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® AnEXos
Comprobante de pago de la lasa.
Poderes, si fuere ¢l caso.
Pruebas de los fundamentos de la opasicion.
Documentos que acrediten el legitimo interes, si tuere el caso.

Documento que acredita la existencia y representacion legal de las partes, cuando sean
personas juridicas.

)

Instiucciones para el diigenciamienta del presente fomuario, verreverso de esta pagina.
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Senora Jefe,

5

Derecho de la Competencia, Propiedad

DIVISION DE NUEVAS CREACIONES

Superintendencia de Industria y Comercio

E. S.

Referencia

Asunto

Solicitante

Opositora

: Expediente N° 08 035238 /
¢ Oposicion a la solicitud de patente de Invencion titulada

“SAL DE HIDROGENO FOSFATO DE UN

ANTAGONISTA DEL RECEPTOR DE
PROSTAGLANDINA D2 ™

: AVENTIS PHARMACEUTICALS INC

: PROCAPS S.A.

Publicada en la %m de la Propiedad I

r?ﬂ'rial
N° 604 del 29 de Mayo de 2009

Yo, CIELO ANGELA PENA RODRIGUEZ, abogada cn ejercicio, identificada como

aparcce al pie de su firma, con tarjeta profesional No. 82701 del Consejo Supcrior de

la Judicaturz, en mi condicion de apoderada de la sociedad PROCAPS 8.4

conformada bajo las leyes de la Republica de Colombia y domiciliada en a ciudad de

Barranquilla, Colombia, atentamente manifiesto que estando dentro del término de ley

y por orden expresa de mi representada, presento oposicion a I concesian del registro
de la Patente de Invencién titulada “SAL DE HIDROGENO FOSFATO DE UN
ANTAGONISTA DEL RECEPTOR DE PROSTAGILANDINA D2 % cuyo titular es /
AVENTIS PHARMACEUTICALS INC,, y pido a Usred declarar fundada esta

aposicion y en consccuencia negar el registro de la patente solicitada.

Carrera 13N 11995, O 104 Tek (57002131213 - 6205021 - Fax, (37D 6 1213 79

E-mail: negacios@optinum-o.com - wwaw.optnumn-uo.corm

Bogura Colowbia

Indusitial y Comercio Exterior
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Optimum Industrial y Comercio Exterior

1. INTERES PARA ACTUAR /

Conforme a lo dispuesto en el articulo 42 de la Decision 486 de 2000 de la
CAN, estando dentro del término estipulado por la ley, manificsto el legitimo interés
de nucstra representada para oponerse al registro de la patente de la referencia,
atendiendo a que la solicitud prerendida no cumple con los requisitos dispuestos en la
ley como se analizard mas adelante y de ser concedida afectaria directamente la
comercializacion de  algunos ']ydﬁcms de mi represemtada, que contienen, en
particular un antagonista del receptor de prostaglandina D2, Por lo anto, solicito
respetuosamente a ese Despacho se sirva tener en cuenta la presente oposicion dentro

del tramite administrativo que se surte ¢n esta Superintendencia.

2. FUNDAMENTOS DE HECHOS

2.1, la soliciud objeto de Ia presenfe fue presentada el 8 de abril de 2008
reivindicando prioridad bajo la solicitud US20050726290P del 2005-10-13; y fue
publicada en Colombia, en la Gaceta de la Propiedad Induserial N° 604 del 29 de
Mayo de 2009, cuya publicacion internacional corresponde a la W(QO2007047378
dcl 2007-04-26.

2.2 1a solicitud colombiana 08 035238 objeto de lal presente oposicion, se refiere a un

compuesto de Formula (1):

Carrera 13 Ne 11995 OF 104 TeL (5702 131213-6205021 - Fax. (57116 1219 79
Fanail: negocios@oprimumvo.con - wuk.optinusm-o.cou
Bogota Colombia
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en una forma cristalina y una composicion farmacéutica que comprende una
cantidad farmacéuticamente eficaz del compuesto de la férmula 1, en miczela con un
vehiculo farmacéuticamente aceptable; asi como un mérodo para tratar una
enfermedad alérgica, mastocitosis sisfémica, un trastorne acompanade por
activacion  sistéimica de  mastocitos, choque anafilictico, broncoconstriccion,
bronquitis, urticaria, eczema, enfermedades acompanadas por picot, inflamacion,
entermedades pulmonares obstructivas cronicas, lesion de reperfusion isquémica,
accidente cerebrovascular, artritis reumatoide cronica, pleuresia, o colitis utcerosa,
cn un paciente que lo necesita, que comprende administrar al paciente una

cantidad farmacéuticamente eficaz del compuesto.

2.3 En primera instancia, se debe advertir que las reivindicaciones se reficren a un
metodo de rratamiento y no solo a la composicion farmacolégica o a un mérodo de
tabricacion mediante la cual se obtenga un producto rangible y segtin la legislacion,
decision 486 de la Comunidad Andina de Naciones, Articulo 4. “Los Paises
Miembros vtorgardn patentes para las invenciones, sean de producto o de procedimiento
(...)", los usos no estan contemplados como patentables; y, Articulo 20.- “No serdn
patentables (...} d) los métodos terupéuticos o quirirgicos para el tratamiento humano o

animal, asi como los métodos de diagnéstico aplicados a los seres humanos o a animales”.

