HETEROCYCLYL SUBSTI TUTED ARYLI NDENOPYRI M DI NES AND THEI R USE AS HI GHLY
SELECTI VE ADENCSI NE A2a RECEPTOR ANTAGONI STS CROSS- REFERENCE TO RELATED
APPLI CATIVONSoTins3janesent appl i cation clai ns the benefit ®Cofuskére/063své ng of
U S. Provisional Application No. 61/255,931 filed October 29, 2009. The
conpl ete disclosures of the aforenentioned rel ated patent applications are
hereby incorporated herein by reference for all purposes. FIELD OF THE

| NVENTI ON Thi s invention relates to heterocyclyl substituted

aryl i ndenopyrim dines and their therapeutic and prophyl actic uses.

Di sorders treated and/or prevented include neurodegenerative and novenent
di sorders aneliorated by antagoni zi ng Adenosi ne A2A receptors. The present

appl i cat i onyippAbLSire T5H0F e p%%eﬂgg%@ gyads,
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body. Adenosine exerts its effects via four subtypes of cell surface
receptors (A, A2A, A2b and A3), which belong to the G protein coupled
receptor superfamly. Al and A3 couple to inhibitory G protein, while A2A
and A2b couple to stinulatory G protein. A2A receptors are mainly found in
t he brain, (GE4B-RAFERENONDSCatkl AFE@peeld stiORisghest | evel in the striatum
and nucl eus,accunbens, nod rattg %o high level in ol factory tubercle,

hypot hal anus: PERd" R %@aﬁglﬂes ¢ Bencfisgif Bisdiling phUSePiophisnall Applissives,  A2A
receptors avecf/psadsliMedbabiek e, 2000 et @RpictediscYRRGUL AR SR MgC! € and
endothelium1 ‘_I'gue striatumis the main brain region for the regulation of
not or act i VTS PPAET EPRUIGRERS JredRicBgRoPeatcl hereinbatreforende fonaltiopposincr gi ¢
neurons originating in the substantial nigra. The striatumis the major
target of tHELDAPRIHESGNGHONTIENIN ON degeneration in patients with

Par ki nson's Disease (PD). Wthin the striatum A2A receptors are
co-localized with dopam ne D2 receptors, suggesting an inportant site for
t he i nt egr dftiSdrveafondglaiso i heesrenvelybupsiititndarsiigleadriyigidinestahe tetrai n.  Adenosi ne
A2A recept ¢Her | T OVI.08; A i | ass,. of anti parkinsoni an agents
(1 npagnat i el %EQ{%@%B rz;)g?%{ %O?EC%}/é;Sd%ﬁgﬁd%?%%‘?a SABESFT R e gi ng

Ther apeut i @eurgc}eg@tcgqt}vg @@Upmﬂ:,mcﬁﬁﬁs)orders ameliorated by antagonizing Adenosine A,y

receptors. The present application is directed to a subset of a pending genus of

compounds, disclosed in US 2009/0054429 Al.

BACKGROUND OF THE INVENTION

Adenosine is a purine nucleotide produced by all metabolically active cells within the
body. Adenosine exerts its effects via four subtypes of cell surface receptors (AL, Aza,
AZb and A3), which belong to the G protein coupled receptor superfamily. Al and A3
couple to inhibitory G protein, while A;4 and A2b couple to stimulatory G protein. Asa
receptors are mainly found in the brain, both in neurons and glial cells (highest level in
the striatum and nucleus accumbens, moderate to high level in olfactory tubercle,

hypothalamus, and hippocampus etc. regions).

In peripheral tissues, Aya receptors are found in platelets, neutrophils, vascular smooth
muscle and endothelium. The striatum is the main brain region for the regulation of
motor activity, particularly through its innervation from dopaminergic neurons

originating in the substantial nigra. The striatum is the major target of the dopaminergic



Ant agoni sts of the A2A receptor are potentially useful therapies for the
treatnent of addiction. Mjor drugs of abuse (opiates, cocaine, ethanol,
and the |Iwbkeptigisssier directly or indirectly nodul ate dopamiuseoisiosssad i ng in
neurons particularly those found in the nucl eus accunbens, which contain
hi gh | evel s of A2A adenosi ne receptors. Dependence has been shown to be
augnented by the adenosi ne signaling pathway, and it has been shown that
adm ni stration of an A2A receptor antagoni st redues the craving for

addi ctive substances ("The Critical Role of Adenosine A2A Receptors and G
137 Subunits in Al coholismand Addiction; From Cell Biology to Behavior",
by Ivan D anond and Una Yao, (The Cell Biology of Addiction, 2006, pp

291-316) a en | ne aI i Dependence:
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Al coholism ntal Resear.c 2007), 3 1(8), 1302-1307.
An A2A receﬂf)fﬁgr %11?1 na%%ﬁ?%otsmgg?ﬁ ‘g)%ﬁlé““ﬁﬁgﬂa g B e 1%t t ent i on deficit

hyperactivity disorder (ADHD) since caffeine (a non selective adenosine

ant agoni st )Adnmssniae\zu s@f:mbr Hledkeits MRS tprGIoANR: c1AB I 4ABE RN B BEY s

interactio bet we am ne and adenosi ne neurons. Cinica Geneti cs
(2000), ? pagagfic ‘bF sYiafe CERREL Metoepkh A Knating Thopepeutic Tareant agoni st
could be ugeth,uosIsyeat migraine both acutely and prophylactically.

Sel ecti ve adenosi ne antagoni sts have shown activity in both acute and
prophyl actic aninmal nodels for mgraine ("Effects of K-056, a novel

sel ective ATERERHal the doqgrecopiragomientialisrusafil thatapive feltis tohwngsfai ne, " by

Kur okawa Maddi&ton. Maior e oni sts of the
A21 receptor are pot]er?tﬁ%gtolfa%e LP%@SL\%E&&%.%I%%%&?O&P% the)rmgfr %fﬂo‘f’

depr essi onndpH Ydﬁ?@&éﬁﬂ@ﬁ@lﬂaﬁ@nﬂm\mmh@onsrmdmc@lalayathow foynd in thb&fubl@t@ nmodel s
of depressi I tall suspension ts. The
positive r g?&oﬁggﬁ ‘f&g‘%ﬁgglﬁgﬁg%%&@g O§W rgrﬁigg(%mc rcfceg{ﬁ%snﬁ gendicy 26* S caused by
a prol ongat@}FQTﬁl tofe ewgmopeed diy rtfe:(ﬁtdetdnsmehngmimg patatfvbyiranﬁ hass hyen showaims: sti mul ant
effect. Ne 6).  S82-S87. Antagonists of the A21
recept or a?‘gﬁf)%tg gth[%ll%g??%}ih%&gp% L%%B ﬁ%r&é%lmggcsﬁﬁ? ‘e ?Qgég‘i‘?fé‘ﬁtsu@fané‘ﬁm ety. A2A
ant agoni st (Wélvéfrfb@éROEhrbMemCBmp%vﬁactep@l?ﬁﬁnkm}‘i b Sabusli USA LeSoNSes i n Vi vo.

Neur obi ol o A2A ant agoni sts have been
descri bed ?‘?\ﬁdlu{é &f%géglié ?E%?g@é/’ ébéﬂig@a%nd and fiperaer dhe &8l t herei n.
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ed A21 a r ant agoni smactivity. For
many di soré @5 ?penéév\fle Crﬁffﬂ“?@&fgﬁ?t&“aﬁf %Bﬁ ndmHagk peMagsentid al |y usef ul
the Al recéptioi, @mtaavmvyew B Nuwaiiles;, araplimmommobyt Sed oS de effects or
even opposa1C He! @f él d ef f ect f t he conpound primary A21 activity.
Thi s i nvent'i A% pFoviBEY 4 gﬁ%@i‘"’Fm@"ra Bpreyeh %%@ﬁ“@sl%@v@r@ d by the genus
described in the parent case but that have been found to have surprising

and unexpecgted selectivity for the A/A receptor. The sel ected group of
compounds ’Atzhgcﬁl‘érsa@%m}‘ﬁ\?%‘ﬁfiP%HSCHéQ/@CaAQtIC“PM defsttinyparyetivigt liogdaf at | east

50/ 1, wher gesﬁphﬁn@\c@ffag@(a%m@é t9F adelBsi SRS of} vity
ratio of 1/ 1. Thus onpounds ofC thg présent Fn\%%ﬁ%gﬁgﬁg{eﬁéwﬁ‘%ed to have

much great &PH é‘ﬁ%%%"ﬁﬁfeénfé‘ﬁfﬂiﬂé@é@ﬂahﬁﬂmﬂ doppine gn@aiueqﬁairentcs:ronﬁel ected

het er oaryl cw@aﬁiUcﬁ&ke@o@@)}’ksmﬂ@mwﬁd G dingspgli,Formula A display unusually
hi gh selectivity for over Al receptor antagoni sm

A selective Ay, antagonist could be used to treat migraine both acutely and
prophylactically. Selective adenosine antagonists have shown activity in both acute and
prophylactic animal models for migraine (“Effccts of K-056, a novel selective adenosine

Az, antagonist in anfmal models of migraine,” by Kurokawa M. et. al., Abstract from

Neuroscience 2009).



R4 A wherein: Xis C=0; R2 is phenyl; R4 is NH2; and R3 is selected fromthe
group consisting of
WO 2011/053510 PCT/US2010/053590

Antagonists of the A4 receptor are potentiaily useful therapies for the treatment of
depression. Az antagonists are known to induce activity in various models of depression
including the forced swim and tail suspension tests. The positive response is mediated by
dopaminergic transmission and is caused by a prolongation of escape-directed behavior

rather than by a motor stimulant effect. Neurology (2003), 61(suppl 6) S82-S87.

Antagonists of the A4 teceptor are potentially useful therapies for the treatment of
anxiety, Az antagonist have been shown to prevent emotional/anxious responses in

vivo. Neurobiology of Disease (2007), 28(2) 197-205.

Az, antagonists have been described in US 7,468,373 B2, US 2009/0054429 Al and

references therein.
SUMMARY OF THE INVENTION

The genus of compounds disclosed in US 2009/0054429 A1 have mixed A, and Al
receptor antagonism activity. For many disorders for which Aja receptor antagonism is
therapeutically useful, the Al receptor activity is unwanted and may contribute to side
effects or even oppose the beneficial effect of the compound primary A;, activity. This
invention provides a small group of compounds covered by the genus described in the
parent case but that have been found to have surprising and unexpected selectivity for the
Az receptor. The selected group of compounds of the present invention have Ass /A
activity ratios of at least 50/1, whereas the average member of the genus has an Asx /Al
activity ratio of 1/1. Thus, compounds of the present invention are expected to have

much greater therapeutic efficacy and/or fewer side effects.

Selected heteroary! substituted arylindenopyrimidines of Formula A display unusually

high selectivity for A, over Al receptor antagonism.



and sol vates, hydrates autoners, and pharnmaceutically acceptable salts

t hereof: DETAI LED DESCRI PTI ON OF THE | NVENTI ON The invention provides a
conpound WO 2pavosedia A NJ- 39928122. wherein: Xis C=0; RPCrayspéenyisoo R4 is
NH2; and R3 is selected fromthe group consisting of

|
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R4 A
whersin:
X is =0

R; is phenyl;
R4 is NH;; and

R; is selected from the group consisting of



and sol vates, hydrates, tautomers, and phaintaceutically acceptable salts
thereof; This invention further provides a nethod of treating a subject
havi ng a woO=0ridsssianel i or at ed by ant agoni zi ng Adenosi ne PATASZEOOHIS00 S,

whi ch conprises adm nistering to the subject a therapeutically effective
dose of a conpound of Formula A. This invention further provides a nethod
of preventing a disorder aneliorated by antagoni zi ng Adenosi ne N A
receptors in a subject, conprising of adm nistering to the subject a
prophylactically effective dose of a conmpound of claim 1l either preceding
or subsequent to an event anticipated to cause a disorder aneliorated by
ant agoni zi ng Adenosi ne A2A receptors in the subject. The instant conpounds
can be isol at.ed aad useQmas free ba&es TheM can al so be isolated and used

as pharmaceut | cal accent abl & sal t tes of such salts include
hydr obr om ¢, :de h%? q;oc lofic, pe chlloric, sulfuric, maleic,
fumari c, ar gy~ Ci zoi c, mandelic,

nethanesulfo iC, droeth nesul f ¢n|- Qenze esul fonic, oxalic, pal noic, 2
napht hal en fo |c |u- Ife ¢, CcYcCl ghexanesul fam ¢ and sacchari c.
This inven harmaceyt i

N gonposition conprising a
conpound of Fornul a pharnac;ﬂlcally acceptable carrier.

