dry over
magnesium sulfate filler and evaporate Punfy the residue via flasn column chromatography
efuting with a mixture of n-heptane ethy! acetata (4 1) to yield the deslrad product as a
yellow ol (947 g) LC/MS (ESI), m/e 362 (M-56) and 418 (IVH*)“ relenlion time 2 08
minutes Conditlon i
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aration o romo-o-me thyl-thigophen-2-yi)- 1-hydroxyimino-methyl]-
pipendine-1-carboxylic acid tert-butyl ester
OH
N,-‘
\ O
N—{
H,G"o N \ 0

Add hydroxylamine hydrochloride (2 29 g 45 27 mmol 2 00 eguvalents) to a stired solution
of 4-{1-(3-bromp-5-methoxymethyl-thiophen-2-vi)-methanoyl]-pipendine-1-carboxylic acid tert-
butyl ester (2 47 g, 22 64 mmol, 1 GO equivalents) in pyndine (42 40 mL) Str the resulting
solution at room temperature overmight and then at 70° C for 4 hours  Co~l the reaction
mixture shghtlv add hydrochlone acd (3N, 100 mL) and extract the resulting mixture vith
dichloromathane (100 mL) Wash the extrect with water (100 mL) dry over magnesium
sulfate filtter and evaporate to yied the desired product as a yellow oli (9 48 g)

‘8a Preparation of 4-(5-methoxymeath ano) ] I-3-/1)-Dipendine-1-carboxylic
aud tertbutyl esler

3
H,CIQ f} pa

Add crytum carborate (1 13 g 3 46 mmol, 1 50 equivalents) and copper icdide (44 mg 023
mmol 0 10 equivalents) lo a stirred solution of 4-[1-(3-bromo-5 methoxymethyl-thicphen-2-
yl) 1-hydroxyimino-mathy(}-pipsndine-1-carboxyuc acid tert-butyl ester (1 00 g 2 31 mmal,

1 00 equivalents) in 2-meihoxy ethanof (23 30 mi) Str the rasulting mixture at room
temperature overnight or Lp {0 3 days and filter through celite Evaparair the fillrate partibion
the residue between ethyl acetate (70 mL) and water (23 mL) and separate Extract the
aqueous layer with ethyl acelate (3 x 70 mlL) combine the orgaric. layars dry over
magnesium sulfate, filter and avaporate Purfy the residue via Rash column chromalography
eluling with a mixture of hexane ethyl acetate (4 1) to yield the deshed product as a yellow
ol LC/MS (ESi} m/e 375 (MNa™) retanban tme 1 98 muinutes Condlition H
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18f Preparation of 5-methoxymethy'-3-piperidin-4-vi-thie -dlisoxazole hydrochionde

Stir a solution of 4-(5-methoxymethyi-thieno[2,3-d}isoxazol-3-yi)-pipendine-1-carboxylic acid
tert-buty! ester {2.21 g 6 68 mmol 1 00 equivalents) and hydrochionc acid {1 0 M in diethly
ether, 35 mL) ovemight to form a suspension Add additional hydrochlonc acid (1 0 Min
diethyl ether 10 mL) Str the suspension ovemnight, fliter and wash the solid wath ether
Collect the solid and dry lo yisld the dasired product as a dark blue sold LC/MS (ESI} m/e
253 (MH") retanton time 1 17 minut s Condition Il
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General Gas chromatography/mass spectroscopy was accomplished using a HP
Model 5972 system with the fol'owing conditions 0 25 mm x 30 m HP 5MS column
cross-inked 5% Ph Me stlicone, 0 25 . fiim thickness injector at 250 °C, detector at
280 °C, 50 °C or 1 rmin rarnp at 20 °Cfmin to 300 °C, 300 °C for § mun to 10 min

2-Carbomethoxy-3-amino-5-trifiucromethyibenzo[bjthlophene (V-2)

A 22-L, 3-necked, round-bottom flask equipped with & machamcal stirer nitrogen
bubbler, and a thenmoc wple probe was chamged with 1 20 kg (5 §5 rnole) of 2-nitro4-
triluorcmethy'benzonitnle, 496 mL (589 3 ¢ 5 55 mole} of methyl thioglycolate, and 4 3
L.of NMP The resulling yeliow solutiton was cooled (—10 °C batit)to 1*C,and a
solution prepared from 486 0 g (11 11 mole, 2 0 eq) of litium hydroxide monchydraie
n 3 36 L of water was added over & period of 2 h while malintaining a temperature of 2 -
16 °C The tan-orange slurty was stirred at 0 - 8 °C for 45 mun, then was diluted with

8 0 L of water (Tam > 21 °C) After sirming for 30 min and cooling to 14 °C the product
was coilected by filtration rinsing wilh 15 L of water then ar-drying at amblent
temperature to give 1 43 kg (93 5% yeid) or ?-carhomathoxy 3-am no-8-rifluoromethyi-

benzo-[b]jthiophene as a light-yellow sold

3 Piperazinyl-8-trifluoromethyibenzo[bjthiophene hydrochlonde (V-3a)

A 22.L, 3-necked, roiund-bottom flask eguipped with a mechanical shrer mirogen
buLbler and a thermocoupla probe was charnged with 1 42 kg (5 17 mole) of 2-
tarbomethoxy-3-amino-6-trfiucromethylbenzo-[b]thiophene (V-2) 245 C g (2 84 mole
0 55 ey) of piperazine, 5 0 L of NMP and 720 mL of xylene The solubon was heatad
to and held at 185 ~ 176 °C for 4 5 h, at which 1ime the reaction was ca 97% complete
as determined by hpic ass v A tatal of 2 00 kg (23 22 mole 4 5 aq) of plperazima (T -
> 120 “C) and 1 97 kg (10 36 mole 2 0 &q) of p-lolusnesulfonic acid monohydrate
(exotherm observed 120 -> 140 °C) were added to the brown solution A Dean-Stark
trap was connected to the condenser, and the reaction was heated 1o collect an
azeotropa A total of 350 ml of an aquaous distillate was ramoved allowmng the pot
temparature to Increase from 140 fo 158 °C  The Gean-Stark trap was disconnected
The progress of the reaction was monltorad by GC/MS assays After1Zhatca 158 —
162 °C (>29% convession by GC/MS assay) the reaction was cooled in 40 °C then
quenched into an extraclor thal contained 6 2 kg of ;ce 15 L of water, and 1C 6 L of
toluena The phases were separated, and the aqueous layer was extrected with 2 L. of
toluene The comb ned organic exiract was washed with 13 7 L of 0 5 N NaOH
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followed by 2 51 of saturated aq NaCl then was extracted with 16 L of 1 N HCI The
acidic aqueous exiract was dlluted with 1 2 kg of ice then was basified to pH 10 7 by
adding 770 g of 50% NaOH The resulhng modure was extrected with 11 L. of toluene
The foluene extract was washed with 2 5 L of salurated aq NeCl, dned (Na-S0O,) and
filtered The filtrate was charged into a 22 L 3 necked round-bottomed flask (N2,
mechamical shmng, TC probe) Atotal of 4 5L of 1 N ethereal HC| was added at 20 —
27 °C unhl the mbdurs was positive o Congo Red indicator paper After stirring at
ambient temperature for 3€ min, the slurry was filtered and washed with 5 L. of loluene
After air drying 1 44 kg (86 5% yield} of 3-piperazinvi-6-infiuoromethyl-
benzo[bjthlophena hydrochloride (V-32) was obtaned as a hght pink-bsige solid

N-(4-Hydroxybutyl)-N'{4-toiyl} urea {(V-5)

A 12-L 3 necked round-bottom flack equipped v 1 a mechanical stimer, nitrogen
bubbler, and a thermocouple probe, was charged with 8 L of methyiene chionde and
3877 g (4 13 moles 1 10 eq ) of 4-amino-1-butanol, and the resulting solutlon was
cooled 0 0—-5°C A solution of 499 3 g (3 75 moles 1 00 eq ) of 4-tolyl isocyanale 1n
0 5 L of mathylene chioride was added aver a panod of 2 5 h while maintaining a
{emparature of 0 — 12°C The white slurry was stiuted for 1 h at 0 — 10 °C, then was
filtered washed with 3 L of mathylene chioride and air dned to afford 0 83 kg (89 8%)

of N-{4-hydroxybutyl}-N'-{4-tolyl) urea (V-5) as a white sold

N (4-Butylmeasylate)-N°-{4-tolyl) urea (V-6)

A 22-1, 3-necked round-botlom flask equipped with a mechanical strer nirogen
bubbler and a thermorouple probe, was charged with 2 057 kg (9 25 molas) of A-(4-
hydroxybutyl)N'-(4-tolyl) urea (V-5) 13L of DCMand202L (15kg 1157 mole 125
eq) of disopropyiethylamino  The wi ite suspansion was cooled to 6 °C and a solution
of 1 22 kg (10 64 mole 1 15 eq) of methanasulfonyt chlondse in 0 25 L of DCM was
added over a period of ca 2 h while mantaning a pot teriperature of 5 - 12°C  After
shming for 10 min at 5 — 10 °C (100% conversi.n by hpl. assay) the light-yellow solutron
was quenched Into an sxtractor that contained @ L of 1 N HC!  The phases were
separated The organic phase was washad with 8 L of 1 N HCI, washed with 9 L of 5%
aq NaHCOs dred (MgSQ,), filtered arxl then was partlally concentrated {30 °C 150
mbar) 1o a mass of 6.41 kg  After stming 1n an ice bath for 30 min the resuling slurry
was filtered washed with 2 L of cold DCM and awr dried to give 2 32 kg (B3 4%) of N-

{4-butyimesylate)-N'-(4-tolyl) urea (V-6) as & white solid
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1-p-Tolyl-3-[4-]4-(8-trifluoromethylbenzo[blthieny-3-yl)piperazin-1-yilbutyf]-urea
(V-7, free base)

A 22-L 3-necked round-hottom flask aquipped with 8 mechamzca) shrrer nitrogen
bubbler and a thermocoupie proba was charged with 1 42 kg (4 4C mole) of V-3a,
1757 kg (5 85 mole 1 33 eq) of N-{4-butyimesylats)-N'-{4-lolyl) urea (V-6) 4 2€ L of
THF 1 23 L of water, end 1 52 kg (11 00 mole, 2 50 eg) of K;CO; Using a temperatLre
controller the biphasic mixture was healed at 48 - 51 °Cfor22 h  The resuling thick
slurry was charged to a 20-gal glass-iined steeal reactor along with nnses of 8 8 L of
THF and 1 05 L water, and haated to reflux (65 °C} A total of 13 1 L of water was
added 1o the biphasic mixturs over a period of ca 10 min dunng which the temperature
dropped to ca 60°C The batch was then slowly cooled (crystallization occurred at 43
°C)io 0 - 5°C and aged at this temperature for 30 min then was filtered slurry-rinsed
in several portions using a cald mixture of 5 L THF/) 42 L. vaater and given a final nnse
with 3 x 12 L of water After alr drying, 1 72 kg (79 7%) of 1-p-tolyl-3-[4-{4-(6-
trifluoromethylbenzo[blthieny-3-yhp.parazin-1-yljbutyi}-urea (V-7, free base) as a white
fiuffy solid was abtained

1-p-Tolyt-3-[4-[4-(6-trHluoromethylbanzo[blthieny-3-vi}plperazin-1-yi]butyl]-urea
methanesulfonate (V-7)

A 22-L 3-nacked round-bottomn flask equipped with a mechanical stirer, nitrogen
bubbler, and a thermogoupie praba, was charged with 4 045 kg (8 245 mole) of V-7
(free base) and 11 L of n-propanol A solution of 792 4 g (8 245, 1 00 eq) of
methanesulfonic acid In 1 L of n-propancl was aaded In one postion  An exaothenm was
observed (T -» 38°C), and the mudure became nearty homogeneous at the end of the
additon The mudure was heated to 92 °C, at which temperature all solids had
dissolved The solution was filtered througn a coarse fiit to remove a trace amount of
extranaous malter The clear, red-brown filtrate was charge Into a 20-gal glass-linad
stesl reaclor zlong with 3 3 L. of n-PrOH rinse  After slowly cooling and seeding at 51
°C crystalfizaton commenced at 47 °C  Upon further crystallizaton and cooling 1o 37
°C the siurry bacame very thick and was dliuted with 12.1 L of m-PrOH AFor cooling to
0 - 10 °C and strinyg for 60 min producl was collected by filttering nnsing with 5 L of
co'd n-PrOH and drylng (tray oven 105-11%°C 100 mm N; blsed) to grve 4 67 kg

(96 5) of 1-p-iolyl-3-[4-{4-{E-trfluoromethylbencofblthieny-3-yl;mperazin-1-yijbulyl] urea
methanesulfonate (V-7)) as a white to off-white sohd
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Synthesis of BOC protacted piperazine-thienylisoxazole

3 Bromothiophene-2-carbaidshyde oxime

3-Bromothiophene-2 carbaldehyde (Maybndgs) (28 7gm 0 15 moal) in ethanol (50ml) was
added In one portlon to a solulion of hydroxylamina hydrochloride (13 8 gm 0 2 male)
sodium hydroxide (8 gm 0 2 mol) in water (30ml) and ethancl (100 mi) The mixture was
stirred at 0°C for 2 hours and was hept a1 0°C overught The reaction mixture was diluted
with cold water (600 mi) and the precipiiated solide were collecled by filtration to provide
20 5gm (67%) of product. The acjueous layer was further exiracied with ethyl acetate and
the 2ombined organic layars were washed with bnne, dned with magnesiun suifate filtered
dhd concentraled ih vacuo 1o leave an additonal 6 &g of product.

3-Bromothlophene-2-hydroximidoyl chioride

To a solution of 3-bromothiophene-2-carnaldehyde oxinte (10 8gm 52 4 mmoal) hydrogen
chloride (14 5ml, 4M In dioxane) m DMF (100m') wass added oxene (16 S9gm 1 05 eqiv) In
one porfion at room temperature The mixture was shrred at ambient tempserature ovemight,
At the end of the reacton DMF solution was pourad into water and product was exiracted
Into etnyl acetate The organic scluton was washed with bnnu, dried over r  gnesium
suifate fliitered and concentralad in vacuo to 12 88gm of product which was used i the next
reaction without furthur purification

(4-t-Butoxycarhonylpigerazinyl)-3-bromo-2-thienyl methanone oxime
3-tromathlophene-2-hydroxinudoyl chioride (16 4gm, 68 mir-ol} in tetrahydrofuran (THF,
70mi) was added dropwise to a solution of N-{t-butoxycarbonyl)piperazine {(f4gm 1 1
aquiv } DABCO (8 Sgm 1 25eglv ) 11 DMF (100ml) at 0°C over 25 minutes The ruxture
was stired for 3 5 hrs Af the end the mixture was poured into water and was extracted
with ethyl acetate The organic was washked with brine and dned over magnesium
sulfate The solvent was removed on a rotary evaporator The cruds product (30 5gm)
was purifiad by chromatography on a Blotage carxige (400gm of silica gel), elutng
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with mathanol in dichloromethane (-5 % of MeOH) The product thus obtained weighed
24 6 gm (B5%)

{t-BOC-plperazine)-3-thienylbenzisoxazols
A mixture of (4-t-Butoxycarbonylplperazinyl)-3-brotno-2-thany' methanaone oxima (10 3gm

26 4 mmol} cesium carbonata (10 7gm 32 7mmon), and copper lodice {(500mg) In
methoxyathanol (200ml) was stired al room temperature overnighl The reaction mixture was
diiuted with ethyl acetate, the washed with waler The aqueous solulion vas extracled three
umes with ethyl acetate The organic solution (total 600mi) was washed with brine and was
dned over magnesium sulfats then concentratad to an oll (~10gm) This materizl was purfied
by chromatography using a Biotage cartnage (120gm of silica gel elut'ng with 0-8% Methano!
n dichioromethane) The product thus oblained as ight oil (5 1gm, §2°%)

Example 21

The following scheme axampliiies the synthesis of & radiclabeled C14 intermediate
useful for the p-eparaticn of cerfan compounds within the scole of the present

mventlon

Scheme Vi

9%
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General Analytical thun layer chromatography (TLC) was performed on E Merck TLC plates
with sllica gel 80 Fa (0 25 mm) TL.C plates usad in the analysis of radicactive samples were
5  scanned on a BIOSCAN system 2000 Imaging Scanner usmng P-10 gas (10% methane 90%
argon) Identlty of the intermadiates was eslablished by co-migration in radio-TLC and/or
radio-HPLC vath the standard samples of unlabzled analogues Flash chromatography was
performed using silica gel with a particle size of 40-83 pm  Spedific activity was determinad
on a Packard Minax Tri-Carb Liquid Scintiletion Analyzer (Modal 1600 TR) using Blo-Safe 11

10 as scintulation cockiall

Punficaton of compounds VI-2 ViI-3 Vi<4 Vi-5 and VI-6 was monitored bv HPLC
(ennditions A) which vras camed out on Waters 500 Controilar Walers 998 Fhotodioda
Array Detactor Millenmum Chromatography Manager and Beta-Ram Radioactive Flow

15 Through Moniior System, Ma-lel 2 (IN/US Sysiams Inc) Final purlly determination of
VI-7 by HP (. (conditions B) was perfoimed an Waters Model 510 Pumps Walers 680
Gradiant Confrolier Waters 715 Ultra Wisp Autosampisr Walers 484 Tunable
Absorbance Detector and Beta-Ram Radioachve Flow-Through Monitor Systern Mode!
2 (iINAJS Systems Inc }

20

943
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Conditicns A YMC Basic 5 pm C18 4 6x250 mm mobile phase A. {v/iv) 50/50
acetomirile/0 1N ammonium formate mob le phase B (viv} 75/25 acetonitnle/0 1N
ammomum formate flow rate 1 0 mL/min uv detection at 254 nm

Gradient: Time (minutes) %MP A %MP B
0 100 0
156 100 0
25 o 100
30 0 100
a5 100 0

Conditions 3 Ultremex 5 ym C8 4 8 x 150 mm mohila phase (v'v/v) 50/50/C 25
acotonitnle/0 05 M potassium phosphate buffer pH 4 Ofinsthylamune floy rate 1 O mb/min

v detection at 210 nm.

{*C] Copper (i} Cyanlde {VI-1)
A sofuion of copper (i) sulfate pentahydrate
(4 1o g 16 87 mmol) n water (13 3 mL) was heated to 70 °C and a solution of sodium

metabisuifite (1 94 g 6 28 mmoi) 1n water (3 3 mL) at 70 °C was added in one minute
Immadiately a solution of [*C] polassium cyanids (245 5mg 200 mCi 377 mmol S A 530
mCl/mmol} and uniabeled potassium cyanide (0 84g, 12.9 mmol} In water (3.3 mL) at 70 °C
was addad m one minute A whie solid precipifated out of solufion and biue colar of the
solution was discharged Afler stirmg for 10 mun at 70 °C  the milxture was filtered hot and
the solid was washad with hot water (15mL) and ethanol (15mL) The white solld was dned
under vacuum (0 1 mm Hg) for 27 h 45 min to preva V-1 (1 393 g 186 6 i) 1n 93 3% yleld

2-Nitro-4-{trifluoromethyl)-{7-“Clbanzonitrile (Vi-2)
To a suspension of [*Clcopper (1) cyan J2 (VI-1) (1 283 g 1555 mmol 186 6 mCi) m 1-
methyl-2-pyrrolidinone (NMF 10mL) was added 4-bromo-3-nitrobenzotriflucride (€ 33 g

23 45 mmol} and the mixture was heated at 180-195 "C for 1 h Ethyi acetate (25mL) and
water {20 mL) were added at room tomperature and the muxture was {iltened through celite
T'o the filtrate more water (20mL) and ethyl acetate (25mL} were added and the agueous
leyer was extracied with ethyl scetale (S30mL) The organic extract was washed wath iren (li)
chloride solution (50mL) prepared by dissolving Iron (111} chlonde (7 468 g 48 04 mmol) 1n
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water (50 mL) The organlic exiract was furlher washed with water (30mL)} sat sodum
chlonde (16mlL), drred (Na, SO, ) and the solvent was removed m vacuo

The residue was purified by flash chromatography on sillea gel (hexana/ethyt acetate 9/1-
7/3\ to provide an oil which was dissolved In bexane (70 mb) The solvent was ramoved
under reduced pressure and residue was dnied under vacuum for 15 h 40 min to provide Vi 2
(301 g 187 13 mCi, 89 8% yreld) as a yellow solid Radio-TLC (hexane/ethyl acetate 9/1},

Ry =0 21,HPLC (System A), RCP 99 86% (ret. tme, 9 2 min)

[3-*C]-3-Amino-2-carbomethoxy-8-trifluoromethyibenzo[bjthiophene (VI-3})

Nitrile (VI-2) (3 01g, 13 9 mmal, 167 13mCl) was dissolved In DMF (14mL) and methy!
thicglycolata (1 78g 15 894 rmmol, 95%) was added In one minute The mbxture was coocled to
0-5 °C and a solution of hthium hydroxide (0 688 g 28 77 mmal) in water (& 2mL) was added
dropwise In 12 minutes  After tha addition coaling bath was removed and the mixture was
stirred at room temperature for 4 hours Water (70mL) was added at 0-5 °C and the muxture
was shrred for 15 mm at 0-5 °C  the solid was collected on a filter washed with water (20
mL) and dited under vacuum (0 1 mm Hg) for 40 h 15 mn fo provide VI-3 (3469 g 151.24
mCi 90 49% yreld) Radio-TLC (CH2Cl2) Ry= 0372 HPLC (system A) RCP 99 92% (rst
tima 18 722 min)

[2-“C}-3-Amino-6-trifluoromethylbenzo[b]thiophene (V1-4)

To a solution of benzc[d] thiophens (V1-3) (34695 12 6 mmol 151 2 mCi} m NMP (14mL)
was added 1-methylpiperazine (6 69¢g, 66 78 1mol) and the mbdurs was heated at 140-145
°Cfor5h The mixture was allowed to cool to room temperature, poured into water (60mL.)
and exiracted with ethyl acstate (140 mL) The organlc extract was washed with water {30
mL) sat sodlum chioride (10mL) dned {Na;So,) and the solvent was removed in vacuo
The residue was purtfied by flash chromatography on ailica gei (iexane/ethyl acetate 1/1) to
yield a greenish solld which was dried under vacuum (0 1 mm HG) for 14 h fo provide Vi-4
(w €69, 146 95 mCt 57 16% yeld) ) Radio-TLC (hexane/sthyt acetate 1/5), Ry= 0 407,
HPLC (system A) RCP 99 44 % {ret tme 10 552 mun)

146-{trifluoromethyl)benza[bjthien-3-yl-[3-"C]plperazine {VI-5}
To a solution of benzojthlophane (VI-4) (2 668 g 12 24 mmol 146 95 mCi) n NMP
{17mL)was added piperazine (4 308g 50 02 mmo') and p-toluenesulfon ¢ acid

{4 768y 25 02 mmol) at room temperzture The mncure was heated at 170 °C for 20mh 24
min allowed 1o ccol to room temperature and poured irto a solution of sodium carbonale
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{470g 44 3 mmol) In water (80rnl.) The mnture was exiracled with ethyl acetale (20 mv)
dned (Na;S0,} and the solvent was removed in vacuo Tha residue was punfied by flash
chromatlography on sihca gel (CH.ClMeOH/NH,OH, 8M1/0 2) and pruduct was dned under
vacuum (0 1 mm Hg) for 11 h 50 min Ethanol (absolute 30 mL} was added lo the product
and solvent was removad under reduced pressure  The residue was dned under v~ ~uum
{0 1mm Hg) for 24 h 56 min {o provide VI-5 (3 44 g, 144 18 mCt 98 1% weld) as an ol
Rad o-TLC {CH,Cl/MeOH/NH.OH 9/1/0 2) Ry=046 HPLC (system A) RCP 99 BuY% (ret

time 5 807 imin)



i
1

T
Uz
g4
1%}
'
e

At

TABLE 11

R
COMPOUND | R n l Ra Ry Y | d3K,
NUMBER /[B_ﬁ_}
2 H CH| 190
813383 ﬁI;L( /(CHZ)‘NH_@\ \O -
[: ( F 154
815384 s ~ 2 /(CH!LNH-@\ \U
~, E 4
815385 [iIo-{ 2 R \UO CH, H |CH
6 2 H CH 18
815186 [s: ON/ /(CHz)‘NH_g\ \Qgr
H CH| 28
815387 [SI;( 2 /(CthNH_g\ _O_D
3 H CH 12
815558 [i OI/ 2 /(CH2)4NH‘8\ Q o
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815389 . ) H [CH| 30
Ll:"c/ ACH,)NH-C._ \O
815390 s. 2 g H |CH| 52
f_:[:k.( ACH)NH-G._ \(S)
815391 2 3 E H (CH| 16
| LI_OJ( ACHINH-C \QQQ
815302 & 2 g H |CcH| 24
Cl:‘,( ACHINHC —ER
R15393 s 2 g H [CH| 37
L\-l—o-'u( ACHNHC. \O\[w:
815394 2 @ Tt CH 13
gt AGH)NH-C, \C&%
HI
815395 2 @ H Cil} 110
[i];'( ACHINHC_ F,)Q
815934 . 7 @ o H [CH| 41
LT:( ACHNH-C_ \OA
815935 2 g LCF, H [CR| 538
oy ot | O

17

-66-

oLov v

-féj



- -
113 B0

L 1

815936 s, g H CH| 391
[——Io—i( ~(CHo, NH-C_ a—b_cF,

815537 g o H CH| 663
oy o, | &0

15913 s E P H [CH{ 153

p

Ly ACHINHC, | T

815339 - E H [CH] 191
Clj','.’ ACHINH-C

815940 . 8 -\ H CiI| 140
f ]["E tH,

) A(CHNH-G
815941 :i l/ E 0Ty H CH| 128
o AACHYNH-G %

815942 g Og /Ot H |CA| 417
'ﬂ:f ACHNH-C. &

815943 8 9 H CH 198
iy Jrenen. O PN W

815944 $. R H CH} 297

~CHy

iy ol | o

79
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> Oy 2y % m [CH[ 116 >
85975 s 7] g >
Lk | (CHYNHC hﬂ &
[+
815546 s 7} @ H |CH| 283
S LCHINHC, | TR
81597 2 g o, H |CH| 26
oy .. \érc.
815948 s ) E F H |Cal 604
Sy somart, | D)
815949 2 E Cl H CH| 136
K promr N o .
815550 S 2 Hj H [cH| 455 -
0 ACHNHL( ‘.
815951 :s: l/ 2 ﬂ H [CH| 223
(o] /(CH2)4NH" ~ "
|
815952 [ 2 H'cn H CH, 27
i J S 8‘ :

e ——
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815953 S. E oM, H CH | 679
Y Aol | L |
H. CH,
]
815954 :S: '/ @ H CH 14 9
° ~(CHYNHC( \Oxgovw.
81595 8, g H CH|{ 235
oy ACHINHC. L
81595 :s: '/ H CH| 524
o /(CthNH- c\ \O~°ACH’
816210 :i l/ g it CH 187
0 ACH)NH-C —Q
816557 S g ~ NO, H CH; 207
u:k( ACH)NH-C_ O:F
816558 2 @ /CH, H CH!| 333
ﬂoE ACHANHC, °c o
o’
716559 s g NO, H [CF} 131
nyf el | L
816560 ﬁ H CHj 109
e ACHINH-C, T,
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o LIS o X i /(CH2)4NH-g\ \Q,crg i
816562 Pl HE [CHl s®
[slg—p‘/ /(CH2)4NH"g\ \O~m‘
e [sl:"( i /(CHZ),,NH-g\ ns cH, A e
B16564 2
‘ mo ¥ /(CHﬂ.NH'ﬂ\ \Ou’\"cu, N el
816565 2 H CH| 555
[ir;‘( /(c"'z)ﬂH’ﬁ\ r)::LF
) 816566 :i - '/ 2 /(CHZ)‘NH_E\ c;o\u H CH | 951
316587 :s: - l/ 2 ,(CHZ}‘NH_ﬁ\ c.h,‘o o H CH| 738
876568 2 c H 112
) ﬁ:ﬁ ,(C!-z),j\il-l-g\ Uc, o
B14748 2 H CH| 972
[hro—""( /(CHz)sNH'g\ \0
816749 2 H CH| L3
[s—I?N( ,(cH,)SNH-ﬁ\ \O.c,,, .
R16750 I_}o( 2 "(CHz)SNH‘E\ UG-I, H CHI 927
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I—]{ H Ci{| 131
§16751 2 3
L o A(CH)NH- ~ D\,CH,
— -
31467352 2 ﬁ CH H CH 1
Awf ACHINHC,, T
15
816753 2 g H CH| 1
Ay oo, | QL
F A CH | 108
816756 f y ” @ -
o™ ACHINH-L \Cr
816755 :i / 2 ] H CH| 808
0" AACHR)NH-C \O\a
o ACHNH-C cF
316757 :i I/ 2 (.I’ H CR| 926
o /(CHz’sNH"b\ Qcﬂ
816758 [i !/ 2 g D oF H CH| 116
o ~(CHaJNH-C :
816759 2 H CIl} 107
m:f ACH)NH. \Qo’m’
816760 :i ;/ 2 H_E O‘Gﬂ, H CH | 121
o ACHJsNH-C
8lu761 ,i / 2 g H CH| 829
o ACH)NH-C H C o"NcH,
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816762 7 g g TCR| 57
Oy ACHINH-C \Of”’

216763 P 3 @ H |CH| 789
[_1:‘..( ol | O e

816764 s, 2 E D H 1CH| 854

o ACHINAC, | geo

816765 s 2 @ n II |CH| 04
Q:‘( ACHINH-C .