Carrera 13 NY 11995, O 104 Tel. (571021312 13-62050 21 ~ Fax. (ST G 1219 79
L-mail: negoclos@optimum-o.com - wwe oprimum-co.com
Bogotd Colombia
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Solo serin patentables los productes o procedimicntos. Por lo tanto a luz de la
norma, dicha materia  referente al uso ¥ a un método de tratamiento no seria
patentable.

2.4.Ahora bien, con base en el articulo 14 de la Decision 486 de la CAN consagra lo
siguiente: “Los paises miembros otorgardn patentes para kas invenciones, sean de producto o
procedimiento, en todos los campos de la tecnologia, siempre que sean nuevas, tengan nivel
inventivo y sean susceptibles de aplicacién industrial”. Asi las cosas, las invenciones
objeto de patente deben ser nuevas v tener nivel inventivo. Bien, pues antes de la
fecha de prioridad de esta solicitud se encuentran los siguientes documentos que

afecra la patentabilidad de la presente solicirud:
e D1 WO03049739 publicada ¢l 19 de junio de 2003.

2.5.Ahora bien, ademas que él presente se refiere & un uso y a2 un mdérodo de
tratamiento que no es patentable a la luz de la norma en Colombia, su uso y
aplicacion, es posible derivatlo dc¢ manera cvidente del estado de la téenica,
particutarmente a partir del documento D1, que en la descripcion proporciona un

compuesto de formula (1):

ok, 0

2.6.0 un derivado farmacéuticamente aceptable como compuestos inhibidores de la
proteina kinasa, en particular inhibidores de proteina kinases GSK-3, donde dicho
compuesto revela una similar propiedad farmacéutica, contra la alergia y/o la

inflamacion, particularmente a parrir de las reivindicaciones 29 y 30, la pagina 22

Canrera 13 Ne 11995, Of 104 Tel (571321312 13- 62050 21 - Fax. (571 6 (219 79
E-mmil: negocios@optimum-co.com - wwav.optimum-co.com
Bagnri Colombiy,
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hasta la pagina 17, linea 2. Por lo tanto, este documento objeto de oposicion a la
luz del documento D1 carece cevidentemente de ALTURA O NIVEL
INVENTIVOQO, dado que cualquier persona versada en la materia pucde legar de
manera cvidente, combinando la materia revelada aqui en la anterioridad D1 con
su conocimiento edio sobre la materia, para llegar a conformar un compuesro de¢
{a formula 1, en mezcla con un vehiculo farmacéuticamente aceptable; asi como un
método para tratar una enfermedad alérgica y/o inflamacion entre otros.

. 2.7.En consecuencia y de acuerdo a lo descrito anteriormente, se deriva que la solicitud
colombiana 08 035238 no puede pretender un monopolio por patente toda vez
que 1o que pretende no cumple con dos de los tres requisitos necesarios para su

proteccion.
2.8.Que por consiguiente, respecto a la solicitud pretendida se tiene ques

2.8.1. CARENCIA DE ALTURA INVENTIVA. Segun [a Decision 486 dc la

Comunidad Andina de Naciones, Articulo 18.- “Se considerard que una invencion
tiene nivel inventivo, si para una persona del oficio normalmente versada en la materia
. téenica correspondiente, esa invencion no hubiese yesultado obwia ni se hubiese derivado
de manera evidente del estado de la técnica.”. A ta fecha de prioridad, 13 de octubre
de 2005, a partir del documento D2 en combinacion con D1, puede llegar de
manera evidente a un compuesto de la formula I, en mezcla con un vehiculo
{armacéuticamente aceptable; asi como un método para tratar una enferinedad
alergica y/o inflamacidn entre otros, sobre el cual busca proteccion en el

capitulo reivindicatorio.

2.8.2. CARENCIA DE APLICACION INDUSTRIAL La Decision 486 de la CAN

consagra en su articulo 14 lo siguiente: “Los paises miembros otorgarin patences

Coarrera 13Ne 11995, OL 104 Tel. (ST 2 131213 -6205021 - Fax (ST 612 19 79
E-mail: negocias@aptimum-to,com « www, optitmum-a.com
Bognra Colombia
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para las invenciones, sean de producto o procedimiento, en todos los campos de la
tecnologia, siempre que sean nievas, tengan nivel inventivo y sean susceptibles de
aplicacién industrial”. La presente solicitud carece de aplicacion Industrial ya que
como se demostrd anteriormente, algunas cliusulas reclaman ¢! méwdo
terapéutico y estos no son aplicables industrialmente porque primero no se
obticne un producto o proceso; ¥ segunde no es reproducible o repetible a
escala industrial. Por lo ranto, el objeto de la presente invencion referido a los
usos y métodos terapéuticos, no cumplen con el requisito de la aplicacion

industrial.