Phar maceut irtabl y accept Ie carriersareofel | known to those skilled in the
art and include, but are not limted to_ fromabout 0.01 to about 0.1 M and
preferably q;05 NPﬁhospha buy§f or OWB%)samtne Such pharmaceutically

accept abl e caqr qu ous OH; 3 aqueous sol utions, suspensions
and enul si 6 | e on aqueo ol v are propylene gl ycol ,
pol yet hyl eng’ g vegef%ble | s sugh a@s,0live oil, and |njectable

organi c es iers include water,
et hanol, a

5 ) ous £

%O|I ueotgiﬁol ti ns,\glyceréiibenuIS|ons or suspensions,
|ncIud|ng sal i ne and buff fed di a. al carriers can be elixirs, syrups,
capsul es, tdblets and thedN ke. CFhe typical solid carrier is an inert
substance such as | actose, starch gl ucose, nethyl- cellul ose, nagnesium
stearate, d??aIC| pho at e, nni and~t'he |i ke. Parenteral carriers
i ncl ude so&ithchk’ utlﬁ égge [?E trose, dextrose and sodi um
chl ori de, kactate- ?L xed oils. travenous carriers include
fluid arid il ‘nlsher el ectrol yt'e repl eni shers such as those

Eaqor: 5 @ | i ke. Preservatives and other additives

can al so be_pre i as, (forl exa pl e, . antli nj crobi al s, antioxidants,
e. All carriers can be m xed as
needed mnthfﬁL/skptegran§$9 di l uent s, sgranul ati ng agents, |ubricants,
bi nders and the |1 ke using conventi onal techniques known in the art.
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This invention further provides a nethod of treating a subject having a
condition aneliorated by antagoni zi ng Adenosi ne A2A receptors, which

conpri seswaaniwmissiieri ng to the subject a therapeutical | pCeftfSeemwioszsoadose of
a conmpound of Forrmula A. In one enbodi nent, the disorder is a

neur odegenerati ve or novenent disorder. Exanples of disorders treatable by
the instant pharmaceutical conposition include, without |imtation,

Par ki nson' s Di sease, Huntington's Di sease, Miltiple System Atrophy,

Corti cobasal Degeneration, Al zheinmer's Disease, and Senile Denentia. In one
preferred enbodinent, the disorder is Parkinson's disease. As used herein,
the term"subject” includes, without limtation, any animal or artificially
modi fied aply® V&Q@‘ﬁ?f@ﬂtcg tﬂt&ﬂér@%‘hd 915@%&&5@53@8 E@gg@ﬁ&éo@g adenosi ne A?A
receptors. In a preferred embodi ment, the su jec |s a human. Admi nistering
a conpound of Formula A can be effected or performed using any of the

vari ous ”egﬁﬁgﬁLEBQ%$é§ﬁﬁfﬁF@b§ﬁﬁhﬁ?@VENTh&Q art. The conmpounds of Fornul a
A can be adm nister or exanple |ntravenously, intranuscularly, orally
and subcut dAewusityn ptonidchecpneied oldthrenbadNEWD?81@8npounds of Formula A are
adm nistered orally. Additionally, adm nistration can conprise giving the
subject a plurality of dosages over a suitable period of tinme. Such

adm ni strati &gi mBas can be determ ned according to routine nethods. As
used herelnﬂfgji%géggpeutlcalIy effective dose" of a pharnaceuti cal
conp03|t|oﬁ3| ggﬁunt sufficient to stop, reverse or reduce the
progression of a NSorder. A "prophylactically effective dose" of a
pharmaceutical conp d%iAion is an anount sufficient to prevent a disorder,
i.e., e|lnlﬂg€%7 aneliorate and/or delay the disorder's onset. Methods are
known in the art for determ ni ng therapeutically and prophylactically
effecti ve #as€sOf or conpounds of Forrmula A The effective dose for
adninisterhrg %g pharmaceutical conposition to a human, for exanple, can
be determ hé enatlcally fromthe results of animal studies. In one
enbodi ment R, tsheit her apeutically and/or prophylactically effective dose is a
dose sufficient to q/\Eellver from.about. 0.001 ng/ kg of body weight to about
200 ny/ kg mﬁ@ﬂ?“ PP IHIE BPUPLORYSIBORd of Formula A. I'n anot her embodi nent,
the therapeutically and/or prophylactically effective dose is a dose
sufficient to deliver fromabout 0.05 ng/kg of body weight to about 50
ng/ kg of body weight. Mre specifically, in one enbodi nent, oral doses
range from about 0.05 ng/kg to about 1100 ngy/ kg daily. In another

enbodi ment, oral doses range from about 0.05 ng/kg to about 50 ny/kg daily,
and in a further enbodi nent, from about 0.05 ng/kg to about 20 ng/ kg daily.
In yet another enbodi nent, infusion doses range fromabout 1.0 1g/kg/mn to
about 10 ng/kg/ mn of inhibitor, adm xed with a pharmaceutical carrier over
a period ranging fromabout several mnutes to about several days. In a
further enbodi ment, for topical adm nistration, the instant conpound can be
conbi ned with a pharnmaceutical carrier at a drug/carrier ratio of from
about 0.001 to about 0.1. The invention al so provides a nethod of treating
addiction in a mammual , conprising adm nistering a therapeutically effective
dose of a conmpound of Claiml. The invention also provides a nethod of
treating ADFID in a manmal, conprising adm nistering a therapeutically

ef fective dose of a conpound of Formula A



The invention al so provides a nethod of treating depression in a manmal ,
conprising admnistering a therapeutically effective dose of a conpound of
For mul a AVOTha/isesent i on al so provi des a nmethod of treaPCmgSanmxiostsyoi n a
manmal , conprising adm nistering a therapeutically effective dose of a
compound of Formula A. The invention also provides a nethod of treating
mgraine in a mammal , conprising adm nistering a therapeutically effective
dose of a conpound of Fornula A. EXAVMPLES: Conpounds of Forrmula A can be
prepared by nethods known to those who are skilled in the art. The

foll owi ng reaction schenme is only meant to represent an exanple of the
invention and is in no may nmeant to Ilnlt the invention. Schene 'l
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PhN(Tf)2, t-BuOK DWF Schenme 1 illustrates the synthetic route leading to
conpound A Starting with 7-hydroxy indanone | and follow ng the path

i ndi cat edwbyotins3aor ows, al ky-1ation under basic condi t PORAISAA1DI053590

1- br ononet hy1- 4- met hoxy- benzene (PMBBr) affords indanone Il that is
condensed under basic conditions wth benzal dehyde to afford the
benzylidene H . The benzylidene H is then reacted wth guanidine (free
base) that gives the internmediate amno pyrimdine IV and is directly
oxidized to the correspondi ng ketone V by bubbling air through the basic
N-net hyl pyrrolidinone (NWP) sol ution. Deprotection can be acconplished by
treating Vwith trifluoroacetic acid (TFA) in CH/Cl2 to gi ve the

cor respondh g ANRAG a¥les. TNGRANEAR bV, GANCAS LCARKALLAR dQ T T espondi ng

triflate VI1 by trleatnent vvlt 'N- pheny tr| Ic conditions in
di met hyl formamide (DWF). Finally, the Initiate Vii is reacted wth am nes
of formul aTHNRivmidnrfmfs}MPpm@idﬁa‘tmﬁdh():ioﬁmdngissubjccfmvmglaaiis@rchxarrpl e 1:

94444- Acet y| - enyl i pera i.ndeno di
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the subjecta thcrapeumaily cffcctlve dose of a compound of Formula A

This invention further provides a method of preventing a disorder ameliorated by
antagonizing Adenosine Az, receptors in a subject, comprising of administering to the
subject a prophylactically effective dose of a compound of claim 1 either preceding or
subsequent to an event anticipated to cause a disorder ameliorated by antagonizing

Adenosine Az, receptors in the subject.

The instant compounds can be isolated and used as free bases. They can also be isolated

and used as pharmaceutically acceptable salts.

Examples of such salts include hydrobromic, hydroiodic, hydrochloric, perchloric,
sulfuric, maleic, fumaric, malic, tartaric, citric, adipic, benzoic, mandelic,
methanesulfonic, hydrocthanesulfonic, benzenesulfonic, oxalic, palmoic, 2

naphthalenesulfonic, p-toluenesulfonic, cyclohexanesulfamic and saccharic.

This mvention also provides a pharmaceutical composition comprising a compound of

Formula A and a pharmaceutically acceptable carrier.

Pharmaceutically acceptable carriers are well known to those skilled in the art and
include, but are not limited to, from about 0.01 to about 0.1 M and preferably 0.05 M
phosphate buyer or .8% saline. Such pharmaceutically acceptable carriers can be
aqucous or non-aqueous solutions, suspensions and emulsions. Examples of non-aqucous
solvents are propylene glycol, polyethylene glycol, vegetable oils such as olive oil, and
injectable organic esters such as ethyl oleate. Aqueous carriers include water, ethanol,
alcoholic/aqueous solutions, glycerol, emuisions or suspensions, including saline and
buffered media. Oral carriers can be elixirs, syrups, capsules, tablets and the like. The

typical solid carrier is an inert substance such as lactose, starch, glucose, methyl-



Ove Neat 1-brononethyl-4-nethoxy-benzene (12.3 nlL, 84.6 mmol) was added to
an acetone slurry (300 rnL) of 7-hydroxy-indan- | -one (11.9 g, 80.5 mmol)
and K2CO3w02811358510161. 0 nmol ) and the resul ting m xtur @CRAS2010A535d0 t O
reflux. After 6 h (hours) the m xture was cooled, filtered, and washed wth
acetone. The filtrate was concentrated in yam to afford the title conpound
that was used without further purification. Exanple |: step b

2- Benzyl i dene- 7- ( 4- met hoxy- benzyl oxy) -i ndan4- one An aqueous sol ution (10
m.) of NaOH (3.1 g, 77.2 mml) was added dropwi se to an et hanol (EtOH)
solution (400 nL) of 7-4-nethoxy-benzyl oxy)-indan-i-one (5.0 g, 30.8 mmol)
and benzal dchyde (8.2 nL, 81.1 mmol). A precipitate forned i medi ately. The

resultin r I s cooled in
an ice bgtﬁﬁwﬁﬁ%te ea%kg%%ﬁ&%éh%gﬁﬁf?ﬁ%g%&dméFéme¥E§9g%l#%%¥%§@SO|Id was

dried in veagiigraintlydgiodan ¢hdoridetsplatioro lpraarrdicxtiese. deagogsed sediurhout furt her
purificatigp,.;.Bxa % SLER & (B M i
et hoxy- ben(gly(l)r(i)fy %P& ﬁm ik déﬁ 3 er%o ! ﬁl Vi 8merb£m i%nflmﬁdem}d I\uf\lmaDNB
replenishers, clcctrolyic ruplcmshcrs such as thoec based on ngﬁcr s dextrose and the
like.

Preservatives and other additives can also be present, such as, for example,
antimicrobials, antioxidants, chelating agents, inert gases and the like. All carriers can be
mixed as needed with disintegrants, diluents, granulating agents, lubricants, binders and

the like using conventional techniques known in the art.

This invention further provides a method of treating a subject having a condition
ameliorated by antagonizing Adenosine A;a receptors, which comprises administering to

the subject a therapeutically effective dose of a compound of Formula A.

In one embodiment, the disorder is a neurodegenerative or movement disorder. Examples
of disorders treatable by the instant pharmaceutical composition include, without
limitation, Parkinson's Disease, Huntington's Disease, Multiple System Atrophy,

Corticobasal Degeneration, Alzheimer's Disease, and Senile Dementia.
In one preferred embodiment, the disorder is Parkinson's disease.

As used herein, the term "subject” includes, without limitation, any animal or artificially
modificd animal having a disorder ameliorated by antagonizing adenosine Asx receptors.

In a preferred embodiment, the subject is a human.