516766 : z 9 G W |CH| 47
Ll:h( ACHNH-C,_ —%‘_)

F

816767 8 ’ 2 H_g H [(CHI 601!
LY T o

816703 7 @ a " (CH| 234
fi\l:‘..( ACHNH-C_ \C(c.

816769 5 2 g H |CH| 578
Ll:( ACH)NH-C._ G,I;l\c,

816770 s 2 g H |CH| 282
[y ACHINESL | YL o

816771 2 @ CH, H CH| 741
iyt ACHINH-C._ ‘CSJ'

foy

siLovv
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816960 T
53 i - / 1] /(CHZJ'NH_E\ \G H |JteH] 118
210661
ﬁo E : /(CHz)uNH"C\ \O\c”‘ . | e
815862 i - / 2 /(CHZ)GNH_g\ \UCH: H |[CH| 19
816863 8. 2 g H CH| 20
LK( AACrNH-C O\,cu,
816864
:s: - I/ 2 ,(CHZ)GNH—g\ O :2:: H CHI 215
810865 2
Y /(CHz)ﬁng\ Q. T .
816856 3 F - 8
o :e: - ,/ /(CH%NH-E\ \Cr H [CH| 825
816867 =
5 :s: l/ 2 /(CHA)SNH_g\ \Qc, H [CH[ 738
816868 2
oy /(CH,)BNHE\ B e
816869 s 2
[-I:E/ ,(CH,),NH—@\ —C{=, HojGRy B
816870
_i - 7 2 ,(CHz)ﬂNH_i\ Q o, £ CH | 176




TOSFon” nasuic
CH| 173
816871 s . 2 . H_@\ ﬂo,cH,
0. CH| 19
e it i /(CH,),NH—Q\ Xy
816873 m 2 /(CHZ)SNH_& \CLOAGH, CH| 22
816874 ﬁ:{( 2 ,(cﬁz)aﬂu—g\ \Oxtc"': CH| 684
7 CH| 354
816875 W—SI:R/ 2 ,(CH,),NH-ﬁ\ \Qs N
o 2 CH| 469
81876 iﬁ:k/ ACH)N H-g\ GH:\;O
77 CH| 191
e ﬁ:{ ’ /(CHZ),NH—?:\ ;O’\F
216878 ﬁ]:( 2 /(CH,)SNH-g\ _33 CH| 338
CH| 47
316879 W:].:?o/ 2 ,(cH,).Nr*‘@\ cukono,c".
o CH| 147
816880 fl:l( 2 /(Crlz\,NH-g\ t(c,
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o H |CH! 238 X
816881 f_aJl:,l,( | 2 /(CH,),,NH—SC?\ —Q a :é,
cF,
816882 2 H | CH| 586
m /(Cﬂz)sNH'@\ c"’m\’éo‘m’
-cil,
816883 ﬂfI;E/ P ,(CHz)sNH-g\ ts/cl H |CH| 355
T 3 H |CH| 242
ﬁ:‘( /(CHz)aNH"g\ mm
o ooy ol | O o 5
S18350 3 H [CH[ 217 ¥
‘ m:( /(CHZ);,NH'@\ \Ocu, ’
] 131
818283 fh:l( 2 /(CHZ):NH-@\ %ono,cm H |CH
3
818308 fil:f ) ,(CH,),NH-E\ \llch H | CH| 351
o~ Chi 390
818309 fl:f 2 - g\ \G oH, H
Bs10 [sl:( ’ /(CHz):NH'g\ Hig o~ ol
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Y3 s 2 g H [cHT 4%
u*:( ACHNH-C \QF l

BiB3is a P E N H |Gl 38
Dg“( ~(CHLNH-C( CF5JO

§18426 2 g a H |CH| 158
m A CHNH- Ua

0 2 ~,

817510 3 E H | N [066
ﬁmF ACHINHC, \Om’

§I5158 3 g 5 H | N | 74
b= | | coand | O
F

815159 2 0, H N | 854
m“' ACH)NH-C,_ Lr D
F

815160 ) @ H [N | 82
mc‘ ACH)NH-C -0
F

815161 2 @ o H | N[ 759
JS;-Q AChy)NH-C. - )
£ b

§15162 2 g H [N 38

CF,

,Ofs‘-a ACHANHC, -
F

815163 2 ﬁ H N 252 |
O ey N
.
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§i>164 T2 g T H [N]319
JO;‘-G ACHANH-C O
F

815165 3 0 H | N|214
11’5“ ACH)NH-C_ —O'Qm,
F

815166 ; 2 B S~ H O[N]
oal ol |~

815167 3 B oy TN T
m’q ~CHINH-C _O_<CH,
F

§15:68 2 H | N| 24
Ipes ACHINH-C., -
- N

815169 2 @ o A N 112 8
II§<| ACHANH-C,, _D
F

815170 / 2 g H | N | 177
L0 ~(CHNHE _O_\‘\crs

85171 Z g H | N | 38
m “ ~(CHNH-C e

815172 2 H | N[ 56|

Cl 1

F/(Ié' @ ~(CHa)NH-L( —O_ ||
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815173 2 g o, H [N 4>
):If»-c: (CriNH Co _@
F
815174 2 H_g H N 5]
Br
.«C‘é’“ ~ACHANHC( G
F
815175 7 g TN TS
fos ACHINHL, \éj
$15176 2 @ H N 171
O:frm ACHANH-C %
F
§15177 2 E H N 18
F,(If’*' el | 70 .
[~
515993 2 g G (0 H N 226 T
oF m ACHINH-C Cry
815992 2 E ~, H N 887
o,
m ACHANH-C —O'\ﬁm
CFj S s
815995 2 ﬁ H N | 3585
m ACHINH-C (EO
CF§ 8

oloP v

#o/



/I
815997 2 g H N 45
{CH)NH-
Cr 8 ~ACHNHCS \QW:
815998 2 E H N | 225
/Ofg ACHNH-C L
CFy s
815999 2 @ H N 19
N /CC‘S o, | ne
3
816000 2 @ H N | 631
Cr ACHNH-G \Q,
oF o
816001 3 TR ey
m ACHANH-C. O .
cF 9 ._3.
816002 2 E H N | 125 !
. o0 dompr, |,
5
816903 2 g H N 158
o AcHNHE he
CFy 8 F
t1.004 / 2 g H | N |61
&16C05 2 g F N | 254
m ACH)NH-G._ he
CF-
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816006 2 @ N Ta
cﬁm ACHZ)NH-C nF
3
T 5 g H | N[ 175
c'm ACH)NH-C Hﬁn
R16008 2 g n HANp 1T
/C(() ACHy)NH-C Heg ?
CFg S CH,
816236 F E HOpN| 84
O30 || el | O
¢ 3
816232 2 E H N et
30 || ewd | O
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BI59V4A 2 HOIN | 59
HCI Salt m /(CHZ);.NH'g\ \O*q
CFg &Y
R 3 g T | ™| 408
i FCl1Sqit /O:S P (CH2)4NH_ ~ ncu,
CFy¢
17510 | 2 @ B[N oses
m— F A(CHNH-CG G o
F Y o Ty
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1 A compound of the formula (i)

?\/
&

B—NH—C—Y—R,

Haln

wherem
AlSCHorN
Y i1s O or NR;
vheran R; is
&) hydrogen,
b) C,-Cealkyl, or

c)

{CRR)—
= 45

wherein
each Q s indepandantly hydrogen C, Cyalkyl halogen or
influoromelhyl,
each Ry, and Rg!s independently hydrogen or C,-Caalky!,
tisQcrt, and
qisDor1

nis2or3

Rals hydrogan C,-Cealkyl or

e )

wheremwis 1 2o 3,
Xis0orSs
-B- Is a gro'ip selected from (a) - {e)
(3) {CRx:Rz)nr

L=
1
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(b)

()

(d)

(e)

S
PEx

wherein

mis3 4 5 oré

each Ry and Rgis independently hydrogen Cy-Cealkyl or
{CH:),OH wherenas D, 1or2,

Rs Ry Rypand R, are each independently hydrogen halogen or Cy-
Csakyl with the prowiso that when Ry 18 Cy-Challicyl Rg 18 not C;-

Csalieyi,

R 1s a group selectad from (a) or (b)

. S
_ S
2) ‘L’;T@\_:j by w1l _{(

(o)

wherein
each L 1s nder andently hydrogen C,-Caalkyl, halogen or
frifluoromathyl
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K 15 hydrogen, C1-Cealkyl CHO (CHa):0H (CHa)OC-Caalkyl or

halogen
wherambis 10 2,

pisQ 1or2,
els0 1or2

Rz 15 a group selected from (a) — (1)

T—-
@ (M),;E;‘/
Y
o — %cw,—@

(c)
~ :‘j(RlJe
]
{d)
~\
AN
(e)
rCH:,
NS! 40
G CH,
CH,
{} Ci-Coaulky?

{9) HCR16R15)e302C4-Coatlkyl

"o
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O

S

{h

)]

i

nﬁtcm——

LY
O, _-CH,

\ ]

H,C
() -CH2CHzS02CHs
(m) -(CR7R1s)-OC-Czalkyl
(n) -CH;CHzOPh
(0) {CRwRx)CZa
{p) -COzPh
(q) —-COCV,

(n
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{r)
S
N
(s) 0q_
/S R
| o,
(t)
.(J)z
wherein

-T- is selacted from (1) or (Ii}
) ~{CRioR12)~
wherel
uis0 1or2 and

e2ch Ry and Ry, 1s ndependently hydrogen or
C-Cealkyl,

A

aach M G, H and J 15 independanlly salected from

{1) hydrogen

(2) ha'ogen

(3) Cs-Coalkyl,

(4) C-Caalioxy

{5) phencxy

(6) phenyl

(7) trifluoromathyl

(8) tnfluoromathoxy,

(6) ~COz Rig wherein Ry i8 hydregent or
C-Cealkyl,

(10} —COC~Caalkyl,

)

118



10

15

L0

3o

35

A 4016

2

4

-110-

(113 hydroxy

(12) ~{CH:z}-CRx whorein Ry ls hydrogen or
C-Cealicyl

{(13) —C(CH»)CH,

(14) -NO,

{15) —SCH,, and

(18) benzyloxy

each R;zand Ry Is Independently hydrogen or C-Cealkcyt,
visOor1,

R4 15 hydrogen or C,-Calkyl

cis0 1or2

dis0aori

each Ryg and Ry Is Independently hydrogen or Cy-Cealkyl,
5150 1,2 3 40rb,

omstor2

each R,y and Ry, 1s independently hvdrogen, Cy-Cgalkyl or
CO,Cy-Caalkyl,

ris2or3,

each Ry and Ry s independently hydroger or

C-Caalkyl

Ras is hydrogen or C,-Cqalkyl

Z Is chlorine or fluorine

qislori,

V15 chiorine or fluonna, arxi

hklandzared 1 2 or3

A compound according to claim 1 wharem Xis O Y is NH and -B- Is group (a)
A compound according to claim 2 whcreln R; 1s group (o)

A compound according to claim 3 wharein mis 4 M s hydrogen C.-Cealkyt C;

Coealktoxy, or phenyl and Tis (i} whereinuis Q0 or 1

5

A cornpound according o dlairn 2 wherein Rz Is group (©)
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6 A compound aceording to claim 5 whereln whereinmis 4 dis 1 and Ry 1s G-
Caalky

[4 A compound according to clamm 1 wheremn X115 O Y s NH and -B- 15 group (b)

8 A compound according to claim 8 wherem Ra. Is group (a)

g A compound according o claim 7 whsremn Ry, Ry Rs or R; are Fydrogen, M i1s
hydrogen C;-Cyaikyl C,-Cealkoxy or phenyl and Tis G or 1

10 A compound accerding 10 claim 6 whereln Ry s gro 1 {c}

1" A compound according to claim 9 wherain Ry Ry Rg o1 Ry are hydrogen dis 1 and
R;4 18 C,-Cealkyl

12 The compound of claim 1 which is 1-(4-methoxy-phenyl)}-3-{4{4-{8-tnflucromethyl-
banzo[blthlophen-3-vi)-piperann-1-yi}-butyl}-urea

13 The compound of claim 1 which Is 1-p-tolyl-3-{4-[4-(8-triflucromalhyl-
benzobithiophen-2-yi}-piperazin-1-yi]-butyl}-urea

14 The compoudnd of claim 1 which 1s 1-{4-[4<2 6-difluoro-benzolbithiophen-3-vi)-
piperazin-1-yl}-butyl}-3-p-lolyl-urea

15 The compound of ciaim 1 which s 1-{4{4-(2-chloro-6-flusro-benzobithiophen-3-yi)-
piparazin-1-yl] butyl}-3-{4-chloro-phenyt)-urea

16 The compaund of claim 1 which is 1-{4-acetyl-phenyl)3-{4-(4-thienc]2 3-dimoxazol 3
yi-pipendin-1-yi}-bulyll-urea

17 The compaund of clatm T which is 1-{4-ethoxy-phenyl)-3-14 (4-tenof2 3-{jisoxazol-3-
yl-pipendin-1-yl)-butyll-urea
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18 The compound of claim 1 which 1s 1-(4-ethaxy-phenyl)-3-{4-{4-{6-Nluaro-
benzcbitiophen-3-y1)-{1 4idlazepan-1-ylfj-butyl}-urea

18  The compound of claim 1 which 15 1-{4-{4-(6-fluoro-benzo[b]thiophen-3-yi)-
[1 4)diazepan-1-yi}-butyl}-3-(2-lucro-phenyl}-urea

20 The compound of claim 1 which Is 1-{4-{4-(8-fluoro-banzofh]thlophen-3-yl)-
1 dldlarepan-1-yi}-butyl}-3-{2-tAuoromsthyl-phenyl)-urea

21 The compound of clain 1 which 1s 1-{4-]4-(8-fluoro-henzofbjthiophen-3 yl)-
[1 4]d2zepan-1-y]-butyl}-3-{4-methoxy-phenyl)-urea

22 A methed of modulating the activity of dopamine D, recepiors said method
compnsing contacting cell-as  _.iated dopamins Dy roceptors with a concentration of a

compound of claim 1

23 A method of trealing condltions or disorders of ihe central nervous system comprising
admimstering o a pallent in need thereof a theragaubcally efifeclive amrount of a compound of

clam 1

24 The method of claim 23 wheren the central nervous system disorder s selechod from

Paychotic Disorders Substance Dapendenca Substance Abuse Dyskinelic Disorders
Dementa Anxiety Disorders, Sleep Disordars Circadium Rhythm Disorders Mood Disorders

and Nausea

25 The methnd of claim 24 wherein the Psychotic Disorder Is Schizophrema

26 The method of claim 24 wheroin the compound of dalm 1 Is administered In
conjunchion with one or more dopamine D, D,, D4y Ds, or SHT receplor antagonists

2r A phaimaceutcal composrion comprising an effectrve amount of 4 compound of dalm
1 with a pharmacesulically-acceptable carrar or diluent

12)
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28 A pharmaceutical composition comprising an effective amount of a compound of clair
1 with a phaimaceutically-acceptable camler or diluent in conjunclon with ene or more
dopamine D,, D2 D, Dsor SHT receptor antagonists

29 A depot pharmaceuhcal composiion which comprses a phamacceutically accentable
camer and a therapeutically effective amount of the compound of daim 1 wherein the
compound contains an scylated hydroxy group or an acylated amino group

30 The depot pharmaceutical composition of claim 28 wherein the hydroxy group 18
acylated or the amine group Is acylated with (C, Cqe)alkanayl group or a (Cs-

Ce)alkoxycarbonyl group

31 The compoasition of claim 20 which conlams a pharr sceJticall, acceptable olfi

32 The composltion of claim 31 wherein the oll 1s selected from the group consisting of
coconut oil peanut ol sesame ofl cotton seed off, com ail, soybean ofl, oiive oil and
svnthetlic esters of falty acids and polyfurctonal alcohols

33 A mathod for pioviding a long acting antipsychotic effect which comprises injecting
into a mammat an amount of the composmon of claim 28 sufhcent 1o poduca a long achng

antipaychatic effect

34 A method for proviing a long actirg antpsychoti effect which comprises injecting
Into a r ammal an amount of the compaosition of claim 30 sufficient to product a long aciing

antipsychouc effect.

35 A method for providing a long acling antipsychotic eflact, which compnses injecting
into & mammal an amount of the composttion of claim 31 sufficient to produce a long achng

antpsycholic effect.

36 A compound of claim 1 wheremn one or more of the aloms coniained therain 1s

radionuclide
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37  Acompound of claim 1 wheren R Is group (a) with a radiolabeled *C in ths 3-position
of the benzojblthiophene nng system L 1s influoromethyl pis 1, R ts hydrogen nis 2and A
s N

5 38  Adagnoshc melhod for monitoring neuronal funclions in @ manmat comprising
introducing into @ mammal a radiolabeled cornpound according to claim 36

a9 The method of claim 38 wherein sald diagnosiic method 1s performed using single
pt oton emission compuled tomography (SPECT) or positron emission tomogrephy (PET)

10
40 A process for prepanng a compound of claim 1 wherein Y 1s N which corapnses
reacling a compound of formula (1)
G%k
R—A )D|—-B—NH
\ch,
(1)
15 whereir R Rs g n, B and A are as definad in formula [ of claim 1
with a compourd of formuls (ill)
X—=C=N- R,
(3

wheren X and R; are as defined in formula 1 of claim 1

0 41 A process for prepanng a compound of formula | wherein Y 1s O which compnses

reacting a compound of formula (1)
(FQJ,

R"'A —B— NH
\(CHz)y

(in
wherein R Ry g n B and A are as defined in formula | of clalm 1
with a compound of formula IV

23
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LG" O-R,

(V)
wherein “LG" 18 a suitable leaving group selectad from bromine chionne or iodine and
Rz 18 as definad In formula | of claim 1

5 42 A process for preparing compounds of formula | which compnses reacting a

cornpound of formula (V)

Ry,

R—ﬁ((c HJ'—H

)
wherain Ry g R A and n are as definad [n formula | of claum 1

with a compound of formula (V1)
B R
LG “N’ﬁY 2
H

(Vi)

"0

wheram “LG" is a suitable leaving selected from chiorine bromme jodine or mesyl
and B Y and R; are defined 1n formula ! of claim 1

15
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ABSTRACT

The invention relates to heterocyciic substituted urea derivatives that display selective
binding to dopamine D3 recepiors In another aspect, the (nvention relates to a
method for treating central nervous system disorders associated with the dopamine
D3 receptor activity in a patlent in need of such treatmant comprising administenng to
ihe subject a therapsutically effactive arnount of said compounds for alleviation of
such disorder The central nervous system disorders that may be treated with these
compounds include Psychohbc Disorders Substance Dependenca, Substance Abuse
Dyskinetic Disorders (8 g Parkinson s [hseaae Parkinsonism Neuroleplc-induced
Tardive Dyskinesia, Gilles de la Tourstte Syndrome and Huntington's Disease),
Demantla Anxiety Disorders Sleep Disorders Crrcadian Rhythim Disorders and
Mocod Disordess  The subject invenfion s also directed towards processes for the

, preparetion of the compounds descitbed herein as well as methods for making and
using the compounds as Imaging agents for dopamine Ds receptors
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NOVEL HETEROCYCLIC UREA DERIVATIVES AND THEIR USE AS
DOPAMINE D; RECEPTOR LIGANDS

BACKGROUND OF THE INVENTION

The subject invention relates to novel heterocyclic dervatives that selectively bind to th\e.
dopamine D; receptor The therapeutc effects of currently available antipsychotic agents\
(neuroleptics) are generally believed to be exerted via blockade of Dz recaptors, howevaer this
mechanism s also thought to be responsible for undesireable extrapyramidal side effects
(eps) associated with many neuroleptic agents Without wishing to be bound by theory, it has
been suggested that blockade of the dopamine D,y receptor may give nse to beneficial
antipsychotic activity without significant eps  (see for axample Sokoloff et al, Nature, 1990,
347 148-151, and Schwariz et al, Clinical Neuropharmacology, Vol 16, No 4, 295-314,
1993) This receptor is found in high abundance in brain regions associated with emotional
and cognitive functions Compounds that selectively bind to the dopamine Dy receptor are
useful in treating certain central nervous system disorders These central nervous system
disorders include the following indications

1) Psychoses (inciuding schizophrenia) — See, for example, Brochem Pharmacol, 1992, 3(4),
659-68, Chn Neuropharmacol, 1993,16(4), 295-314, Neuropsychophamacology, 1997,
16(6), 375-84, Am J Psychiatry, 1899,156(4), 610-616, Psychopharmacology (Berl), 1995,
120(1), 67-74

2) Substance dependence and substance abuse — See, for axample, Neuroreport, 1997, 8(8-
10), 2373-2377, J Pharmacol Exp Ther, 1996, 278(3), 1128-37, Brain Res Mol Brain Res,
1997, 45(2), 335-9 :
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I
3) Mood Disorders (including mania, depressive disorders and bipolar disordars) — See, for

example, Ciin Neuropharmacol, 1998, 21(3),176-80, Am J Med Genet, 1998, 81(2),192-4, J
Clin Psychiatry, 1995, 56(11), 514-518, J Ciin Psychiatry, 1995, 56(9), 423-429, Am J Med
Goenet, 1995, 60(3), 234-237, Pharmacopsychiatry, 1999, 32(4), 127-135, J Affect Disord, -
1999, 52(1-3), 275-290, Am J Psychiatry, 1999,156(4), 610-616

4) dyskunetic disorders {including Parkinson's Disease, Parkinsonism, Neuroleptic-Induced
Tardive Dyskinesia and Gilles de la Tourette Syndrome) — See, for example, Cin
Neuropharmacol, 2000, 23(1), 34-44, Eur J Pharmacol,1999, 385(1), 36-46

5) sleep disorders {including narcolepsy) - The D; agonist pramipexole causes narcolepsy
A D; antagonist would be useful for reversing this undesireable side effect See Aust Fam
Physician, 1999, 28(7), 737, Neurology, 1999, 52(9), 1908-1910

6) anxiety disorders (including obsessive compulsive disorders) — See, for example, Physiof
Behav, 1997, 63(1), 137-141, J Chn Psychatry, 1995, 56(9), 423-429, J Psychiatry Neurosci,
2000, 25(2),185, J Affect Disord, 1999, 56(2-3), 219-226

7) nausea - Dopamine antagonists are uged alone and in combination with 5SHT3 antagonists
See, for example, Support Care Cancer, 1998, 6(1), B-12, Support Care Cancer, 2000, 8(3),
233-237, Eur J Anaesthesiol, 1999, 16(5), 304-307

8) dementia — See, for example, Behav Brain Res, 2000, 1098(1), 89-111, Neuroscience,
1999, 89(3), 743-749

Dopamine Dj receptor ligands are also useful for the treatment of renal dysfunction (See
WO 200067847)

SUMMARY OF THE INVENTION

This invantion relates to a class of compounds and pharmaceutically acceptable salts thereof
which are selechve modulators of doparmine D, receptors  The compounds may act as
agonisis, partial agonists, antagonists or allostenc modulators of dopamine D, receptors, and
are useful for a vanety of therapeuhc applicatons

In another aspect, the invantion relates to a method for treating central nervous systemn
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disorders associated with the doparmine D; receptor activity in a patient in nead of such
treatment comprising administenng to the subject a therapeutically effective amount of a
compound descnbed hereln for alleviation of such disorder The central nervous system
conditions or disorders that may be treated with these compounds include Psychotic -
Disorders, Substance Dependence, Substance Abuse, Dyskinetic Disorders (e g Parkinson's
Disease, Parkinsonism, Neuroleptic-induced Tardive Dyskinesia, Gilles de la Tourette
Syndrome and Huntington’s Disease), Nausea, Dementia, Anxiety Disorders, Sleep
Disorders, Circadian Rhythm Disorders and Mood Disorders

In yet another aspect, the subject invention 1s directed toward a pharmaceutical composition
compnsing an effective amount of a compound descnbed herein with a pharmaceutically-
acceptable carrier or diluent optionally in conjunction with one or more dopamine D,, Dy, D,
D5 or 5HT receptor antagonists

In yet another aspect, the subject invention ig directed towards processes for the preparation
of the class of compounds described herein

Also within the scope of this invention are methods for using these novel compounds as
imaging agents for dopamine D; receptors Methods of using these compounds as imaging
agents are presented, as are intermediates and methods for making the imaging agents

DETAILED DESCRIPTION OF THE INVENTION

In accordance with the present invention, there are provided compounds of formula |
A compound of the formula (1)

Ras

|

p—N—C—Y—R,

wherein
AisCHorN,
YisQor NH1



A 4016

wherein R, 18

a) hydrogen,

b) C4-Cetllkyl, or
c)

(CRAL—
Q)
5

wherein
each Q 1s iIndependently hydrogen, C,-Cealkyl, halogen or
tnfluoromethyi,
10 each R,, and Rsis independently hydrogen or C,-Cealkyl,
tis0or1,and
qis0ori,
jis0,10r2,
nisiorz,
15 whennis1,11800r 2,
whennis 2,118 0,

Rs1s hydrogen, C,-Cealkyl or

whereinwis 1, 2 or 3,
20 XisOorS,
Rzs 1s hydrogen or

3 O

whersin Rz 1s hydrogen or C,-Cealkyl and Ry 1S hydrogen,
25 Ci-Cetilkoxy, halogen or C,-Cealkyl that 18 unsaturated or saturated,
-B- 1s a group selected from (a) - (e)
(8) -(CR2Rz)m-
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(b)

R R

()

(d)

(e)

Q%R

wherein

mis 3, 4,5, or6,

each Rz and Rxn s independently hydrogen, C,-Cealkyl or
-(CH3)yOH whereinai1s 0, 1 or 2,

Re, Ry, Rsand Ry are each independently hydrogen, halogen or
Cy-Cyalkyl with the proviso that when Ry 18 Ci-Caalkyl, R Is not
Ci-Caalkyl,

R 1s a group selected from (a) - (¢}
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S
N - \_(
K) |
8 (L);E;LS/ y N
S\ _(
c) (U) I |

wherein

each L 18 independently hydrogen, C,-Cealkyl, halogen or
trifluoromethyl,

5 each U Is independently hydrogen, C,-Cpalkyl, CHO, halogen,
-(CH2),OH, or -(CH,),0C,-Cealkyl wherein b 1s 1 or 2,
each K 1s independently hydrogen, C.-Cealkyl, CHO, halogen,
-(CH2),OH, or {(CH,),OC,-Csalkyl wherein b 1s as hereinbefore defined,
W i1s hydrogen or

'Ru
\[rN
@) O—ﬂu)a
wherein Ry 18 hydrogen or Cy-Cealkyl,
each Ry, 18 iIndependently tnfluoromethyl,
tnfiuoromethoxy, C,-Cealkoxy or halogen, and
g180,10r2,
15 pis0,1o0r2,

eis0,10r2,
fis0,1,0r2,

10

R 1s a group selected from (a) — (t)
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@) (M)h‘©/

(b) —mm

{c)

(d)

(f) -C4-Cy2atkyl
{9) HCR1sR18)s-CO2C,-Cealkyl

¢

0

V3t



A 4016

10

15

8
\[OJ
()]
S
HM(CHQ:»
(3]

N0, CHs
¢
H,C

() -CH:CH,SO.CH,

(m) -(CRyyR1p)~0OCy-Coalkyl
(n) -CH,CH;OPh

(0) {CR19R2)qCZs

(p) -CO.Ph

(q) -COCV,

{n

wherein
-T- 18 selected from (1) or ()
()  ~CR1oRu)
wherein
uis0,1o0r2, and

135



10

15

20

25

30

A 4016

139

each Ry, and Ry, is independently hydrogen or
01'053.“(“.