2.9.  Dado lo anterior, ¢s posible deducir que la solicitud y lo reivindicado no es
objeto de patentabilidad pucs es contrario a lo que dicta la Decision 486 de la
Comunidad Andina de Naciones, Articulo 14 “Los Palses Miembros otorgardn
patentes para las im'encione.s; sean ;ie producto o de procedimiento, en todos los campos de la
tecnwologia, siemfre que sean nueeas, tengan nivel inventivo y sean suscepribles de aplicacion
industrial.”. Ta solicitud pretendida no cumple con dos de los wres requisitos de

patentabilidad.

2.10.  Por todo lo anterior, atentamente solicito a usted que se sirva declarar fundada
la presente oposicion y negar el registro Patente de invencion denominada “SAL
DE HIDROGENO FOSFATO DE UN ANTAGONISTA DEL RECEPTOR DE
PROSTAGLANDINA D2 ”, cuyo titular es AVENTIS PHARMACEUTICALS
INGC, solicitud Colombiana que aparccia publicada en la Gaceta de la Propiedad

Induserial N° 604 del 29 de Mayo de 2009.

J. PRUEBAS

Carrera 13N 11995, Of. }04 Tel (571321312 43-6205021 - Fax. (37106 1210 79
E-mail: negacios@oprinmim-co.com - www.optiuum-co.com
Dogora Colombia
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De conformidad con lo disptiesto por las normas vigentes, solicito a usted rener

como prucba en este asunto los siguientes:

o DL WO03049739 publicada i 19 de junio de 2003.

Ber

AR TR

4 vIl"UNDAMENTO DE DERECHO
Fundamento esta obsenacion en las normas legales siguientes:
4.1.  Numecral | del articulo 586 del Codigo -de Comercio.
4.2, Ardculo 42 de Ia i’)ecisi‘:‘?‘ﬁg{j Je la Comision del Acverdoe de Cartagena.
4.3, En las demds normas concordaintes.
5. AMEXOS

Para los efecros correspondientes anexio al presente escrito los siguientes documentos:

1. Poder para actuar en el presenee.

2. Documento quc acredina ﬂl.tcp'fﬁglﬁ.i'x;Zlﬂt\? legal d= PROCAPS S.A.
3. Recibo de caja del respective, ;,m{,;;) e (asa,

4. Copias de los documenres:

.

o D1 WOI049739 publicsds el 19 de iunia de 2003,
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6. NOTIFICACIONES

Para efectos de notificaciones que por disposicion del articulo 50 del Decrero
0! de 1984 debe hacer su Despacho, informo que mi representada y la suscrita
recibiremos notificaciones en la Secretaria de su Despacho o en mis oficinas situadas

en la Carrera 13 Ne 11995, Of. 104 dé esta ciudad de Bogotd.

Scior Superintendente,

| .
CIELO ANGELA PENA RODRIGUEZ

C.C. 51'940.252 de Bogota
T.P.A. 82701 def C.S. de la ).

Carrera 13N 11995, OF 104 Tel. (571} 2 1312 13- 6205021 - Fax. (STD 6 1219 79
Lanail: negocios@oprimum-cu.com - www.optinimi-co.com
Bogori Colombia
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CERTIFICADO DE’EXISTENCIA‘Y REPRESENTACION LEGAL O DE - INSCRIPCION DE

a/-»
;productOSH 51m1gares‘la ;part{?“f e lmateriales tales como gelatlnas u'
otros dé dlsganta/'naturalgza ;(que\~puedan3¢ser//ut1112ados como
envases o \\re01p1entes,a 48 sprodu uctos 1y, sustanc1as quimicas,
farmaceutlcas,~,a11mentlclas\ yéLcosmetlcas wparaﬁpso ¥ consumc!humano
y veterinarioc." ¢} La investigacion, desarrdllo 4 fabricacion de toda

O

,Clase .de productos y,,{ sustancias quimicas, farmaceutlcas,u
\allment1c1as Y cosmetlcas ‘para uso ., y:- consumOwnhumano S ‘animal ..y
vegetal *-d) La compra vy “venta de-' materias-. primas, ~sinsumos >y~

productos intermedios .nécesarios-'para los- .procesgs’ de fabricacion
de {sustanc1as‘“qu1m1cas' farmaceutlcas allmen thlas [y cosmetlcas

asi <¢omo la comerc1a11%ac1on interna y “externa ‘de’ los prdductos
terminadog-. e} ./!La compra, venta,  importacion, exportacion :y.
\dlstrlbuc1on de toda clase'ide elementos 1nstrumenta1es'y equlpos,
medlcos, quirurgicos, odontologlcos y hospltalarlos para la salud-
humana., y anlmal f) La compraj;' - venta, ,.exportacion, fabricacion,

1mportac1on dlstrlbuc1on de dulces, confites, galletas Y todo
tipo’ < Qe 901081nas o alimentos para el\consumo himano. g) Actuar
5éomo representante«,o agente“\de personas naturales Y’J]urldlcaSr