Administering a compound of Formula A can be effected or performed using any of the
various methods known to those skilled in the art. The compounds of Formula A can be
administered, for example, intravenously, intramuscularly, orally and subcutaneously. In
the preferred embodiment, compounds of Formula A are administered orally.

Additionally, administration can comprise giving the subject a plurality of dosages over a



NH2 Powdered NaOH (15.4 g, 386.0 rnnol) was added to an EtOH sol ution (300
m.) of guani dine hydrochloride (36.9 g, 386.0 mmol ). After 30 mn the

sodi um chworid#®ss#e filtered off and the filtrate was asdedSstaoanssse OH
suspensi on (200 m.) of 2-benzylidene7-(4-nethoxy-benzyl oxy)-indan-1-one
(27A g, 77.2 mol ). The resulting m xture was heated to reflux overnight.
The honpbgeneous solution was cooled in ice for 30 mnutes and filtered to
give the title conmpound which was used wi thout further purification.
Exanple 1: step d

2- Am no- 9- (4- net hoxy- benzyl oxy) - 4- phenyl -i ndenol1l, 2-di pyri m di n-5-one 0
OPMB N=z( NH2 Powder ed NaOH (860 nmg, 21.5 nmmol) was added to a NWP sol ution
20 nL) of : :

ot hoxy- bertdEABRSTod T e S afirikaion Temem FBys SRR dRE e (8.5 g,
21.5 mol )tms’fﬁhtemctb@ial t| ng m xture was heated to SO C and air was bubbl ed

t hrough the solution. After 16 h the m xture was cooled to rt (room

terrperaturg%mP ter added  and. t he reguétln recipitate was filtered
and washed %eﬁ%?ewﬁ?{ap%‘f%‘ﬂ% By d aofP}}a %“CG FBHOPHOY AR to give
the title ﬁ@(ﬁﬁh@ﬂﬂﬂcietﬁ&&ﬂ@{,eﬂhgc 8t RPuc ti- BRI oY diserdyr- 4- phenyl-i ndeno
[1,2-di pyfim in-.5-on§ ) ; . o .

prophylactically etfective dose" of a pharmaceutical composition is an amount sufficient

to prevent a disorder, 1.¢., eliminate, ameliorate and/or delay the disorder's onset.

Methods arc known in the art for determining therapeutically and prophylactically

cffective doses for compounds of Formula A. The effective dose for administering the

pharmaceutical composition to a human, for example, can be determined mathematically

from the results of animal studies.

In one embodiment, the therapeutically and/or prophylactically effective dose 1s a dose
sufficient to deliver from about 0.001 mg/kg of body weight to about 200 mg/kg of body
weight of @ compound of Formula A. In another embodiment, the therapeutically and/or
prophylactically effective dose is a dose sufficient to deliver from about 0.05 mg/kg of
body weight to about 50 mg/kg of body weight. More specifically, in one embodiment,
oral doses range from about 0.05 mg/kg to about 100 mg/kg daily. In another
embodiment, oral doses range from about 0.05 mg/kg to about 50 mg/kg daily, and in a
further embodiment, from about 0.05 mg/kg to about 20 mg/kg daily. In yet another
embodiment, infusion doses range from about 1.0 pg/kg/min to about 10 mg/kg/min of
inhibitor, admixed with a pharmaceutical carrier over a period ranging from about several
minutes to about several days. In a further embodiment, for topical administration, the
instant compound can be combined with a pharmaceutical carrier at a drug/carrier ratio of

from about 0.001 to about 0.1.

The invention also provides a method of treating addiction in a mammal, comprising

administering a therapeutically effective dose of' a compound of Claim 1.

The invention also provides a method of treating ADHD in a mammal, comprising

administering a therapeutically effective dose of a compound of Formula A.
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NH2 Neat trifluoroacetie acid (TFA) (37 nmL) was added to a CILC1l2 sol ution
(50 nm.) of 2-

am no- 9- (Wormetisssnebenzyl oxy) - 4- phenyl - i ndeno[ 1, 2- d] pyr iPrirdisne154635¢0 (6. 8 g,
16.6 nmol ). After 2 h the m xture was concentrated in vacua. The resulting
mat eri al was suspended in water and saturated aqueous NaHCO3 was added. The
resulting precipitate was filtered off and dried in vacuo to give the title
conpound. Exanple 1: step f Tritluoro-rnethanesul fonic acid

2- ar ni no- 5- oxo- 4- pheny1-5114ndeno[ 1, 2- di pyrimdin-9-yl ester OIf NH2
Solid t-BulK (potassiumtert-butoxide, 965 ng, 8.6 nol) was added to a
DN1F solution (30 nL) of

2- am no- 9- hydr oxy- 4- phenyl -i ncl eno[ 1, 2-d] pyri m di n-5-one (2.1 g, 7.2 nmmol).
After 20 min, solid PhN(Tf)2 (phenyl bis(trifluoronethanc)sulfonam de. 2.7
g, 7.6 moDwaisvatdedso Abrides dméthyvbtfidreavvaesleprdech iapdnanimeal reesplitinng
precipitate, was f.ilter f shed it t.er ' solid was dissol ved
PR (f bt B R R R R s B R £ 2

chromat ography gave the title conpound. Exanple |I: step g 9-14-(4-Acetyl-ph
enyl ) - pi petazinmenlioydide groaidtsnomdh@hofaryling aadenon b nlanBad koprising di n- 5- one

administering a therapeutically effective dose of a compound of Formula A.

The invention also provides a method of treating migraine in a mammal, comprising

administering a therapeutically effective dose of a compound of Formula A.

EXAMPLES:

Compounds of Formula A can be prepared by methods known to those who are skilled in
the art. The following reaction scheme is only meant to represent an exampic of the

invention and is in no way meant to limit the invention.
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\ NH2 Neat 1-(4-piperazin-|-yl-phenyl)-ethanone (220 ng, 1.08 mmol) was
added to an NMP solution (0.5 nL) of trifluoro-nethanesul fonic acid

2- am no- Swoxotbspiieny 1- 5H ndeno[ 1, 2-d] pyri m di n- 9-y1l es®Per/uSt@0/083590 0. 43
mmol ) and the m xture was heated to 150 C. After 2 h the m xture was cool ed
and directly purified via colum chromatography to afford the title
conmpound. 1H NMR (300MHz, CHLOROFORMd) 6 = 8.03 (dd, J- 1.9, 7.5 Hz, 2 H),
7.93 (d, 1= 9.0 Hz, 2 H, 7.47 - 7.60 (m 4 H), 7.44 (d, | 8.3 Hz, 1 H,
7.23 (d, J= 8.3 H, 1 H, 7.00 (d, J=9.0 Hz, 2 H), 5.59 (br. s., 2 H,
3.61 - 3.77 (m 4 H, 3.42 - 3.54 (m 4 H, 2.54 (s, 3 H. Exanple 2:

2- Am no- 9- 14- (5-fl uoro-pyri di n-2-yl) - pi perazin-1-yll-4-pheny indenoll, 2-dj
py rimdin-S-one The title conp@grdmeas prepared using

1- (5-fluoro-pyridin-2-yl)-piperazine in place of

| - (4- pi perazin-1-yl -@he ) - et hanone as descri bed i n Exanple 1. 114 NWR

(300MHz, CHL! § 12, 3.0CHR, 1t 97- 8.09 (m 2 H),
7.46 - 7.60 | m(d Jr E{%A—Hz “7%29 - 7.38 (m 1
H, 723(d Qe | ngé dd. 3. 4, 9%3 @-&) 5.61 (br.

s. | 8h 389(m4 3.55 (m 4 S) njz; 453 (M+H
). Exarrple 3 4-[ 4- (2- Ami no- 5- oxo 4" p henyl- 5H-|nd§ o fdpyrin‘idi n-9-y 1)-
anidine,
1?«‘2@*”
EtOH, reflux

Air, NaOH,
NMP, 80°C

§ PhN(Tf),, t-BuOK
iDMF

HNRR', NMP,
150 °C

Scheme | illusirates the synthetic route leading to compound A. Starting with 7-hydroxy
indanone 1 and following the path indicated by the arrows, alkylation under basic
conditions with |-bromomethyl-4-methoxy-benzene (PMBBr) affords indanone 11 that is
condensed under basic conditions with benzaldehyde to afford the benzylidene . The
benzylidene 111 is then reacted with guanidine (free base) that gives the intermediate
amino pyrimidine I'V and is directly oxidized to the corresponding ketone V by bubbling
air through the basic N-methyl pyrrolidinone (NMP) solution. Deprotection ¢an be
accomplished by treating V with trifluoroacetic acid (TFA) i CH.Cly to give the
corresponding phencl VI. The phenol VI can be converted to corresponding triflate VII

by treatment with N-phenyltriflimide under basic conditions i dimethylformamide



pi perazin- 1-yll-benzonitrile 4010 N NH2 CN The title conpound was prepared
usi ng 4-pi perazin-1-yl-benzonitrile in place of 1 -(4-

pi per azi rwb-2911/g5B@0y 1) - et hanone as descri bed i n Exanpl e PCT/UBEDIBNESSOB00MHz,
CHLOROFORMd) = 8.03 (dd, J------ 1.9, 7.5 Hz, 2 H, 7.47 - 7.64 (m 6 H),
7.40 - 7.47 (m 1 H, 7.22 (d,J- 8.3 Hz, 1 H, 6.98 (d, J= 9.0 Hz, 2 H,
5.62 (hr. s., 2 H, 3.58- 3.75 (m 4 H, 3.41 - 3.55 (m 4 H); M (ES

ink: 459 (MtH ). Exanple 4:

2- Ami no-9-14-(2-fluoro-phenyl)-pi perazi n-1-yl11- 4- phenyl -i ndeno[ 1, 2- d]

pyri m di n-5-one The title conmpound was prepared using

1- (2-fl uoro-phenyl)-piperazine in place of | -(4-

[ zin- - - et - 9| ' anpl 2 1H 300MHz,
A e T i L S
- 7.46 (m afforfpomPouds of fTmBAda gdm 1 H), 6.95 - 7.20 (m 4 H), 5.57 (br. s.,
2 H, 3.48 - 3.61 (m 4H, 3.36 - 3.48 (m 4 H,; M (ES) mz: 452 (MH).
Exanpl e 5:

2- Ami no- 9- fhart@le 1] Bot-@- Aect@-pieh NPYpipe iAo Ky)-2Pheinyld piehpemad&iot, 1- y1} - 4-
phenyl -i ”dﬁi%%%ﬁéﬁl?é-g%” m di n- 5- one
Example 1: step a

7-4-Methoxy-benzyloxy)-indan-1-one

&

0

OMe
Neat 1-bromomethyl-4-methoxy-benzene (12.3 mL, 84.6 mmol) was added to an acetone
slurry (300 mL) of 7-hydroxy-indan-1-one (11.9 g, 80.5 mmol) and K,CO; (22.3 g, 161.0
mmol) and the resulting mixture was heated to reflux. After 6 h (hours) the mixture was
cooled, filtered, and washed with acetone. The filtrate was concentrated in vacuo to
afford the title compound that was used without further purification.
Example 1: step b

2-Benzylidene-7-(4-methoxy-benzyloxy}-indan-1-one

;OWSO Iy

An aqueous solution (10 mL) of NaOH (3.1 g, 77.2 mmol) was added dropwise to an
cthanol (EtOH} solution (400 mL) of 7-4-methoxy-benzyloxy)-indan-1-one (5.0 g, 30.8
mmol) and benzaldehyde (8.2 mL, 81.1 mmol). A precipitate formed immediately. The
resulting slurry was stirred vigorously for 1.5 h. The shurry was cooled in an ice bath,
filtered, and washed with cold EtOH. The collected solid was dried in vacuo to give the

title compound that was used withowut further purification.