A

each M, G, H and J is independently selected from

(1) hydrogen,

(2) halogen,

(3) Ci-Cealkyl,

(4) C,-Cealkoxy,

(5) phenoxy,

(6) phenyl,

(7) tnfluoromethyl,

(8) tnfluoromethoxy,

(9) —CO2x-R;p wherein Ry 18 hydrogen or
Ci-Cealkyl,

(10) —COC,-Cealkyi,

(11)  hydroxy,

(12) —{CH.)-ORx wherein Rx 18 hydrogen or
Cy-Cealkyl,

(13) -C(CH,)CH,,

(14) -NO.,

(15) -SCH;,

(16) benzyloxy, and

(17) -CN,

)

each Rz and R, 1s ndependently hydrogen or C,-Cealkyl,
visOori,

R4 18 hydrogen or C,-C.alkyl,

cis0,10r2,

disOorft,

each R;s and R, Is independently hydrogen or C;-Cgalkyl,
8150,1,2,3,40r5,

cis1or2,
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each R;7 and Ry, Is iIndependently hydrogen, C,-Cealkyl or
CO,Cy-Cealky,

ris2or3,

each Ry and Ry 1s iIndependently hydrogen or g
Ci-Caalkyl,

Rz 1s hydrogen or C,-C,alkyl,

Z Is chionne or fluorne,

qisQor1,

V 18 chionne or filuonne, and

h,k,l,andzare®, 1,2, 0r3

The subject invention i1s directed toward compounds or pharmaceutically acceptable salts of
Formula | as depicted above In either racermic or pure stereoisomeric forms

Terms used herein have the following meanings
a) “Pharmaceutically acceptable salts” means either an acid addition salt or a basic
addihon salt which 1s compatible with the treatment of patients for the intended use

“Pharmaceutically acceptable acid addition salt® i1s any non-toxic organic or inorganic acid
addition salt of the base compounds represented by Formula 1 or any of its intanmediates
lllustrative inorganic acids which form surtable saits include hydrochlonc, hydrobromic,
sulfunc and phosphonc acid and acid metal salts such as sodium monohydrogen
orthophosphate and potassium hydrogen sulfate lllustrative organic acids which form
surtable salts include the mono-, di- and tn-carboxylic acids lllustrative of such acids are, for
example, acetic, glycolic, lactic, pyruwic, malonic, succinic, glutanc, fumaric, malic, tartanc,
citnc, ascorbic, maleic, hydroxymaleic, benzoic, hydroxybenzoic, phenylacetic, cinnamic,
salicyclic, 2-phenoxybenzoic, p-tolusnesulfonic acid and sulfonic acids such as
methanesulfonic acid and 2-hydroxyethanesulfonic acid Erther the mono- or di-acid salts
can be formed, and such salts can exist in either a hydrated, solvated or substantially
anhydrous form In general, the acid addition salts of these compounds are more soluble in
water and vanous hydrophilic organic solvents and which in comparison to their free base
forms, generally demonstrate higher melting points

“Pharmaceutically acceptable basic addition saits” means non-toxic organic or inorganic
baslc addihon salts of the compounds of Formulla () or any of its intermediates Examples
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are alkal metal or alkaline-earth metal hydroxides such as sodium, potassium, calcium,
magnesium or banum hydroxides, ammonia, and aliphatic, alicyclic, or aromatic organic
amines such as methylamine, tnmethylamine and picoline The selection cntera for the
appropnate salt will be known to ane skilled in the art -

b) "Stereoisomers” 15 a general term for all iIsomers of the individua! molecules that differ
only in the onentation of their atoms n space It includes mirror iImage 1somers
(enantiomers), geometnc (cis/trans) 1Isomers, and 1Isomers of compounds with more than one
chiral center that are not mirror images of one another (diasterecisomers)

c) "Alkyl” means a branched or straight chain alkyl or alkylens group, as 1s appropnate to
the formula, specified by the amount of carbons in the alkyl, e g, C,-Cq alkyl means a one,
two, three, four, five or six carbon branched or straight chain alkyl or alkylene, as the case
may be, or any ranges thereof, for example, but not hmited t0,C1-2, C1-3, C1-4, C1-5, C2-3,
C2-4, C2-5, C2-C6, C3-C4, C3-5, C3-6, C4-5, C4-6, C5-6, etc

d) “Patient” means a warm blooded animal, such as for example rat, mice, dogs, cats,
guinea pigs, and pnmates such as humans

e) “Treat” or “treating” means to alleviate symptoms, eliminate the causation of the
symptoms either on a temporary or permanent basis, or to prevent or slow the appearance of
symptoms of the named disorder or condition

f) “Therapeutically effective amount” means a quantity of the compound which is
effective In treating the named disorder or condition

g) “Pharmaceutically acceptable camer” is a non-toxic solvent, dispersant, excipient,
adjuvant or other matenal which 1s mixed with the active ingredient in order to permit the
formation of a pharmaceutical composition, 1 e , a dosage forrn capable of administration to

the patient One example of such a carner i3 a pharmaceutically acceptable oil typically used
for parenteral administration

h) “Psychoses” or “Psychotic Disorders™ means conditions wherein the patient
expenences a major mental disorder of organic and/or emotional ongin charactenzed by
derangement of the personality and loss of contact with realty, often with delusions,
hallucinations or ilusions Included under the term psychoses are the disorders
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schizophrenia, schizophrenform disorder, schizoaffective disorder, delusionat disorder, brief
psychotic disorder, shared psychotic disorder, psychotic disorder not otherwise specified, and
substance-induced psychotic disorder, as defined by the Diagnostic and Statistical Manual of
Mental Disorders, 4th ed , published 1994 by the Amencan Psychiatnc Association,
Washington D C USA, incorporated herein by reference

) “Substance Dependence” means a condition wherein the patient exhibits a
maladaptive pattem of substance use, leading to clinically significant impairment or distress
There s a pattem of repeated self-admunistration that usually resulis in tolerance, withdrawal,
and compulsive drug-taking

1 “Substance Abuse” means a condibon wherein the patient exhibits a maladaptive
pattem of substance use manifasted by recurrent and significant adverse consequences
related to the repeated use of substances There may be repeated failure to fulfill major role
obligahons, repeated use in stuations in which it is physically hazardous, multiple legal
problems, and recurrent social and interpersonal problems Unlike the cntena for Substance
Dependencs, the critena for Substance Abuse do not include tolerance, withdrawal, or a
pattern of compulsive use and instead only include the harmful consequences of repeated
use

k) “Pariunson's Disease™ means a slowly progressive heurological condition,
charactenzed by tremor, ngidity, bradykinesia, and postural instability Other manifestations
include depression and dementia

1) “Parkinsonism” means a condition where the patent exhibrts Parkinsonian signs or
symptoms {1 @ remor, muscular ngidity, or akinesia) that develop in association with the use
of neuroleptic medication

m) “Neurcleptic-induced Tardive Dyskinesia” means a disorder characterized by
involuntary movements of the tonguse, jaw, trunk, or extremrties which have developed In
association with the use of neuroleptic medication The involuntary movements may be
chorerform, athetoid or rhythmic

n) “Gilles de la Tourette Syndrome®™ means a condition manrfested by motor and vocal
tics (A tic is a sudden, rapid, recurrent, nonrhythmic, stereotyped motor movement or
vocalization ) The disturbance causes marked distress or significant impairment in social,
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occupational, or other important areas of functioning The onset 18 before age eightean years
and the disturbanca I1s not due to the physiological effects of a substance or general medical
condrtion

0) “Dementia” means disorders charactenzed by the development of multiple cognitive
dehicits that include memory impairment and are due to the direct physiological effects of a
general medical condition, to the persisiing effects of a substance, or to muitiple etiologies
(e g , the combined effects of cerebrovascular disease and Alzheimer's disease) Memory
mpairment is required to make the diagnosis of a dementia and 1s a prominent early
symptom Dementia disorders share a common symptom presentation but are differentated
based on eticlogy See Diagnoshc and Statishcal Manual of Mental Disorders, 4th ed ,
Amencan Psychiatnc Association, for diagnaostic cnitena

p) "Anxiety Disorders” means disorders that include Seasonal Affective Disorder, Panic
Disorder Without Agoraphobia, Panic Disorder with Agoraphobia, Agoraphobia Without
History of Panic Disorder, Specific Phobia, Social Phobia, Obsessive-Compulsive Disorder,
Post-traumatic Stress Disorder, Acute Stress Disorder, Generalized Anxiety Disorder, Anxiety
Disorder Due to a General Medical Condition, Subsiance-induced Anxiety Disorder, and
Anxiety Disorder Not Otherwise Specified, as defined by the Diagnostic and Statistical
Manua! of Mental Disorders, 4th ed

q) *Sleep Disorders” means disorders that include Pnmary Sleep Disorders, Sleep
Disorder Related to Another Mental Disorder, Sleep Disorder Due to a General Medical
Condrion, and Substance-Induced Sleep Disorder as defined by the Diagnostic and
Statisticat Manual of Mental Disorders, 4th ed Pnmary Sleep Disorders are those in which
none of the eticlogies listed below (1 @ , another mental disorder, a general medical condition,
or a substance) 18 responsible Pnmary Sleep Disorders are prasumed to arise from
endogenous abnormalihes in sleep-wake generating or iming mechanisms, often
complicated by conditioning factors Primary Sleep Disorders in turn are subdivided into
Dyssomnias (charactenzed by abnormahties in the amount, quality, or timing of sleep) and
Parasomnias (characterized by abnormal behavioral or physiological events occurnng in
association with sleep, specific sieep stages, or sieep-wake transitions) A representative
example of a Pnmary Sleep Disorder 1s Narcolepsy Narcolepsy 1s charactenzed by repeated
irresistible attacks of refrashing sleep, cataplexy, and recurrent intrusions of elements of rapid
aeye movement (REM) sleep into the transttion penod between sleep and wakefulness
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r) “Mood Digorders” are disorders that have a disturbance in mood as the predominant
feature As defined by the Diagnoshc and Statistical Manual of Mental Disorders, 4th ed ,
Mood Discrders are divided into the Depressive Disorders ("unipolar depression™), the Bipolar
Disorders, and two disorders based on etiology — Mood Disorder Due to a General Medical
Condition and Substance-Induced Mood Disorder The Depressive Disorders (1 @, Major
Depressive Disorder, Dysthymic Disorder, and Depressive Disorder Not Otherwise Specified)
are distinguished from the Bipolar Disorders by the fact that thare 18 no history of ever having
had a Manic, Mixed, or Hypomanic Episode The Bipolar Disorders (1 @ , Bipolar | Disorder,
Bipolar Il Disorder, Cyclothymic Disorder, and Bipolar Disorder Not Otherwise Specified)
invoive the presence (or history) of Manic Episodes, Mixed Episodes, or Hypomanic
Episodes, usually accompanied by the presenca (or history) of Major Depressive Episodes

5) *Circadian Rhythm Disorder” means & persistent or recurrent pattern of sleep
disruption leading to excessive sleepiness or insomnia that 13 due to a mismatch between the
sleep-wake schedule required by a person's environment and tus or her circadian sleep-wake
pattemm The sleep disturbance causes clinicelly significant distress or impairment in social,
occupational, or other important areas of functoning The disturbance does not occur
exclusively dunng the coursa of another Sleep Disorder or cther mental disorder The
disturbance 18 not due to the direct physiological effects of a substance (e g , a drug of abuse,
a medication) or a general medical condition

Preterrad compounds are those wherein X 1s O, Y 1s NH and -B- 18 group (a) or group (b)
When B is group (a), mis further preferred to be 4 When -B- 1s group (b), then Rg, Rz, Ry or
Rs are further preferred to be hydrogen R; s preferred to be group (&) or group (c) When
Rz 18 group (a), M 18 further preferred to be hydrogen, C:-Cealkyl, C;-Cealkoxy or phenyl and
T 18 further preferred to be (1)) wherenuisOor1  When R; 18 group (c), d is further
preferred to be 1 and R4 is further preferred to be C,-Cealkyl

Specific embodiments of the invention include the compounds set torth in Table IIf

Preferred embodiments of the inventon are those compounds of Formula | set forth in Table
lll that exhibit enhanced D3 potency Particularly preferred compounds include the following

1-(4-Methoxy-phenyl)-3-{4-[4-(6-tnfluoromethyl-benzo[bithiophen-3-yi}-piperazin-1-yi]-butyl}-
urea
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1-p-Tolyl-3-{4-[4-(6-tnfluoromethyl-benzo[b}thiophen-3-yl}-piperazin-1-yl}-butyl}-urea
1-{4{4-(2,6-Diflucro-benzo[b}thiophen-3-yl)-piperazin-1-yl]-butyl}-3-p-tolyl-urea

1-{4-{4~(2-Chioro-6-flucro-benzo[b]thiophen-3-yl)-piperazin-1-yl}-butyl}-3-(4-chloro-phenyl)-
urea

1-{4-Acetyl-phenyl)-3-[4-(4-thieno[2,3-d]isoxazol-3-yl-pipendin-1-yl)-butyl]-urea
1-(4-Ethoxy-phenyl)-3-[4-(4-thienc{2,3-dJisoxazol-3-yl-piperndin-1-yl}-butyl]-urea
1-(4-Ethoxy-phenyl)-3-{4-[4-(6-fluoro-benzo[b]thiophen-3-yi)-[1,4]diazepan-1-yl]-butyl}-urea
1-{4-[4-(8-Fluoro-benzo[bjthiophen-3-yi)-[1,4]diazepan-1-yl]-butyl}-3-(2-fluocro-phenyl)-urea

1-{4-[4-(6-Fluoro-benzo[bjthiophen-3-yl)-[1,4]diazepan-1-yl]-butyl}-3-(3-trifluoromethyl-
phenyl)-urea

1-{4-[4-(8-Fluoro-benzo[bJthiophen-3-yi)-[1,4]diazepan-1-yi]-butyl}-3-(4-methoxy-phenyl)-
urea

1-(3-Imidazol-1-yi-propyl)-3-{(1R, 2R )-2-[4-(6-triflucromethyl-benzo[bjthiophen-3-yl )-
piperazin-1-ylmethyl]-cyclopropylmethyl}-urea (MDL 833306)

The compounds of the present invention may be prepared by vanous methods Schemes |
through VI show the drfferent ways of prepanng the compounds of Formula |

The compounds of formula (l) of this invention can be synthesized by following or combining
one or more of the steps descnbed below, not necessanly in the order presented Throughout
the description of the synthetic steps, the definttions of R, Rz, B3, 0, |, 1, X, Y, B and A are as
grven above unless otherwise stated or Indicated, and other nomenclatures appeanng below
shall have the same meanings defined in their respective first appearances unless otherwise
stated or indicated
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Compounds of formula | wherein Y 18 N may be prepared according to a process which
compnses reacting a compound of formula (l1)

(Ra),

R—A (f, N—B—NH,

(I
wherein R, R, n, 1, B, J, A and R as defined in formula I,

with a compound of formula (1)
X—C=N—R,
(11)

wherein R; 1s as defined in formula i,
Typically, this reaction 18 camed out In an organic solvent such as, for example, chloroform
or tetrahydrofuran at a temperature of about 20 °C to about 25 °C for about 6 to 18 hours

Compounds of formula | wherein Y 1s O may be prepared according to a process which
compnses reacting a compound of formula (ll) with a compound of formula (V) wherein “L.G"
Is a suitable leaving group selected from bromine, chlonne, 1odine or -OR; In the instance
where formula (V) is available as an anhydnde

L(iio—l:!z

(V)

wherein R; Is as defined in formula §,
Typically, this reaction 1s carned out in an organic solvent such as, for example, chloroform
or tetrahydrofuran in the presence of a weak base such as, for example, amberiyte-IRA-67 or
tnethylamine The reachon is typically conducted at a temperature of about 20 °C to about 25
°C for about 6 to 18 hours

Alternatively, compounds of formula | may be prepared according to a process which
comprises reacting a compound of formula (V)

(vl
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(Ry),

R—A (4 N—H

V)
wherein R, A, n, I, Ry and ] are as hereinbefore defined,
with a compound of formuia (V1) wherein Ry, B and Y are as hereinbefore defined and “LG" 1s
a suitable leaving selected from chionne, bromine, 1odine, mesyl, tosyl, brosyl, tnflyl, nosyl,

nonaflyl or tresyl
Lc.-“’la“lsl’ﬁ“wr":'2
H

Vi)

Typically, this reaction 18 carned out in an aqueous miscible solvent such as, for example,
tetrahydrofuran or acetonitnle, m the presence of water and a base such as, for example,
potassium carbonate, cesium carbonate, or tnethylamine, at a temperature of about 50°C to
about 75°C for about 12 to 24 hours

The compound of formula (ll) may be prepared via synthetic methods well known in the art
The starting matenals are ether commaercially available or readily synthesized via methods
known from the Iiterature  For example, scheme | descnbes the coupling of an amino-
substtuted benzthiophene with a commercially-availlable subshtuted piperazine The
synthesis is analogous for the un-substituted piperazine analogs The less stencally hindered
piperazine nitrogen 18 mors reachve and cleanly gives a single product In the
benzo]bjthiophene coupling The more stencally hindered nitrogen can then be alkylated with
the appropriate alkylating agent

SCHEME |



p*
A 4016 3
18

\ L*"“
r/@ng,\[j’ bl X

N
K2CO, I
CH,CN
(L AN
LiAIH, F \i
——— N
THF I

Pipendine-substituted compounds may be prepared via syntheses analogous to those shown
5 in the following reachon schemes H and Il

SCHEME I

1) TBS-C! Im THF j’\
NH _2) (BockO DMAP, ELN CHCL °7<
a) TBAF THF
HO 4) MeCl E4,N, CH,CL,

megylate”

opl_gv H

r
1) Bull, THF, 78 °C
(@g 2) CuBrSMe, -78 °C N\ TFA N
S 8) mesylate -78°Ctort )

10
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SCHEME lil

ji MsCl Et.N jl
Ox e Oy

o
> H
K, N
r
1) Bull, THF, 78°C
N 2) CuBrSMe, 78°C A TFA N\
S 3) "masylate® 78°Ctort S s

The preparation of vanous substituted aza- and diazacycloheptanes 1s descnbed by Traiber
et al 1n WO 9725324

Compounds of formula | wherein B contains a carbocycle may be prepared as shown In
i0 Scheme IV
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SCHEME IV
~. ~.
HO O 0 ;
HO (CH)q — /of>(CH2)a — 5 (CH,);,
0 0 (o)
BH, Me,S
THF
. ’ .
o N'H ~0 0
(CHz)a -———— MeO (CHz)a -— HO (CH,) o
Nl

MsClI N
Ho?(cwa — Mscy?)(cm)ol R NS/P>(CHz)a
N N

N'

P 1

N H?(CHZ)G RNco PN Ty

N :
)i ’ i
Ao H/}(CH,)G R,0CC!
I

wherein R; 18 as hereinbefore defined,
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ai1s1,2,30r4, and N'-1s

(Ry),
=R

wherein R, A, Ra, }, 1 and n are as hereinbefore
defined

Many of the dicarboxylates or more advanced intermediates that are genencally descnbed in
Scheme |V are commercially avallable Several of these are shown in Table 1  This table is
used for lllustrative purposes only and 1s not intended to limnt the scope of the present
invention in any way
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Table 1 - Starting Matenals
Structure Name CAS # Supplier
Dimethyl ci1s-1,2-cyclopropane 826-34-6 Acros
dicarboxylate
~o o~ Xy
?L Dimethyl trans-1,2-cyclopropane 826-35-7 Acros
~ ~ dicarboxylate
(o) (o)
j Dimethy! 1-methyl-trans-1,2- 702-92-1 Acros
~o o~ cyclopropane dicarboxylate
& Dimethyl 3-methyi-trans-1,2- 28363-79-3 Acros
~o o cyclopropane dicarboxylate
& trans-Cyclobutane-1,2-dicarboxylic Syntec
~ - acid dimethylester
o (o)
O O trans-D, L-1,2-Cyclopentane- 1461-97-8 Aldrnich
HO L OH dicarboxylic acid
0O trans-2-Carbomethoxy Rieke
HO \ C{ cyclopentane-1-carboxylic acid
(oI e) trans-1,2-Cyclohexane dicarboxylic ~ 2305-32-0 Aldrich
HO §_o|.| acd Acros
0O Q trans-2-Carbomethoxy Rieke

HO \_o\ cyclohexane-1-carboxylic acid
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Structure Name CAS # Supplier

0 0 cis-1,2-Cyclohexane dicarboxylic 610-09-3 Acros
HO OH acid )

O O cis-2-Carbomethoxy cyclohexane- Rieke
HO 0} 1-carboxylic acid

\

When not commercially available, the appropnate starting material may be obtained via
standard synthetc methods

When a compound of formula (1) 1s obtained as & mixture of enanttomers these may be
separated by conventional methods such as crystallizatron in the presence of a resolving
agent, or chromatography, for example using a chirail HPLC column

Compounds of formula (I) have been found to exhibit atfinity for dopamine receptors, In
particular D, receptors, and are expected to be useful in the treatment of disease states
which require modulation of such receptors, such as psychotic conditions Preferred
compounds of the present inventon are those which have higher affinity for dopamine Dy
than dopamine D, receptors

A major challenge in antipsychotic research Is to produce agents with reduced side effects
Orthostatic hypotension 18 a common side effect in antipsychohcs that Is associated with the
high potency that these agents have at the alpha-1 adrenergic receptor (hereinafter referred
to as “a-1") A major goal of this work was to find agents with reduced a-1 potency

The 6-tnfluoromethyl benzo[bjthiophenes descnbed herein have a clear and somewhat
surpnsing advantage over the 6-flucro benzo[b[thiophenes The 6-fluore benzo{bjthiophenes
are clearly more potent at the alpha-1 adrenergic receptor than are the 6-tnfluoromethyl
benzo[bjthiophenes This 18 shown by companng pairs of analogs that only differ in
substitution at the 6-position of the benzo[bjthiophene (see Table®l!) In every case, the 6-
fluoro benzo[b]thiophene 18 more potent than the corresponding 6-trflucromethyl analog In
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some cases this small structural difference In substiuton at the 6-position produces a
dramatic change In a-1 potency There are several exampies wherein 6-fluoro analogs

exhibted nanomolar potency while the corresponding 6-tnfluoromethyl analog exhibited
micromolar potency -
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Especially preferred compounds of the instant invention are those with a reduced hability for

a-1 receptor binding while at the same time having a higher affinity for dopamine Dy than
dopamine D, receptors

Receptor affinity can be measured using standard methodology such as 1s descnbed below —
[N-Methyl-3H]Spiroperidol Binding to Cloned Hurnan Dopamine D, Receptors

Purpose

This assay measures the in vitro activity of compounds on cloned human dopamine (Ds)
receptors and predicts the direct dopamina-blocking properties of putativa neuropsychiatnc
agents at human dopamine Ds receptors

Methods

A Cloning

The Dy gene was isolated from a human stnatal cDNA library (Stratagens) The gene
was sequenced and sub-cloned into the expression vector RC/RSV (Invitrogen) CHO
(Chinese Hamster Ovary) cells wers stably transfected with 10 ug of the Ds/RSV plasmid
using the DOTAP method from Boehnnger Mannheim and 72 clones that were G418
rasistant were 1golated Using mRNA and binding displacement data a single high expressing
clone was kentfied This clone was then grown in large batcheas for the purpose of
developing a 96 well format assay

B Cell Culture

1 One plate (10 cm) with approximately 2-3 million D; celis per plate i1s incubated with 1
mi of Trypein-EDTA at room temperature for ~2 min or until csllis have Iifted off plates Four
ml of Ham's F12 + 10% Fetal Bovine Serum + 1% Penicilir/Streptomycin + G418 (400
ug/mil) medium are added to resuspend cells and 1 ml of this 1s added to each large plate (15
cm) contaning 18 mi of the same medium as mentioned above
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2 The 5 large plates are incubated at 37°C + 5% CO; for ~ 3 days or until the cells are
confiuent

3 After these plates are confluent, they are spiit into 10 large plates Medium is i
aspirated off, 2 mi of Trypsin-EDTA are added to each plate and plates are incubated at RT
for 2 min or until cells have Ifted off the plate Eight ml of the F12 medium (same medium as
#1 above) are added to each plate (10 ml total) to resuspend the cells and 5 ml are
transferred to the 2 new plates containing 15 mi of the F12 media

4 The 10 large plates are incubated at 37°C + 5% CO; for ~ 2 days or untll the cells are
confiuent

5 The 10 large plates are split into 80 large plates (using Trypsin-EDTA as #3 except 4
ml of F12 medium are added to resuspend cells and 1 mi 18 aliquoted to 6 new plates
containing 19 ml of F12 medium each)

6 Plates are incubated at 37°C + 5% COQ, for ~ 3 days or until cell are confluent

7 The 60 large plates are then split into 60 roller bottles (100-150 million cells/bottle)
Medium is aspirated off , 2 ml of Trypsin-EDTA are added to each plate and incubated at RT
for ~2 minutes or until cells have lifted off plates Eight ml of F12 medium are added to each
plate to resuspend cells and the entire 10 ml are added to 1 roller bottle contaiing 90 mi of
the F12 medium

8 The 80 roller botties are iImmediately placed on their sides and transferred to the roller
bottle incubator They are incubated at 37°C + 5% CO; for ~ 3-5 days Cells are spun at 30-
40% motor speed in the Forma Incubator

9 Medium 1s poured off and cells are washed 2X in PBS

10 Cells are then scraped off in 20 ml of PBS and the bottles are nnsed again with 5 mi
of PBS to remove any remaining cells Cells are stored on ice before membrane prepration

1 The yield for 60 D, roller bottles has vaned from ~ 260-500 mg
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Note All issue culture reagents are from Gibco-BRL
c Membrane Preparation

The cells are harvested into 250 ml centnfuge tubes with 100 volumes of cold
phosphate buffered saline (PBS) and spun down (1200xG for 10 min at 4°C) The medium 1s
removed and 100 mi PBS are added to each centnfuge tube, celis are resuspened and spun
down again The PBS 1s removed and the final psellet 18 homogenized In an appropnate volume
of 10% DMSO with a polytron on ice at a medium setting

D Lowry Protein Assay

A 200 pl sample membrane homogenate 1s added to 200 pl of 1% SDS, vortexed and
allowed to stand for 5 min Aliquots (25, 50 and 100 pl) of this mixture are assayed in duplicate
following the standard Bio-Rad DC protein assay protocol (kit catalog number 500-0112) and
using reagent S Absorbance readings are made at 750 nm (note the most accurate protein
OD readings are between 0 1-0 5 units} The protein concentration 1s calculated using a
standard curve generated concurrently with bovine serum albumin as standard

E torage/Freezin hon

Following the determination of the protein concentration and Scatchard analysis, the
protein 1s diluted into distilled water with 10% DMSO to the appropnate volume based on
expression levels (Bmax) The concentrated protein 1s then aliquoted into 1 5 ml screw top cap

Eppendorf tubes and placed into a -80°C freezer
F Binding Assay Reagenta
1 0 5M Tnis Bufter, pH7 7
a) 44 4 g Tris HCI
26 5 g Tns Base

qs to 1 Liter (0 5 M Tris buffer, pH 7 7 at 37°C)

b) make a 1 10 dilution in distilled Ho0 (0 05 M Tns bufter, pH 7 7)
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2 Tns Buffer containing physiological salts

a) Stock buffer
NaCi 70149
KCI 0372¢g
CaCly 0222 g
MgCl, 0204 g
qs To100miwith0 5 M Tris Buffer

b} Dilute 1 10 in dishlled H>0
This yields 0 05 M Tns HCI, pH 7 7, containing NaCl (120 mM), KCI (5 mM), CaCls (2 mM})
and MgCls (1 mM)

Optional add 0 1% ascorbic acid and check pH (in assays with compounds that may
oxidize

3 a) 1 0 % polyethyleneimune stock in 0 5M Tris (reagent 1 a)
b) Dilute 1 10 in distilled H20

4 [N-methyl-3H]-Spiropendol {60-90 Cvmmol) 1s obtained from New England Nuclear;
catalog #NET-856

For K, determinations [BH]NMSP 1s made up to a concentration of 2 7 nM In buffer 2b,

such that when 150 pl is added to each tube a fina! concentration of 0 4 nM is attained in the 1

ml assay Samples of total CPM added are taken for each expenment to calculate the total
ligand concentration

5 S(-}-Etclopnde 1s obtained from Research Biochemicals International (RBI

catalog number E-101) A refngerated stock (good for up to a month) solution of S(-)-
eticlopnde 1s made at a concentration of 30 uM in buffer 2b One hundred microiters are
added to 3 wells for the determination of nonspecific binding (this yields a final concentration of
3 pM in the 1 ml assay)
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6 Test Compounds

For most assays, a 100 pM stock soluhon of the test compound s made up in a surtable
solvent (usually <0 1% acetic acid) and senally diluted with buffer 2b, such that when 100 ! of
drug 1s combined with the total 1 ml assay, final concentrations ranging from 105 - 108 M
are attaned Charactenstically eight concentrations are studied for each assay, however,
higher or lower concentrations may be used, depending on the potency of the drug

G Binding Assay

750 ul Tissue

150 p! [SHINMSP

100 ui vehicle (for total binding) or 30 uM (-)eticlopnde (for nonspecific
binding) or appropnate drug concentration

The 96-Well Packard Unifilters GF/B are incubated for >1 hat 25°C n 0 1%
polyethylamine (from 3,b) The cold tissue I1s added last and mixed on a orbital shaker for a

few seconds and is then incubated at 37°C for 30 min in a shaking water bath The assay I1s
stopped by rapid fitration through Packard Unffilter plates The filter membranes are then
washed with 15 ml of ice-cold 0 05 M Tne buffer The filters are then dried (~15 min under a

heat lamp or incubated for 15 min in a 60°C oven) and a bottom seal Is applied Then 40 pl of
Packard Microscint 20 scintillation cocktail Is added and a permanent topseal (Type P) s
applied and heat sealed The plates are then shaken on an orbrtal shaker for 1 h and placed in
the Packard Topcount and counted for at least 5 minutes for each point

Specific binding is defined as the difference between total binding and the binding in
the presence of 3 uM S-(-)-eticiopnde Total binding 1s approximately 10% of the total added
igand Cheng -Prusoff determination (K's) are performed using Pnism software using a one-

site competition curve analysis where the top and the bottom of the non-hnear regression are
held constant at 0% and 100% percent inhibition The percent inhibition at each drug
concentration 1s the mean of duplicate determinatons
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[N-Methyl-3H]Spiroperidol Binding to Cloned Human Dopamine D;Long Receptors

Purpose

This assay measures the /n vitro activity of drugs on cloned human dopamine DaLong (DsL)
receptors and predicts the direct dopamine-displacing properties of neuropsychiatnc,
cardiovascular and renal agents at human dopamine D, receptors

Methods

A Cloning

The DL gene was Isolated from a human striatal (caudate/putamen) cDNA library
The gene was sequenced and sub-cloned into the expression vector pRC/RSV (Invitrogen)
CHO (Chinese Hamnster Ovary) cells were stably transfected and 72 clones that were
geneticin (G418) resistant were 1solated Using mRNA and binding data a single high
expressing cell ine was identfied (#44) This cell ine was then grown in suspension cuiture
for the purpose of developing a 86 well format assay

B Cell Culture Condihions

1 Medium for adherent CHO cultures
Ham's F12 + 10% fetal bovine serum (FBS) + 400 ug/ml geneticin
(G418) + 10 ml/L penicillin-streptomycin (pen-strep)