:na01ona1es Y extranjeras'”en la -xeallzac1onL,de operac10nes o
‘transacciones re1a01onadas con la industria farmaceutica Y en”
espec1al con- ‘cualquiera de lag > actividades descritas en ;. los
11terales a),,‘b) c),\,d) Y e)-.antes 'descrltos. "h) Prestar los
servicios de dsesorias- y consultoria en las areas admlnlstratlvas,
/de mercadeo, anallsls CllnlCO, a51stenc1a tecnlca, 1nvestlgac1on,;
Lcostos N prodUCC1on, .:.exportaciones, 1mportac1ones" ventas,ﬂ
‘relacionadas _con 1gua1es o similares actividades a las que
constituyen el:- objeto : -de PROCAPS''S.A., asi'como los~de publicidad y
promocion de. productos qulmlcos allment1c1os,:‘cosmetlcos v
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OBJETOJ SOCIALI, EL) Ob]er principal ;da@)la}‘soc%gdad sera--ua) La
fabicacion, imgorta010n y_Jfomargiaﬁjq:dj@hftde aliméntos procésados
' suplementos{ dletarlos — b}l fabr 1cac10g/<ge, capsulas Yy otros'
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/¥armaceucﬁcos paraﬁpuso humano, anlmaI‘ o 1ndustr1a1. i)*ﬂdqulrlr,{
k‘operar:, \tadmlnlstrar/ Y expiotar éscualqulerQthtulo \vempresa-op,
establec1m1entos dedicados a la 1nvestlgac1on, desarrollo,
Pt A g g% P
fabrrcac1on ﬁa“\o comerc1allzac1on de"\ productos qulmlcos,
farmaceutlcos\wg/ allment1C1os, thospltalarlos &lcosmetlcosf En

desarrollo de™ su'/pb]eto g;%nc1pal la sociedad. podra tomar interes
Zeocial domo acc1on1sta, socio o furidador def.empresas que tengan\
\émgual vayslmllarbhobjeto,x comprar ngender 1mportar \yz exportar,
maguinarias, insumos y repuestos requeridos para el desarrollo de
suséﬁact1v1dades~ tomar/Z;dinero seny prestamo, finandiar y garantizar
lask&gperac1one§/ comerciales que&gelebre con,terceroszrelatlvas a su
objeﬂo, celebrar Y ejecutar\\todo tlpo de actos xwwcontratos
necesarlos\\ paraﬁ?F\desarroIiar susd?%perac1oqe5v girar;x, aceptarq.
( torgar \%yfprotesta;, todo Qplpo de \N}tulos valores e lnstrumentos
egoc1ables, comprar, vender Y const1tu1r gravamenes sobre bienes
muebles e 1nmueb1es, /de51gnar ﬁrepresentantes apoderados en er\pals
Y enhLel extgrlor y,\\gp general“)reallzar cualqu1er acto o negoc1o
que sea necesarlo e convenlente para el desarrollo de su objeto
,sacmal Wd para ( mejor protecc1on,de~sus 1ngereses corporatlvos o
lla de qps’ soc1os Q/ sociedad podra”garanthgr-el cumpllmlento de

\sus obllgac1ones adqu1r1da§q'por terceros o por sus socios, para 1o
cua&:‘podra }nclusave ,constrtulr g((\)(rpﬁﬁgreales/éobre sus?blenes
de {lcudlquieri{ naturaleza“ -------- {ﬁ --------------- D€ S gl ¥ o —--

N
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/ADMINISTR%CION La”d1recc1on-y admlnlstrac1on de~la soc1edad corres-s,
\pondera.{(ﬂ)la Asamblea GeneTal de Accionistas, k.la Junta Dlrectlva“
Presidente, alNWicepresidehte Yy a“un’ GerentéiGeneral . Corresponde
a ldﬂ Junta /DLrectlvar/las 51guxentes fung;ones Y atr1buc1oneS‘entre
otra%, Autor;gar cualqgler acto, ovcontrato\cuya cuaqgfa sea superlor
al equlvalente en pesos*éolomblanos a doscieéntos cincuenta mil~ dola-
,7res de 1% Estadgs, Unldos’de Amer1ca~JUS$250 000) liquidados a la\
ﬁgasa de 6amblo representa 1va del mercado v1gggpe el dla/en que: se,
%trta laY-transacidn. Cuandd™ se trate de operaciones en virtud de’
las7acuales lai\soc1edadﬂ\garant1ce obllgaq}ones de terceros ozde los
socilo dsll  se requerlra Hque la operacion sea. aprobada con el voto de
por\lo menos 2%3 partes‘de los 1ntegrantes dé-la Junt&EDlrectlva~

,/ﬂg soc1edad tendrau‘un Pres;dente ,/&hlen ejeqcera la ,representa—\
cﬁon \&legal ¢de la SOC1edad Y tendra las¥.51gu1entes atrlbu-/
\\c1ones entre otras- E]ecutar las ~ decisionés de 1I1a Asambléa