The title conpound was prepared using

1-12-fl uor o- 4- (2- met hoxy- et hoxy) - phenyl | pi perazi ne in place of

1- (4- pi pewazbhn/d5331b- phenyl ) - et hanone as descri bed i n Ex&oplus2010/05859NVR
(300MHz, CHLOROFORMId) 6 = 8.02 (dd, 1- 2.1, 7.3 Hz, 2 H), 7.45 - 7.59 (m
4 H, 7.36 - 72745 (m 1 H), 7.24 (d, J =83 Hz, | H, 6.98 - 7.07 (m |
H, 6.64 - 6.79 (m 2 H, 561 (hr. s., 2 H, 4.02 -4.17 (m 2 H), 3.69 -
3.83 (in, 2 H, 3.47 (s, 3 H, 3.40 - 3.63 (m 4 H, 3.27 - 3.40 (m 4 H;
M5 (ES) mlz: 526 (1V1+Fl). Exanple 6:

2- Am no-9- 14, - (2, 4-di f | uor o- pheny1l) - pi perazi n-1 -y11- 4- phenyl -i ndena , 2-

di pyri m di n-5-one M 12 The title conpound was prepared using

1-(2,4-dif - )-pi perazine in place of 1-

(4- pi per az#%‘%’ﬁf/?{kgﬂ%%yl)-ct hanone as described in Exanple I. I H NWR
(300MHz , DMBEMEE) 0x8-ben7A1©F )-¢phedylGHeindeno[ 2.2 pyriidds2{(ylamine H) , 7. 44 - 7.59
(m 4H, 7.18 - 7.44. (m 3 H, 6.99 - 7.12 (m i H, 3.37 - 3.52 (m 4 H),
3.20 - 3.32 (m 4 H 5 (ES) mlz: 470 (MtFl). Exanple 7:

244- (2- Am no=§ A~phen31- 5H4ndenot 1, 2-di pyrim diri-9-yl)-

pl i perazin |1-y112bénzonitrile K' | NH2

Powdered NaOH (15.4 g, 386.0 mmol) was added to an EtOH solution (300 mL) of
guanidine hydrochloride (36.9 g, 386.0 mmol). After 30 min the sodium chloride was
filtered off and the filtrate was added to an EtOH suspension (200 mL) of 2-benzylidene-
7-(4-methoxy-benzyloxy)-indan-1-one (27.4 g, 77.2 mmol). The resulting mixture was
heated to reflux overnight. The homogeneous solution was cooled in ice for 30 minutes

and fiitered to give the title compound which was used without further purification,

Example 1: step d
2-Amin0-9—(4-methoxy-benzyiaxy)-4~phenyl—indeno[1,2-d]pyrimidin-5-one

Powdered NaOH (860 mg, 21.5 mmol) was added to a NMP solution (20 mL) of 9-(4-
methoxy-benzyloxy)-4-phenyl-5H-indeno[1,2-d]pyrimidin-2-ylamine (8.5 g, 21.5 mmol).
The resulting mixture was heated to 80 °C and air was bubbled through the solution.
After 16 h the mixture was cooled to rt (room temperature), water was added and the
resulting precipitate was filtered and washed with water and celd EtOH. The solid was

dried in vacuo to give the title compound.

Example 1: step e

2-Amino-9-hydroxy-4-phenyl-indeno[1,2-d}pyrimidin-S-one



CN The title conmpound was prepared using 2-piperazin-1-yl-benzonitrile in
pl ace of 1-(4- piperazin-I|-yl-phenyl)-etharione as described in Exanple 1.
1H NVR ( 3WOIgbin/05BBOd6) 6 = 7.90 - 8.00 (m 2 H), 7.75 @eA/uS2Mp/535966 (m 1
H, 7.43 - 7.58 (m 5 H, 7.33 (d, J 7.9 H, 1 H, 7.25 (d, 1 =6.8 Hz, 1
H, 7.14 (t, 1=7.3 Hz, 1 H, 3.43 - 3.64 (m 4 H, 3.11 - 3.41 (in, 4 H);
M5 (ES) mz: 459 (M+rH Exanple 8. 6-14-(2-Am no-5-o0xo0-4-phenyl -5H i ndeno[i
2-di pyrimdin-9-yl)- piperazin-1-yll-nicotinonitrile 401. NH2 The title
conpound was prepared using 6-piperazin-l-yl-nieotinonitrile in place of

1- (4- piperazin-|-yl-phenyl)-ethanone as described in Exanple 1. 1H NWR
(300MHz ,DMSQd6) = 8.54 (d, = 2.3 Hz, 1 H), 7.84- 8.03 (in, 3 H, 7.42-
7.60 (m 4 H, 7.19,-.7.34 (m 2 H, 7.05 (d, J---- 9.4 Hz, 1 H), 3.90
-4.09 (m 4 H, 3. 3.32 (in, 4 H. Exanmple 9:

2- Am no- 4-p y ¥==4- (4-trifluoronethyl-phenyl)-piperazin-I-yll-

i ndenol | , 2 'hclji n-5-one CF3

Neat trifluoroacetic acid (TFA) (37 mL) was added to a CH,Cl; solution (50 mL) of 2-
amino-9-(4-methoxy-benzyloxy)-4-phenyl-indeno]1,2-d]pyrimidin-5-one (6.8 g, 16.6
mmol). After 2 h the mixture was concentrated in vacuo. The resulting material was
suspended in water and saturated aqueous NaHCO; was added. The resulting precipitate

was filtered off and dried ir vacuo to give the title compound.

Example 1: step [
Trifluoro-methanesulfonic acid 2-amino-5-oxo-4-phenyl-SH-indeno[1,2-

d]pyrimidin-9-yl ester

NH,

Soii_d +-BuOK (potassium rert-butoxide, 965 mg, 8.6 mmol) was added to a DMF solution
(30 mL) of 2-amino-9-hydroxy-4-phenyl-indeno| 1,2-d]pyrimidin-5-one (2.1 g, 7.2
mmol). After 20 min, solid PhN(Tf), (phenyl bis(trifluoromethane)sulfonamide. 2.7 g,
7.6 mmol)was added. After 4 h water was added and the resulting precipitate was filtered
off and washed with water. The solid was dissolved in THF (tetrahydrofuran) and dry

packed onto silica gel. Column chromatography gave the title compound.
Example 1: step g

9-[4-(4-Acetyl-phenyl)-piperazin-1-yl}-2-amino-4-phenyl-indeno[1,2-d] pyrimidin-5-

GIe

15



The title conpound was prepared using 1-(4-trifluoro

et hyl - phenyl) - pi perazine in place of 1-(4-piperazin-|-yl-phenyl)-ethanone
as descriweaoiwnsedanpl e 1. IH NVR (300MHz, CHLOROFORM dpPCEUS2@8/0638d0 J 1.9,
7.5 Hz, 2H) 7.47 - 7.61 (m 6 H), 7.40 - 7.47 (m 1 H, 7.24 (d, J 7.2
Hz, | H), .05 (d, J= 9.0 Hz, 2 H, 5.58 (br. s., 2 H, 3.55- 3.68 (m 4
H), 3.43-355(m 4 H. Exanple 10:

2- Am no- 9- 14- (3-fl uoronpyri di n-2-y1) - pi perazi n-1-y11l- 4- pheny

| i ndenol4, 2-di pyri mdin-5-one The title conpound was prepared using

1- (3-fluoro-pyridin-2-yl)-piperazine in place of

1- (4- pi perazi n-1-yl -phenyl) - et hanone as descri bed in Exanple 1.1H NWR
(300MHz, CHLOROFORMLd) 6= 8.00 - 8.10 (tu, 3 H, 7.45 - 7.60 (in, 4 H,
7.37 - 7.45 (m a H, v.21 -7.34 (m 2 H, 6.82 (ddd, ---- 3.2, 4.8, 7.8

Hz, 1 H). s/, 2 H, 3.77 -3.87 (m 4 H), 3.42 - 3.57 (m 4 H); M
(ES) iniz: . Exanple 11:

2- Am no- 9- 14 [4 (2 Mnet hoxy- et hoxy) - phertyl | - pi perazin-1-y1}-4-phenyl i ndeno
11, 2-di pyr |n one The title conpound was prepared using

144- (2- rret?@% - et hd¥Yy) - phenyl | - pi perazine in place of

1- (4-pi perazin-| -yl - phenyl) - et hanone as described in Exanple 1. H NMWR
(3001V1Hz, LOROFORMd) 6 = 8.02 (dd, J= 2.1, 7.3 Hz, 2 H), 7.45 - 7.59
(m 4 H, 7 - 7.45 (m 1 H), 7.23 (d, J= 7.5 Hz, 1 H), 6.96 - 7.06 (m 2
H, 6.87 - )6 (tn. 2 H), 5.69 (br. s., 2 H, 404 - 4.18 (m 2 H), 3.70
-3.82 (m 2 3.44 - 3.56 (m 4 H), 3.47 (s, 3 H, 3.33-3.44 (m 4 H;

M5 (ES) m 5108(|\/HrH) Exanpl e 12:

él 'S\;”r |n(r)n 3I ?}?&t@%ﬂ%&e%&n Pkpﬁ{cﬁfi L&%no\él}zzﬁnﬁ’ ?%lmmcgf&gsla déd to an NMP

solution (0.5 mL) of trifluoro-methanesulfonic acid 2-amino-5-oxo-4-phenyl-5H-

indeno[ 1,2-d]pyrimidin-9-yl ester (180 mg, 0.43 mmol) and the mixture was heated to
150 °C. After 2 h the mixture was cooled and directly purified via column
chromatography to afford the title compound. "H NMR (300MHz, CHLOROFORM-d) &
=8.03(dd, /= 1.9,7.5Hz, 2 H), 7.93 (d, /= 9.0 Hz, 2 H), 7.47 - 7.60 (m, 4 H), 7.44 (d, J
=83 Hz 1 H),7.23 (d, /= 8.3 Hz, 1 H), 7.00 {d, /= 9.0 Hz, 2 H), 5.59 (br. 5., 2 H), 3.61
-3.77(m, 4 H),3.42 -3.54 (m, 4 H), 2.54 (s, 3 H).

Example 2: 2-Amino-9-[4-(5-fluoro-pyridin-2-yi)-piperazin-1-yl|-4-phenyl-

indeno[1,2-d]pyrimidin-3-one

The title compound was prepared using 1-(5-fluoro-pyridin-2-yl)-piperazine in place of
I-(4-piperazin-1-yl-phenyl)-ethanone as described in Example 1. "H NMR (300MHz,
CHLOROFORM-d) 6 = 8.12 (d, J= 3.0 Hz, | H), 7.97 - 8.09 (m, 2 H), 7.46 - 7.60 (m, 4
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The title conpound was prepared using 1-phenethyl-piperazine in place of
1-(4- piperazin-l-yl-phenyl)-ethanone as described in Exanple 1. 1H NWR
(300MHz, VWB2CROFEAM d) S = 7.92 - 8.09 (m 2 H), 7.44 - PCTAS2¢uj05359¢H), 7. 13
- 7.4 (m 7 H. 559 (hr. s., 2 H, 3.28- 3.55(m 4 H, 2.81 - 3.01 (m
6 H, 2.68 - 2281 (m 2 H,; M (ES) mz: 462 (MH ). Exanple 13:

2- Am no- 9- (4- hydr oxy- 4- phenyl - pi peri di n-1-y11) - 4- phenyi -i ndeno [1, 2-

di pyrimdin-5-one The title conmpound was prepared using

4- phenyl - pi peridin-4-ol in place of 1-(4- piperazin-1-yl -phenyl)-et hanone
as descri bed in Exarrple 1. 1H NWR (300MHz, CHLOROFORMd) 6 8.02 (dd, J =
2.3, 75Hz ,759-771(m2H) 727-7.57(m9 ,559(br

> 4 - ¥ §>@743(<§”64%* 7o 3y A B e P0G RS ek o

14: 2- [4 -§.2- MH@OI-B} 60 ey 3-BH3iIsdans H,, %ﬂ]m(m,mum; BSIEFL) -

pi perazi n- 1- ?y4 @%Cf@é' nonitrite The title conpound was prepared using

2- pi perazi it %ﬂ tinonitrile in place of 1-(4-

pi perazin-|-yl - phenyl) et hanone as descri bed in Exarrpl e 1. HNWR (300MHz,
CHLOROFORM: d 1 8.03 (dd, J= 2.1, 7.3
Hz, 2 H) fo%zpff éld‘§3 [45(2- AT"@ 5]?"054 PlEem’iSH)mdeP"Jﬂaz dlw*wd{"rﬁ-‘& H, 7.41 -7.45
(m 1 ﬁrﬁ)@é’uﬁﬁlnvﬂ%eﬁzoﬁlt% 1 H, 6.84 (dd, J= 4.7, 7.7 Hz, 1 H), 5.63

Eer)s - 09 (m 4H, 3.47 3.53 (m 4 H; I\/S(ES) rniz: 460
L
[j NH,
N
= i
\|E
CN

The title compound was prepared using 4-piperazin-1-yl-benzonitrile in place of 1-(4~
piperazin-1-yl-phenyl)-ethanone as described in Example 1. '"H NMR (300MHz,
CHLOROFORM-d) 6 =8.03 (dd, /=19, 7.5 Hz, 2 H), 7.47 - 7.64 (m, 6 H), 7.40 - 7.47
{(m,1H), 7.22(d, /=83 Hz, 1 H), 6.98 (d,/=9.0 Hz, 2 H), 5.62 (br. s, 2 H), 3.58 - 3.75
(m, 4 H), 3.41 - 3.55 (m, 4 H); MS (ES) m/z: 459 (M+H).