2 Cells are transterred to suspension culture when at least 1 5 million cells are available
(this allows for 300,000 cells/ml 1n a 50 ml spinner flask, this i1s the ideal suspension density)
Cell are removed from flasks with trypsin, spun down (1000xG) and resuspended in fresh
medium
50% CHO-SFM Il + 50% Ham's F12 w/ 10% FBS {final FBS conc 5%)
+ 400 pug/mil G418 + pen-strep (10 mi/L)

3 After the transfer to suspension culture, growth is monitored and cell viability 1s
assessed using trypan blue exclusion Total and viable cell count on 5 sectors of the
hemocytometer are racorded When the viable cell density reaches 600,000 cel/ml, the
volume I1s doubled
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4 After 1 week of growth in the 50/50 medium, the cells are spun down and transferred to
a new spinner flask and replaced with 75% CHO-SFM Il / 25% Ham’s F12 + 10% FBS plus the
pen-strep and G418 Thereafter every 3 days, the medium is replaced with new medium
containing a decreasing amount of FBS as follows

ml of CHO SFM ml of Ham'S F12 Final % FBS conc

8750 125 125
9375 625 0 625
9900 100 01
5 The final maintenance culturing medium is made up as follows

A stock mixture of 10 mi of pen-strep, 0 5 mi of 400 mg/ml (active, final concentration
200 mg/ml) G418 and 1ml of FBS are mixed and filtered and refngerated A volume (11 5 ml)
of this mixture is added to a freshly opened 1 L bottle of CHO-SFM il

C Membrane Preparation

The cells are harvested into 250 mi centrifuge tubes with 100 volumes of cold
phosphate buffered saline (PBS) and spun down (1200xG for 10 min at 4°C) The medium 1s
removed and 100 ml PBS are added to each centnfuge tube, cells are resuspened and spun
down again The PBS i1s removed and the final pellet is homogenized in an appropriate volume
of PBS with a polytron on ice at a medium setting

D Lowry Protein Asgay

A 200 pl sample membrane homogenate 1s added to 200 pl of 1% SDS, vortexed and
allowed to stand for 5 min Aliquots (25, 50 and 100 ul} of this mixture are assayed in duplicate
following the standard Bio-Rad DC protein assay protocol (kit catalog number 500-0112) and
using reagent S Absorbance readings are made at 750 nm (note the most accurate protein
OD readings are between 0 1-0 5 units) The protein concentration is calculated using a
standard curve generated concurrently with bovine serum albumin as standard
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E Storage/Freezing conditions

Following the determination of the protein concentration, the protein is diluted into
distilied water with 10% DMSO to the appropnate volume based on expression levels (Bmex)
The concentrated protein i1s aliquoted into 1 5 ml screw top eppendorf tubes and placed into a

-80°C freezer

F Binding Assay Heagents

1 0 5M Tns Butfer,pH 7 7

a) 44 4 g Tns HCI
26 5 g Tnis Base
gqs to1 Liter (0 5 M Tns buffer, pH 7 7 at 37°C)

b) make a 1 10 dilution in distilled H20 (0 05 M Tns buffer, pH 7 7)

2 Tns Buffer containing physiological salts

a) Stock buffer
NaCl 7014g
KCI 0372g
CaCly 0222 g

MgCls 0204 g
qgs To 100 miwithO0 5 M Tris Buffer

b) Dilute 1 10 in distilled H0
This yields 0 05 M Tns HCI, pH 7 7, containing NaCl (120 mM), KCI (5 mM), CaCls (2 mM)
and MgCls (1 mM)
Optonal add 0 1% ascorbic acid and check pH {(in assays with compounds that may oxidize

3 a) 1 0 % polyethyleneimine stock in 0 5M Tris (reagent 1 a)
b) Dilute 1 10 in distilled H20
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4 [N-methyl-3H]-Spiroperidol (60-80 C¥/mmol) is obtained from New England Nuclear;
catalog #NET-856

For K, determinations [3H]NMSP 1s made up to a concentration of 2 7 nM in buffer 2b,

such that when 150 ul 1s added to each tube a final concentration of 0 4 nM 1s attained in the 1

mi assay Samples of total CPM added are taken for each expenment to calculate the total
hgand concentration

5 S(-)-Etclopnde is obtained from Research Biochemicals Intemational (RBI

catalog number E-101) A refngerated stock (good for up to a month) solution of S(-)-
eticlopnde 18 made at a concentration of 30 uM in buffer 20 One hundred microliters are
added to 3 wells for the determination of nonspecific binding (this yields a final concentration of
3 pM in the 1 ml assay)

6 Test Compounds
For most assays, a 100 uM stock solution of the test compound s made up 1n a suitable solvent
(usually <0 1% acetic acid) and senally diluted with buffer 2b, such that when 100 pl of drug 1s

combined with the total 1 ml assay, final concentrations ranging from 10-5- 10-8 M are
attained Charactenstically eight concentrations are studied for each assay, however, higher
or lower concentrations may be used, depending on the potency of the drug

G Binding Assay

750 ul Tissue
150 pl [SHINMSP

100 ul vehicle (for total binding) or 30 uM (-)eticlopride (for nonspecific binding) or
appropnate drug concentration

The 96-Waell Packard Unifilters GF/B are incubated for >1 h at 25°C in 0 1%
polyethylamine (from 3,b) The cold tissue 18 added last and mixed on a orbital shaker for a

few seconds and is then incubated at 37°C for 30 min in a shaking water bath The assay 18
stopped by rapid filtration through Packard Unifilter plates The filter membranes are then
washed with 15 ml of ice-cold 0 05 M Tns buffer The filters are then dned (~15 min under a

heat lamp or incubated for 15 min in a 60°C oven) and a bottom seal 1s applied Then 40 p! of
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Packard Microscint 20 scintillabon cocktail is added and a permanent topseal {Type P) is
applied and heat sealed The plates are then shaken on an orbital shaker for 1 h and placed in
the Packard Topcount and counted for at laast 5 minutes for each point

Specific binding 18 defined as the difference between total binding and the binding in
the presence of 3 uM S-(-)-ehclopnde Total binding 1s approximately 10% of the total added
hgand Cheng -Prusoff determination (K;'s) are performed using Prism software using a one-
site competition curve analysis where the top and the bottom of the non-linear regression are

held constant at 0% and 100% percent inhibion The percent inhibition at each drug
concentration 1s the mean of duplicate determinations

[H]PRAZOSIN BINDING TO CLONED HUMAN ALPHA-1A ADRENERGIC RECEPTORS (ay,)

15

20

30

EXPRESSED IN CHINESE HAMSTER OVARY CELLS (CHO)

Purpoge This in vitro assay Is designed as a screen to identify compounds
displaying a affinty for the human o, adrenoceptor subtype expressed
in the membrane fragments of CHO cells The assay measures the
ability of the test compounds to displace [*H] prazosin from o, sites

The identfication of multiple vascular a,-addrenoceptors (ai,, Q1y, G14)
in witro has provided impstus to define the role(s) of these subtypes in
cardiovascular regulaton in vivo (Vargas and Gorman, 1995)
Hemodynamic studies in the unanesthetized rat suggest that vascular
a4 receptors are the major subtype involved in the sympathetic
regulation of penpheral resistance and systemic artenal pressure
(Piascik et al , 1989) Addrtional evidence for an involvement of
penpheral a,, receptors in the maintenance of artenal pressure was
demonstrated by the findings that the selective a,, antagonist 5-MU
dose dependently lowered resting artenal pressure in awake conscious
dogs (Piascik et al, 1889) A demonstrated inability of the irreversible
antagonist, chloroethyiclonidine, to reduce arterial pressure in rats
when administered intravenously, 1s strong evidence against the role of
dy, and ayq receptors in the acute regulation of artenal pressure
(Vargas et al , 1993)
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Therefore, the binding of compounds to o, adrenergic receptors 1s
believed to be a good measure of a compound’s potential to cause
orthostatic hypotension and sedation as side effects Prazosinis a
potent antagonist of the human ay,-adrenoceptor subtype, which has
been cloned and I1s expressed in the membrane fragments of CHO
cells

The cloning of the human a,, cONA was accomplished first by
screening a human prostate cONA library (Clontech), from which a
portion of the coding region was obtained This DNA fragment was
then used to screen a human leukocyte genomic library (Clontech),
and the rest of the coding sequence was obtained Later these two
fragments were epliced together The entre coding sequence was
then fully sequenced including matching PCR sequence wath original
genomic coding sequence, thus ensunng splice sites were joined
corractly (Schwinn et al , 1985) Once sequenced, the gene was
subcloned into the expression vector pcDNA3 {Inwvitrogen)

Plasmid DNA was then used for transfection into CHO cells and G418
registant clones were 1solated A clone expressing high levels of the
hay, receptor (as determined by mRNA and receptor binding data) was
chosen and pharmacologically charactenzed

Media Ingredients for Adherent a,, expressing CHO Culture

A HAM's F-12 (Cellgro)

B 10% 0 2 micron filtered Fetal Bovine Serum (FBS)(Celigro)

C 1% 0 2 micron filtered Penicillin-Streptomycin (Celigro)

D G418 0 2 micron filtered (Geneticin 400ug/mi)(Celigro)

Cells are cultured using established methods and procedures in either
150x25mm cutture plates {scale up to 100 plates) or a combination of
these plates and 70 roller bottles One cultunng/harvest cycle typically
requires 2 weeks and yields between 100-400mg protein Plates or
bottles are incubated at 37°C + 5% CO,

Calls are harvested by mechanical scraping, washed using PBS,
collected in 250ml Coming polypropylene centrifuge tubes, spun down
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(1500RPM) and resuspended in dH.O 10% DMSO (final volume per
harvest is approximately 50ml) Protein determination 1s made using
the Biorad DC Assay Kit Finally, the appropriate volume is aliquoted
into a 2mi Corning Cryovial (10mg/1-1 5 ml) which s stored at -80°C

Qs (Clone # 7)

Batch 1/14/98

Receptor Concentration 2418 fmoles/mg protein
Ky 0 18nM

Volume 1 5 ml/eryovial

Protein Concentration approx 10mg/1 5ml

Assay Requirement 0 5 cryovials per 86 well plate (assay volume = 200ul/well)

EH]_-_ngand

Materials

[7-methoxy-*H]-Prazosin 1 OnM (NEN, NET-823)
70-87 CvVmmol

Phentolamine mesylate (Research Biochemicals Int #P-131)
96 well flat bottorn plates (Beckman)

Unifiter GF/B Plate (Packard)

Polyethylenimine (Sigma #P-3134)

TomTec or Packard Filtermate 196 Cell Harvesters

Packard TopCount Scintillation Counter

A 50mM Tns HCI, 0 1% ascorbate, pH 7 7 (iIncubation buffer)
B 50 mM Tris HCI, pH 7 7 (wash buffer)

Assay additions are as follows (in the order indicated)

Total Binding = 50! buffer A + 50ul [°H]prazosin + 100ul membrane
Nonsp Bd = 50ul 10uM phentolamine+50 pl P*H]prazosin+100u
membrane

Test Cod = 50p compound + 50u [*H]prazoein + 100p! membrane

Compounds to be evaluated are weighed out to yield a 10 mM stock
solution in DMSO 1n a 24 well polystyrene plate This is dilutedtoa 05
mM stock in dH.O Serlal dilutions in Buffer A are made from which 50
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w! additions to the plate are made in duplicate in order to achieve the
final concentrations desired Typically, one 96 well plate 18 used to
evaluate 11 compounds at 4 concentrations (10*-10° M) in duplicate
Total binding and nonspecific binding are determined in quadruplicate
Usually one standard 1s run with each assay

[*H]Prazosin 1s made up in Buffer A such that when 50 pl are added
per well the final concentration i1s 1 0 nM i1n a final assay volume of 200
ul The final concentration should be verfied by running a sample in a
scintillation counter pnor to adding the [°H]prazosin to the 96 well plate
Note The radicachwity should be prepared just before the additions are
made so that it Is not allowed to sit on the bench for very long

Packard GF/B Plate Pretreatment The filter plates are presoaked for
at least 30 min in ice cold Buffer B containing 0 05% polyethyleneimine
(200 ui/200 mi) to maximize filtration efficiency and minimize filter blank
binding

Incubation & Fiitration Once buffer, compounds, [*H]prazosin and
membrane have been added (and mixed), the 96 well plates are
incubated for 40 min at 37°C and spaced 3-5 min apart At 40 min,
the plates are filtered using a Tomtec Automated Cell Harvester
Filtration 18 immediately followed by washes of ice cold Buffer B (total
vol ~7 mi)

Drying and Counting Each filter plate 1s dned under a heat lamp for
15 min The back of the plate is sealed and 40 ul of Packard microscint
flud are added per well Using Packard film, each plate 1s heat sealed
pnior to being counted 1n a Packard Topcount Scintillation counter A
program has been written that counts each plate twice sending DPM,
CPM and TSIS data to disk and pnnter

Analysis of Results Raw DPM and CPM data are captured on disk
and are imported into one of several software packages (Graphpad
Pnsm Ver 2 0, Excel) residing on the LAN Specific binding 1s defined
as the difference between total binding and the binding in the presence
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of 10 uM phentolamine Total binding s less than 10% of the total
added Iigand Software using one-site competition curve analysis 1s
employed in the calculation of ICs; and K; (Cheng-Prusoff equation,
1973) The top and bottom of the non-linear regression are held
constant at 0% and 100% Inhibition The percent inhibition at each
drug concentration i1s the mean of duplicate determinations

References
Vargas, H M and A J Gorman Life Sciences Vol 57, No 25, pp

2291-2308, 1995

Morrow, AL and| Creese Mol Pharmacol 28 321-330, 1886
Piascik, MT , JW Kusiak, and KW Barron Eur J Pharmacol
11 101-107, 1989

Vargas, HM, D Cunningham, L Zhou, H B Hartmanand A J
Gomman J Phamacol Exp Ther 267 264-272, 1993

The functional activity of compounds of the invention (1 @ whether they are
antagonists, agonists or partial agonists) can readily be determined using the
microphysiometer test method that follows

Chinese Hamster Ovary (CHO) cells, expressing the human dopamine D3 receptor,
were grown on the surface of a capsule cup Cups are assembled and placed on the
microphysiometer, and buffer {Dulbecco's Modified Eagle’s Medium without sodium
bicarbonate and without serum) i1s perfused through the cup assembly until a stable baseline
is achieved (4 hours) Buffer perfusion rate and solution changes were controlled by a
computer Intraceliular acidification rate was measured in each of the 8 cup assemblies and
recorded by the computer Buffer containing test compound (10 nM, 100 nM, and 1 uM) was
perfused through the cup assembly for 20 min, then buffer containing quinpirole (10 nM) and
test compound {(same concentrations) was perfused for an additional 1 min This was followed
by a recovery penod of 10-60 min where buffer alone was perfused through the cups
Quinpirole increased acidification rate A Dy antagonist will inhibit this increase in a
concentration dependent manner

Ds antagonists are of potential use as antipsychotc agents for example in the
treatment of schizophrenia, schizo-affective disorders, psychotic depression and mania
Conditons which may be treated by D, agonists include inciude dyskinetic disorders such as
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Parkinson's disease, neuroleptic-induced parkinsonism and tardive dyskinesias, depression,
anxiety, dementia, circadian rhythm disorders, and drug (e g cocaine) dependency

In accordance with yet another embodiment of the present invention, there is provided
a method of modulating the activity of dopamine D, receptors, said method compnsing
contacting cell-associated dopamine D3 receptors with a concentration of a compound of
formuia |, or a physiologically acceptable salt thereof, sufficient to modulate the activity of said
dopamine Da receptor

As employed herein, the phrase "modulating the activity of dopamine D; receptors”
refers to a vanety of therapeutic applicatons Said therapeutic applications refer to the
treatment of conditions or disorders which include dyskinetic disorders, psychoses, anxiety
disorders, mood disorders, dementia, sleep disorders, substance dependence, substance
abuse and nausea The compounds are also useful for treating renal dysfunchon

The instant invention also provides a method of treating conditions or disorders of the
central nervous system compnsing administering to a patient in need thereof a therapeutically
eff ctive amount of a compound of formula | or a pharmaceutically acceptable salt thereof

The instant invention also provides a method of treating renal dysfunction compnsing
administenng to a patient in need thereof a therapeutically effective amount of a compound of
formula | or a pharmaceutically acceptable salt thereof

The instant invention further provides a method of treating condrtions or disorders of
the central nervous system comprising administening to a patient in need therseof a
therapeutically effective amount of a compound of formula |, or a pharmaceutically acceptable
salt thereof, in conjunction with one or more Dy, Do, D4, Ds or SHT receptor antagonists

In treating a patient afflicted with a condition or disorder descnbed above, a
compound of formula | can be administered 1n any form or mode which makes the compound
bicavailable in therapeutically effective amounts, including orally, sublingually, buccally,
subcutaneously, intramuscularly, intravenously, transdermally, intranasally, rectally, topically,
and the like One skilled in the art of prepanng formulations can determine the proper form
and mode of administration depending upon the particular charactenstics of the compound
selected for the condition or disease to be treated, the stage of the disease, the condition of
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the patient and other relevant circumstances For axample, see Remington's Pharmaceutical
Sciences, 18th Edition, Mack Publishing Co (1990), incorporated hersin by reference

The compounds of Formula | can be administered alone or in the form of a
pharmacsutical composition in combination with pharmaceutically acceptable camers, the
proportion and nature of which are determined by the solubility and chemical properties of the
compound selected, the chosen route of administration, standard pharmaceutical practice and
other relevant criteria

The compounds of formula | may be administered orally, for example, in the form of
tablets, troches, capsules, elixirs, suspensions, solutions, syrups, wafers, chewing gums,
spnnkles, and the like and may contain one or more of the following adjuvants binders such
as microcrystalline cellulose, gum tragacanth or gelatin, exciplents such as starch or lactose,
disintegrating agents such as alginic acid, Pnmogel, com starch and the like, lubncants such
as magnesium stearate or Sterotex, glidants such as colloidal silicon dioxide, and sweetening
agents such as sucrose or sacchann may be added or a flavonng agent such as peppermint,
methyl salicylate or orange flavonng When the dosage unit form i1s a capsule, it may contain,
in addition to matenals of the above type, a liquid carrier such as polyethylene glycol or a fatty
oil Other dosage unit forms may contain other vancus matenals which modify the physical
form of the dosage unit, for axample, as coatings Thus, tablets or pills may be coated with
sugar, shellac, or other entenc coating agents A syrup may contain, in addrtion to the present
compounds, sucrose as a swestening agent and certain preservatives, dyes and colorings
and flavors

The compounds of Formula | may also be administered topically, and when done so
the carner may sulitably compnse a solution, ointment or gel base The base, for example,
may compnse one or more of petrolatum, lanolin, polyethylene glycols, bee wax, minerai olil,
diluents such as water and alcohol, and emulsifiers and stabilizers

The solutions or suspensions may also include one or more of the following
adjuvants stenle diluents such as water for Injection, saline solution, fixed oils, polyethylene
glycols, glycerine, propylene glycol or other synthetic solvents, antbactenal agents such as
benzyl alcohol or methyl paraben, antioxidants such as ascorbic acid or sodium bisulfite,
chelating agents such as ethylene diaminetetraacetic acid, buffers such as acetates, citrates
or phosphates and agents for the adjustment of tonicity such as sodium chlonde or dextrose
The parenteral preparation can be enclosed in ampoules, disposable syringes or multiple dose
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vials

The highly lipophilic esters, amides and carbamates of compounds | are capable of
sustained release in mammals for a period of several days or from about one to four weeks _
when formulated and administered as depot preparations, as for example, when injected in a
properly selected pharmacautically acceptable oil The preferred oils are of vegetable ongin
such as sesame oil, cottonsesed oil, com oil, coconut oll, soybean oil, olive oil and the like, or
they are synthetic esters of fatty acids and polyfunctional alcohols such as glycerol or
propylenaglycol

The depot compositions of formula | are preparad by dissolving a highly lipophilic
ester, amide or carbamate of the instant invention in a phamaceutically acceptable oil under
stenie conditions The oil 18 selected so as to obtain a release of the active ingredient over a
desired period of ime The appropriate oll may easily be determined by consulting the pnor
art, or without undue expenmentation by one skilled in the art

The dosage range at which the compounds of formula | extubit their ability to act
therapeutically can vary depending upon the particular disease or condition being treated and
its seventy, the patient, the formulation, other underlying disease states that the patient i1s
suffenng from, and other medications that may be concurrently administered to the patient
Generally, the compounds of formula | will exhibit their therapeutic activities at dosages of

between about 0 001 mg/kg of patient body weight/day to about 100 mg/kg of patient body
weight/day

In a further aspect, the present invention provides novel radiolabeled imaging agents
of formula |, useful, inter alia, for imaging dopamine D, receptors in the CNS to diagnose CNS
abnormalihes

The radiolabeled (tritlated and C-14 labeled) forms compounds of formula | are useful
as radiohgands to determine the binding of compounds to the dopamine D receptor They
are also useful as labeled parent compounds to determine the metabolism of the compound in
animals Preferred for this purpose are compounds of formula | wherein R i1s group (a) with a
radiolabeled 'C in the 3-position of the benzo{bjthiophene nng system, L is influoromethyl, p
151, Ra1s hydrogen, nis 1,118 0, and Ai1s N Particuiarly preterred for this purpose are
compounds of formula IA As employed herein, a "compound of formula IA" shall refer to the
compound of formula | wherein R 1s group (a) wherein L is trifluoromethyl substituted in the 6-
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position of the benzthiophene nng system and a radiolabeled '“C 18 in the 3-posttion of the
benzo[bjthiophene nng system, pis 1, Ais N, n1s 1,118 0, and R; 18 hydrogen Compounds of
formula IA may be prepared in a manner analogous to that set forth in Example 21

Imbalances in dopamine production have been implicated in a vanety of mental and
physical disorders, such as Parkinson's disease (PD) It i1s thus desirable to diagnose and
montor such imbalances and to monrtor the effectiveness of drugs and substances that affect
brain chemistry New and powerful imaging methods that enable one to assess the living
bratn in vivo and thereby monrtor brain chemustry and the effectiveness of drugs and
substances that affect braun chemistry have been developed Methods such as positron
emission tomography (PET) and single photon emission computed tomography (SPECT)
mvolve administering to a patient a radioactive tracer substance compnsing a hgand that binds
to the presynaptc or postsynaptic neuroreceptors in the patient's brain Emissions {(pnmarily
gamma rays are emitted from the positrons or photons from the radioactive tracer) are
measured These emissions are indicative of the number and degree of occupancy of biocking
of the neuroreceptors The number of neuroreceptors and the degree of occupancy or
blocking Is calculated utiizing a mathematical model, and compared with an intra-person or
inter-person control to determine the degree of drug response Further treatment of the patient
with drugs 18 based on the compansons made For these methods to be useful, however, a
hgand that has a high specificity and affinity for the desired receptor s required

It 18 believed that certain radioactive ligands may be selective for dopamine
transporters and are thus potentally useful in evaluating changes in dopamine function in vivo
and in witro, especially for patients with Parkinson’s disease (PD), which is characterized by a
gelective loss of dopamine neurons In the basal gangla and substantia nigra

Another aspect of this invention relates to methods for utilizing the compounds of the
invention as CNS imaging agents Imaging techniques are non-invasive diagnostic techniques
that generally involve administering a compound with marker atoms that can be detected
externally to the mammal Generally, these methods comprise administenng to a mammal a
compound of the invention, dissolved or dispersed in a sutable pharmaceutical carmer or
diluent The compound of the invention selectivaly binds to dopamine D, thus permitting the
imaging of CNS receptors and the ability to, inter alia, evaluate brain chemistry, the
sffectiveness of drugs, and neuronal functions Imaging techniques suitable for practicing the
present invention include, but are not imited to, single photon emission computed tomography
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(SPECT) and posrtron ermission tomography (PET)

Radionuclides that are widely used in diagnostic nuclear medicine include technetium
[*®T¢), 1odine ['2], carbon [''C], and fluorine ['°F] The radiolabeled imaging agent specifically
exemplified herein contains the radionuclide ''C It should be noted that the same or similar
radiochemistry reactions can be carned out using radionuclides other than *'C

The invention i1s further illustrated by the following non-limiting examples and tabulated
information These examples are understood to be lllustrative only and are not intended to
hrmit the scope of the present invention in any way As used herein, the following terms have
the indicated meanings “g" refers to grams, “mmol” refers to millimoles, “mi” refers to
milliliters, “°C” refers to degrees Celsius, “TLC" refers to thin layer chromatography,
“LC/MS" refers to iquid chromatography mass spectrometry, "APCI” refers to atmospheric
pressure chemical lonization, “mp” refers to melting point
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Example 1
Synthesls of Intermediate Substtuted Piperazines
Q. f..
MeO,C._N._.O
HC! > 1 EEDQ . w
H:"\i? + ‘g’ OH  —EiN, CrLe, iy
CBz
H,, 10% Pd/C
l MeQH

H H

Exampile 1{a) Preparation of intermediate 3-benzyl-piperazine

To a suspension of 3-banzyi-piperazine-2,5-dione (14 88 g, 73 mmol, prepared following
generally the procedure of Halperm and Westley, J Org Chem 1968, 33, 864) in dry diethyl
ether (500 mL) 1s added dropwise to a solution of Iithium aluminum hydnde (400 mLofa 1 M
solution in diethyl ether, 400 mmol, 54 eq) The suspension 18 heated at reflux for 23 hours
and then cooled to 0°C Water (70 mL) is then cautiously added and the resutting
suspension 1s warmed to room temperature After 3 hours the suspension 1s filtered and the
solid washed with diethyt ether (1 L) The fiitrate Is concentrated under vacuum to provide
crude title compound (11 40 g, 88%) as a ysllow, crystalline sohd A sample (2 g) 18
recrystallized from cyclohexane and then from toluene to provide the punfied title compound
(0 83 g) as a fine, white crystals mp 80-81°C

Anal Caled For CyHyeNa C,7496,H,915 N, 1588,

Found C,7484,H,801,N, 1815
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Example 1(b) To a solution of LDA (295 mL, 0 59 mol, 2 M in heptane/ THF/ ethylbenzene)
in anhydrous THF (300 mL) cooled to —40 °C was added 2-methylpyrazine (48 5 mL, 0 531
mol) dropwise via an addition funnel The reaction was allowed to warm to —20 °C and was
stirred for 80 minutes when a solution of benzaldehyde (54 mL, 0 531 mol) in anhydrous THF
(200 mL) was added dropwise via an addition funnel After complete addition, the reaction
was allowed to warm to room temperature and was stirred for 20 hours The reaction was
then cooled in an ice bath and saturated NH,Cl (500 mL) was added The resulting mixture
was extracted with EtOAc (500 mL, 250 mL) The combined extracts were dried (NaSO,),
filtered and concentrated to a damp, beige solid The product was tnturated with Et;O and
coliected then dned ovemight to yield 56 0 g (53%) of a light brown solid, mp 81-84 °C

A solution of the above-obtained solid {56 0 g, 0 28 mol) in MeOH (1 1 L) and conc HCI (290
mL) was stirred at reflux for 24 hours The reaction was cooled to room temperature and
concentrated to a dark iquid The dark hiquid was cooled in an ice bath and water (1 L) was
added The resulting solution was neutralized with a saturated solution of Na,CO; and the
product was extracted with EtOAc (1 L, 2 x 500 mL) The combined extracts were dried
(NazS0,), filtered and concentrated to yield 46 g of a dark brown solid The solid was purified

via flash column chromatography (40% EtOAc in heptane) yielding 22 7 g of the olefin as a
brown foam

A 1 L Parr shaker bottle was flushed with nitrogen and charged with 10% Pd/C (4 5 g,
Degussa type) and the above-obtained olefin (20 0 g, 0 110 mol) in EtOH (450 mL) The
reaction was hydrogenated at SO pei for 3 5 hours when the reaction was filtered through a
celite plug and nnsed with ethanol The bottle was recharged wath fresh 10% Pd/C (4 5 g,
Degussa type), the filtrate and conc HCI (15 mL) The reaction was hydrogenated at 50 psi
for 18 hours when the reaction was diluted with warm MeOH and filtered through a plug of
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celte The solid was thoroughly washed with hot MeOH and the filtrate was concantrated to
yieid 11 2 g (39%) of the final product as the di-HCI salt, mp 287-300

See Tetrahedron, 30, 1974 pp667-673 and Tet Latt 1979, pp4483-4486

o — &

Example 1{c) DBU (14 0 g, 92 mmol) was added to a solution of the piperazine diacetate
(18 2 g, 92 mmol) and aldehyde (12 3 g, 92 mmol) in 92 mL of DMF at ambient temperature
The resulting mixture was stirred at room temperature for 5Sh The precipitated product was
collected by filtration, providing 17 1 g of product

o —

The monoacetate (17 0 g, 62 8 mmol) and hydrazine hydrate (9 4 g, 188 8 mmol) in 125 mL
of DMF were stirred at room temperature for 20 h The precipitated solid was collected by
filtration, and washed with water and ethanol, leaving 13 7 g of product