Genera} de Acc1onlstas'y\de la Junta Directiva. Ejercer la Represen-
tacidén!} Legali((de 1la sdciedad en todos 1805 actos :contratos- e se
gy Legali(& N & RS i
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requleran para el desarrollo del objeto soc1a1 de conformidad con”
lo prev1sto en, las 1eyes Y envlos presentes estatutos. Const1tu1r
apodérados ]ud1c1ales'ﬂy extrajud1c1ales,\ Iec1b1r‘~not1f1caC1ones,
absolver ‘1nterrogatorlos de parte, confésar obllgac1ones ‘de  1la
.éOCiedad,,,tran51glr,m disistir: y allanar a la sociedad en‘cualquler'
‘asunto ]UdlClal Aprobar Y«,celebrar\nen nombre{de la soc1eda todop.
acto e contrato cuya cuantla sea 1gual k) 1nferlor al equlvalente
en pesos colomblanos -doscientos c1ncuenta mil * dolares de los
Estados’ Unldos. ‘de Amerlca (US$250'000) ' 1qu1dados, a la tasa de
camblo representatlva del mercado v1gente el dia’en que sesurta
1a transacion o celebrac1on. del acto: Las démas func1ones que le“
correspondan como vgepresentante Legal~vpor dlSpOSlClon de la leyﬂ,
de estos ” estatutos’ o de la ‘Junta Directiva. El° Pre81dente “tendra un
suplente, de51gnado r‘”ia/;gunta\\mlrectlva\ qulen “reemplazara al
Presidénte enrfsus‘ faltas temporale*’dabsblutas o “meraniente ac¢ciden-
tales; con entldades\\faculxbdesxjy 'Slnlquefbea neEesarlo para ello
acredltar:»la’ ausgnC1a del'prlnc1pal-,Lafsoc1edad»tendra un Vicepre=’
.gidente desxgnado Jpor /la Junta Dlrectlva,<éu1en“tamblen ejercera la»-
representac1on\\legalf/de\\;a\ 5001edadh\pudrendo'ejercerla ‘conjunta o
separadamente A con,fel,qPre51deng§. \Elﬁﬂwlcepr351dente tendra las
siguentes facultades eﬁﬁféb otra%hﬁEJ%cﬁtarLdentio de su competenc1a
las ‘dec131ones de 1la “Asamblea ° *General de4Acc1onlstas, de la’ Junta
Dlrectlva <y, del Presidente - Ejercerfﬂla representa01on Tegal de lal
SOCledad len todos,.los actos !y contratos que, se requ1eran para el
‘désarrollc” del objeto social, de conformidad con 1lo previsto en las’
leyeg: -y en 1ds presentes estatutos. Constitiir apoderados judiciales
Y extrajud1c1ales, rec¢ibir notrf1cac1ones}:absolver 1nterrogatorlos
de parte, confesar obllgac1ones de la sociedad, tran51g1r, déesistir
,y \allanar'~ la soc1edad en\ cualquier asuntoujud1c1al Aproban,y
celebrar\ en nombre 'de la sociedad todoracto o, cdntrato cuya cuantia.
sea %gual o 1nfer10r al equ1va1ente en pesos’ colomblanos a ciento’
C1ncuenta m11 ,dolares de:los Estados Unldos ‘de America. (US$150:000),
11qu1dados la tasa \de cambid’ representatlva delxmercado<v1gente
el dia en que se surta 'la aprobacion o celebrac1on del acto, siempre

“fijo de- ;a' soc1edad 1nclu31ve de.gnaturaleza'zmuebles,-acc1ones't'
‘cuotas o " partes de interes’ inversiones y todo tipo de derechos
de 15 sociedad; o de“constltulrugravamenes sobre cualqulera de los
anterlores, facultades : que radi'¢an exclu51va Yy prlvatlvamente en
cabeza del Presidente. -Las _demas funclones que le ‘¢orresponda como
Representante legal por disposicion  de 1la ley,.de estos estatutos-
“¢. de 1la “‘Junta Ditrectiva. ' El vlcepr981dente -tendra (l) Suplente,
de31gnado por . 1la Junra Directiva, duien 1lo reemplazara ‘conjunta o
separadamente , ’ nen sus.t{faltas temporales,,.absolutas O meramente

acc1dentales,-~con ideﬁt}cas facultades y\51n que sea necesarlo'para

Q KEoOS LA NIT 5051010 1OUTGAS3S

*kkxhkikx* C ONTINU A ok kk ko kokk




CERTIFICADO DE EXISTENCIA Y REPRESENTACION LEGAL O DE INSCRIPCION DE
DOCUMENTOS .

PROCAPS S.A.-FFRc------ {-’,-';ﬂ?‘:: ------ SEar--e--- ,{;}\5 s e .
NIT: \1us9 0.106 \?;7 5. Wb ’\U s (f;__u, “&:;" o