Example 4: 2-Amine-9-|4-(2-fluoro-phenyl)-piperazin-1-yl]-4-phenyl-indeno[1,2-

d]pyrimidin-S-one
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Exanpl e 15:
2- Am no- 9- 14- ( 4- nmet hanesuf f onyl - phenyl ) - pi perazi n-1-y11- 4- phenyl i ndenol |, 2-
dl pyri m dwo-26114038510023 The titl e conpound was prepar edPaSiusgo10/053590
1- (4- met hanesul f onyl - phenyl) - pi perazi ne in pl ace of
1- (4- pi perazi n4-yl - phenyl) - et hanone as described in Exanple 1. 1H NWR
(300MHz, CHLOROFORMd) 6= 8.03 (dd, J = 2.1, 7.7 Hz, 2 H, 7.84 (d, J =9.0
Hz, 2 H, 7.43 - 7.57 (m 4 H, 7.45(d, J =6.4 H, 1 H, 7.21 - 7.30 (m
| H, 7.06 (d, J------ 9.0 Hz, 2 H, 5.63 (br. s., 2 H, 3.64- 3.73 (m 4
H, 3.45 - 3.53 (m 4 H, 2.73 (s, 3 H; MS(ES) mz: 512 (M--H ). Exanmple
6: 2- Am no- 9- 14- (4- met hoxy- phenyl ) - pi per azi n- 1- 3/ 1] - 4- phenyl -i ndena[ 1, 2-
i pyrimdi Q gpeYe r 3

2- met holl)ﬁ(h)(/:%g g(%?/ %Ng Iw-égﬁrcéz%rgnde&f ”P% 0 ?%yf? pﬁﬁﬁzﬁg 119&15&9)f1 -(4

pi per az;:n;mdmylybﬁ&:nyl)):%mdmaﬁmdwcmddtebmm@d "HAVERARPMHZA . 1H NI VI R

p
(
4-
:392”82 mCHBRORGNEh #5583 2 7 <24y 4D a8 ds 5 8 g HEPay Tt B 73

,330 gzh(g]z 1), 7.2 6024 B,-1 19), 6.9 - H)zo(&-,SH)(w%;H) zlfa 3}58 -381684m 4 H),
: - 3. : anmpl e
2- Am no- 4-%}121%91%86%%/5? (’\ﬁﬁﬁsiﬂ 432@1“% )n | -y1l) frPndenot , 2-

divyrimdirt-5-one

1
di
1-
(
(
(
3

Example 5: 2-Amino-9-{4-|2-fluero-4-(2-methoxy-ethoxy)-phenyl|-piperazin-1-yl}-4-
phenyl-indeno[1,2-d]pyrimidin-5-one

The title compound was prepared using 1-{2-fluoro-4-(2-methoxy-ethoxy)-phenyli-
piperazine in place of 1-(4-piperazin-1-yl-phenyl)-ethanone as described in Example 1.
'H NMR (300MHz, CHLOROFORM-d) & = 8.02 (dd, /= 2.1, 7.3 Hz, 2 H), 7.45 - 7.59
(m, 4 H), 736 - 7.45 (m, 1 H), 7.24 (d, J= 8.3 Hz, 1 H), 6.98 - 7.07 (m, 1 H), 6.64 - 6.79
{m, 2 H), 5.61 (br.s., 2 H), 4.02 -4.17 (m, 2 H), 3.69 - 3.83 (m, 2 H), 3.47 (s, 3 H), 3.40 -
3.63 (m, 4 H), 3.27 - 3.40 (m, 4 H); MS (ES) mvz: 526 (M+H').

Example 6: 2-Amino-9-[4-(2,4-difluoro-phenyl)-piperazin-1-yl|-4-phenyl-indenof 1,2~

djpyrimidin-5-one

I8



NH2 The title conmpound was prepared using 1-pyridin-2-yl-piperazincin

pl ace of 144- piperazin-I|-yl-phenyl)-ethanone as described in Exanple 1. 1H
NVR ( 300D, 20 GHISEROFORM d) 6 = 8.26 (d, J= 3.8 Hz, 1 H) PCB/UB3010683590- - - - -
2.3, 7.5 Hz, 2 H, 7.46 - 7.64 (m 5 H), 7.42 (d, J=6.4 H" | H), 7.23 (d,
J= 7.5 Hz, | H, 6.77 (d, 1- 8.3 Hz, 1 H), 6.70 (dd, J= 4.9, 6.8 Hz, 1 H),
5.67 (br. s., 2 H, 3.77 - 3.95(m 4 H, 3.36 -3.56 (m 4 H; M5 (ES) maz:
435 (ivl+H '). Exanple 18: 2-Ami no-9-14-(4-nethoxy-phe
1)-pirteridin-1-yl1l1-4-phenyl -i ndenoll, 2- dipyrimdin-5-one oM The title
conpound was prepared using 4-(4-methoxy-phenyl)-piperidine in place of 1-
(4- pi perazin-1 -yl -phenyl) - et hanone as described in Exanple 1. 1H NMR
(300MHz, CHLOROFORMtM) 6 = 7.94 - 8.09 (m 2 H, 7.43 - 7.59 (m 4 H), 7.34
- 7.43 (m 1 H,27. 7.34 (m 3 H, 6.91 (d, f=8.7 Hz, 2 H, 5.68 (br.

s., 2 H, %/ m 2 H), 3.82(s., 3 H, 2.84- 3.03 (in, 2 H, 2.60
S 2.79 (m 1 ‘ 22,27 (m 4 1-1); Ms (ES) mz: 463 (11/1H .).
N N=(
ola®
N
F
F:

The title compound was prepared using 1-(2,4-difuoro-phenyl)-piperazine in place of 1-
(4-piperazin-1-yl-phenyl)-cthanone as described in Example 1. "H NMR (300MHz
DMSO-dg) 6 =7.95(d, /= 6.4 Hz, 2 H), 7.65 (m, 1 H), 7.44 - 7.59 (m, 4 H), 7.18 - 7.44
(m, 3 H), 6.99-7.12 (m, 1 H), 3.37 - 3.52 (m, 4 H), 3.20 - 3.32 (m, 4 H); MS (ES) m/z:
470 (M+H).

Example 7: 2-|4-(2-Amino-5-o0xo-4-phenyl-5H-indeno{1,2-d|pyrimidin-9-y1)-

piperazin-1-ylj-benzonitrile

The title compound was prepared using 2-piperazin-1-yl-benzonitrile in place of 1-(4-
piperazin-1-yl-phenyl)-ethanone as described in Example 1. "H NMR (300MHz ,DMSO-
de) 8=7.90-8.00 (m, 2 H), 7.75 (m, 1 H), 7.66 (m, 1 H), 7.43 - 7.58 (m. 5 H), 7.33 (d, J
=79Hz, 1H),725(d, /=68 Hz, I H), 7.14 (t,/= 7.3 Hz, 1 H), 3.43 - 3.64 (m, 4 H),
3.11-3.41 (m, 4 H); MS (ES) m/z: 459 (M+H").
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Exanmpl e 19: 2- Am no- 4- pheny1-9- (4-propyl-pi perazin-1-yl)-indeno [1, 2-di
pyrim di n5-one The title conmpound was prepared using 1-propyl-piperazinein
pl ace of we(dtispapazi n- 1- yl-phenye-et hanone as descr iPb@wseooBzsopl e 1.
11-1 NWR (3001v1iHz, CHLOROFORMd) = 8.02 (dd. 2.1, 7.3 Hz, 2 H), 7.42-
7.61 (m 4 H, 7.33-7.42 (m 1 H, 7.20 (d, J8.3 Hz, | H), 5.64 (hr. s., 2
H, 3.27 - 3.50 (m 4 H, 2.68 - 2286 (m 4 H), 2.36 - 2.49 (m 2 H, 1.50
- 1.67 (in, 2 H, 0.97 (t,J 7.3 Hz. 3 H; M5 (ES) mz: 400 (M41'). Exanple
20: 4-11-(2- Ami no- 5- oxo- 4- phenyl-5H-i ndeno[ 1, 2411pyri m di n-9-y1) -

pi peridin-4-ylf -benzam de 11 H2N The title conpound was prepared using
4-pi peridin-4-yl-benzam de in place of 1-(4-

ot one) b SN GhHTORG- EinASREHLRE. L R Ry B, T (5008

(m 6 H), fip@Gzipeltyl]-nicotinri@ilez. 1 H), 7.33 (d"/ = 8.3 Hz, 1 H). 7.02 (br.
s., 2 H, 6.55 (br. 2 H, 3.85 - 4.01 (m 2 H), 3.35 (t, J= 7.0 Hz, 2
, 2,11 -2.29 (m 2 H, 1.88 - 2.01 (m | H; M

(ES) mz \ =/Exanpl e 21;
2- Am no- 94 7 or o- phenyl ) - pi perazi n-1-y11- 4- phenyl -i ndenol | , 2-
di pyri m di n= N
N N¥
() -
N
Y
~ |
CN

The title compound was prepared using 6-piperazin-1-yl-nicotinonitrile in place of 1-(4-
piperazin-{-yl-phenyl)-ethanone as described in Example 1. "H NMR (300MHz ,DMSO-
dg) 6=8.54 (d,/J=23Hz, 1 H), 7.84-8.03 (m, 3H), 7.42 - 7.60 (m, 4 H), 7.19 - 7.34
(m, 2 H), 7.05 (d, /= 9.4 Hz, | H), 3.90 - 4.09 (m, 4 H), 3.25 - 3.32 (m, 4 H).

Example 9: 2-Amino-4-phenyl-9-[4-(4-trifluoromethyl-phenyl)-piperazin-1-yl]-

indeno]1,2-djpyrimidin-5-one

CF4

The title compound was prepared using [-(4-trifluoromethyl-phenyl)-piperazine in place
of 1-(4-piperazin-1-yl-phenyl)-ethanone as described in Example 1. 'H NMR (300MHz,
CHLOROFORM-d) 6= 8.03 (dd.J= 1.9, 7.5 Hz, 2 H), 7.47 - 7.6] (m. 6 H), 7.40 - 7.47
(m, 1 H), 7.24 (d, /= 7.2 Hz, 1 H), 7.05 (d, J= 9.0 Hz, 2 H), 5.58 (br. 5., 2 H), 3.55 - 3.68
(m, 4 H), 3.43 - 3.55 (m, 4 H).



Cl The title conmpound was prepared using 1-(4-chloro-phenyl)-piperazine in
pl ace of 1-(4- piperazin-I|-yl-phenyl)-ethanone as described in Exanple 1.
1H NVR ( 3WOIgbiz/058HLOROFORM d) 6 = 7.95 - 8.08 (m 2 H), PCTAB2010/H55% (m 4
H, 7.37 - 7.45 (m 1 H. 7.16- 7.34(m 3 H), 6.95 (d, J= 9.0 Hz, 2 H),
5.62 (br. s., 2 H, 3.35 - 3.56 (m 8 H,; M5 (ES) mz: 468 (MI1-L1-).
Exanpl e 22:

2- Am no- 9- (4- cyclopropyl net hyl - pi perazi n-1-yl) - 4- phenyi 4ndenoll, 2-

dl pyrimdin-5-one The title conmpound was prepared using

1- cycl opr opyl net hyl - pi perazine in place of 1-(4-

pi per azi n- 1-yl - phenyl) - et hanone as descri bed in Exanple 1. H NVR (300MHz,

(m 1 1l s 2yl PG Bro o Lo eplabfalithofpihy 50% 5 L%

(
4 H), 2.78nded[02-d{pymimidin-§-pn. 42 (d, J= 6.4 Hz, 2 H), 0.90- 1.09 (m | H),
0.51 - 0.67 (m 2 H), 013 - 0.28 (in, 2 H: M (ES) mz: 412 (MFF).