Sy —

The olefin (13 6 g, 59 1 mmol) and palladium on carbon (2 7 g, 10% Pd/C, Degussa type,
50% Hz0) in 1 2 | of methanol were shaken on a Parr hydrogenation apparatus at 40 psi of
hydrogen, until hydrogen uptake ceased The mixture was diluted with dichloromethane and
fitered through celite Concentration of the filtrate provided 12 1 g of product
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A solution of LAH (156 mL, 156 mmol, 1M in THF) was added dropwise to a 0°C solution of
the piperazine dione (12 1 g, 52 1 mmol) in 100 ml of THF The mixture was heated to reflux
and stimed overnight The mixture was cooled to 0°C and 38 mL of water in 200 mL of THF
was carefully added The resulting mixture stirred for 1 h, then it was filtered, the filter cake
was washad with THF, and the filtrate was concentrated in vacuo to give 7 4 g of product

Example 2

008

)

H

1-(6-{triflucromethyl)-benzo[b]thlen-3-yl)-piperazine hydrochloride
2a 2 ethoxy-3-amino-6-tnfluoromethylben hiophen

Equip a 22-L, 3-necked, round-bottom flask with a mechanical strrer, nitrogen bubbler,
and a thermocoupie probe, charge with 1 20 kg (5 55 mole) of 2-nitro-4-
tnfluoromethylbenzonitnle, 589 3 g (496 mL, 5 55 mole) of methyi thioglycolate, and 4 3
L of NMP Cool the resulting yellow solution to 2 °C, and add slowly, over a penod of 78
min a solution prepared from 466 0 g (11 11 mole, 2 0 eq) of ithium hydroxide
monohydrate in 3 36 L of water while maintaining the temperature between 2 - 20 °C
Allow the brown slurry to warm to 21 °C over a 2 h penod, and then dilute with 8 0 L of
water (observe exotherm-> 27 °C) Stir for 40 min and cool to 18 °C, collect the product
by filtration, nnsing with 10 L of water, then air-drying at ambient tempsrature to give

1 295 kg (84 7% yield) of 2-carbomethoxy-3-amino-8-trifluoromethylbenzo[b]thiophene,
as a light-yellow solid, 89 8% pure by HPLC assay
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2b 1-(6-(triflucromethwvi)-benzolblthien -piperazine hydrochloride

Equip a 12-L, 3-necked, round-bottom flask with a mechanical stirrer, nitrogen bubbler,
and a thermocouple probe, and charge with 1 14 kg (4 14 mole) of 2-carbomethoxy-3-
amino-8-trifluoromethylbenzo-[bjthiophene (Example 2a), 196 0 g (2 28 mole, 0 55 eq)
of piperazine, 4 0 L of NMP, and 570 mL of xylene Heat the solution, and hold at 170 -
180 °C for 4 h, at which time the reaction 1s ca 98% complete as determined by HPLC
assay Cool the brown solution to 168 °C, and then add 1 605 kg (18 63 mole, 4 5 eq)
of piperazine (temp -> 109 °C) following with 1 5675 kg (28 28 mole, 2 0 eq) of p-
toluenesutfonic acid monohydrate (observe exotherm, 109 -> 130 °C) Connecta
Dean-Stark trap to the condenser, and heat the reaction to collect an azeotrope
Removae a total of 410 mL of an aqueous distillate, while allowing the pot temperature to
increase from 145 to 165 °C Monitor the progress of the reaction by GG/MS and HPLC
assays After 14 h atca 185 °C (>99% conversion by HPLC and GC/MS assay), cool
the reaction to 30-35 °C, and then quench into an extractor that contains 5 kg of ice, 12
L of water, and 8 5 L of toluene Separate the phases, wash the organic extract with 11
L of 0 5 N NaOH, 2 L of saturated aq NaCl , and then extract with 8 L of 1 N HCI

Dilute the acidic aqueous extract with 1 kg of ice, and basiy to pH 11 2 by adding 624 g
of 50% NaOH Extract the resutting mixture with 9 5 L of toluene Wash the toluene
extract with 2 L of saturated aqueous NaCl, dry (Na;SQO,), and fiter Charge the filtrate
into a 22 L 3-necked, round-bottomed flask (N;, mechanical stirmng, temperature control
probe), and add a total of 3 7 L of 1N ethereal HCI at 20 — 27 °C so that the mixture 1s
positive to Congo Red indicator paper Dunng the HCI addition, add a total of 2 5 L of
toluene to improve the stiming of the thick slumry that results  Stir at amblent
temperatura for 40 min, filter the slurry and wash with 4 5 L of toluene  After air drying,
obtain 1 185 kg (87% yield) of 3-piperazinyl-6-tnfluoromethyl-benzo[bjthiophene
hydrochlonde as a light pink-beige solld, 89 1% pure by GC/MS assay

Example 3
A

\ J\ H-c
_

3-Plperidinyl-4-yi-thleno[2,3-d)Isoxazole hydrochioride



10

15

25

A 4016

119

g

(0]
Br

3a 4-(3-Bromo-thiophene-2-carbonyl)-pipendine-1-carboxylic acid tert-butyl ester

Stir a solution, under nitrogen, of 3-bromothiophene (21 0 mL, 0 224 mol) in tetrahydrofuran
{1 OL) at-78°C, and add a 2 OM solution of lithium disopropylamide in
heptanefetrahydrofuran/ethylbenzene (112 mL, 0 224 mol) for 45 min Add, dropwise, over 2
h, a solution of 4-(N-methoxy-N-methylcarboxamido)-1-pipendinecarboxylic acid 1,1-
dimethyiethyl ester (prepared according to US 5,134,139) (79 4 g, 0 281 mol) in
tetrahydrofuran (800 mL) Stir for 2 h, add a saturated ammonium chloride solution, and stir
for an additional 0 5 h  Filter the resulting solid, and pour the filtrate into water (800 mL)
Extract the aqueous mixture with ether and concentrate to obtan & dark liqud Pour the
liquid into water (400 mL), add NaCl and extract the aqueous mixture with ether Wash the
extract with water, bnne, and dry over Na;SO, Filter and concentrate to obtain the crude

product Chromatograph the product over silica gel (pet ether/ether, 4 1) toobtan 41 5 g
{50%) of white sohd

WA

Br ‘OH

3b 4(3-Bromo-thiophen-2-vi}-h mino-methyl]-pipendine-1-carboxylic acid tert-butyl
ester

Stir a mixture of 4-(3-bromo-thiophene-2-carbonyl)-pipendine-1-carboxylic
acid tert-butyl ester (Example 3a) (41 5 g, 0 11mol), hydroxylamine hydrochlonde (15 4 g,
0 23 mol) and pyndine (180 mL) at ambient temperature overmight Pour the reaction into
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water (500 mL) and extract with dichloromethane (3x) Wash the combined extracts with
saturated CuSO, solution (2x), dry (MgSO,) and concentrate to a green solid Dissolve the
solid in toluene (175 mL) and let stand at ambient temperature for 3 h Collect the resulting
crystals that form and wash with toluene (80 mL) Concentrate the filtrate and again dissolve
the residue in toluene and proceed to collect additional crystals to obtain a total yield of 25 g
(58%) of the title compound as a light, green solid

\ 7S

(o)

3c 4-Thienof2 i1soxazol-3-yvl-pipendine-1-carboxylic acid tert-b aster

Add to a stirnng solution of 4-[(3-bromo-thiophen-2-yl)-hydroxyimino-methyl]pipendine-1-
carboxyhic acid tert-butyl ester (Example 3b) (25 g , 64 2 mmol) in 2-methoxyethanol (200
mL), a solution of potassium hydroxide (7 2 g, 128 4 mmol) in water (20 mL) Heat the
reaction to 60°C and then add copper powder (1 25 g) Stir at 60-70°C for 6h and then at
ambient temperature overnight Pour the reacton mixture into water (500 mL) and extract
with EtOAc (3x) Concentrate to a dark residue and purify by column chromatography over
silica gel {heptane/EtOAc, 4 1) to provide 9 8 g (50%) of a white solid

3d 3-Piperidinyl-4-yl-thieno[2,3-disoxazole hydrochlonde

Add ethereal HCI {10 mL) to 4-thieno[2,3-d]isoxazol-3-yl-pipendine-1-carboxylic acid tert-butyl
ester (Example 3c) (1 0 g, 3 2 mmol) and then methanol (1 mL) to effect solution Permit to
stand at ambient temperature for 1h and then collect 0 34 g of white sohd, mp 240-241°C

From the filtrate collect 0 25 g of addrhonal white solid, mp 263-265°C Both samples MS,
m/z= 209 (M+H)*

Analysis (sample mp 263-265°C)
Calc For CyyH12N;OS HCI 49 08%C 535% H 11 45%N
Found 49 03%C 5 29%H 11 25%N
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1-{6-Fluoro-benzo[bjthlophen-3-yi)-[1,4)dlazepane

4a 3-Amino-6-fluoro-benzofblthiophene-2-carboxylic acid

At 50°C, add to a shmng soluton of 2-carbomethoxy-3-amino-6-fluoro-benzo[bjthiophene
(prepared according to US 5,143,923), {90 1 g, 0 4 mol) in H;O (450 mL), a 50% aqueous
solution of NaOH (64 g, 0 8 mol) over 2-3 min Heat the reaction to 70-73°C and continue to
stir for 3h Add 10% aqueous isopropanol (45 mL) and bring to reflux Remove the
1sopropanol under N; and add H2O (300 mL) Cool the reaction mixture to between 7-10°C
and add concentrated HCI (80 mL) Add HxQ (850 mL), cool to 5-7°C, filter the resulting
solid, and wash the filter cake with HO (2x150 mL)} Dry the sohd under vacuum at 35°C to
obtain 80 6 g (94 7%) of solid mp 180-163°C, TLC on silica gel (dichioromethane/methancol,
31),R=069

4b 1-(6-Fluoro-benzolblthiophen-3-vi)-[1.4]diazepane

Heat a solution of 3-amino-6-fluoro-benzo[bjthiophene-2-carboxylic acid (5 0 g, 24 mmol) in
1-methyl-2- pyrrolidinone (5 mi) to 100°C for 2 h, and then, introduce a stream of nitrogen, to
cool the solution to room temperature Add homopiperazine (8 5 g, 95 mmol) and p-toluense
sulfonic acid monohydrate (9 0 g. 47 mmol) and heat the mixture to 145°C for 4 h  After that
time, cool the reaction mixture to room temperaturae, dilute with ethyl acetate (30 mL) and
wash with brine (3x15 mL) Separate the organic layer and dry over Mg SO, Evaporate the
solvent and punfy the crude product by column chromatography (SiO», 100 g CHCl/MeOH
9 2, then CH,Cl/MeOH/NH,OH 9 2 0 15) to give 3 8 g (65%) of yellowish ail LC/MS
(LiChrospher 5 i, RP-18, 250 mm

CHLCN/ Water-gradient 20% > 100 % (25 min), Flow 1 5 mL/min)

ta= 10 74 min, m/z=250 3
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4-[4-(6-Fluoro-benzo[b]thlophen-3-yl)-[1,4]dlazapan-1-yl]butyronitrile

Add potassium carbonate (39 3 g, 2864 mmol) to a solution of 1-(6-fluoro-benzo[bjthiophen-3-
yl)-[1,4]diazepane (Example 4) (23 7 g, 95 mmol) and 4-bromobutyronitnle (21 0 g, 142
mmol) in acetonitrile (400 mL) and stir the mixture under refiux for 10 h  Filter the mixture,
evaporate the solvent, and dissolve the residue in ethyl acetate (EtOAc) Wash with water
and saturated sodium chionde solution, and dry the organic phase over MgSO, Evaporate
the solvent under vacuum, and punfy the crude product by column chromatography
(EtOAc/MaOH 9 1) to give 12 9 g of a yellow oil LG/MS, (LiChrospher 5 7, RP-18, 250 mm
CHLCN/ Water(0 05% TFA)-gradient 2% -> 98 % (20 min), Flow 0 75 mL/min)

th= 9 46 min, m/z= 317 3

N
S

4-[4(6-Fluoro-benzo[b]thiophen-3-yl)-[1,4]dlazapan-1-yi]butylamine

Add over 30 min, at room temperature, a solution of LIAIH, in diethyl ether (1M, 725 mL) to a
solution of 4-[4-(6-fluoro-benzolbjthiophen-3-yi)-{1,4]diazapan-1-yilbutyronitnie (Example 5)
(11 5 g, 36 2 mmol) in dry diethyl ether (200 mL) Heat the solution to reflux for 5 h After that

13t
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time, allow the solution to cool to room temperature and carefully quench the reaction with
water and aqueous sodium hydroxide soluton Separate the phases, and re-extract the
aqueous phase with EtOAc Dry the combined organic phases over MgSO,4 and remove the
solvent under vacuum Punfy the crude product by column chromatography
(CH:Cly/MeOH/NH,OH 9 2 0 25) to obtain 8 9 g of a colorless ol LC/MS, ( LiChrospher 5 4,
RP-18, 250 mm CH;CN/ Water(0 05% TFA)- gradient 2% - 98 % (20 mn), Flow 0 75
mL/mun), ta=7 79 min, m/z=321 3

Example 7

CN

/\/\/

(

N\
S

4-[4-(6-Fluoro-benzo[b]thiophen-3-yl)-[1,4]diazapan-1-yi]pentano- nitrlle
Follow the procadure of Example 5, and substitute pentanonitrile for butyronitnle therein to
obtain the ttle compound (LiChrospher 5 », RP-18, 250 mm CH;CN/ Water(0 05% TFA)-
gradient 2% -> 98 % (20 min), Flow" 0 75 mL/min) ta= 10 4 min, m/z= 331 5

Example 8

(\ NH,

\

S

4-[4-(¢-Fluoro-benzo[bJthiophen-3-yi)-[1,4]diazapan-1-yi]pentylamine

Follow the procedure of Exampie 8, and substitute 4-[4-(6-fluoro-benzo[bjthiophen-3-yl)-
[1,4)diazapan-1-yilpentanonitnie ( Example 7) therein to obtain the titile compound LC/MS, (
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LiChrospher 5 1, RP-18, 250 mm CHsCN/ Water(0 05% TFA)- gradient 2% -> 98 % (20 min),
Flow 0 75 mL/min), ta=8 31 min, m/z=3355

Exampie 8

NH,

o~
O 2 H—Cl

CF; \
S

4-[6-<(Trifluoromethyl)-benzo[b]thlen-1-plperazinebutanamine dihydrochloride

CN

9a 4-(6-Trfluoromethyl)-benzolblthien-3-vi)-1-piperazine I-nitnle (Z)-2-butenedioat

Reflux a mixture of 1-(6-(tnfluoromethyl)-benzo[b}thien-3-yi)-piperazine (Example 2) (10 1 g,
35 3 mmol), 4-bromobutyronttrile (6 25 g, 42 3 mmol), anhydrous potassium carbonate (8 00
g. 57 9 mmol), and anhydrous acetonitnle (80 mL) for 18 h Filter the slurry, wash the
insolubles with dichloromethane (2x150 mL), and concentrate the filtrate under vacuum
Take up the residue in dichloromethane (125 mL), wash with 5% aqueous NaOH (75 mL),
water (75 mL) and dry (K:CO3;) Concentrate under vacuum and chromatograph the crude
product over silica gel {EtOAc) to obtain 10 3 g (82%) of amber oil Add to an ethanolic
solution of the o1l (1 2 g, 3 40 mmol), maleic acid (400 mg, 3 45 mmol) and concentrate the
solution under vacuum to recerve 2 gum Triturate the gum with EtOAc to afford a sohd
Recrystallize the solid from methanol/EtOAc to obtain 1 01 g of white crystals, mp 158-159°C
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Analysis

Calc for CyiHxpFaN3OLS 53 73%C 4 72%H 8 95%N

Found 53 57%C 4 65%H 8 868%N

8b 4- nfluoromethyl)-benzolblthien-1-piperazinebutanamine dihydrochlonde

Under N, add, dropwise, a solution of 4-(6-tnfluoromethyl)-benzo[bjthien-3-yl)-1-
piperazinebutyl-nitriie (free base of Example 9a) (9 00 g, 25 5 mmol) in anhydrous
tetrahydrofuran (THF, 70 mL) to a stirred, cooled (3°C) suspension, of LIAIH, (1 06 g, 27 9
mmol) in anhydrous THF (120 mL) Maintain the temperature at 3°C for 5 min and then stir at
ambient temperatura for 21 h Cool the mudure to 0° C and treat sequentially with H,O (1
mL), 15% aqueous NaOH (1 mL), and H;O (3 mL) After 20 min at room temperature, filter
the mixture, wash the insolubles with dichloromethane (2x50mL), and concentrate the filtrate
under vacuum Take the residue up in dichioromethane (150 mL), wash sequentially with 5%
aqueous NaOH (75 mL}), H;0 (75 mL) and then dry (K.CO;) Remove the solvent under
vacuum and purify the residue by chromatography over silica gef (ethanol/NH,OH, 95 5) to
obtain 5 32 g (58%) of the free base of the title compound To a solution of the free base
(689 mg) in ethanol, add ethanolic HCI until the solution 1s acidic (pH 2-3) Concentrate
under vacuum to a gumn, and tnturate the gum with sthanol to obtain an off-white solid
Recrystalize the solid from MeQOH/CHCl to obtain 485 mg of white powder, mp 256-258°C

Analysis
Calculated for Cy;HxxFaNaSe2HCI 47 45%C 5 62%H 9 76%N
Found 47 10% 5 67%H 9 62%N
Example 10
CF; NJ H!
l HC!

1-(4-Methoxy-phenyl)-3-{4-[4-(6-trifluoromethyl-benzo[bjthlophen-3-yi)-piperazin-1-yi]-
butyl}-urea hydrochioride
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Under nitrogen, add 4-methoxyphenyl 1socyanate (0 42 g, 2 8 mmol} in CHCl; (18 mL) to a
stirnng solution of 4-[6-(tnfluoromethyl)-benzo[b]thien-1-piperazinebutanamine (free base of
Example 9b) (1 0 g, 2 8 mmol) in CHCl; (10 mL) Allow the reaction to stir at ambient
temperature for 18 h, filter the resulting soiid, wash with CHCly and obtain 835 mg of product
as a white solid, mp 202-204°C Concentrate the filirate and obtamn 1 0 g of a sticky residue
Chromatograph the residue over 40 g of ailica gel (CH;Clo/MeOH, 24 1), and obtain an
additional 110 mg of product Combine the samples, dissolve in hot EtOAc-MeOH (100 mL-2
mL), fiter and after cooling add ethereal HCI to preciprtate the hydrochloride salt After 2 h
collect 787 mg of the salt as a white solid, mp 228-231°C  Stir the solid in refluxing
acetonitnle for 45 min, aliow the mixture to cool and fitter the solid to obtain 570 mg of the title
compound as a white solid, mp 240-242°C

Analysis
Calculated for CasHxF3NQSeHC| 55 29%C 5 57%H 10 32%N
Found 55 21%C 5 71%H 10 22%N

Example 11

Ho R
(\ A~ \g OCH,
CF’QJ’NJ HCI

1-{4-Methyl-phenyl)-3-{4-[4-{6-triflucromethyl-benzo[blthiophen-3-yi}-plperazin-1-yi}-
butyl}-urea hydrochloride

Add p-tolyl 1socyanate (0 41 g, 3 1 mmol) in CHCL (8 mL) to a stirnng soluton of 4-[6-
(tnfluoromethyl)-benzo[bjthien-1-piperazinebutanamine (free base of Example 9b) (1 1g,3 1
mmol) in CHCI; (8 mL) Allow the reaction to stir at ambient temperatura for 63 h, filter the
resulting solid, wash with CHCI, and obtain 677 mg of product as a beige solid Dissolve the
solid in hot EtOAc-MeOH (100 mL-2 mL), hiter and after cooling add ethereal HCI to
praciprtate a hydrochionde saft Collect 869 mg of the salt as a white solid, mp 231-234°C
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Recrystallize the solid from absolute ethanol to obtain 585 mg (37%}) of the title compound as
a white solid, mp 240-242°C

Analysis
Calculated for CasHagFsNsOSsHCI 56 97%C 5 74%H 10 63%N
Found 57 02%C 5 83%H 10 68%N
Example 12
(" 4
o
F \
CF3—<
S F OH
1-(2,6-Diflucro-benzo[blthien-3-yl)-plperazine trifluoroacetate
.
&*o e
(\ CH,
()
F \
S
12a 4-(6-Fluoro-benzolbithiophen-3-yi)-piperazine-1-carboxylic acid tert-butyl ester

Add a solution of di-tert-butyl dicarbonate (5 15 g, 23 8 mmol) in CHCI; (15 mL), dropwise,
over 45 min to a solution at -65°C of 1-(6-fluorobenzo{bjthiophen-3-yi)-piperazine (prepared
according to US 5,143,823), (2 8 g, 11 8 mmol), 4-(dimethyl -amino)pyndine (0 16, 1 3 mmol),
and dusopropylethylamine (4 3 mL, 3 2 g, 24 8 mmol) in CHCl, (50 mL) Following complete
addition, stir the reaction at ambient temperature for 20 h, and then pour the reaction into a
mixture of cold (5°C) 5% aqueous NaOH/EtOAc (150/150 mL) Extract the product into
EtOAc, wash the extract with H:O, bnne and concentrate to a red ol Purify the crude oil
over silica gel (EtOAc), to obtain 3 6 g, of red oll, LC/MS m/z= 337 (M+H)*
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12b 4-(2-Bromo-8-fluoro-benzolblthiophen -piperazine-1-carboxylhic acid tert-butyl ester

Add N-bromosuccinimide {0 59 g, 3 3 mmol) to a stirnng solution of 4-(6-fluoro-
benzo[b]thiophen-3-yl)-piperazine-1-carboxylic actd tert-butyl ester (Example 12a) (1 Q0 g,

2 97 mmol) in CHCl; (32 8 mL) and refiux for 30 min  Allow cooling to room temperature and
filter Evaporate the solvent and punfy the residue by chromatography over silica gel
(EtOAc/hepiane, 9 1) to obtain 0 53 g (43%) of oil, MS, m/z= 416 (M+H)*

In an alternative procedure, add N-bromosuccinmide (1 319 g, 6 62 mmol) to a shmng
solution of4-(6-fluoro-benzo[bjthiophen-3-yi)-piperazine-1-carboxylic acid tert-butyl ester
(Example 12a) {2 226 g, 6 62 mmol) in CClyand reflux for2 h Allow cooling to room
temperature and filter Evaporate the solvent and purfy the residue by chromatography over
siica gel (EtOAc/heptane, 9 1) to obtain 2 34 g (84%) of oll

H,

Ko
Q&o

12¢_4-(2-Fluoro -6-fiuoro-benzo/bjthiophen-3-yl)}-piperazine-1-carboxylic acid tert- | ester

At a temperature of -85°C stir, under nitrogen, a solution of the 4-(2-bromo-8-fluoro-
benzo[blthiophen-3-yl)-piperazine-1-carboxylic acid tert-butyl ester, Example 12b (1559 g,
37 55 mmol) In anhydrous THF (247 mL) and add, dropwise, n-butylithium 1n hexane (2 5M,
19 53 mL , 48 82 mmol} Stir for 30 min and then add, dropwmse, N-fluorobenzenesulfonimide
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(17 78 g, 56 33 mmol) dissolved in anhydrous THF Stir cvemight at ambient temperature,
cool the reaction to 0°C, add saturated NaCl solution and then water Extract the mixture
with EtOAc (3x’s), combine the extracts and wash with water and bnne Dry the extract
(MgSO,), and concentrate to obtain 11 0 g of ol Chromatograph the oil over silica gel
(ether/pet ether, 8 1) and obtain 8 28 g (52%) of red oll, MS, nvz, 354 (M+H)*

12d 1-(2,6-Diflucro-benzofblthien-3-yl)-piperazine trfluoroacetate

Stir a solution of 4-(2-fluoro -8-fiuoro-benzo[blthiophen-3-yl)-piperazine-1-carboxylic acid tert-
butyl ester Example 12c (250 mg, 0 70 mmol) in triflucroacetic acid (2 2 mL) at ambient
temperature for 30 min Evaporate the trifluoroacetic acid and treat the residue with ether
Stir the suspension at ambient temperature for 2 h, and filter the resulting white solid to
obtain 191 mg (56%) of the tnfluoroacetate salt MS, m/z= 255 (M+H)*

Example 13

AT

NH,

4-[6-{2,68-Difluoro-benzo{blthien-1-piperazinebutanamine
Oy : >
O/\/\/ (o]
|

ST N

13a 2-[4-]4-{6-Fluo n iophen-3-vi)piperazin-1-yilbutvlisoindole-1,3-dion

~

Stir and reflux under argon a mixture of 1-(2,6-difluoro-benzo[bjthien-3-yl)-piperazine (free
base of Example 12d) (1 48 g, 5 8 mmol), bromobutyiphthalimide (1 65 g, 5 8 mmol),
tnethylamme (1 2 mL) and acetorwtnle (25 mL) for 4 h Allow the reaction to cool and then
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dilutea with dichloromethane Wash the organic soluton with water, saturated KCO, solution
and dry (K2CO,)} Concentrate the solvent and obtain 2 55 g of sold Chromatograph the
solid over silica gel (CH,Cl,/MeOH, 49 1) to obtain 2 1 g of solid, mp 123-125°C, MS, mvz=
456 (M+H)*

13b 4-[6-(2,6-Difluoro-benzobjthien-1-piperazinebutanamine

Stir a suspension, under argon, of 2-[4-{4-(6-fluorobenzo[bjthiophen-3-yl)piperazin-1-
yllbutylisoindole-1,3-dione {(Example 13a) (2 05 g, 4 5 mmol) in anhydrous MeOH (30 mL)
and add hydrazine (0 5 mL,15 9 mmol) Reflux for 2 5 h and allow cooling to ambient
temperature Cool the reaction in an ice bath and add 1M HClto a pH ~1 Filter the mixture,
cool the filtrate in an ice bath, and add 50% aqueous NaOH to basify Exiract the aqueous
mixture with dichloro -methane, wash the extract with H,0, dry with K2COs and concentrate to
obtain 1 4 g of oll, which crystallizes upon standing, LC/MS, m/z= 326 (M+H)"*

Example 14

O’\/\’H\\Sn@\cﬂ.
|

ST N

1-{4-Methyl-phenyl)-3-{4-[4-(2,6-dIfluoro-benzo[b]thiophen-3-yli}-piperazin-1-yli}-butyl}-
urea

Add a solution of 4-methylphenyl isocyanate (43 3 mg, 0 32 mmol), iIn CHCly (1-2mL) to &
solution of 4-[6-(tnfluoromethyi)-benzo[bjthien-1-piperazinebutanamine (Example 13b) (3 5
mL of a 0 086M solution in CHCl3, 0 31 mmol) and shake the reactionfor20 h  Filter the
resutting solid or concentrate the reaction and collect the solid after tnturation with EtOAc to
obtain 102 7 mg of the title compound LC/MS (Ymc005-AQ, 4x50 mm, water/CH;CN /acetic
acid, 94 5500 5 100% for 01 min then water/CH3sCN /acetic acid, 5094 5 0 5 inear
gradient -> 100 % (2 mun, hold 4 min), Flow 1 0 mL/min) tx= 3 22 mun, m/z= 459 (M=H)*
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Examples 15-18

The following HPLC conditions are referred to in Examples 15-18

HPLC Condtion |

A) 95/5/0 1% Water/Acetonitriie/Formic Acid,

B) 5/95/0 1% Water/Acetonitnie/Formic Acid

Column YMGC ODS-A 4x50 mm, Flow rate 2 mL/minute

The ital HPLC conditions consisted of 100% (A) flowang at 2 mL/minute After the inttial
injection a hnear gradient was performed so that at 2 minutes the HPLC conditions were
100% B These condmions were then held for 3 4 minutes at which time the system switched
back to initial conditions and equilibrated for the next analysis

HPLC Condition Il

A) 95/5/0 1% Water/Acetonitrile/Formic Acid,

B) 5/95/0 1% Water/Acetonitrile/Formic Acid

Column YMC ODS-A 2x50 mm, Flow rate=1 mL/minute

The initial HPLC conditions consisted of 100% (A) flowing at 0 1 mL/minute After the intial
injection & linear gradient was performed so that at 2 minutas the HPLC conditions were
100% B These conditions were then held for 3 5 minutes at which time the system switched
back to intbal conditions and equilibrated for the next analysis

HPLC Condition ill

A) 85/5/0 5% Water/Acetonitnie/Formic Acid,

B) 5/95/0 5% Watar/Acetonitnle/Formic Acid

Column YMC ODS-A 4x50 mm, Flow rate=2 mL/minute

The imitial HPLC conditions consisted of 100% (A) flowing at 2 mL/minute After the inhal
injection a linear gradient was performed so that at 2 minutes the HPLC condions were
100% B These conditions were then held for 3 4 minutes at which tme the system switched
back to initial conditions and equilibrated for the next analysis
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Exampla 15

1-{4-[4-{6-Methyl-thleno[2,3-d]isoxazol-3-yl)-piperidin-1-yli]-butyl}-3-(substituted)phenyl-
ureas and bis-ureas .