Gérente *General \con su resggctlvo Suplente de81gnados por la Junta~

Dlrectlvd“ El Suplente reemplazara al Gerente General en sus faltas
temporales absolutas :o“\meramente~ acc1denta1es, qulen ]untqfcon el
gerente generaP4 llevaran la Yepresentac1on 1ega1 ‘de la soc1edad
con “identicas™ facultades, pudlendolas ejercer conjunta o] separadg;
§%ﬁgnte conL\eI PreSLdente ny1cepre81dente, cod7ident1casffacultade5$
&ﬁﬁe el Qperente Qeneral yugin que seaznecesarlo«para e110nacred1tar
"la  ausencia del titular. El1 Gerente General tendra lag® siguienteés
facuﬁ%ades entre otras‘*Ejercerfia\representac1on legal de lazsocie-
dad'} lLen todosVzlos actob Yy contgg;os que{se requleran para el desa-
rrollo del objeto soc1a1 de “Conformidad con 16 prev1sto ~en las
/?ieyes Y/Aen 1los pﬁésentes estatutos. jAprobar ysCelebrar ¢n:nombre  de;
soc1edad todol{jacto o contrato cuya,cuantla\sea igual. o inferiQr.
”Hl equlvalente en~ pesos Colomblanos a Cincuenta Mil dolares de 1os
Estados Unidggnde AmeTica (US§50,000), ffiguidadosina la :fasa de
cambld representatlva \gel mercaggjv1gente el dia en.que se surta la
aprobac1on o] celebrac1on del acto, siempre~que no s&” trate de" enaje*
/; a cualquler tmtulo blenesxlnmuebles\o cualquler otroKactlvo fr30\
de la soc1edad \1nclu51ve‘\de naturareza mueble acc1ones cuotas~o,
N E P
partes de interes; inversiones y todo tipo de “derechos de la soc1e—
dad /#ic 2 de COHStlEUlr /’iavamenesﬁlsobre ualqulera dexlas anterlores

{
facuiltades e Asiva rvatdivaménte. .en cabeza del
presﬁdente ) Eﬁ%ﬁ%ﬁﬁ%ELﬁjfzi_-ﬂéS?r _______________

A A
W (@@

(Eello acredltar 1a,nausenc1a’del pr1nc1pa1 La 5001edad tendra un (d)\

Quexﬂsegun Act o. o’ae 1997 correspondlente a
la ﬁgamblea d%Cﬁcc;onlsgié; ,)(ﬁ:?Q'miﬁlgﬁLdgglaﬂ50C1edad i
PROCAPS S AN .. 3=l T Nl Tl Lo

,prya parte\ pertlnente se '1nscr1b1045én esta Camara de Comercio, e%
15 de Agosto de' 1997 ba]o nel Nowg 30 838 ‘gel llbro\respectlvo“,
\\ segtn “YActa N0Q5“127 del¥22 de “Marzo de 2000 correspdndienteva”
1a Asamblea de cc1onlstas en Barranqullla ade la soc1edad 43;
PROCAPS S. Aggﬂr """""" li1 ----- ag;-"-"""*"""g:-------‘{ ------
cuyd&“parte pértlnente\\ inscribid en esta Camaratde Comerc1o, el

429 de Mayo de 2000 bajo eI?No 87,250, del libro, respectivo, fuerph\

he 1081 ntés nto a0 . i
\(J/chos Qe LS 81gu1e E\\a nombram\{e s: @_Jj ‘(S—// Lo "::ljl-"

CLAS@P ?1 QL\JUNTA DIRECTIVA /Z Iz ,(f;\

; 1) | G (&) o (:

Pr1nc1pales i N S
/7 1. Minski Gontovhik Rubengﬁ\ Al SCC. **x*x*2%%7 463, 982x
(h 2. MifiSki Gontgumik Meye \, @a f;cc s 4% f257, 461, 324..
3. Minski Gontoviik Jose =Y CC.**+*¥¥*g, 671, 834~

T A / ~.

Sup'lentes @ \ '\@r}, ', ¢ :\ ’</ D @
ﬂL/Mlnskl\erberblum Elliot =% g C\******72 219 541
AN, 2. Mifski Delteiﬂpanlel /’k‘ 770N AN TP T PR PN
\'\{Q, 3. Mifski Shardnll) Wi (G £.PA, *990f212 082, 805

N ~
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'éue segun Acta NoO. 116 del 27 de Junio de 1997 correspondlente a
la Asamblea de A001onlstas en Barranqu1lla“ de la sociedad: PROCAPS
| 8. A‘nguya parte pertlnente se 1nscr1blo en, esta Cémara de Comerc1o,
el 15 de BAgosto de 1997 ba]o el No. 70 838 del 1ibro respectlvo,

T ( 721Ny 0T N
Que segﬁn Acta \No"'ll ’del 01 de,Febrqro\|g 2007 \Correspondiente; m
la Junta - Dlrectlva Lén KBarranqulllaﬂgfqéijlgﬂébC1edad PROCAPS S.A.

cuya  'parte pertlnente »se pinscribid. - enxgsggfcémara,de Comercio, el
12" 'dé.; Febrero. “de 2001 {bajoj“él}uNo“wv91b qagael llbro respectlvo

fueron hechos 1los 51gu1entes nombramlentos

-

. Cargo/Nombre PR R e ;[‘ IdentlflcaC1onx‘
Gerente General SR L a{fg} 3 Punf
Urlbe Ochoa Gulllermo Luis ‘ CC ******70 073 754'
) o . /,. . o N . /,.. I ,",_ ’m . AN
'f) ' ‘”'”- ¢ ER T.I F Ic A'.‘" JU'c o
gy . AT cnr B % S,
, s

;Qpe segunJ Acta No*_ 406 del 02 de Sep/bre de 2004 correspondlente'a

......