Exanpl e 23:

9-(4-Alyl-p 1) - 2- ar ni no- 4- phenyl -i ndenol1l, 2-di pyri m di n-5- one
NH2 KN)
N, N
[ j NH,
N
PN
o |

The title compound was prepared using 1-(3-fluoro-pyridin-2-yl)-piperazine in place of
I-(4-piperazin-1-yl-phenyl)-cthanone as described in Example 1. "H NMR (300MHz,
CHLOROFORM-d)} & = 8.00 - 8.10 (m, 3 H), 7.45 - 7.60 (m, 4 H), 7.37 - 7.45 (m, 1 H),
7.21-7.34(m, 2 H), 6.82 (ddd, /=3.2,4.8, 78 Hz, | H). 5.67 (br.s., 2 H),3.77-3.87
(m, 4 H), 3.42 -3.57 (m, 4 H}Y;, MS (ES) m/z: 453 (M+H").

Example 11: 2-Amino-9-{4-[4-(2-methoxy-ethoxy)-phenyl|-piperazin-1-yl}-4-phenyl-

indenofl1,2-d|pyrimidin-5-one

%
paY,
Nj N:<NH2

i
i

O~
The title compound was prepared using 1-[4-(2-methoxy-ethoxy)-phenyl]-piperazine in
place of 1-(4-piperazin-1-yl-phenyl)-ethanone as described in Example I. *HNMR
(300MHz, CHLOROFORM-d) 6 =8.02 (dd, /= 2.1, 7.3 Hz, 2 H), 7.45 - 7.59 (m, 4 H),
7.37-745(m, 1 H),7.23(d,/=75Hz, | H), 6.96-7.06 (m, 2 H), 6.87 - 6.96 (m, 2 H},



The title conpound was prepared using 1l-allyl-piperazine in place of

1- (4- pi perazin-1 -yl phenyl) - et hanone as described in Exanple 1. 1H NMR
(300MHz, VWB2CROFEAM d) 6 = 7.98 - 8.07 (m 2 H), 7.43 - PCTAR2¢u{05359¢H) , 7. 36
- 7.42 (in, 1 H, 7.16 - 7.24 (m 1 H, 5.86 - 6.03 (m I H, 5.58 (br. s.,
2 H, 518 -5.35 (m 2 H), 3.32- 3.46 (m 4 H), 3.15 (d, J----- 6.4 Hz, 2
H, 2.73 - 2.84 (m 4 H; M5 (ES) mz: 398 (Mtll-). Exanple 24:

2- Am no- 9- (4-rnor phol i n-4-yi-piperidin-1-yl)-4-phenyl -indenol 1, 2-

d] pyri m di n-5-one The title conpound was prepared using

4- pi peridi n-4-yl -norpholine in place of 1-(4-

pi per azi n-1 -yl - phenyl) - et hanone as described in Exanple I. IH NVR (300MHz,

745 (a, 30 A0k 23R4 PRastm Ayps o 398t 2yl g 185470 0 ¢ o

(br. s., 23H),338.-B44-(m34 8F; YIYWES thip; SB.(¥BH).2.92 (m 2 }1), 2.62 - 2.73 (m
4 H, 2.32 - 2.47 (m | H, 2.00- 2212 (m 2 H, 1.84 - 2200 (m 2 H; M

(ES) raiz: 442 (WMWH ). Exanple 25:

9- (4- Acet 3Bxdnh eN - ARiHeeY-(Gplenkthy L piperaali- ROH4-jikaMyindénwignoll, 2-

di pyrimdin-5-0 The title conmpound was prepared using

1-(4- pheny‘il M‘B’é‘? G- y1) - et hanone in pl ace of

1- (4- pi perazi n- I-yI
CHLOROFORM d) 6= 7

278,07 (m 2 H, 7.28 - 7.56 (m 10 H). 7.16 (d,
.79 (hr. s., 2 H, 3.56 (d, .1- 12.1 Hz, 2 H), 3.16

(t,/ =10 270(d J=13.9 Hz, 2 H), 2.27 - 2.50 (m 2 H), 1.99
(s, 3 H; 475 (Mrl-1-). Exanple 26:
2- Ami no- 4- phe yl 91\1({4 pyri di n- 3-y1- pi perazi n- 1-yl) 4ndenoll, 2-
pyrim di n-5
N
N

The title compound was prepared using 1-phenethyl-piperazine in place of 1-(4-
piperazin-1-yl-phenyl)-ethanone as described in Example 1. 'H NMR (300MHz,
CHLOROFORM-d) 6 =7.92 - 8.09 (m, 2 H), 7.44 - 7.59 (m, 4 H), 7.13 - 7.44 (m, 7 H).
5.59 (br.s.,, 2 H), 3.28 - 3.55 (m, 4 H), 2.81 - 3.01 (m, 6 H), 2.68 - 2.81 (m, 2 H); MS
(ES) m/z: 462 (M+H ).

Example 13: 2-Amino-9-(4-hydroxv-4-phenyl-piperidin-1-yl}-4-phenyl-indeno[1,2-

d]pyrimidin-3-one

The title compound was prepared using 4-phenyl-piperidin-4-ol in place of 1-(4-
piperazin-1-yl-phenyl)-ethanone as described in Example 1. "H NMR (300MHz,



The title conpound was prepared using | -pyridin-3-yl-piperazine in place
of 1-(4- piperazin-Il-yl-phenyl)-ethanone as described in Exanple 1. H NWR
(300MHz, VWH2CROFEAM d) 6 - 8.46 (m 1 H), 8.11 - 8.24 (m®CTWSEH10/053598 - 8. 06
(m 2H, 7.46 - 7.59 (m 4 H), 7.40 - 7.46 (m 1 H, 7.20 - 7.36 (m 3 H),
5.67 (br. s., 2 H, 3.53- 3.60(m 4H, 3.45 - 3.53 (m 4 H); M (ES
rn/fz: 435 (MtH ). Bi ol ogi cal Assays and Activity Ligand Bi nding Assay for
Adenosi ne A2A Recept or Li gand bi ndi ng assay of adenosi ne A2A
receptor was perfornmed using plasma nenbrane of HEK293 cell s cont ai ni ng
human A7A adenosi ne receptor (PerkinEl mer, RBHA2A) and radi ol i gand

[ 3BMCGS21680 ( Per ki nEl mer, NET1021). Assay was set up in 96- well

pol ypr opyl I i ot 3| |.u f_20Q pt sequenti al |l y adding
2011E1: 20 ﬁﬁﬁﬁgggbmg}%ﬁésziéfgd'ﬁr%g’s’aéﬁgdﬁf g?¥(%.51 Fﬁ‘%/I}F]fIiagzzlyZICI7;57pH7. 4 10
M MyC12,  dn,wVHEDTNbrcOntid), Risnad, ¥3HY AGS2568932 5949 dh| utred sgeemapnd (4X) or
vehicle control in assay buffer. Nonspecific binding was determ ned by 80
MVl NECA. R%é%t%6%“&%%Hbg9?r§@9é@t25%E%%Gﬁﬂﬁ@ﬁﬁé?ﬁﬁﬁ e-for 2 hours before
filtering through 96-well G-/ C filter plate pre-soaked in 50 rnM Tris. HCL,
pH7. 4 containing 0.3% pol yethyl enimine. Plates were then washed 5 tines
with col d Boupnis/ 4Fr2'rIét(zmiﬂp*ﬁw.ﬁﬁimphﬂﬂb’bﬁ{émﬂgHaﬂ-é]d’yémi@ih@-ﬂbt tom
M crosci nt i ti.on. L ui LAL was added to each well and the top seal ed.
Pl at es mer%b%%ﬁﬁgggigﬁhggéﬁggﬁ Topeount for [3H]. Data was anal yzed in
M crosoft Excel and GzaphPad Prism prograns. (Varani, K. ; Cessi, S.;
Dal pi az, A ; . British Journal of Pharmacol ogy, 1996, 117, 1693)
Adenosi ne A-7. eptor Functional Assay (AGAL2) To initiate the
functional assay,€rygpreserved CHO Kl cells overexpressing the human
adenosi ne A2A @ecemqu and contai ning a eAVP i nduci bl e bet a-gal act osi dase
reporter gene mﬁ}e t hamed, centrifuged, DWVSO containing nedia renoved, and
Ny

t hen seeded fresh culture nmedia into clear 384-well tissue culture
treated pIﬁEes (BD #353961) at a concentration of 10K cells/well. Prior to
assay, thesé es were cultured for two days at 37 'C, 5% CO2, 90% Rh. On
the day of th finct i onal assay, culture nedia was renoved and repl aced
with 45 1,1L assay nedi um (Hanms/ F-12 Mdified (Mediatech # 10-080CV)

suppl emented w 0. 1% BSA). Test conpounds were diluted and 11 point curves
creat ed at Thke titRGONPEoKoen Preaticd nsiign2-bPOsEIDNBD.nidotnedirdt @lpyacadbt ef4-addi ti on
of assay La-1o the cel tes,. .bp nL.of the priat.g test conpound
antagonis?ﬁg%g%%gﬁﬁgﬁ“@@ﬁ?ﬁg%%gﬁﬁggggﬁg?gxgap%g'?@Q@@ﬂ?b%PQ%ES using a

Car t esi an EHBOROGORM ) Conpiayad Jeur.v,a9 Mend)ak bowed/ £0.1i ngebat enat room

t enper at ur cell p S r. approxi mtely 15 m nutes before addition of
a 15 nM NEE&?%érgﬁégEéggg)l&géﬁﬁgg%%ﬂﬁ¥ﬁiﬁgﬁ4k51?iﬁﬂdﬁﬁhﬁf30%@53%%roI curve
of NECIA, aﬁal\rls@amdtcm,gea%]m.:m@mdlg&as,@jo&ggggdg,saﬁopmﬁf){]ﬁmﬁk)[ B4¢Si gma ::|3917éI
were al so jncluded on each plate. After additions, ce pl ates were all owe
to incubat%5%9“€5ﬁ&f“3ﬁﬁ§t@ﬁ¥4@6@@?@)for 5.5 - 6 hours. After incubation,
nmedi a were renoved, and cell plates were washed | x 50 pit with DPBS w o Ca
& My (Mediatech 21-031- . Into dry wells, 20 pi of |x Reporter Lysis
Buf f er ( Pr&¥egpde E337Aminr3-If-dampthagsspBonyi-pberyboipergsioy - yivdphatded to each
vel ' and plpat&sii blapheimin-5-4R. C overni ght. For 13-gal act osi dase enzyne
colorinmetric assay, plates were thawed out at roomtenperature and 20 pi,
2X assay buffer (Pronega) was added to each well. Color was allowed to
develop at 37C, 5% C2, 90% Rh for 1 1.5 h or until reasonabl e signal
appeared. The cofori ric reaction was stopped with the addition of
601, i L/ wel | ~T™M-sQdi yrm=Car bonate. Pl ates were counted at 405 nmon a
Spect r aMax pl"at e Reader (Mol ecul ar Devices). Data was anal yzed in
M crosoft Exdel andMN C/ EC50 curves were fit using a standardi zed macro.
Adenosi ne ﬁtNﬁfc-otBL Functional Assay (Al GA 2)

N
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To initiate the functional assay, cryopreserved CHO Kl cells overexpressing
t he human adenosi ne Al receptor and contai ning a cAMP inducible

bet a- gal awoasildassaor eporter gene were thawed, centrifugedT/USM3Q0s33ne ai ni Ng
medi a renoved, and then seeded with fresh culture nmedia into clear 384-well
tissue culture treated plates (BD 4353961) at a concentration of 10K
cells/well. Prior to assay, these plates were cultured for two days at 37
C, 5"/0 CO2, 90% Rh. On the day of the functional assay, culture nedia was
removed and replaced with 45 RE assay nedi um (Hans/F-12 Mdified (Medi atech
# 1 0-080CV) supplemented w 0.1% BSA). Test conpounds were diluted and 11
point curves created at a 1000x concentration in 100% DVSO. | nmedi ately
after addition of assay nedia to the cell plates, 50 nL of the appropriate
test conmpound ant agoni st or agoni st control curves were added to cell

pl ates using a Cartesian Humm ngbird. Conpound curves were allowed to

i ncubate at roomtenperature on cell plates for approxinmately 15 m nutes
before addition of a 4 nMr-PIA (Sigma P4532)/1 uM Forskolin (Signa F3917)
agoni st cheid tel@empeundlway plapare] usn@g contebhnesulfongl-pfenyh-Biphrakint indlder skol i n,

a DwvsQO Nbdi control e dose aof Fo Sk0|l ncl uded on
each pl at ef LAfeRsReraziyf ¥ PE’dJ}P@yﬁ %‘%‘0“}8%5‘&?0%8 ’éﬁ”?pé?/\,gd%}{%m% at 37 C,