15a Preparation of 4-[1-(3-bromo-4-methyl-thiophen-2-yl}-methanovil-pipendine-1-carboxvylic
acid tert-butyl ester

\ N_ _O
He o I\\r

Under inert conditions, add a 2 0 M solution {in tetrahydrofuran/n-heptane) of ithium
disopropylamide (29 65 mmol, 14 83 mL, 1 05 equivalents) to a cold (-78° C) solution of 3-
bromo-4-methyithiophene (28 24 mmol, 5 00 g, 1 00 equivalents) in dry tetrahydrofuran

(27 33 mL) Strr at -78° C for 1 hour and add a soluton of 4-(methoxy-methyl-carbamoyl)-
piperidine-1-carboxylic acid tert-butyl ester (28 24 mmol, 7 69 g, 1 00 equivalents), dropwise
Continue stirnng at -78° C for 3 hours Quench the reaction mixture with saturated
ammonium chionde (aqueous, 55 mL) and allow to warm to room temperature Extract the
reaction mixture with a mixture of ethyl acetate diethyl ether (1 1,3x40 mL) Combine the
extracts and dry over magnesium sulfate, fiter and evaporate Punfy the residue via flash
column chromatography using a mixture of n-heptane ethyl acetate (4 1) to yield a yellow,
crystalline sold (9 84 g)

MS (Cl, methane) m/e 388 (MH*), LC/MS (APCI), m/e 288 (M-100), retention time 2 min 43
sec Condition |

15b Preparation of 4-[1-{3-bromo-4-methyi-thiophen-2-vi}- 1 -hydroxyimino-methyll-piperidine-
1 -carboxylic acid tert-butyvl ester
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Add ammonium hydroxide hydrochlonde (50 68 mmol, 3 52 g, 2 00 equivalents) to a strred
solution of 4-[1-(3-bromo-4-methyi-thiophen-2-yl)-methanoyl]-pipendine-1-carboxylic aci tert-
butyl ester (25 54 mol, 9 84 g, 1 00 equivalents) in pyridine (47 5 mL) Str at room
temperature overnight and at 70° C for 4 hours Cool the reaction mixture and add
hydrochione acid (3 M solution, 115 mL) Extract the reaction mixture with dichloromethane
(115 mL), filter the organic layer, wash with water (100 mL), dry over magnesium sulfate, filter
and evaporate Recrystallize the resulting residue from toluene to yield a white solid (4 84 g)
LC/MS (APCI), m/e 403 (MH*), retention tme 2 min 32 sec Condition |

15¢ Preparation of 4-(6-methyl-thisnol2 isoxazol-3-vi)-pipendine-1-carboxylic acid tert-
butyl ester

N

AT X
e~ T
Add cesium carbonate (3 72 mmol, 1 21 g, 1 50 equivalents) and copper lodide {0 25 mmaol,
47 mg, 0 10 equivalents) to a stirred solution of 4-[1-(3-bromo-4-methyl-thiophen-2-yl)-1-
hydroxyimino-methyl]-pipendine-1-carboxylic acid tert-butyl ester (2 48 mmol, 1 00 g, 1 00
equivalents) in 2-methoxy ethanol (25 mL) Stir the resulting mixture at room temperature
ovemight and filter to remove the inorganic matenal Concentrate the filtrate and partition the
resutting ol between ethyl acetate (75 mL) and water (25 mL) Extract the aqueous layer
with ethyl acetate (2 x 75 mL) and wash the combined organic layers with saturated sodium
chionde (aqueous, 25 mL), dry over magnesium sulfate, fiter and evaporate Purify the
residue via flash column chromatography eluting with n-heptane ethyl acetate (4 1) to yleld
a white solid (588 mg) MS (Cl, methane) m/e 323 (MH"), LC/MS (ESI), m/e 345 (MNa*),
retention time 2 05 minutes Condition |l

15d Preparation of 6-methyl-3-piperidin-4-yl-thieno[2,3-dlisoxazole hydrochlonde

Stir a solution of 4-(6-methyl-thieno[2,3-d]isoxazol-3-yl)-piperidine-1-carboxylic acid tert-butyl
ester (8 84 mmol, 2 85 g, 1 00 equivalents) in hydrochlonc acid (48 75 mL, 1 M solution in
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diethyl ether) and methanol {2 00 mL) at room temperature for 3 5 hours Filter the
suspension, collect the white solid and dry to yield the desired product (659 mg) Allow the
mother liquor to age ovemnight, filter, collect the white solid and dry to yield additional desired
product (1 252 g) LC/MS (ESI), m/e 223 (MH"), retention time 1 14 minutes Condition Il

156 Preparation of 4-[4-(6-methyi-thieno[2 1soxazol-3-vl)-pipendin-1-yi]-butyronitnle
I s N/\/\CN
T ad
o—-N

Add potassium carbonate (17 72 mmol, 2 45 g, 2 40 equivalents), potassium iodide (0 73
mmol, 123 mg, 0 10 equivalents), and 4-bromobutyronitrile (8 86 mmol, 0 88 mL, 1 20
equivalents) to a stirred solution of 6-methyl-3-pipendin-4-yl-thienof2,3-d]isoxazole
hydrochlonde (7 38 mmol, 1 91 g, 1 00 equivalents) in acetonitrile (10 84 mL) and water (3 60
mL) Stir the resulting mixture at reflux overnight. Cool to room temperature, filter the
reaction midure and wash the solid matenal collected with dichloromethane and evaporate
the filtrate Take the residue up in dichloromethane (45 mL), wash with sodium hydroxide
(aqueous, 18 mL, 2 M), water (18 mL), saturated sodium hydroxide (aqueous, 18 mL), dry
over magnesium sulfate, filter and evaporate Purify the residue via flash column
chromatography using a gradient and eluting with a mixture of n-heptane ethyl acetate (0 5
9 5) to ethyl acetate (100%) to yield the desired product as a brown oil (663 mg) LC/MS
(ESI), m/e 280 (MH"), retention tme 1 19 minutes Condition I

15f Preparation of 4-[4-(6-methyi-thienof2,3-dlisoxazol-3-yl)-pipendin-1-yil-butylamine
I s NN
)
W

Under inert condrtions, add Iithium aluminum hydnde (3 42 mmol, 3 42 mL, 1 50 equivalents,
1 0 M solution 1n tetrahydrofuran) to a stirred solution of 4-[4-(6-methyl-thieno[2,3-d)isoxazol-
3-yl)-pipendin-1-yl]-butyronitrile (2 28 mmol, 660 mg, 1 00 equivalents) In tetrahydrofuran
(dry, 1286 mL) Str the resulting solution at room temperature for 2 5 hours Quench the
reaction mixture by adding water (0 16 mL), then sodium hydroxde (aqueous, 0 16 mL, 2 M
solution), and then water (0 5 mL) Dilute the resulting suspension with dichloromethane (16
mL) and wigorously stir for 30 minutes Filter the resulting mixture through a bed of celite®,
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dry over magnasium sulfate, filter and evaporate to yield the dasired product (457 mg) as a
brown ol LC/MS (ESI), m/e 294 (MH*), retention time 0 56 minutes Condrion il

The following 1-{4-[4-(6-Methyl-thieno[2,3-dJisoxazol-3-yl)-pipendin-1-yi]-butyl}-3-
(substtuted)phenyl-ureas and bis-ureas were prepared using 4-[4-(6-methyl-thieno[2,3-
d]isoxazol-3-yl}-pipendin-1-yi]-butylamine (15f) and carrying out the procedures found
subsequent to the table

Compound Product LC/MS (ESI)
Number Condon |l
15-1 N/\/\,NTN m/e 457 (MH?),
/[}]/Cl 3 retention time
o-N ‘L 1 40 minutes
15-2 N’WHTN m/e 427 (MH*),
J:}YO o retention time
1 40 minutes
o-N
15-3 m/e 431 {(MH"),
"M’"T" retention tme
o 1 38 minutes
o-N
15‘4 N/\NNTN mfe 431 (MH+),
1}7’0 o Q retention time
1 39 minutes
o-N F
o retention time
1 38 minutes
o-N P
15-6 l m/e 515 (MH"),
8 NN retention time
o F 1 52 minutes
0-N
15-7 Y m/e 620 (MH*),
retenbon time
1 65 minutes
o’_N
N
/Q}’O —\’\—“ N
O-N ‘r Q
Q
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158 - m/e 567 (MH"),
retention time
o o 1 62 minutes
’QYO—\’\—J‘ "
o
15-9 m/e 592 (MH"),
Q’o N retention tme
o, i 1 59 minutes
] ’\’\—r N
4 Iy
1510 F m/e 736 (MH"),
Q‘i\F retention time
oS o 1 80 minutes
N
r F
SRR
EF

Add a solution of 4-[4-(8-methyl-thieno[2,3-djisoxazol-3-yl}-pipendin-1-yl]-butylamine (0 26

\ab

mmol, 75 mg, 1 00 equivalents) in dichloromethane (1 00 mL) to the desired isocyanate (0 50

mmol, 1 95 equivalents) Shake each reaction mixture overnight at room temperature
evaporate and punfy the reaction mixtures wia flash column chromatograph (ISCO Combi
Flash) using a gradient ang eluting with ethyl acetate (100%) to a mixture of ethanol in ethyl

acetate (15 85) Concentrate to give each desirad product

Preparation of 1-{4-{4-(6-Fluoro-benzo[b]thiophen-3-yl)-[1,4]dlazepan-1-yi}-butyl}-3-

Example 16

(substituted)phenyl-ureas

Compound Product LC/MS (APCI)

Number Condrion Il
16-1 F m/e 455 (MH"),
retention time 1

o0& s

o -]

16-2 F m/e 455 (MH"),
retention time 1

orOE |

(o]
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16-3

m/e 475 (MH*},
retention time 1
min 46 sec

164

m/e 459 (MH*),
retention tme 1
min 42 sec

18-5

m/e 459 (MH*),
retention time 1
min 43 sec

16-6

m/e 509 (MH*),
retention time 1
min 47 sec

16-7

m/e 471 (MH*),
retention time 1
min 41 sec

16-8

m/e 519 (MH*),
retention time 1
min 47 sec

16-9

m/e 471 (MH*),
retention tme 1
min 42 sec

16-10

m/e 475 (MH*},
retention time 1
min 46 sec

16-11

m/e 477 (MH"),
retention time 1
min 43 sec

16-12

m/e 509 (MH"},
retention time 1
min 48 sec
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16-13

m/e 518 (MH*),
retention time 1
min 47 sec

16-14

mm

W

Q

o=

5

)

a8

C

-

m/e 525 (MH"),
retention time 1
min 49 sec

16-15

M m
]
m
-
=
o=

i

®

-

0

m/e 577 (MH*),
retantton time 1
min 55 sec

16-16

mm

3

v]
o)

J

¢

n

m/e 543 (MH"),
retention time 1
min 51 sec

16-17

-

g8 |

3

o<{

C

J
2ali2a

m

m/e 543 (MH*),
retention time 1
min 51 sec

16-18

2!

o

§

J

28

m

m/e 477 (MH*),
retenhon time 1
min 46 sec

16-19

E
z

) |C

n

20

m/e 508 (MH*),
retention time 1
min 51 sec

16-20

/
©

Q

3

o=

J

m

m/e 487 (MH*),
retention time 1
min 48 sec

16-21

g

§

o~

J

C
2a]jes

¢

m

m/e 483 (MH"),
retention ttme 1
min 38 sec

16-22

S

’i’

@

(o

-n

28

m/e 483 (MH"),
retention time 1
min 40 sec
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16-23

m/e 483 (MH"),
retention time 1
min 50 sec

16-24

m/e 485 (MH"),
retention time 1
min 44 sec

16-25 F

m/e 466 (MH"),
retention time
1min 43 sec

16-26

m/e 531 (MH"),
retention time 1
min 39 sec

16-27 F

m/e 527 (MH*),
retention time 1
min 49 sec

1628 F .

m/e 527 (MH*),
retention time 1
min 43 sec

1629 =

m/e 527 (MH*),
retention time 1
min 50 sec

18-30 F

m/e 459 (MH"),
retention time 1
min 42 sec

The above compounds were prepared in a manner analogous to Exampie 15 Evaporate the
pure fractions from a punfication performed via flash column chromatograph (ISCO Combi
Flash) to yield each compound as an oif Dry each oil under the vacuum pump to give the

final, desirad compounds
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Example 17
4-(5-methyl-thieno[2,3-d]isoxazol-3-yl)-plperidine-1-carboxylic acld
H,C i -
I S N OH
7]
o—N
17a Preparation of 4-[1-(3-bromo-5-methyi-thiophen-2-yl}-methanovi]-pipendine-1-carboxylic
acid tert-butyl ester
S

H,C \, Lo
Br Iﬁ/

Prepared essentally as in Example 15a axcept that 2-bromo-5-methyi thiophene 18 used as
the starting matenal In addition, 1 20 equivalents of Iithium disopropylamide and 1 24
equivalents of 4-(methoxy-methyl-carbamoyl)-pipendine-1-carboxylic acid tert-butyl ester are
used for the reaction Accordingly, stiring time of the reaction mixture may veary Punfication
of the residue wia flash column chromatography uses a gradient with a mixture of ethyl
acetate n-heptane (1 9)to ethyl acetate n-heptane (2 8) to yield a yellow o1l LC/MS
(ESI), m/e 332 (M-56) and 388 (MH*), retention time 2 15 minutes Condition il

1-carboxviic acid tert-butyl ester

HL— N\ \ N\(

Br (o)

Prepared essentially as Example 15b except that 4-[1-(3-Bromo-5-methyl-thiophen-2-yl)-
methanoyl]-pipendine-1-carboxylic acid tert-butyl ester is used as the staring matenal and
the reaction mixture was stirred at 70° C for 6 hours LC/MS (ESI), m/e 347 (M-56) and 403
(MH*), retention tme 2 03 minutes Condition I}

AZS
200



10

15

20

25

A 4016 2 O'
-76-
17¢ Preparation of 4-(5-methvi-thienof2 1Isoxazol-3-vi)-piperidine-1-carboxvlic acid
X
’ S N OH
77
o—N

Prepared essentially as Example 15¢ except that 4-[1-(3-bromo-5-methyi-thiophen-2-yl)-1-
hydroxyimino-methyl]-pipendine-1-carboxylic acid tert-butyl ester is used as the starting
material Two other differences are 1) 0 05 equivalents of copper iodide 18 used, and 2) no
partiion between athyl acetate and water accompanied by subsequent extraction with athyl
acetate 1s required Purification of the residue via flash column chromatography uses a
mixture of ethyl acetate n-heptane (1 4) to yleld a white solild LC/MS (ESI), m/e 345
(MNa™), retention time 2 12 minutes Conditron N

Example 18

5-methoxymethyl-3-piperidin-4-yl-thleno[2,3-d]isoxazole hydrochloride
H
HyC~
S LCl
at H
o”
18a Preparation of (4-bromo-thiophen-2-yl}-methanol

HO S

L

Br
Under inert conditions, add sodium borohydride (13 82 mmol, 0 523 g, 2 08 equivalents) in
absolute ethanol (18 mL) dropwise over a penod of 15 minutes to a stirred mixture of 4-
bromothiophene-2-carboxaldehyde (26 58 mmol, 5 08 g, 1 00 equivalents) in cold (0° C)
absolute ethanol (32 mL) Str the resulting mixture at room temperature for 2 5 hours and
add glacial acetic acid dropwise unti the effervescence ceases Evaporate the resulting
solution, take the residue up in diethyl ether (75 mL), wash with water (15 mL) and bnne (15
mL) and dry over magnesium sulfate Filter and evaporate 10 yield the product as a colorless
ol (513 g)
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o

18b P ration of 4-b -IT) ethyi-thiophene

Add sodium hydnde (737 mg, 28 23 mmol, 1 10 equivalents, 95%) to a solution containing
methyl 1odide (1 85 mL, 26 57 mmol, 1 00 equivalents) and (4-bromo-thiophen-2-yl}-methanol
(5 13 g, 26 57 mmol, 1 00 equivalents) in tetrahydrofuran (dry, 25 mL) Str the resulting
mixture at room temperature overnight and evaporate Partiion the residue between water
(100 mL) and dichloromethane (100 mL) Extract the aqueous layer with dichloromethane
(100 mL), combine the organic layers, dry over magnesium sulfate, filter and evaporate to
yeld the desired product as a yellow oil

%

18c P 1on of 4-{1-(3-bromo-5-meth -thiophen-2-yi}-methan jpendine-1-
carboxylic acid tert-butyl ester

o "~

HC Q) . Y

Add lithium dusopropyl amide (13 20 mL, 26 37 mmol, 1 05 equivalents) to a stirred, cold (-
78° C) solution of 4-bromo-2-methoxymethyl-thiophene (5 20 g, 25 11 mmol, 1 00
equivalents) in tetrahydrofuran (dry, 24 30 mL) Stir at -78° C for 1 hour and add a solution of
4-(methoxy-methyl-carbamoyi)-piperidine-1-carboxylic acid tert-butyl ester (8 84 g, 25 11
mmol, 1 00 equivalents) in tetrahydrofuran (dry, 16 40 mL), dropwise Str the resulting
solution at -78° C for 3 hours Quench the reaction mixture with saturated sodium chloride
(aqueous, 50 mL) Aliow the reaulting mexture to warm to room temperature and exiract with
a mixture of ethyl acetate diethyl ether (1 1,3x35mL) Combine the extracts, dry over
magnesium sulfate, fitter and evaporate Purify the residus via flash column chromatography
eluting with a mixture of n-heptane ethyl acetate (4 1) to yield the desired product as a
yellow ol (6 47 g) LC/MS (ESI), m/e 362 (M-58) and 418 (MH"), retention tme 2 08
minutes Condrion Ii
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= PN
18d Prepara 1- methoxymethyi-thiophen-2-vi)-1- HTINO- -
pipendine-1-carboxylic acid tert-butyl ester
OH

"F -

O

N~(

c-0 \
Hy A ar O

Add hydroxylamine hydrochlonde (2 29 g, 4527 mmol, 2 00 equivalents) to a stired solution
of 4-[1-(3-bromo-5-methoxymethyl-thiophen-2-yl)-methanoyl]-pipendine-1-carboxylic acid tert-
butyl ester (9 47 g, 22 64 mmol, 1 00 equivalents) in pyndine (42 40 mL) St the resulting
solution at room temperature overnight and then at 70° C for 4 hours Cool the reaction
mixture shghtly, add hydrochlonc acid (3N, 100 mL) and extract the resulting mixture with
dichloromethane (100 mL) Wash the extract with water (100 mL), dry over magnesium
sulfate, filter and svaporate to yleld the desired product as a yellow oil (9 48 g)

18e Preparation of 4-{5-methoxymethyl-thi 2 1soxazol- -piperidine-1-carboxviic

acid tert-butyl ester
3
o pa
\s 3"
o]

Add cesium carbonate (1 13 g, 3 46 mmol, 1.50 equivalents) and copper lodide (44 mg, 0 23
mmol, 0 10 equivalents) to a stimed solution of 4-[1-(3-bromo-5-methoxymethyl-thiophen-2-
yi)-1-hydroxyinuno-methyi]-pipendine-1-carboxylic acid tert-butyl ester (1 00 g, 2 31 mmol,

1 00 equivalents) in 2-methoxy sthanol (23 30 mL) Str the resulbng muxture at room
temperature ovemnight or up to 3 days and filter through celte Evaporate the filirate, partition
the residue between ethyl acstate (70 ml.) and water (23 mL) and separate Extract the
aqueous layer with ethyl acetate (3 x 70 mL), combine the organic layers, dry over
magnesium sulfate, filter and evaporate Punfy the residue via flash column chromatography
eluting with a mudure of hexane ethyl acetate (4 1) to yield the desired product as a yellow
ol LG/MS (ESl), m/e 375 (MNa*), retention tme 1 88 minutes Condition I
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n of 5-meth iperidin-4-yi-thieno

H
S Ol .

wa H

OI

Strr a solution of 4-(5-methoxymethyl-thleno[2,3-d]isoxazol-3-yl)-plpendine-1-carboxylic acid
tert-butyl ester (2 21 g, 6 68 mmol, 1 00 equivalents) and hydrochlonc acid (1 0 M in diethly
ather, 35 mL) overnight to form a suspension Add additional hydrochloric acid (1 O M in
diethyl ether, 10 mL) Stir the suspension overnight, filter and wash the solid with ether
Collect the sohd and dry to yield the desired product as a dark blue soid LC/MS (ESI), m/e
253 (MH"), retention tme 1 17 minutes Condition Il
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Example 19
Scheme V

Jou
CF; NO,
v-1

methyl thioglycolate
LIOH, NMP
93%

NH,
CF/©\_'S’[ COOMe

3
V-2

0 5 eq plperazine
NMP, xylenes
150-180 °C

Powy

1 piperazne, p-TSA, NMP, 160 °C
2 extractive work up
HCVEL,O added to toluene extract

87% from V-2

N(‘NH

g

N
-
W T

H
Jonaass
o)
H, V-5

MsCl
DIEA, CH,Cl,
83%

H H
O
Hy o
V-8

CFy™” 3 :s] HCI

V-3a

CF/Q\_'S’r

Y

1 K,CO, THF
2 CH,SO,0H, n-PrOH
7%

H H
Q’V\IN\ENO\C
CH,SO,0H Hy
v7
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General Gas chromatography/mass spectroscopy was accomphished using a HP «, T,-l '
Model 5972 system with the following conditions 0 25 mm x 30 m, HP 5MS column,
cross-linked 5% Ph Me silicone, 0 25 u film thickness, injector at 250 °C, detector at

280 °C, 50 °C for 1 min, ramp at 20 °C/min to 300 °C, 300 °C for 5 min to 10 mun -’

2-Carbomethoxy-3-amino-6-trifluoromethyibenzo[bjthiophene (V-2)

A 22-1, 3-necked, round-bottom flask equipped with a mechanical stirer, nitrogen
bubbler, and a thermocouple probe, was charged with 1 20 kg (5 55 mole) of 2-nitro-4-
trifiuoromethylbenzonitrile, 496 mL (589 3 g, 5 55 mole) of methyl thiogtycolate, and 4 3
L of NMP The resulting yellow solution was cooled (-10 °C bath) to 1 °C, and a
solution prepared from 4866 0 g (11 11 mole, 2 0 eq) of Ithiumn hydroxide monohydrate
in 3 36 L of water was added over a period of 2 h while maintaining a temperature of 2 -
16 °C The tan-orange slurry was stirred at 0 - 8 °C for 45 min, then was diluted with

8 0 L of water (Ta -> 21 °C) After stimng for 30 min and cooling to 14 °C, the product
was callected by filtration, nnsing with 15 L of water, then air-drying at ambiant
temperature to give 1 43 kg (93 5% yield) of 2-carbomethoxy-3-aminc-6-tnfluoromethyl-
benzo-[blthiophene, as a light-yeliow solid

3-Plperazinyl-8-trifiluoromethyibenzo[bJthiophene hydrochloride (V-3a)

A 22-L, 3-necked, round-bottom flask equipped with a mechanical stirrer, nitrogen
bubbler, and a thermocouple probe, was charged with 1 42 kg (5 17 mole) of 2-
carbomethoxy-3-armino-6-tnflucromethylbenzo-[bjthiophene (V-2), 245 0 g (2 84 mole,
0 55 eq) of piperazine, 5 0 L of NMP, and 720 mL of xylene The solution was heated
to and held at 165 — 176 °C for 4 5 h, at which time the reaction was ca 97% complete
as determined by hpic assay A total of 2 00 kg (23 22 mole, 4 5 eq) of piperazine (T -
> 120 °C) and 1 97 kg (10 36 mole, 2 0 eq) of p-toluenesulfonic acid monohydrate
(exotherm observed, 120 > 140 °C) were added to the brown soluthon A Dean-Stark
trap was connected to the condenser, and the reaction was heated to collect an
azeotrope A total of 350 mL of an aqueous distillate was removed, allowing the pot
temperature to increase from 140 to 158 °C The Dean-Stark trap was disconnected
The progress of the reaction was monitored by GG/MS assays After 12 hatca 158 -
162 °C (>99% conversion by GC/MS assay), the reaction was cooled to 40 °C, then
quenched Into an extractor that contained 8 2 kg of ice, 15 L of water, and 10 6 L of
toluene The phases were separated, and the aqueous layer was extracted with 2 L of
toluene The combined organic extract was washed with 13 7 L of 0 5 N NaOH
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followed by 2 5 L of saturated aq NaCl, then was extracted with 10 L of 1 N HCl The
acidic aqueous extract was diluted with 1 2 kg of ice, then was basified to pH 10 7 by
adding 770 g of 50% NaOH The resulting modure was extracted with 11 L of toluene
The foluene extract was washed with 2 5 L of saturated aq NaCl, dried (Na:SO,), and
fitered The filtrate was charged Into a 22 L, 3-necked, round-bottorned flask (N,
mechanical simng, TC probe) A total of 4 5L of 1 N ethereal HCl was added at 20 —
27 °C until the mixture was positive to Congo Red indicator paper After stirring at
ambient temperature for 35 min, the slurry was filtered and washed with 5 L of toluene
After air drying, 1 44 kg (86 5% yield) of 3-piperazinyl-6-trifiuoromethyi-
benzofblthiophene hydrochlonde (V-3a) was obtalned as a light pnk-beige solid

N-{4-Hydroxybutyl)-N'{4-tolyl) urea (V-5)

A 12-L, 3-necked, round-bottom flask equipped with a mechanical stirrer, nitrogen
bubbler, and a thermocouple probe, was charged with 8 L of methylene chlonde and
367 7 g (4 13 moles, 1 10 eq ) of 4-amino-1-butanocl, and the resulting solution was
cooled to 0 -5 °C A solution of 499 3 g (3 75 moles, 1 00 eq ) of 4-tolyl 1socyanate in
0 5 L of methylene chlorde was added over a penod of 2 5 h while maintaining a
temperature of 0 — 12°C The white slurry wes stimed for 1 h at 0 — 10 °C, then was
fitered, washed with 3 L. of methylene chionde, and alr dned to afford 0 83 kg (89 9%)
of N-(4-hydroxybutyl)-N'-(4-tolyl) urea (V-5) as a white sold

N-{4-Butyimeaylate)-N'-{4-tolyl) urea (V-8)

A 22-1, 3-necked, round-bottom flask equipped with a mechanical stirer, nitrogen
bubbler and a thermocouple probse, was charged with 2 057 kg (9 25 moles) of N{4-
hydroxybutyl)-N'-(4-tolyl) urea (V-5), 13 L of DCMand 2 02 L (1 5 kg, 11 57 mole, 125
eq) of dusopropylethylamine The white suspensaion was cooled to 8 °C, and a solution
of 122 kg (10 64 mole, 1 15 eq) of methanesulfonyl chioride in 0 25 L of DCM was
added over a period of ca 2 h while maintaining a pot temperature of 5—12°C  After

shmng for 10 min at 5— 10 °C (100% conversion by hpic assay) the light-yellow solution

was quenched into an extractor that contained 9 L of 1 N HC! The phases were

separated The organic phase was washed with 8 L of 1 N HCI, washed with 8 L of 5%

aq NaHCQ;, dned (MgSO,), filtered and then was partally concentrated (30 °C, 150
mbar) to a mass of 6 41 kg After stimng in an ice bath for 30 min, the resulting siurry
was filtered, washed with 2 L of cold DCM, and air dried to give 2 32 kg (83 4%) of N-
(4-butyimesylate)-N'-(4-tolyl) urea (V-8) as a white solid
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1-p-Tolyl-3-[4-[4-(6-trifluoromethylbenzo[bjthieny-3-yi)piperazin-1-yi]butyi]-urea
(V-7, free base)

A 22-1, 3-necked, round-bottom flask equipped with a mechanical stirer, nifrogen
bubbler, and a thermocouple probe was charged with 1 42 kg (4 40 mole) of V-3a, :_-
1 757 kg (5 85 mole, 1 33 eq) of N-(4-butyimesylate)-N'-(4-tolyl) urea (V-8), 4 26 L of
THF, 1.23 L of water, and 1 52 kg (11 00 mole, 2 50 eq) of KzCO; Using a temnperature
controller, the biphasic mixture was heated at 48 - 51 °Cfor22 h The resulting thick
slurry was charged to a 20-gal glass-lined steel reactor along with rinses of 9 8 L of
THF and 1 05 L water, and heated to reflux (65 °C) A total of 13 1 L of water was
added to the biphasic mixture over a penod of ca 10 min during which the temperature
dropped to ca 60 °C The batch was then slowly cooled {crystalhzation occurred at 43
°C) to 0 - 5 °C, and aged at this tamperature for 30 min, then was filtered, slurry-nnsed
in several portions using a cold mixture of 5 L THF/O 42 L water, and given a final nnse
with 3 x 12 L of water After air drying, 1 72 kg {79 7%) of 1-p-tolyl-3-[4-[4-(6-
trifluoromethylbenzolblthieny-3-yl)piperazin-1-ylJbutyl]-urea (V-7, free base) as a white,
fluffy solid was obtained

1-p-Tolyl-3-[4-[4-{6-rifluoromethylbenzo[b]thieny-3-yl)plperazin-1-yi]butyl]-urea
methanesuifonate (V-7)

A 22-1, 3-necked, round-bottom flask equipped with a mechanical strrer, nitrogen
bubbler, and a themmocouple probe, was charged with 4 045 kg (8.245 mole) of V-7
(free base) and 11 L of n-propanol A solution of 792 4 g (8 245, 1 00 eq) of
methanesulfonic acd in 1 L of n-propanol was added in one portion  An exotharm was
observed (T -> 39°C), and the mixture became nearly homogeneous at the end of the
additon The mixture was heated to 92 °C, at which temperature all solids had
dissolved The solution was filtered through a coarse fnt to remove a trace amount of
extraneous matter The clear, red-brown filtrate was charge Into a 20-gal glass-lined
steel reactor along with 3 3 L of n-PrOH nnse After slowly cooling, and seeding at 51
°C, crystallization commenced at 47 °C Upon further crystallization and cooling to 37
°C, the slurry became very thick and was diluted with 12 1 L of -PrOH  After cooling to
0 — 10 °C and stirnng for 60 min, product was collected by filtenng, nnsing with 5 L of
cold n-PrOH, and drying (tray oven, 105-115 °C, 100 mm, N; bleed) to give 4 67 kg
(98 5) of 1-p-tolyl-3-[4-[4-(6-trifluoromethylbenzo[b]thieny-3-yi)plperazin-1-yilbutyl] urea
methanesulfonate (V-7)), as a white to off-white solid
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(o)
Synthesis of BOC protected piperazine-thienylhisoxazole