cuya parte pertlnente se inscribid “en esta Camara de Comercio, el ’
09 de Sep/bre |.de 2004“—ba30 el No. 1137263 del llbro respectlvo,

fueron Jhechos los 51gu1entes no famlentos "}

Ccargo/Nombre’ / » o Ident1f1cac16n
~sSuplente del Gerente T st i . 1
b Tanaka TatekawauWalter doeh RN o CC. ******16 251, 923
- -,"' IR

."CERTIFICA,-,_ PR -

. . L . ..
' . ' by v r." T,
e S “l o S N v
- - L]

Que *segﬁn Acta No. 134 del 29 de Marzo'de 1999 correspondlente a
’1a Asamblea de Acc10nlsta5'en Barranqu1lla, de:la sociedad: PROCAPS'
“S.A. cuya "parte pertlnente se 1nscr1bio en egtal'Camara de. Comercio, '
el 04 de’ Agosto “de 1999 bajo el No. 82,226 del 11bro respectlvo,
fueron~hechos los 51gu1entes nombramlentos L

Cargo/NOmbre R \,” ] 5§dent1f1c§glon

A

| i A,, i V. d
-.\,; (' i ! it ,.

,fueron hechos los 51gu1entes nombramlent o RECER 3¢§
. cargo/Nombre ! al '11“' ﬁf’ﬂ Identlf1cac1on ,"
Presidente. - T T -
.ernskl Gontovnlk Ruben f?ﬁ¢ RN CC.: *******7 463 982
Suplente del Presgidente .} N o L
Minski Minski Abraham o L cc. *********802 575
Vlcepre51dente Y T TN ROAS TN ot
;' Minski Gontovnik Meyer it SN lce. *******7 461,324
"Suplente del vicepresidente o -
ﬁ:ﬂ;nskl Gggtovnlk Jose/~3(ﬂxfﬂa»\\! ST CC.**kxxkxg, 671,834
i : — \”\,,, C ! l 15 ’ f;:.,&\_ .({t,‘f“l e“\\ G : -\x o n
T R s
.. - ‘ ,_-

;:1la  Junta: Dlrectlva en Barranqu111a,‘.de la sociedad: PROCAPS S.A.
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ExkNKKARAE O O N T I N U A *hhhkrbnnn



CERTIFICADO DE EXISTENCIA Y REPRESENTACION LEGAL O DE INSCRIPCION DE

DOCUMENTOS . _
AN . 7 T 2
PROFAFS S-A. —Vﬁ ''''''' f?%ﬂ ----- ;hTﬁ """" i’bf'_"”fif"""'fffﬁ‘""
NIT(xLSQO 106\527 5. &gg; \\un Kg:f ‘\23, N
L e i L 7N
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Que segun Acta No. fSl del 3T de Marzo de 2009 éorrespondlente a
Zla Asambﬁea de ACC1onlsta873n Barranqu;lla, de’la sociedad: PROCAPS™
(é“A cuyq;&parte Qpertlnentegse 1nscrﬁglo en esta-Camara deJComerc1o,
el 30 de Jullo de 2009 bajo el No. 151,129 del llbro respectlvo,

fueron\hechos/los 31gulentes nombramientos: qd\, ;; =~ 7
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PROCAPS

PODER ESPECIAL

Yo, WALTER TANAKA TATEKAWA, mayor de edad y vecino de la ciudad de
Barranquilia (Colombia), identificado como aparcce al pie de mi firma, quien en el presente
documento actia en calidad de Representante Legal de la spciedad PROCAPS S.A. sociedad
legalmente constituida y domiciliada en la ciudad de l?w%uilla (Colombia}, por el presente
documento otorgo a la doctora CIELO ANGELA PENA RODRIGUEZ, abogada en
ejercicio, identificada como aparece al pic de su firma, con tarjcta profesional No. 82701
del C.S. de la J., poder especial, amplio y suficiente, para formular oposiciones u
observaciones a la solicitud de patente No. 08 035.238, titulada “SAL DE HIDROGENOQ
FOSFATO DE UN ANTAGONISTA DEL RECEPTOR DE PROSTAGLANDINA

N2 7, cuyo, titular eMNT[S PHARMACEUTICALS INC., publicada en la gaceta
No. 604 @€1 29 de mayo de 2009,

A T IS :_»J;.- _w.‘._ .4_ PA
Nuestro apoderado queda facultado, de manera cxp;ésa' pasy, l‘(.dllZdl‘ 10d0 t1p0 de actm
necesanos para llevar a cabo el tramite de la oposicién, -mciuyendo sm llmlldClOn preparar
y presentar solicitudes, hacer declaraciones, pagar “ta$as; “Eofitribuciones e :mpuestos
recabar los titulos o certificados. Asimismo quedan.. autonzados—-para TImpughar
administrativa y judicialmente todo lo que fucre resuelto-envel 1 cxpcdlunte a.que ‘se hace
expresa referencia en el presente poder, con todas las facultadcs generales y especificas quc
fuera requerido para ella. __,__..oﬁ»—u—?;--'*"°'”"‘ .
De la misma manera, ademis de las facultades que ie confiere la-naturaleZa’ de1~preseme
mandato, se encuentran facultados para recibir, desistir, transigir, sustituir, y reasumir el
presente poder, incoar acciones, interponcr recursos y dcmés facultades conferidas por la

ley.