5% C01, 90&@1&31{6@01@45)8 8®3h&urﬁ=z Aﬁtﬁqz,lzr}gwm@ucpn qrﬁgmpgawgenoved, and
cell plates were washed | x 50 pl. DP at eeh

BS
21- 031- CV) 7-57 tie.df 1k y-+néd: V§6‘23111| D), 8f21l‘>z3ﬁélf§0P f*ér7 q_(’;@:\g %Qﬁ?e?ﬂ (-Pr onmega
E3971 (di '%ﬁg, z%@eﬁ@%@i aﬁﬁp@&kls\@a%maﬂﬁ% 1395 8¢ Welds) and pl at es
frozen at -- ‘C’over ni ght or 13-gal actosi dase enzyme col orimetric assay,
pl at es wer 2 2t(Nakkd out at roomterrper ature and 20 pt 2X assay buffer

(Pronega) 2d_{0..each, we WE ty, 37 "C, 5%
o, 500 FepPe R 2-ARGREE-HEhicho (bRl I @R AN B AR, |2
col ori et r djpyrieadibi3emenas st opped with the addition of 60 pl/well 1M sodium
carbonate. Plates were counted at 405 nmon a SpectraMax M cropl ate Reader
(Mol ecul ar Devi ta was analyzed in Mcrosoft Excel and | Cl EC50
curves were o a standardi zed macro. A2A ASSAY DATA Conpounds of

d surprising and unexpected selectivity for A7A over A
receptor antgagoi§<n°1l Exanpl e A2AGal120 0. 0002 A1Gal2(IM 4.05 Al/A2A 20250

h NH;

OMe
The title compound was prepared using 1-(4-methoxy-phenyl)-piperazine in place of 1-
(4-piperazin-i-vl-phenyl)-cthanone as described in Example 1. "H NMR (300MHz,
CHLOROFORM-d) 8 =799 ~ 8.09 (m, 2 H), 7.46 - 7.60 (m, 4 H), 7.38 - 7.46 (m, 1 H),
7.22-734(m, 1 H),7.03 (d,/=9.0Hz 2 H), 691 (d, /=9.0 Hz, 2 H), 5.60 (br. 5., 2 H),
3.81 (s, 3 H), 3.46 - 3.59 (m, 4 H), 3.34 - 3.46 (m, 4 H); MS (ES) m/z: 464 (M+H").

Example 17: 2-Amino-4-phenyl-9-(4-pyridin-2-yl-piperazin-1-yl)-indeno[1,2-

d]lpyrimidin-5-one

24



2 0.0016 9.5 5937.5 3 0.0006 3.5 5833.33 4 0.0012 1.9

WO 2011/053510 PCT/US2010/053590

The title compound was preparcd using 1-pyridin-2-vl-piperazinein place of 1-(4-
piperazin-1-yl-phenyl)-ethanone as described in Example 1. 'H NMR (300MHz,
CHLOROFORM-d) 6 =8.26(d, /=38 Hz, 1 H),8.03(dd, /=23, 75 Hz, 2 H), 7.46 -
7.64(m,5H),742(d,/=64Hz,1H),723(d,/J=75Hz, 1 H),6.77(d, /=83 Hz, 1
H), 6.70 (dd, /=49, 6.8 Hz, | H), 5.67 (br.s., 2 H), 3.77 - 3.95 (m, 4 H), 3.36 - 3.56 (m,
4 H); MS (ES) m/z: 435 (M+H").

Example 18: 2-Amino-9-[4-(4-methoxy-phenyl)-piperidin-1-yl]-4-phenyl-indeno[1,2-

d]pyrimidin-3-one

éMe

The title compound was prepared using 4-(4-methoxy-phenyl)-piperidine in place of 1-
(4-piperazin- 1 -yl-phenyl)-cthanone as described in Example 1. "H NMR (300MHz,
CHLOROFORM-d) 8§ =794 - 8.09 (m, 2 H), 7.43 - 7.59 (m, 4 H), 7.34 - 743 (m, 1 H),
718-734(m.3H),691(d,/J=87Hz 2H), 5.68 (br.s.,2 H), 3.87-3.9] (m, 2 H),
3.82(s.,3H),2.84-3.03(m, 2 H),2.60-2.79 (m, | H), 1.95-2.27 (m, 4 H); MS (ES)
m/z: 463 (M+H").

o]
LA
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Example 19: 2-Amino-4-phenyl-9-(4-propyl-piperazin-1-yl)-indeno|[1,2-d]pyrimidin-

5-one

The title compound was prepared using 1-propyl-piperazinein place of 1-(4-piperazin-1-

yl-phenyl)-ethanone as described in Example 1. 'H NMR (300MHz, CHLOROFORM-d)
5=802(dd,J=2.1,73Hz, 2 H), 7.42-7.61 (m,4 H), 7.33 -7.42 (m, I H), 7.20 (d, J =
8.3 Hz, 1 H), 5.64 (br.s., 2 H), 3.27 - 3.50 (m, 4 H), 2.68 - 2.86 (m, 4 H), 2.36 - 2.49 (m,
2 H), 1.50 - 1.67 (m, 2 H), 0.97 (t, /= 7.3 Hz, 3 H); MS (ES) m/z: 400 (M+H").

Example 20: 4-{1-(2-Amino-5-0x0-4-phenyl-5H-indeno[1,2-d|pyrimidin-9-yl)-

piperidin-4-ylj-benzamide

0

HoN
The title compound was prepared using 4-piperidin-4-yl-benzamide in place of 1-(4-
piperazin-1-yl-phenyl)-ethanone as described in Example L. "H NMR (300MHz
JAcetone) d=8.03 -8.14 (m, 2 H), 7.92 (d, /=83 Hz, 2H), 742 - 7.61 (m, 6 H), 7.28
(d,/=68Hz 1 H),7.33 (d, /=83 Hz, | H), 7.02 (br. 5., 2 H), 6.55 (br. s., 2 H}), 3.85 -



2.9 1074.07 8 0.0027 2.1 777.778 9 0.0081 6.2 765.432 10

WO 2011/053510 PCT/US2010/053590

4,01 (m, 2 H), 3.35 (1, J=7.0Hz, 2 H), 2.89 - 3.06 (m, 2 H), 2.11 - 2.29 (m, 2 H), 1.88 -
2.01 (m, 1 Hy, MS (ES) m/z: 476 (M+H").

Example 21: 2-Amino-9-[4-(4-chloro-phenyl)-piperazin-1-yl]-4-phenyl-indenol1,2-

djpyrimidin-5-one

Cl

The title compound was prepared using 1-(4-chloro-phenyl)-piperazine in place of 1-(4-
piperazin-1-yl-phenyl)-ethanone as described in Example 1. '"H NMR (300MHz,
CHLOROFORM-dy6=7.95-8.08 (m, 2 H), 745 -7.61 (m,4 H), 737 - 745 (m, 1 H),
7.16-734(m,3H),6.95(d,/J=9.0Hz, 2 H), 5.62(br. s, 2 H), 3.35-3.56 (m, 8§ H); MS
(ES)y m/z: 468 (M+H").

Example 22: 2-Amino-9-(4-cyclopropylmethyl-piperazin-1-yl)-4-phenyl-indeno[1,2-

d]pyrimidin-5-one

The title compound was prepared using 1-cyclopropylmethyl-piperazine in place of 1-(4-

piperazin-1-yl-phenyl)-cthanone as described in Example 1. 'H NMR (300MHz,
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CHLOROFORM-d) § = 7.93 - 8.10 (m, 2 H), 7.43 - 7.60 (m, 4 H), 7.34 - 7.43 (m, 1 H),
7.21(d, J=8.3 Hz, 1 H), 5.57 (br. s., 2 H), 3.29 - 3.51 (m, 4 H), 2.78 - 3.02 (m, 4 H),
242 (d,J=6.4 Hz. 2 H), 0.90 - 1.09 (m, 1 H), 0.51 - 0.67 (m, 2 H), 0.13 - 0.28 (m, 2 H);
MS (ES) m/z: 412 (M+H").

Example 23: 9-(4-Allyl-piperazin-1-yl)-2-amino-4-phenyl-indene[1,2-d]pyrimidin-5-

one

The title compound was prepared using 1-allyl-piperazine in place of 1-(4-piperazin-1-yi-
phenyl)-ethanone as described in Example 1. "H NMR (300MHz, CHLOROFORM-d) §
=798 -8.07(m,2H),743-7.57(m,4H),7.36-7.42(m, | H),7.16 - 7.24 (m, | H),
5.86-6.03(m, 1 H), 558 (br.s., 2 H), 5.18 - 535 (m, 2 H),3.32 - 3.46 (m, 4 H), 3.15 (4,
J=64Hz, 2 H),2.73 - 2.84 (m, 4 H); MS (ES) m/z: 398 (M+H ).

Example 24: 2-Amino-9-{4-morpholin-4-yl-piperidin-1-yl)-4-phenyl-indeno{1,2-

d]pyrimidin-5-one
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The title compound was prepared using 4-piperidin-4-yl-morpholine in place of 1-(4-
piperazin-1-yl-phenyl)-ethanone as described in Example 1. "H NMR (300MHz,
CHLOROFORM-d) 3= 8.01 (dd, J=2.3,75Hz 2 H), 748 - 7.57 (m, 3 H), 745 (d, J =
83Hz, 1H),733-740(m, 1 H),7.19(d, /=79 Hz, | H),5.61 (br.s.,2H),3.74 - 3.87
(m, 6 H),2.78-2.92(m, 2 H),2.62-2.73 (m,4 H), 2.32 - 2.47 (m, I H}, 2.00 - 2.12 (m,
2 H), 1.84 - 2.00 (m, 2 H); MS (ES) m/z: 442 (M+H ).

Example 25: 9-(4-Acetyl-4-phenyl-piperidin-1-yI}-2-amino-4-phenyl-indeno{l,2-

dlpyrimidin-5-one

The title compound was prepared using 1-(4-phenyl-piperidin-4-yl)-cthanone in place of
1-(4-piperazin-1-yl-phenyl)-ethanone as described in Example 1. "H NMR (300MHz,
CHLOROFORM-d) 8 =7.96 - 8.07 (m, 2 H), 7.28 - 7.56 (m, 10 H), 7.16 (d, /= 7.9 Hz, |
H), 5.79 (br.s., 2 H), 3.56 (d, /= 12.1 Hz, 2 H), 3.16 (t, /= 10.0 Hz, 2 H), 2.70 (d. /=
13.9 Hz, 2 H). 2.27 - 2.50 (m, 2 H), 1.99 (s, 3 H); MS (ES) m/z: 475 (M+H").

Example 26: 2-Amino-4-phenyl-9-(4-pyridin-3-yl-piperazin-1-yl)-indenofl,2-

d]pyrimidin-5-one
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The title compound was prepared using 1-pyridin-3-yl-piperazine in place of 1-(4-
piperazin-1-yl-phenyl)-cthanone as described in Example 1. *H NMR (300MHz,
CHLOROFORM-d) 8 =8.46 (m, | H), 8.11 - 8.24 (m, | H), 7.98 - 8.06 (m, 2 H), 7.46 -
7.59 (m, 4 H), 7.40 - 7.46 (m, 1 H), 7.20 - 7.36 (m, 3 H), 5.67 (br. s., 2 H), 3.53 - 3.60 (m,
4 H), 3.45-3.53 (m, 4 H); MS (ES) m/z: 435 (M+H").