51’

3-Bromothlophene-2-carbaldehyde oxime

3-Bromothiophene-2-carbaldehyde (Maybridge) (28 7gm, 0 15 mol) In ethanol (50ml) was
added In one portion to a solution of hydroxylamine hydrochionde (13 8 gm, 0 2 mole),
sodium hydroxide (8 gm, 0 2 mol) in water (30ml) and ethanol (100 ml) The midure was
shrred at 0°C for 2 hours and was kept at 0°C overnight The reaction mixture was diluted
with cold water (800 mi), and the precipitated solids ware collected by filtration to provide

20 5 gm, (67%) of product The aquecus layer was further extracted with ethyl acetate and,
the combined organic layers were washed with bnne, dned with magnesium sulfate filtered
and concentrated in vacuo to leave an addmonal 6 8g of product

3-Bromothliophene-2-hydroximidoyl chioride

To a solution of 3-bromothiophene-2-carbaidehyde oxime (10 8gm, 52.4 mmol), hydrogen
chlonde (14 5ml, 4M in dioxane) in DMF (100ml) was added oxone (16 9gm, 1 05 eqv) In
one portion at room temperature The mixture was stired at ambient temperature overnight.
At the end of the reaction, DMF solution was poured into water and product was exiracted
nto ethyl acetate The organic solution was washed with bnne, dried over magnesium
sulfate, fitered and concentrated In vacuo to 12 68gm of product which was used in the next
reaction without furthur purification

(4-t-Butoxycarbonyiplperazinyl)-3-bromo-2-thienyl methanone oxime
3-bromothiophene-2-hydroximidoyl chioride (18 4gm, 68 mmol) in tetrahydrofuran (THF,
70ml) was added dropwise to a solution of N-(t-butoxycarbonyli)piperazine (14gm, 1 1
equiv }, DABCO (9 5gm, 1 25eqiv ) m DMF (100ml) at 0°C over 25 munutes The mbdure
was stirred for 3 5 hrs At the end, the mixture was poured into water and was extracted
with ethyt acetate The organic was washed with brine and dned over magnesium
sulfate The solvent was removed on a rotary evaporator The crude product (30 5gm)
was purified by chromatography on a Blotage cartridge (400gm of silica gel), sluting
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with methanol in dichloromethane {0-5 % of MeOH) The product thus obtained weighed
24 6 gm (B5%)

{t-BOC-piperazine)-3-thlenylbenzisoxazole |-
A mixture of (4-t-Butoxycarbonylpiperazinyl)-3-bromo-2-thlenyl methanone oxaime (10 3gm,
26 4 mmol), cesium carbonate (10 7gm, 32 7mmol), and copper iodide (500mg) In
methoxyethanol (200ml) was stirred at room temperature overnight The reaction mixture was
diluted with ethyl acetate, the washed with water The aqueous solution was extracted three
times with ethyl acetate The organic solution {total 800ml) was washed with brine and was
dried over magnesium suifate then concentrated to an ail (~10gm) This matenal was punfied
by chromatography using a Biotage cartridge (120gm of silica gel, elutng with 0-8% Methanol

in dichloromethane) The product thus obtained as light oil (5 1gm, 62%)

Example 21
The following scheme exemplifies the synthesia of a radiolabeled C14 intermediate

useful for the preparation of certain compounds within the scope of the present
invention

Scheme VI
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General Analytical thin layer chromatography (TLC) was performed on E Merck TLC plates
with silica gel 60 Fas, (0 25 mm) TLC plates used in the analysis of radioactive samples were
acanned on a BIOSCAN system 2000 Imaging Scanner uaing P-10 gas {10% methans, 80%
argon) Identity of the intermediates was established by co-migraton in radio-TLC and/or
radio-HPLC with the standard samples of uniabeled analogues Flash chromatography was
performed using sllica gel with a particie size of 40-83 ym Specific activity was determined
on a Packard Minaxi Tn-Carb Liquid Scintillahon Analyzer (Model 1600 TR) using Blo-Safe Ii
as scintillation cocktail

Punficaton of compounds VI-2, VI-3, Vi-4, VI-5, and VI-8 was monrttored by HPLC
(conditions.A) which was carried out on Waters 800 Controlier, Waters 996 Photodiode
Array Detector, Millennium Chromatography Manager and Bsta-Ram Radioactive Flow
Through Monitor Systern, Model 2 (IN/US Systems Inc) Final purity determination of
VI-7 by HPLC (conditions B) was performed on Waters Model 510 Pumps, Waters 680
Gradient Controller, Waters 715 Ultra Wisp Autosampler, Waters 484 Tunable
Absorbance Detector and Beta-Ram Radioactive Flow-Through Monitor System, Model
2 (IN/US Systems Inc )
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Conditions A YMC Basic 5 ym, C18, 4 6x250 mm, mobile phase A (v/v) 50/50
acetonitnle/0 1N ammonium formate, mobile phase B (v/v) 75/25 acetonitnle/0 1N
ammonium formate, flow rate 1 0 mL/min, uv detecton at 254 nm

a¥

Gradient Time (minutes) %MP A %MP B
0 100 0
15 100 0
25 0 100
30 0 100
35 100 0

Conditions B Ultremex 5 um, C8, 4 6 x 150 mm, mobile phase (v/v/v) 50/50/0 25
acetonrtrile/0 05 M potassium phosphate butier, pH 3 O/tnethylamine, flow rate 1 0 mL/min,
uv detection at 210 nm

['“C] Copper () Cyanide (VI-1)
A solution of copper (l1) sulfate pentahydrate

(4 18 g, 16 87 mmol) in water {13 3 mL) was heated to 70 C and a solution of sodium
metabisulfite (1 94 g, 6 28 mmol) in water (3 3 mL.) at 70 2C was added in one minute
Immediately a solution of ['*C] potassium cyanide (245 5 mg, 200 mCi, 3 77 mmol, S.A. 530
mCVmmol) and unlabeled potassium cyanide (0 84g, 12 9 mmol) In water (3 3 mL) at 70¢C
was added In one minute A white solid preciprtated out of solution and blue color of the
solution was diacharged After stirring for 10 min at 70 8C, the mixture was filtered hot and
the solid was washed with hot water (15mL) and ethanol (15mL) The white solid was dned
under vacuum (0 1 mm Hg) for 27 h 45 min to prove VI-1 (1 393 g, 188 8 mCl) in 83 3% yleld

2-Nitro-4-(trifluoromethyl)-[7-"/C]benzonitrile (VI-2)

To a suspension of [“Clcopper (I) cyanide (VI-1) (1 393 g, 15 55 mmol, 186 8 mCl) in 1-
methyl-2-pyrrohdinone (NMP, 10mL) was added 4-bromo-3-nitrobenzotnfiuonde (6 33 g,

23 45 mmol) and the mixture was heated at 190-195 %C for 1 h Ethyl acetate (25mL) and
water (20 mL) were added at room temperature and the mixture was filtered through celite
To the filtrate more water (20mL) and ethyl acetate (25mL) were added and the aqueous
layer was extracted with ethyt acetate (30mL) The organic extract was washed with iron (lif)
chionde solution (50mL) prepared by dissolving iron (lil) chloride (7 468 g, 46 04 mmol) in
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water (50 mL) The organic extract was further washed with water (30mL), sat sodium
chioride (15ml.), dried (Naz SO, ) and the solvent was removed in vacuo

The residue was punfied by flash chromatography on sllica gel (hexane/ethyl acetate, 8/1-
7/3) 1o provide an oil which was dissolved in hexane (70 mL) The solvent was removed ¢
under reduced pressure and residue was dried under vacuum for 15 h 40 min to provide VI-2
(3 01 g, 167 13 mCi, 89 6% yreld) as a yellow solid Radio-TLC (hexane/ethyl acetate, 8/1),
R:=0 21,HPLC (Systemn A), RCP 99 86% (ret time, 9 2 min)

[3-'“C}-3-Amino-2-carbomethoxy-6-trifiucromethylbenzo[blthiophene (Vi-3)

Nitrlle (VI-2) (3 01g, 13 9 mmol, 167 13mCi) was dissolved in DMF {14mL) and methyl
thioglycolate (1 78g, 15 84 mmol, 95%) was added in one minute The mixture was cooled to
0-5 °C and a solution of lithwum hydroxide (0 689 g, 28 77 mmol) in water (9 2mL) was added
dropwise In 12 minutes After the addiion, cooling bath was removed and the mixture was
stirred at room temperature for 4 hours Water (70mL) was added at 0-5 2C and the muture
was stirred for 15 min at 0-58C the solid was collected on a filter, washed with water (20
mL) and dned under vacuum (0 1 mm Hg) for 40 h 15 min to provide VI-3 (3 469 g, 151 24
mCi, 90 48% yield) Radio-TLC (CH.Cl; ), Ry=0 372, HPLC (systemn A), RCP 99 92% (ret
time, 16 722 min)

[3-'“C]-3-Amino-6-trifiuoromethyibenzo[bjthliophene (Vi-4)

To a solution of benzo[b] thiophene (VI-3) (3 4689 g, 12 6 mmol, 151 2 mCi) in NMP (14mL)
was added 1-methyipiperazine (8 69g, 66 79 mmol) and the mixture was heated at 140-145
8Cfor5h The modure was allowed to cool to room temperature, poured Into water (60mL.)
and extracted with ethyl acetate (140 mL) The organic extract was washed with water (30
mL), sat sodium chionde (10mL), dned (NazSo,) and the solvent was removed In vacuo
The residue was purified by flash chromatography on sllica gel (hexane/aethyl acetate, 1/1) to
yield a greenish solid which was dned under vacuum (0 1 mm HG) for 14 h to provide Vi-4
(w 66g, 148 85 mCy, 97 16% yield) ) Radio-TLC (hexane/ethyl acetate, 1/5), Ri= 0 407,
HPLC (system A), RCP 99 44 % (ret tme, 10 552 min)

1-[8-{triflucromethyl)benzo[b]thien-3-yi-{3-'*C]piperazine (V1-5)

To a solution of benzoib]thiophene (VI4) (2 66 g, 12 24 mmol, 148 95 mCi) in NMP
(17mL)was added piperazine (4 309g, 50 02 mmol) and p-toluenesulfonic acid

(4 76g, 25 02 mmol) at room temperature The mixture was heated at 170 8C for 20m h 24
min, allowed to cool to room temperature and poured into a soluton of sodium carbonate
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(4 70 g, 44 3 mmol) in water (B0mL) The mixiure was extracted with ethyl acetate (zo mL)',' !
dried (Na2SQ,) and the solvent was remaved in vacuo The residue was purthied by flash
chromatography on silica gel (CHCly/MeOH/NH,OH, 8/1/0 2} and product was dned under
vacuum (0 1 mm Hg) for 11 h 50 min  Ethanol (absolute, 30 mL) was added to the product &
and solvent was removed under reduced pressure The residue was dried under vacuum

{0 1mm Hg) for 24 h 55 min to provide V-5 (3 44 g, 144 18 mCl, 98 1% yield) as an oll
Radio-TLC (CH:Cl/MeOH/NH,OH, 9/1/0 2), R;=0 48, HPLC (system A), RCP 99 88% (ret
time, 5 807 min)
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\ 2)CO, \ 4 .
Br 3) HCI Br %
77%

3-Bromo-thiophene-2-carboxylic acld To a solution of 3-bromothiophene (800 0
g. 3 68 mol) in THF (3 L) cooled to —72 °C was added LDA (1 93 L, 3 86 mol, 2 N)
5 slowly over 2 hours The rate of LDA addition 1s such that the reaction temperature
never exceeded —68 °C After complete addition, the solution 1s stired for an
addtional 40 minutes Diethyl ether (3 L) 1s then added via an addition funnet such
that the temperature 1s maintained below —65 °C The addition funnel is then
replaced with a dispersion tube and CO2 gas 1s bubbled through the solution for 3
10 hours Dryice (500 g) 1s then added and the mixture 1s strred overnight The
reaction flask is then placed in an ice bath and 6 N HCI i1s added slowly to prevent
excessive bubbling until the pH of the solution 18 adjusted to 1-2 The resulting
mixture 1s then extracted with EtOAc The extract 1s washed with bnne then dned
over MgSQO,, filtered and evaporated The product is dned under vacuum at roomn
15 temperature yielding 585 15 g (77%) as an off-white solid

. 1)SOCL, DCM, NMP

- S H
N\ / ©OH 2)TeNHNH,Touene \ J/ N~ S8

1-{3-Bromo-thlophene-2-carboxylic acld)-2<(4-toluenesulfonyl)-hydrazine Toa
20 shmed suspension of the acid (285 53 g, 1 38 mol) in DCM (1 5 L) was added a
catalytic amount of NMP (2 mL) Thionyl chionde (105 8 mL, 1 45 mol) 1s then added
and the solution 18 refluxed until the sohds have completely dissolved The solution Is
further refluxed for 1 hour, cooled to room temperature and evaporated to afford a
hght, brown solld The crude matenal 1s dned under vacuum overnight The brown
25 sold Is taken up in toluene (3 S L) and p-toluenesulfonhydrazine (402 25 g, 2 16 mol)
1s added The mndure Is stired at 100 °C for 8 hours then at room temperature
overnight The resulting mixture was cooled with an ice bath and the resuling solids
were collected by flitration and washed with toluene The solids were then stirmed as
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a slurry n 1 N HCl for 1 hour The solids were collected by filtration and washed with
copious amounts of water The solid were dned under vacuum at 40 °C then
recrystallized from toluene / 1soproyl alcohol yielding 484 28 g (93%) of the desired _

product. =
S
\ /) H’N\S reﬂux N’N
Br o/ \o

N-{(4-Methyiphenyl)-sulfonyl)-3-bromo-thiophene-2-carbochydrazonyl chioride
1-(3-Bromo-thiophene-2-carboxylic acid)-2-(4-toluenesulfonyl)-hydrazine (60 80 g,

0 161 mol) was added o thionyl chlonde (70 5 mL, 0 866 mol) The resulting mixture
was stirred at 80 °C until the mixture becomes homogenous The solution is then
stirred at 70 °C for 30 minutes and heptane (300 mL) 1s added over a penod of 20
minutes The solution was cooled slowly to room temperature then cooled further to
5°C The solids are collected by filtration, washed with heptane (3 x 100 mL) and
dned under vacuum yielding 62 1 g (98%) of the desired product as an off-white solid

(‘NBn
|
1) Benzyipiperazine J
N\~ __DABCO,DMF,THF _ S
,, o 2) K,oo,. CuCl \ / \
N
%
3-(4-Benzyl-piperazin-1-yl)-1-{toluene-4-sutfonyl)-1 H-thleno[3,2-c]pyrazole Toa
stirred solution of DABCO (14 18 g, 112 18 mol) and benzyipiperazine (35 35 g,
0 200 mol) iIn DMF (200 mL) cooled to -30 °C was added via cannula a solution of N-
((4-Methylphenyl)-sulfonyl)-3-bromo-thiophene-2-carbohydrazonyl chionde (62 1 g,
0 158 mol) in THF (100 mL) The addition 1s controlled to prevent the reaction
temperature from exceeding -30 °C After complete addition precipitation occurs and
the mixture 18 then allowed to stir at room temperature overmight when K2COs (65 41

g, 0 473 mol) and CuCl (1 0 g, 0 010 mol) was added The resulting muxture 1s
heated to 110 °C and the THF is removed by distillation at this point The
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temperature is then increased to 140 °C and the mixture 1s stirred for 6 hours, eot;led
to room temperature and stirred overnight The mixture was then poured over water
(100 mL) and EtOAc (100 mL) The EtOAC layer 13 then separated and the aqueous
layer 1s extracted with EtOAC (3 x 500 mL) The combined EtOAC layers were =
washed with water (500 mL) and then filtered through celite and concentrated The
sohds were collected by filtration and washed with cold water then EtOAc / heptane

(1 4) and dned under vacuum yielding 66 05 g (95%) of the desired product as an off-
white solid

(>
® e Q(
/N)N 81% 4

3-(4-Benzyl-piperazin-1-yl)-1H-thieno[3,2-cipyrazole To a stirred mixture of KOHg
(56 09 g, 2 66 mol) in methly alcohol (1 33 L) is added 3-(4-benzyl-piperazin-1-yi)-1-
(toluene-4-sulfonyl)-1 H-thieno[3,2-cjpyrazole (241 g, 0 532 mol) The mixture 18
heated at reflux for 1 25 hours, cooled to room temperature and evaporated The
residue Is taked up in EtOAc (1 L) washed with water (2 L), dried (MgSO,) filtered

and evaporated The residue was recrystalized from EtOAc / Heptane yielding 129 g
(81%)

H |

3-(4-Benzyl-piperazin-1-yl)-1-methyl-1 H-thleno[3,2-clpyrazole To a stirred
solution of 3-(4-benzyl-piperazin-1-yl)-1H-thieno[3,2-cjpyrazole (318 0 g, 1 07 mol) in
THF (2 5 L) was added a mixture of potassium t-butoxide (134 4 g, 1 2 mol) in THF

(1 5 L) dropwise over a penod of 1 hour while keeping the reaction temperature below
25 °C After complete addition, the mixture was cooled to —30 °C and Met (65 4 mL,

1 05 mol) was added dropwise over a penod of 30 minutes The mixture is then
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slowly warmed to room temperature overnight To the reaction mixture Is slowly
added saturated NaHCOs (1 L) The solution is then evaporated to remove the THF
and the resulting aqueous mixture I1s taken up in EtOAc and washed with water and
bnne The EtOAc extract i1s dned (NazS0,), filtered and evaporated The viscous 2
concentrate Is filtered through a silica gel plug with 1 1 EtOAc/heptane and
evaporated yielding a viscous oll that 1s then dned under vacuum where it solidifies
and yields 326 03 g (98%) as a 12 1 ratio of regioisomers In favor of the desired
product

H

S (— CICO,CHCIMe S (:}
Iil N

I
1-Methyl-3-piperazin-1-yl-1 H-thleno[3,2-cjpyrazole To a solution of a mixture of

3-(4-Benzyl-piperazin-1-yl)-1-methyl-1 H-thieno[3,2-clpyrazole and the 2-methyl
analog (189 0 g, 0 60 mol) is dissolved iIn DCM (1 25 L) 1s added 1-
chioroethyichloroformate (78 6 mL, 0 72 mol) The solution 1s heated at reflux for 1
hour when the mixture 1s cooled and the solvent 1s removed by evaporation The
residue 1s taken up in methanol (1 L) and heated at reflux for 30 minutes After
cooling, the solution is treated with 1 N HCI in ether (200 mL) and an additional 1 L of
ether to afford the precipitation of the product The solid i1s collected wa filtration and
washed with cold ether The solid 1s recrystallized from methanol (1 L) and the HCI
salt 1s collected by hitration, washed with ether and dned under vacuum ylelding

123 04 g (80%) of the desired product as an 80 1 mixture of regioisomers in favor of
the desired regioisomer as seen by NMR

Example 23

Ao ¥ LAY

+ AP xylenes "
(EO OEt
) (~quant) \"
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Trityloxymethyl-{(1R , 2R)-cyclopropanecarboxylic acld ethyl ester To a ke
suspension of sodium hydnde (15 20 g, 380 mmol, 60% oil dispersion) in xylenes
(300 mL) was added tnethylphosphonoacetate (85 07 g, 379 mmol) in a controlled
manner to avoid the excessive evolution of gas and to maintain the intemal ks
temperature less than 55 °C  After the complete addihion, the mixture was shrred for
20 minutes when the yellow solution was added via cannula to a solution of (R)-tntyl
glycidyl ether (100 0 g, 316 mmol) in xylenes (300 mL) The resulting solution was
heated to 125 °C for 2 hours The resulting solution was cooled to room
temperature, acidified with the addmion of 10% HCI (320 mL) and extracted with
EtOAc (2 x 300 mL) The combined extracts were washed with bnne (100 mL), dned
(MgSO0y,), filtered and evaporated yielding & 175 g of a crude product as an ol The
material was carmed on crude
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2R-bromomethyl-cyclopropane-1R-carboxylic acid methyl ester A soluton of
tnphenylphosphine (124 7 g, 1 34 mol) 1n CH:Cl, (260 mL) was cooled to 5 °C when a
solution of bromine (24 4 mL, 1 34 mol) in CH2Cl» (65 mL) was added over 20
minutes while the temperature was maintained below 12 °C The mixture was shrred
at 5 °C for 1 hour when 2 M HCI/Etz0 (16 mL, 32 mmol) was added followed by the
addition of crude trityloxymethyl-(1R , 2R)-cyclopropane carboxylic acid ethyl ester
(124 g, 0 32 mol) The resulting mixture was stirred at room temperature overmnight
when saturated NaHCO, (600 mL) was added The mixture was separated and the
aqueous layer was extracted with CH2Cl, (200 mL) The combined organic layers
were washed with water (400 mL), dned (MgSO,), filtered and evaporated The
residue was diluted with heptane (200 mL) and evaporated two times to remove
excess CHzCl. The residue was allowed to stand for 30 minutes when the sold
impunties were removed by filtration The filter cake was washed with heptane (2 x
400 mL) The combined organic layers were evaporated to provide 92 68 g of a
crude yellow iquid The crude iquid was distilled (BP = 80-85 °C/1 5 tomr) to provide
55 19 g (84% yield for the two steps) of a colorless liquid

Example 24
7 -Trifluoromethyl benzo[bJthlenyl piperidine

94
Methyi thioglycolate,
NEH. THF OH
(56%) s O
F
F”F ©

4-(3-Hydroxy-2-methoxycarbonyl-7-trifluoromethyl-2,3-dlhydro-benzo[ bjthlophen-3-
yi)-piperidine-1-carboxylic acid tert-butyl ester (MDL 832712) To a room temperature
solution of 4-(2-fluoro-3-tnfluromethyl-benzoyl)-pipendine-1-carboxylic acid tert-butyl ester
(S 00 g, 24 0 mmol), methyl thioglycolate (2 40 mL, 26 8 mmol), and anhydrous THF (200
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mL) under nitrogen was added NaH (1 15 g of a 80% o1l dispersion, 28 7 mmol) 1n one
portion After the gas evolution ceased, the reaction was stired at 55 °C After 100 min, the
reaction was cooled to room temperature and diluted with ethyl acetate (500 mL) ‘I;he
mixture was washed with water (300 mL) and bnne (300 mL) successively, dried aver
magnesium sulfate, filtered, and the solvent removed to afford a shcky white sohd
Tnturation with 20% ethyl acetate/heptane afforded 6 20 g (56%) of the desired product as a
white powder

F 0
3-Plperldln-4-y|F-7-tr||;Iuoromethyl-benm[b]lhlophene-z-carboxyllc acld methyl ester
To a room temperature solution of 4-(3-hydroxy-2-methoxycarbonyl-7-tnfluoromethyi-2,3-
dihydro-benzo[bjthiophen-3-yl)-pipendine-~1-carboxylic acid fert-butyl ester (6 00 g, 13 0
mmol) iIn DCM (30 mL) was added TFA (30 mL) causing rapid gas evolution After 5 min, the
reaction was stirred at 40 °C for 5 5 h After cooling to room temperature, the reaction was
poured into 20% aqueous potassium carbonate (400 mL) and extracted with DCM ( 2 x 200
mL) The combined extracts were dned over magnesium sulfate, filtered, and the solvent
removed to give a thick oil After drying under high vacuum 4 37 g (88%) of the desired

product was obtaimned as a white foam

3-(1-Acetyl-piperidin-4-yl)-7-trifiuocromethyl-benzo[blthlophene-2-carboxylic acld
methyl ester To a room temperature solution of 3-piperidin-4-yl-7-influoromethyl-
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benzo[bjthiophene-2-carboxylic acid methyl ester (4 37 g, 12 7 mmol), tnethylamine (2 70
mL 19 4 mmol), and anhydrous THF (80 mL) under nitrogen was added acetyl chloride (1 10
mL, 15 56 mmol) n one portion and the reaction stired at room temperature overnight The
reaction was diluted with ethyl acetate (300 mL) and washed with water (150 mL) aivd brine
(150 mL) successively The organic layer was dned over magnesium sulfate, filtered, and
the solvent removed The residue was chromatographed on silica, eluting with 10%
methanol/ethyl acetate, to afford 4 28 g (88%) of the desired product as a white solid, mp
1552°C

3-(1-Acetyl-piperidin-4-yl)-7-trifluoromethyl-benzo[ bjthiophene-2-carboxylic acid To a
solution of 3-(1-acetyl-piperidin-4-yl)-7-tnflucromethyl-benzo[bjthiophene-2-carboxylc acid
methyl ester (4 10 g, 10 6 mmol) in THF (25 mL) was added 0 5 N aqueous sodium
hydroxide (23 4 mL, 11 7 mmol) and the reaction strred at room temperature After 18 h, the
reaction was acidified with 1 N HCI (200mL) and the mixture extracted with DCM (2 x 100

mL) The organics were washed with water (100 mL), dned over magnesium sulfate, filtered,
and concentrated to give 4 13 g of the desired product as a white foam

- -

Cu, qumolme__
| oH 200 °C |
S (74%) S
F o) F
F F F F

1-[4-(7-Trifluoromethyl-benzo[bjthlophen-3-yl)-piperidin-1-yi}-ethanone (MDL 832823)
A moxture of 3-(1-acetyl-piperidin-4-yi)-7-trifluoromethyl-benzo[bjthiophene-2-carboxylic acid
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(4 13 g, 11 1 mmol), Cu powder (0 706 g, 11 1 mmol), and quinoline (20 mL) was heated to
200 °C under nitrogen After 10 min, no gas evolution was observed and the reaction cooled
at room temperature The mixture was diluted with ethyl acetate (100 mL), filtered th?ugh a
Caliite bed and the filtrate washed with 1 N HCI (2 x 100 mL), 5% aqueous potassium™
carbonate (100 mL), water (100 mL), and bnne (100 mL) successively The organics were
dned over magnesium sulfate, filtered, and concentrated to give an amber oil The oil was
chromatographed on silica, eluting with 10% methanolethyl acetate to afford 2 69 g (74%)
of the deswred product as a tan sohd

-
H
_HCEL
| E{OH |
S
. (94%) s
F~ O F F
F7OF

4~(7-Trifluoromethyl-benzo[ blthiophen-3-yl)-piperidine A mixture of 1-[4-(7-
tnfluoromethyl-benzo{bjthiophen-3-yl)-pipendin-1-yl}-ethanone (2 95 g, 9 01 mmol),
concentrated HCI (30 mL), and ethanol was heated at 80 °C for 18 h After cooling to room
temperature, the reaction was basifled with 20% aqueous potassium carbonate {150 mL)
and the muxture extracted with DCM (2 x 100 mL) The organics were washed with water
(100 mL), dned over potassium carbonate, filtered, and concentrated to give 2 42 g (94%)
the desired product as an amber waxy solid

Example 25

rph
N
HS-CH,CO,Me
F K,CO,, DMF 0
F . N._-Ph - o\
F F s o
F
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3-(1-Benzyl-piperidin-4-yl)-6-triflucromethyl-benzo[ bjthiophene-2-carboxylic acid
methyt ester (MDL 833803) To a room temperature solution of (1-benzyl-pipendin-4-yl)-(2-
fluoro-4-tnfluoromethyl-phenyl)-methanone (7 5 g, 20 5 mmol), methyl thioglycolate (2 0 mL,
22 5 mmol), and DMF (100 mL) was added K-COx (5 65 g, 41 0 mmol) The reactori'was
stred at 60 °C for 24 hours, cooled to room temperature and diluted with ethyl acetate (500
mL) The mixture was washed with water (2 x 300 mL) and bnne (300 mL) successively,
dned over magnesium sulfate, filtered, and the solvent removed to afford an ol The oil was
punfied via chromatography (30% EtOAc m heptane) yielding 5 91 g (67%) as a sohd

o

e D
N N
CICO,Me
[0) DCM
i \ i \_¢
F s o— F s o—
F F

4-(2-Methoxycarbonyl-6-trifluoromethyi-benzo[blthiophen-3-yl)-plperidine-1-
carboxylic acld methyl ester To a solution of 3-(1-benzyl-pipendin-4-yl)-6-tnfluoromethyi-
benzo[bjthiophene-2-carboxylic acid methyl ester (5 9 g, 13 6 mmol) in DCM (50 mL) was
added methyl chioroformate (1 26 mL, 16 3 mmol) drop-wise The resulting solution was
shrred overnight when the volatiles were removed /n vacuo The residue was washed with
heptane to yield 4 2 g (77%) of the desired product as a white sold

0 0

4-(2-Carboxy-8-triflucromethyl-benzo[bjthliophen-3-yl)-piperidine-1-carboxylic
acld methyl ester To a strred solution of 4-(2-Methoxycarbonyl-6-influoromethyl-
benzo|bjthiophen-3-yl)-piperidine-1-carboxylic acid methyl ester (1 1 g, 2 7 mmol) in
THF (7 0 mL) was added 1 N NaOH (2 87 mL) The resulting mocture was stiured at
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room temperature overnight when the mixture was diluted with water (50 mL) and
washed with ether (100 mL) The aqueous layer was acidified with the additon of 3 N
HCI and the product was extracted with EtOAc (2 x 150 mL) The combined organic
layers were washed with bnne (50 mL), dned (MgSO,), filtered and evaporated 3
yielding 960 mg (92%) of the desired product as a white solid

O O

4-(8-Tr|f|uoromethyl-benzo[b]thlophen-a-yl)-plperldlne-1 -carboxylic acld methyl
ester A mixture of 4-(2-carboxy-6-tnfluoromethyl-benzo{bjthiophen-3-yi)-pipendine-
1-carboxylic acid methyl ester (4 3 g, 11 1 mmol) and copper (705 mg, 11 1 mmol) in
quinoline (28 mL) was heated at 200 °C for 45 minutes Upon cooling to room
temperature the mixture was diluted with EtOAc (50 mL) and filtered The filtrate was
washed with 5% HCI (2 x 20 mL), water (20 mL) and bnne (20 mL), dned (MgSO,),
filtered and evaporated The residue was separated via chromatography (30%
EtOAc m heptane) yielding 3 14 g (82%) of the desired product as a white solid

o

7 N\
N H
HBr
AcOH Br
H
. \ i \
F
S F S
F F

4-(6-Trifluoromethyi-benzo[b]thiophen-3-yl)-piperidine hydrobromide A mixture of 4-
(6-tnfluoromethyl-benzo[b]thiophen-3-yl)-pipendine-1-carboxylic acid methyl ester (319,90
mmol) in HBr (45 mL, 30% in acetic acid) was stirred at room temperature for 20 hours when
the volatiies were removed in vacuo The residue was washed with EtOAc and the product
was collected by filtration yielding 3 09 g (94%) of the desired product as a white solid
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Example 26 v
I

NH
s i )
Y MeNHNH, m -
r "\n’° I
B I \\/ \ N NYO AI»/
o)

5  4-{(3-Bromo-thlophen-2-yl)-{methyl-hydrazono)- methyl}-plperidine-1-carboxyilc
acld tert-butyl ester A mixture of 4-(thiophene-2-carbonyl)-pipendine-1-carboxylic
acid tert-butyl ester (1 98g, 5 2 mmol) in methylhydrazine (2 mL) was heated at 75 °C
overnight The excess methyl hydrazine was then removed with a vacuum pump The
residue was punfied by chromatography (eluted with 0-8% of MeOH in DCM) yielding

10 095 g (45%) of the desired product

' .
~NH
Lo o O
MeOCH,CH,OH

4-(1-Methyi-1H-thleno[3,2-c]pyrazol-3-yl)-piperidine-1-carboxylic acld fert-butyl
ester 4-[(3-Bromo-thiophen-2-yl)-(methyl-hydrazono)- methyi]-pipendine-1-

15 carboxylic acid tert-butyl ester (700 mg, 1 74 mmol) was mixed with Cul (20 mg),
CsCOs; (650 mg, 1 15 eq) 1n methoxyethanol (10 mL) The mixture was heated to 70
°C for 2 hr then stirred overnight at room temperature The solvent was stnpped on
rotary evaporator The residue was extracted into EtOAc then washed with brine and
concentrated down to an oil This oil was punfied via chromatography (eluted with 0-

20 10% MeOH in DCM) yielding 520 mg (68%) of the desired product
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1-Methyl-3-piperidin-4-yl-1 H-thieno[3,2-c]pyrazole hydrochloride

(A002436287A) 4-(1-Methyl-1H-thieno[3,2-c]pyrazol-3-yi)-piperidine-1-carboxylic
acid teri-butyl ester (520 mg, 1 6 mmol) was stuted at room temperature in a soluton
of HCI (5 mL, 4N HCI m dioxane) for 4hours The volatles were removed in vacuo
and the residue was triturated with ether (lwice) to yield off white solids 304 mg (74%)
as the desired hydrochionde salt

Example 27
CF,

_NH
S

Ol CFyCHNHNH, stﬂo
r NN © |
B \Ig \\'/ \ . NIrO\\/

4-{(3-Bromo-thiophen-2-yl)-{(2,2,2-trifluoro-ethyl)-hydrazono}-methyi}-
piperidine-1-carboxylic acld teri-butyl ester To a mixture of 4-(thiophene-2-
carbonyl)-pipendine-1-carboxylic acid ter-butyl ester (2 34 g, 6 24 mmol) in n-butanol
(20 mL) was added tnfluoroethylhydrazine (2 43 g, 12 4 mmol) The resulting mixture
was heated at 110 °C overnight The volatiles were then removed i vacuo The
residue was punfied by chromatography (eluted with 0-10% MeOH in DCM) yielding
2 41 g (92%) of the desired product
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rCFa

TNH
S ) CsCO,Cul

\ N. O MeOCH,CH,OH S

Br \n/ \ / \

(o] N’N

I\(.‘,F,,
4-{1<(2,2,2-Trifluoro-ethyl)-1 H-thleno[3,2-c]pyrazol-3-yi}-piperidine-1-carboxylic
acld tart-bu!yl ester 4-{(3-Bromo-thiophen-2-yl)-[(2,2,2-tnfluoro-ethyl)-hydrazono}-
methyl}-pipendine-1-carboxylic acid tert-butyl ester (2 34 g, 4 98 mmol) was mixed
with Cul (50 mg), CsCO3 (1 9 g, 1 2 eq) In methoxyethanol (25 mL) The mixture was
heated to 75 °C for 1 hour The mixture was then diluted with EtOAc and filtered The
filtrate was evaporated and the residue was punfied via chromatography (eluted with

0-10% MeOH in DCM) yielding 2 03 g (>95%) of the desired product

Q
H
QQW HCI in dioxane - (_Srp o
g S
Lo Lo

3-Plperidin-4-yi-1<(2,2,2-trifluoro-ethyl)-1 H-thieno[3,2-c]pyrazole hydrochioride
(833908) 4-[1-(2,2,2-Trifluoro-sthyl)-1H-thieno[3,2-c]pyrazol-3-yi}-piperidine-1-
carboxylic acid tert-butyl ester (1 9 g, 4 87 mmol) was stired at room temperature in
a solution of HCI (6 mL, 4N HCI in dioxane) for 4hours The volatiles were removed in
vacuo and the residue was tnturated with ether (twice) to yield off white solids 2 1 g
(74%) as the desired hydrochlonde salt

u

Exampl
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~OH

S HONH, HCI S

\ / " Neoneon, \ 4

Br Br
3-Bromo-thlophene-2-carbaldehyde oxime 3-Bromothiophene-2-carbaldehyde

(28 7 g, 0 15 mol) in ethanol (50 ml.) was added in one portion to a solution of
hydroxylamine hydrochlonde (13 8 g, 0 2 mol), sodium hydroxide (8 g, 0 2 mol) In
water (30 mL) and ethanol (100 mL) The mixture was stirred at 0 °C for 2 hours and
was kept at 0 °C overnight when a precipitate formed The mixture was diluted with
cold water (600 ml) and the solid was collected by filtration yielding 20 5 g, (67%)
The aqueous solution was further extracted with ethyl acetate The organic solution
was washed with brine, dned with magnesium sulfate, filtered and evaporated
yielding 6 9 g of additional product as a hight yellow solid The total yield was 27 4 g
(89%)

(K g

s, DMF s, Al
oxone,
\ / HClindioxane™ \ /)

Br Br
3-Bromo-thiophene-2-{chloro-carbaldehyde) oxime To the solution of 3-bromo-

thiophene-2-carbaldehyde oxime (10 8 g, 52 4 mmol), hydrogen chionde (14 5 mL,
4M in dioxane) in DMF (100 mL) was charged with oxone (16 9 g, 1 05 eqiv) In one
portion at room temperature The mixture was stirred at room temp overmight when
the solution was poured In to water and extracted with ethyl acetate The organic
solution was washed with brine and dned over magnesium sulfate, filtered and
evaporated to dryness to give a yellow solid (12 88 g, quantitative by weight) which
was used in the next reaction without further punfication

. ~OH (\NH
\ / IC| + OTN\) DABCO, DMF %
O

Cl
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4-[(3-Bromo-thl phen-2-yl)-hydroxylmino-methyl}-plperazine)-1-carboxylic acid
tert-butyl ester A solution of 3-bromo-thiophene-2-(chloro-carbaldehyde) oxime

(16 4 g, 68 mmol) in THF (70 mL) was added drop-wise to a solution of N-(t- .
butoxycarbonyl)piperazine (14 g, 1 1 equiv), DABCO (9 5 g, 1 25 eqiv) in DMF (1 00~
mL) at 0 °C over 25 minutes The mixture was stirred at 0 °C for 3 5 hours when the
mixture was poured into water and was extracted with ethyl acetate The organic

layer was washed with bnne and dned over magnesium sulfate, filtered and
evaporated The crude product (30 5 g) was purfied via chromatography (eluted with
0-5 % of MeOH 1n DCM) yielding 24 6 g (85%) of the desired product

N-OH
s _U

\ /Br D CsCO, Cul

MeOCHCH,OH g

T°F o !

4-Thleno[2,3-d]isoxazol-3-yl-plperazine-1-carboxylic acld tert-butyl ester A
mixture of 4-[(3-bromo-thiophen-2-yl)-hydroxyimino-methyl}-piperazine)-1-carboxylic
acid tert-butyl ester (10 3 g, 26 4 mmol), cesium carbonate (10 7 g, 32 7 mmol),
copper lodide (500 mg) in methoxyethanol (200 mL) was stirred at room temperature
ovemight The reaction mixture was diluted with ethyl acetate and washed with water
The aqueous solution was extracted three hmes with ethyl acetate The combined
organic layers (total 600ml) were washed with bnne, dned over magnesium sulfate,
fitered and evaporated The residue was punfied via chromatography (120gm of
silica gel, eluted with 0-8% Methanol in dichloromethane) yielding 5 1 g (62%) of the
desired product as light oil

H

q—p HC! in dioxane _

S S l_I,CI
L5 g

O 0

3-Piperazin-1-yi-thieno[2,3-d]isoxazole. 4-Thieno[2,3-d}isoxazol-3-yl-piperazine-1-
carboxylic acid tert-butyl ester (5 0 g, 16 2 mmol) was stirred at room temperature n
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-
o4

R |
a solution of HCI (25 mL, 4N HCI in dioxane) for 4 hours The volatiles were removed '
in vacuo and the residue was trturated with ether (twice) to yleld off white solids 33 g
(84%) as the desired hydrochlonde salt

LY
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Example 29

Synthesls of 1-(3-Imidazol-1-yi-propyl)-3-{(1R, 2R )-2{4-{6-trifluoromethyl-
benzo[bJthlophen-3-yl )-plperazin-1-yimethyl}-cyclopropyimethyl)-urea (MDL
833306)

>
-

- 3owla OMs
1 LAHI.IE'FN N
2) MsC o
F \ DCM ‘. F M
E F g (43%)
S (86%)
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/ AL J A
&y 7 S

LAH -
N
F (~quant) F F
F F

{(1R, 2R)-2-[4-(6-TrHluoromethyl-benzo[bJthlophen-3-yl)-piperazin-1-yimethyl }-
cyclopropyi}-methanol To a stirred solution of 2R-[4-(6-tnfluoromethyl-
benzo[bjthiophen-3-yl}-piperazin-1-yimethyl]-1R-cyclopropanecarboxylic acid methyl
5 ester(50g, 12 5 mmol) in THF (75 mL) cooled to 0 °C was added lithium aluminum
hydnde (18 75 mL, 18 75 mmol, 1 0 M in THF) drop-wise The resuling mixture was
stirred at 0 °C for 2 hours when water (1 mL), 2 N NaOH (1 mL) and water (3 mL)
was added sequentially The resulting mixture was diluted with DCM (80 mL) and
filtered through a celite plug The aluminum salts were thoroughly washed with DCM
10  and the filtrate was dned (MgSO,), filtered and evaporated yielding 4 6 g of the

desired product
L AN
(Nf oH (2/'7 OMa
) MsCl, ELN
DCM

N

_F s\ ©8%)  F§ ¢
F F

Methanesulfonic acld (1R, 2R)-2-{4-(6-trifluoromethyi-benzo[b}thlophen-3-yl)-

15  plperazin-1-yimethyi}-cyclopropyimethyl ester To a stirred solution of {(1R, 2R)-
2-[4-(6-Trnfluoromethyl-benzo[b]thiophen-3-yl)-piperazin-t-ylmethyl J-cyclopropyl}-
methanol (3712 g, 10 03 mmol ) n EtsN ( 8 5 mL, 61 1 mmol ) and anhydrous
CH:Clz (100 mL ) at 0 °C under N, was added dropwise CHzSO.Cl ( 930 uL, 12 02
mmol ) Stiring was continued at 0 °C for2 5 h The reaction was quenched with

20 H0(20mL) A solution of K2COs (4 28 g, 31 01 mmol) in H20 (60 mL) was then
added The resulting mixture was stirred at rt for 15 min, then extracted with CH2CI2,
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washed with bnne, dned over Na;SO, Filtration, concentration and drying afforded
the desired product (4 301 g, 96%)

/ L

N OMa N N,
® ®;
Na
00 = 00

F
5 1-(1R,2R)-2-Azildomethyl-cyclopropyimethyi}-4-(6-trifluoromethyl-

benzo[blthiophen-3-y| }-piperazine A mixture of Methanesulfonic acid (1R, 2R )-2-
[4-(6-trfluoromethyl-benzo[blthiophen-3-yl )-piperazin-1-yimethyl}l-cyclopropyimethyl
ester (3995 g, 892 mmol ), NaNs (1 16 g, 17 85 mmol ) and anhydrous CHsCN (
60 mL ) was stirred at 47 °C under N for 4 h, then an addihonal quantity of NaN3 (

10 580 mg, 8 92 mmol ) was added Stimng was continued at 47 °C for a further 4 h
After cooling to rt, the mixture was filtered through Celite 545, washed with CHsCN
The combined filtrate and washings were concentrated and then separated by Prep
LC ( heptane/EtOAc— 70 30, 60 40, 50 50, 40 60, 30 70, 20 80, 100% EtOAc) to give
the desired product (159,43 %)

/ “4’\ /- 4’\

N Ny NH,

()
ol F@
F

CH{(1R,2R )-2-[4-(B-Trll'luoromethy|-benzo[b]thlophen-a-yl)-plpenzln-1-
yimethyl}-cyclopropyl)methylamine A solution of 1-{(1R,2R)-2-Azidomethyl-
cyclopropylmethyi]-4-(6-tnflucromethyl-benzo[bjthiophen-3-yl }-piperazine (1 485 g,
378 mmol ), PPhy (3 97 g, 15 15 mmol ) and H.O (273 uL , 15 17 mmol) in THF ( 30
20 mlL ) was stirred at 40 °C under N for 18 h, then at 55 °C for 23 h After cooling to 1t,
the mixture was concentrated, and then flash chromatographed ( 100% EtOAc, then
MeOH / CH.Cl / EtN—60 40 10 ) to provide the desired product (1 14 g, 82 %)

15
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(98%) "

1-(3-Imidazol-1-yl-propyl)-3-{(1R, 2R )-2-[4-(6-influoromethyl-benzolbjthiophen-3-yl }-
piperazin-1-yimethyl}-cyclopropyimethyl}-urea (MDL 833306) A solution of C-
{(1R,2R )-2-[4-(6-Tnfluoromethyl-benzo[bjthiophen-3-yl)-piperazin-1-yimethyl}-
cyclopropylmethylamine ( 30 mg , 0 081 mmol ) and 4-nitrophenyl chloroformate ( 18
mg , 0 089 mmol ) in anhydrous THF ( 3 mL ) was stirred at rt under Na for 1 h  Then
EtsN ( 113 uL, 0 81 mmol ) was added, followed by 3-imidazol-1-yl-propylamine ( 39
uL, 033 mmol) Strnng was continued at 35 °C for2 h The reaction mixture was
fitered The filirate was concentrated, then separated by Prep LC { MeOH / CHoClo—-
- 5 85, 10 90, 15 85, 20 80, 25 75, 30 70 ) to give the target compound ( 41 mg , 98
%)
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1 A compound of the formula (1)

wherein
AisCHorN,
Y s O or NR,
wherein R, Is
a) hydrogen,
b) Ci-Cealkyl, or
€)
(CR4R511—
(o)ﬂ@/
wherein
each Q 1s independently hydrogen, C,-Csalkyl, halogen or
trifluoromethyl,
each R,, and Rs!s independently hydrogen or C,-Cealkyl,
tisOor1,and
qisOort,
1180, 10r2,
nisior2,

whennis1,11800r2,
whennis2,1180,

Ra s hydrogen, C;-Cealkyl or

—es )

whereinwis 1, 2 or 3,
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XisOorS,
Rz 1s hydrogen or

1 G

wherein R2; 18 hydrogen or C,-Cealkyl and R 1s hydrogen,

C,-Cgalkoxy, halogen or C,-Ceatlkyl that 1s unsaturated or saturated,

-B- 1s a group selected from (a) - (e)

(a)

(b)

()

(d)

()

-(CR21R22)m-

O
e

wherein

mis 3, 4,5 or8,

each Ry, and Rax1s independently hydrogen, C,-Cealkyl or
-(CH),OH whereina 15 0, 1 or 2,

27 N
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Re, Ry, Reand Rg are each independently hydrogen, halogen or
C1-Caalkyl with the proviso that when Rg 1s C1-Caalkyl, R 18 not
C1‘caﬂlky|-

R 1s a group selected from (a) - (c)

S
S\ ~ON
voi I F » W]

/S\___r
(U)f'—'l'_ | |

N’N

]
W

wherein

each L i1s independently hydrogen, C,-Cealkyl, halogen or
trifluoromethyl,

each U i1s independently hydrogen, C,-Cgalkyl, CHO, halogen,
-(CH2)}wOH, or -(CH,),OC,-Ceallkyl whereinbis 1 or 2,

each K 1s independently hydrogen, C,-Cealkyl, CHO, halogen,
~(CHg)yOH, or -(CH,),0C,-Cealkyl wherein b 1s as hereinbefore defined,

W Is hydrogen or

Raq
TG

wherein Ras 18 hydrogen or C,-Cealkyi,
each Ry, Is independently tnfluoromethyl,
tnfluoromethoxy, C,-Cealkoxy or halogen, and
gis0,1o0r2,
pis0,1o0r2,
eis0, 1or2,
fis0,1,0r2,

R 1s & group selected from (a) — (1)
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(b) —(Cﬁm

(c)
~ C j(Hu)c
d
(d)
(e)
r0H3
Q CH,
CH,
(1) -Cy-Ci2alkyl
(9) H(CR15R18)s~CO2C1-Coalkyl
(h)

¢

0
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)]
S
Hﬁ (CHy)—
(k)
O _CH,
\
H,C

() -CH.CH;SO,CH;,

(m) -(CR:7R46)~QC;-Coalkyl
(n) -CHCH,OPh

(0) ~(CR1sR20)qCZa

(p) -COzPh

(q) -COCV,

(n

R
| G),

Z
N

(S) 0\ '-o

S
\O—tm.

o),

v

wherein
-T- 18 selected from (i) or ()
(1) ~CRyoR1)y-
wherein
uis0, 1or2, and
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each R,pand R;, 1s independently hydrogen or
C1-Cealkyl,

A

each M, G, H and J 1s independently selected from

(1) hydrogen,

(2) halogen,

(3) Cs-Cealkyl,

(4) Gy-Cenlkoxy,

(5) phenoxy,

(6) phenyi,

(7) tnfluoromethyl,

(8) tnfluoromethoxy,

(9) -CO,-R,q wherein Ryg 18 hydrogen or
C1-Cealkyl,

(10) —COC;-Cealkyl,

(11)  hydroxy,

(12) —(CH,)-ORx wherein Ry is hydrogen or
Cy-Cealkyl,

(13) —C(CH)CH,,

(14) -NO,,

(15) —SCHjs,

(16) benzyloxy, and

(17) -CN,

)

each R,2and Ry3 Is independently hydrogen or C,-Cealkyl,
visOor1,

Ri4 18 hydrogen or C,-C,alkyl,

cis0,1or2,

disOort,

each R,s and Ryg 18 iIndependently hydrogen or C,-Cealkyl,
8150,1,2,3,40r5,

ois1or2,
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each Ry7 and Ryg Is Independently hydrogen, C,-Cealkyi or
CO,C,-Czalkyl,

ris2or3,

each R;g and Rz 1S Independently hydrogen or
Cq-Czalkyl,

Rz 18 hydrogen or C;-C,alkyl,

215 chlonne or fluorne,

qsOort,

V is chlorine or fiuonne, and

h klandzare0,1,2,0r3

2 A compound according to claim 1 wherein Xis O, Y 1s NH and -B- is group (a)

3 A compound according to claim 2 wherein Rz 1s group (a)

4 A compound according to claim 3 wherein m is 4, M i1s hydrogen, C;-Cgalkyl, C;-
Cealkoxy, or phenyl and T 1s (1) wherein uis 0 or 1

5 A compound according to claim 2 wherein R; i1s group (c)
6 A compound according to claim 5 wherein wherenm s 4, d is 1, and Ry, 18 C;-
Cealkyl

7 A compound according to claim 1 wherein X 18 O, Y 1s NH and -B- 1s group (b)

8 A compound according to claim 6 wherein R; 1s group (a)

9 A compound according to claim 7 wherein Re, Rz, R or Ry are hydrogen, M is
hydrogen, C,-Cgalkyl, C,-Csalkoxy or phenyl, and Tis0 or 1

10 A compound according to claim 6 wherein R Is group (c)

11 A compound according to claim 9 wherein Rg, R;, Rs or Ry are hydrogen, d s 1, and

Ru IS C1'Cgﬂ|ky|
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12 The compound of claim 1 which 18 1-(4-methoxy-phenyl)-3-{4-[4-(6-tnfluoromethyl-
benzo[b]thiophen-3-yl)}-piperazin-1-ylj-butyl}-urea

13 The compound of claim 1 which is f-p-tolyi-3-(4-[4-(6-trifiucromethyi-
benzofbjthiophen-3-yl)-piperazin-1-yli]-butyl}-urea

14 The compound of claim 1 which i1s 1-{4-{4-(2,6-difluoro-benzo[blthiophen-3-yl)-
plperazin-1-yi}-butyl}-3-p-tolyl-urea

15 The compound of claim 1 which s 1-{4-[4-(2-chloro-8-fluoro-benzo[bjthiophen-3-yi)-
plperazin-1-yi}-butyi}-3-(4-chloro-phenyl)-urea

16 The compound of claim 1 which 1s 1-(4-acetyl-phenyl)-3-[4-(4-thieno[2,3-d]isoxazol-3-
yl-pipendin-1-yi)-butyl]-urea

17 The compound of claim 1 which i1s 1-(4-ethoxy-phenyl)-3-[4-(4-thieno[2,3-d}isoxazol-3-
yl-piperidin-1-yl)-butyl]-urea

18 The compound of claim 1 which i1s 1-{4-ethoxy-phenyl)-3-{4-[4-(6-fluoro-
benzo[bjthlophen-3-yl)-[1,4]diazepan-1-yl}J-butyl}-urea

19 The compound of claim 1 which is 1-{4-[4-(6-fluoro-benzo[bthiophen-3-yl)-
[1,4]diazepan-1-yl]-butyl}-3-(2-fluoro-phenyl)-urea

20 The compound of claim 1 which is 1-{4-[4-(6-fluoro-benzo[b]thiophen-3-yl)-
[1.4]dazepan-1-yl]-butyl}-3-(3-tnfluoromethyl-phenyl)-urea

21 The compound of claim 1 which 18 1-{4-[4-(8-flucro-benzo]b}thiophen-3-yl)-
[1.4]diazepan-1-yi]-butyl}-3-{(4-methoxy-phenyl)-urea

22  The compound of clain 1 which is 1-(3-lmidazol-1-yl-propyl)-3-{(1R, 2R )-2-[4-(6-
tnfluoromethyl-benzofb]thiophen-3-yl )-piperazin-1-yimethyl}-cyclopropyimethyl}-urea
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23 A method of modulating the activity of dopamine Dj raceptors, said method
comprising contacting cell-associated dopamine D5 receptors with a concentration of a
compound of claim 1

24 A method of treating conditions or disorders of the central nervous system compnsing

admimstering to a patient in need thereof a therapeutically effective amount of a compound of
clam 1

25 The method of claim 23, wherein the central nervous system disorder is selected from
Psychotic Disorders, Substance Dependence, Substance Abuse, Dyskinetic Disorders,
Dementia, Anxiety Disorders, Sleep Disorders, Circadium Rhythm Disorders, Mood Disorders
and Nausea

26 The method of claim 24 wherein the Psychotic Disorder 18 Schizophrenia

27 The method of claim 24 wherein the compound of claim 1 1s administered in
conjunction with one or more dopamne Dy, D2, Dy, Ds, or SHT receptor antagonists

28 A pharmaceutical composition comprising an effective amount of a compound of claim
1 with a phamaceutically-acceptable carner or diluent

29 A pharmaceutical composition compnsing an effectvea amount of a compound of clam
1 with a pharmaceutically-acceptable carner or diluent in conjunction with one or more
dopamine D, D,, D,, Ds or SHT receptor antagonists

30 A depot pharmaceutical composition, which compnses a pharmaceutically acceptable
carner and a therapeutically effective amount of the compound of claim 1, wherein the
compound contains an acylated hydroxy group, or an acylated amino group

3 The depot pharmaceutical composition of claim 29, wherein the hydroxy group 18
acylated, or the amino group 18 acylated with (C,-Cyg)alkanoyl group or a (Cs-
Cse)alkoxycarbonyl group

32 The composition of claim 29 which contains a pharmaceutically acceptable oll
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33 The composition of claim 31 wherein the oil I1s selected from the group consisting of
coconut oil, peanut oil, sesame oll, cotton seed oil, corn oil, soybean oll, olive oil, and
synthetic esters of fatty acids and polyfunctional alcohols

34 A methed for providing a long acting antipsychotic eftect, which comprises injecting
into a mammal an armount of the composition of claim 29 sufficient to produce a long acting
antipsychotic effect

35 A method for providing a long acting antipsychotic effect, which compnses injecting
into a mammal an amount of the composition of claim 30 sufficient to product a long achng
antipsychotic effect

36 A method for providing a long acting antipsychotic effect, which compnses injecting
into a mammal an amount of the composition of clam 31 sutficiant to produce a long acting
antipsychotic effect

a7 A compound of claim 1 whaerein one or more of the atoms contained therein i1s a
radionuclide

38 A compound of claim 1 wheren R Is group (a) with a radiolabeled *C in the 3-postion
of the benzo[b]thiophene ring system, L i1s tnflucromethyl, p 1s 1, R, Is hydrogen,nis 1,1 180,
andAisN

39 A diagnostic method for monitonng neuronal functons in @ mammal compnsing
introducing into a mammal a radiolabeled compound according to claim 36

40 The method of claim 38 wherein said diagnostic method 18 performed using single
photon emission computed tomography (SPECT) or positron emission tomography (PET)

41 A process for prepanng a compound of claim 1 wherein Y 1s N which compnses
reacting a compound of formula (lI)
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(Ry)

/1
R=A ( N—B—NH,

(In
wherein R, Ry, }, n, 1, B and A are as defined in formula | of claim 1
with a compound of formula (l11)

X=C=N—R,

()

wherein X and R; are as defined in formula | of claim 1

42 A process for preparing a compound of formula | wherein Y is O which compnises
reacting a compound of formula (l1)

(Ry),

RR  ( N—B—NH,

(I

wherein R, Ry, ), n, 1, B and A are as defined in formula | of claim 1

with a compound of formula IV
LGi O—R 2

(v)
wherein “LG" i1s a suitable leaving group selected from bromine, ¢hlonne or iodine and Rz 1s
as defined in formula ! of claim 1

43 A process for prepanng compounds of formula | which compnses reacting a
compound of formula (V)
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GUSTAVO HOLLMANN RESTREPO

oficoNo 09640

REFERENCIA Radicacion  02-13030 1
Trémute 002
Evento 001
Actuacién 430
Folios 001

Como resultado del examen de forma, realizado con fundamento en el articulo 38 de la
Decisi6n 488 de la Comision de la Comunidad Andina, se le comunica que

- Debe allegar copia del documento en que consta la cesidn del derecho a la patente
otorgado por los inventores al solicitante o a su causante (art 26-k,Dec 486/2000)

- Debe indicarse el lugar de constitucion de la sociedad solicitante (Art 27-¢, D 486/00)

- Debe allegar el poder otorgado al abogado que aparece en la sohctud como
apoderado, con el lleno de los requisios exagidos en el Cédigo de Procedimiento Crwvil
Cuando se requiera debe allegarse la sustiucion del poder, otorgada por quien
aparece como apoderado principal Adicionalments, deberi presentar el documento
que acredita la existencia y representacion legal de la socedad solicitante

- Debe aportar la traduccién de la solicitud presentada como sohcitud colombiana

En cumphmiento del articulo 39 de la Dacisin 4868, en concordancia con el articulo 85 de
la misma decisidn, se le requiare para que dentro del témino de dos (2) meses siguentes
a la fecha de notficacién del presente oficio, complete los requisitos anteriorments
enunciados En caso de no dar cumplimiento al presente requenmiento, la solictud se
considerard abandonada y perderd su prelacion

Notfiquese el presente oficio
15 de enero del 2001

rme a lo dispuesto en el articulo 8 de la Resolucidn 210 del

,l'
ALIX CARMENZA CESPEDES DE VERGEL
Jeofe de la Divisidn de Nuevas Creaciones

e

El anterior requenmiento fue notficado por fjacién en lista de fecha

Ss recuerda &l interesado que debe presenter

dantro
presentacién de la solicitud cuya priorided se invoca
mivindicatorio. El Incumplimiento de

:
|
E
i
|

Carrare 13 N* 27-00 Plse 5° y 107
Conmutador 334 1221-2-34
Fax 281 3125
Santafé de Bogotd, D C. - Colombia