Biological Assays and Activity

Ligand Binding Assay for Adenosine A, Receptor

Ligand binding assay of adenosine Az receptor was performed using plasma
membrane of HEK 293 cells containing human A, adenosine receptor (PerkinElmer, RB-
HA,4) and radioligand [PH]CGS21680 (PerkinElmer, NET1021). Assay was set up in 96-
well polypropylene plate in total volume of 200 pl. by sequentially adding 20 pL1:20
diluted membrane, 130 pLassay buffer (50 mM Tris-HCI, pH7.4 10 mM MgCls, 1 mM
EDTA) containing ['H] CGS21680, 50 pL diluted compound (4X) or vehicle control in
assay buffer, Nonspecific binding was determined by 80 mM NECA. Reaction was
carried out at room temperature for 2 hours before filtering through 96-well GF/C filter
plate pre-soaked in 50 mM Tris'HCL, pH7.4 containing 0.3% polyethylenimine. Plates
were then washed 5 times with cold 50 mM Tris-HCl, pH7.4, dried and sealed at the
bottom. Microscintillation fluid 30 ulL was added to each well and the top sealed. Plates
were counted on Packard Topcount for ["H]. Data was analyzed in Microsoft Excel and
GraphPad Prism programs. (Varani, K.; Gessi, S.; Dalpiaz, A.; Borea, P.A. British
Journal of Pharmacology, 1996, 117, 1693)

30



0.6 133.333 19 0.01034 1.08418 104.858 20 0.0015 0.15 100 21

WO 2011/053510 PCT/US2010/053590

Adenosine Ay, Receptor Functional Assay (AsaGAL2)

To initiate the functional assay, cryopreserved CHO-K1 cells overexpressing the human
adenosine A,a receptor and containing a cAMP inducible beta-galactosidase reporter
gene were thawed, centrifuged, DMSO containing media removed, and then seeded with
fresh culture media into clear 384-well tissue culture treated plates (BD #353961) at a
concentration of 10K cells/well, Prior to assay, these plates were cultured for two days at
37°C, 5% COs, 90% Rh. On the day of the functional assay, culture media was removed
and replaced with 45 pl. assay medium (Hams/F-12 Modified (Mediatech # 10-080CV)
supplemented w/ 0.1% BSA). Test compounds were diluted and 11 point curves created
at a 1000x concentration in 100% DMSO. Immediately after addition of assay media to
the cell plates, 50 nl. of the appropriate test compound antagonist or agonist control
curves were added to cell plates using a Cartesian Hummingbird., Compound curves
were allowed to incubate at room temperature on cell plates for approximately 15
minutes before addition of a 15 nM NECA (Sigma E2387) agonist challenge (5 pL
volume). A control curve of NECA, a DMSO/Media control, and a single dose of
Forskolin (Sigma F3917) were also included on each plate. After additions, cell plates
were allowed to incubate at 37 °C, 5% CO;, 90% Rh for 5.5 — 6 hours. After incubation,
media were removed, and cell plates were washed 1x 50 uL. with DPBS w/o Ca & Mg
(Mediatech 21-031-CV). Into dry wells, 20 uL of 1x Reporter Lysis Buffer (Promega
E3971 (diluted in dH-O from 5x stock)) was added to each well and plates frozen at -20
°C overnight. For B-galactosidase enzyme colorimetric assay, plates were thawed out at
room temperature and 20 pl. 2X assay buffer (Promcga) was added to each well. Color
was allowed to develop at 37 °C, 5% CO,, 90% Rh for 1 — 1.5 h or until reasonable signal
appeared. The colorimetric reaction was stopped with the addition of 60 uL/well IM
sodium carbonate. Plates were counted at 405 nm on a SpectraMax Microplate Reader
(Molecular Devices). Data was analyzed in Microsoft Excel and IC/EC50 curves were fit

using a standardized macro.

Adenosine Al Receptor Functional Assay (A1GAL2)
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To initiate the functional assay, cryopreserved CHO-K1 cells overexpressing the human
adenosine Al receptor and containing a cAMP inducible beta-galactosidase reporter gene
were thawed, centrifuged, DMSO containing media removed, and then sceded with fresh
culture media into clear 384-well tissue culture treated plates (BD #353961) ata
concentration of 10K cells/well. Prior to assay, these plates were cultured for two days at
37 °C, 5% COs, 90% Rh. On the day of the functional assay, culture media was removed
and replaced with 45 pL assay medium (Hams/F-12 Modified (Mediatech # 10-080CV)
supplemented w/ 0.1% BSA). Test compounds were diluted and 11 point curves created
at a 1000x concentration in 100% DMSO. Immediately after addition of assay media to
the cell plates, 30 nL of the appropriate test compound antagonist or agonist control
curves were added to cell plates using a Cartesian Hummingbird. Compound curves
were allowed to incubate at room temperature on cell plates for approximately 15
minutes before addition of a 4 nM r-PIA (Sigma P4532)/1uM Forskolin (Sigma F3917)
agonist chailenge (5 pL volume). A control curve of r-PIA inluM Forskolin, a
DMSO/Media control, and a single dose of Forskolin were also included on each plate.
After additions, cell plates were allowed to incubate at 37 °C, 5% COy, 90% Rh for 5.5 -
6 hours. After incubation, media was removed, and cell plates were washed 1x 50 pb.
with DPBS w/o Ca & Mg (Mediatech 21-031-CV). Into dry wells, 20 uL of 1x Reporter
Lysis Buffer (Promega E3971 (diluted in dH20 from 5x stock)) was added to each well
and plates frozen at -20 °C overnight. For B-galactosidase enzyme colorimetric assay,
plates were thawed out at room temperature and 20 pk. 2X assay buffer (Promega) was
added to cach well. Color was allowed to develop at 37 °C, 5% CO,, 90% Rh for 1 - 1.5
h or until reasonable signal appeared. The colorimetric reaction was stopped with the
addition of 60 pL/well 1M sodium carbonate. Plates were counted at 405 nmon a
SpectraMax Microplate Reader (Molecular Devices). Data was analyzed in Microsoft

Excel and IC/ECAS0 curves were fit using a standardized macro.
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Compounds of Formula A displayved surprising and uncxpected selectivity for Ass over

Al receptor antagonism.

Example ‘. AZAGQQOL.MH)W A]Galz(MM) A1/AM

1. 0.0002 . 405 20230
2 0.0016 9.5 59315

3 0.0006 : 3.5 0583333
4. 00012 1.9 158333
5. 000049 075 153061 :
6 (00026 29 111538

7 0.0027 29 1074.07

8 0.0027 2.1 777.778
900081 6.2 765.432
10 00026 1.9 730.769
AL 0.00036 0.25 694.444
120 0.002268 ! 1.05051 ' 463,233
13 0.00067 031 462.687
4. 0.0032 1.4 4375
15 0.00044 0.1 227273
16 000014 0025 178571
17 00014 0.2 142.857 -
18 0.0045 : 0.6 133.333
19 0.01034 : 1.08418 : 104.858 -
20 - 0.0015 015 100
21 .....00015 042 80,
22 0010551 0.818465 775711
23 0012454 074817 600758
24 0.0047 0.27  57.4468
25 0.0042 022 52381
26, 00006 0.031 51.6667

While the foregoing specification teaches the principles of the present invention, with
examples provided for the purpose of ilfustration, it will be understood that the practice of
the invention encompasses all of the usual vartations, adaptations and/or modifications as

come within the scope of the following claims and their equivalents.



0.031 51.6667 Wiile the foregoing specification teaches the principles of
the present invention, with exanples provided for the purpose of

i |l ustratwonpiivas3smwl | be understood that the practice ofPCrhms2010083596 on
enconpasses all of the usual variations, adaptations andior nodifications
as come within the scope of the follow ng clains and their equivalents.

Al l publications disclosed in the above specification are hereby

i ncorporated by reference in full. W daim |. A conpound which is:

R2 R3/\N R4 A wherein:

All publications disclosed in the above specification are hereby incorporated by reference in
full.
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Xis R2 is phenyl; R4 is NH2; and R3 is selected fromthe group consisting
of and sol vates, hydrates, tautoners, and pharnaceutically acceptable
salts t heweah11/052510A phal | i aceutical conposition conpriPsirng2@oossspound of
Claim1 and a pharnaceutically acceptable carrier. 3. A nmethod of treating
a subject having a disorder ameliorated by antagoni zi ng Adenosi ne A A
receptors in appropriate cells in the subject, which conprises

adm nistering to the subject a therapeutically effective dose of a conpound
of Claiml. 4. A nmethod of preventing a disorder aneliorated by

ant agoni zi ng Adenosi ne A2A receptors in appropriate cells in the subject,
conprising admnistering to the subject a prophylactically effective dose
of a compound.of Claim| either preceding or subsequent to an event
anti ci pat ed' $9%8¢%use a disorder ameliorated by antagonizing Adenosine Ai A
receptors in appropriate cells in the subject.

I. A compound which is:

7\
RS U N
N=(

R, A
wherein:
Xis C=0;
R; is phenyl;
Ry 1s NHs; and

R; is selected from the group consisting of

L
[ ]



5. The method of Caim3 conprising adm nistering to the subject a
therapeutically or prophylactically effective dose of the pharnaceuti cal
conposi t iw 20f1/88BaPmM 2. 6. The nethod of C ai m4 conprPSrAg2@dm530&t eri ng
to the subject a therapeutically or prophylactically effective dose of the
pharmaceutical conposition of Claim2. 7. The method of Caim3, wherein
the disorder is a neurodegenerative disorder or a novenent disorder. 8. The
nmet hod of Claim 3, wherein the disorder is selected fromthe group

consi sting of Parkinson's Disease, Huntington's Di sease, Miltiple System
At rophy, Corticobasal Degeneration, Al zheiner's D sease, or Senile
Denentia. 9. The method of Caim4, wherein the disorder is a

neur odegener ative disorder or_a novement disorder. 10. The met hod of

C aim 4, whe,(,el n tfie di §prder’js selgcted ffom the group consisting of

Par ki nson' iu sed@dse, Hgnttng on Sng Basegﬁgl tiple System Atrophy,

Corti cobas g at g or Senile Denentia. 11.
The nethod of C ai m 3. t he c{“sorder |s Par ki nson' s Di sease. 12.
The net hod d N3, ‘

of d s addiction. 13. The nethod
of Claim S,Bvﬁvtﬂer 't ent 1\orlN Defl cit Hyperactivity

Di sorder ( ADHD) (

depr essi on..~~xqg

IS
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15. The method of Caim3, wherein the disorder is anxiety. 16. The nethod
of Claim3, wherein the disorder is mgraine.
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and solvatcs, hydrates, tautomers, and pharmaccutically acceptable salts thereof;

2. A pharmaceutical composition comprising a compound of Claim 1 and a

pharmaceutically acceptable carrier.

3. A method of treating a subject having a disorder ameliorated by antagonizing
Adenosine Ay receptors in appropriate cells in the subject, which comprises

administering to the subject a therapeutically effective dose of a compound of Claim 1.

4, A method of preventing a disorder ameliorated by antagonizing Adenosine Asa
receptors in appropriate cells in the subject, comprising administering to the subjecta
prophylactically effective dose of a compound of Claim 1 either preceding or subsequent
to an event anticipated to cause a disorder ameliorated by antagonizing Adenosine Aza

receptors in appropriate cells in the subject.

5. The method of Claim 3 comprising administering to the subject a therapeutically or

prophylactically effective dose of the pharmaceutical composition of Claim 2.

6. The method of Claim 4 comprising administering to the subject a therapeutically or

prophylactically effective dose of the pharmaceutical composition of Claim 2.

7. The method of Claim 3, wherein the disorder is a neurodegenerative disorder or a

movement disorder.

& The method of Claim 3, wherein the disorder is selected from the group consisting of
Parkinson's Disease, Huntington's Discase, Multiple System Atrophy, Corticobasal

Degeneration, Alzheimer's Discase, or Senile Dementia.

9. The method of Claim 4, wherein the disorder 1s a neurodegenerative disorder or a

movement disorder,
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10. The method of Claim 4, wherein the disorder is selected from the group consisting of
Parkinson's Discase, Huntington's Disease, Multiple System Atrophy, Corticobasal

Degeneration, Alzheimer's Disease, or Senile Dementia.

11. The methed of Claim 3, wherein the disorder is Parkinson’s Disease.
12. The method of Claim 3, wherein the disorder is addiction.

13. The method of Claim 3, wherein the disorder is Attention Deficit Hyperactivity
Disorder (ADHD),

4. The method of Claim 3, wherein the disorder is depression.
15. The method of Claim 3, wherein the disorder is anxiety.

16. The method of Claim 3, wherein the disorder is migraine.
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