Dado y Firmado en ?__@ganquilla (Colombia) a los 19 dias-&el rhés de Agosto de 2009.

Q/ C.C.N°16'251.923 :
NIT: 890.106.527-5
Representante Legal

CIELO ANGELA PERA RODRTGUEZ
C.C. 51°940.252 de Bogota

T.P.A. 82701 del C.S. de la J.

CALLE 60 No. 786-201+ A.A. 50330 P.B.X.:{575) 3530783 - 3789000 - 3719900 - 3507900 + FAX:(S75) 3730815 - 3730813 - 3730247 - 3730818
BARRANQUILLA - COLOMBIA - NIT.: B30.106.527-5
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PYRIMIDINE-BASED COMPOUNDS USEFUL AS GSK-3 INHIBITORS

CROSS REFERENCE TO RELATED APPLICATIONS

[0001]  The present application -claims priority under 35 U.S.C. § 119(c) to U.S.
Provisional Application number 60/338,857, filed December 7, 2001, entitled “Pyrimidine-
Based Compounds Useful as GSK-3 Inhibilors”, the entire contents of which are hercby

incorporated by reference.

FIELD OF THE INVENTION

10002] The present invention is in the field of medicinal chemistry and relates to
compounds that are protein kinase inhibitors, compositions containing such compounds and
methods of use. More particularly, this invention relates to compounds that are inhibitors of
Glycogen synthase kinase-3 (GSK-3). The invention also relates to methods of treating
diseascs associated with the protein kinase GSK-3, such as diabetes. cancer, stroke, and

Alzheimer’s discase.

BACKGROUND OF THE INVENTION

[0003]  The search for new therapeutic ugents has been greatly aided in recent years by

better understanding of the structure of enzymes and other biomolecules associated with
target diseases. One important class of enzymes that has been the subject of extensive study
is the protein kinases.

[0004] Protein kinases mediate intracellular signal transduction. They do this by
effecting a phosphoryl transfer from a nucleoside triphosphate to a protein acceptor that is
involved in a signaling pathway. There are a number of kinases and pathways through
which extracellular and other stimuli cause a variety of cellular responses to occur inside the
cell. Examples of such stimuli include environmental and chemical stress signals (e.g.
osmotic shock, heat shock, ultraviolet radiation, bacterial endotoxin, H,02), cytokines (e.g.
interleukin-1 (IL-1) and tumor necrosis factor o0 (TINF-w)), and growth factors (e.g.
grannlocyte macrophage-colony-stimulating factor (GM-CSF), and fibroblast growth factor
(FGF). An extracellular stimulus may effect one or more cellular responses relaled to cell

growth, migration, differentiation, sccretion of hormones, activation of transcription factors,
-1-
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muscle contraction, glucose metabolism, control of protein synthesis and regulation of cell
cycle.

[06005) Many diseases are associated with abnormal cellular responses triggered by
protein kinasc-mediated events. These diseascs include autoimmune diseases, inflammatory
diseases, neurological and neurodcgenerative diseases, cancer, cardiovascular diseases,
allergies and asthma, Alzheimer’s discase and hormone-related diseases. Accordingly,
there has been a substantial effort in medicinal chemistry to find protein kinase inhibitors
that are effective as therapeuntic agents.

[0006] Glycogen synthase kinase-3 (GSK-3) is a serine/threonine protein kinase
comprised of o and [ isoforms that are each encoded by distinct genes [Coghlan et al,,
Chemistry & Biology, 7, 793-803 (2000); and Kim and Kimmel, Curr. Opinion Genetics
Dev., 10, 508-514 (2000)). GSK-3 has been implicated in various discases including
diabetes, Alzheimer’s disease, CNS disorders such as manic depressive disorder and
ncurodegenerative diseases, and cardiomyocytc hypertrophy [WO 99/65897; WO 00/38675;
and Hag et al., J. Cell Biol. (2000) 151, 117-130]. These diseases may be caused by, or
result in, the abnormal operation of certain cell signaling pathways in which GSK-3 plays a
role. GSK-3 has been found to phosphorylate and modulate the activily of a number of
regulatory proteins. These proteins include glycogen synthase, which is the rate limiting
enzyme necessary for glycogen synthesis, the microtubule associated protein Tau, the gene
transcription factor B-catenin, the translation initiation factor e1F2B, as well as ATP citrate
Iyase, axin, heat shock factor-1, c-Jun, c-myc, c-myb, CREB, and CEPBa.. These diverse
protein targets implicate GSK-3 in many aspects of cellular metabolism, proliferation,
differentiation and development.

{0007] In a GSK-3 mediated pathway that is rclevant for the treatment of type II
diabetes, insulin-induced signaling leads to cellular glucose uptake and glycogen synthesis.
Along this pathway, GSK-3 is a negative regulator of the insulin-induced sigual. Normally,
the presence of insulin causes inhibition of GSK-3 mediated phosphorylation and
deactivation of giycogen synthase. The inhibition of GSK-3 leads 1o increased glycogen
synthesis and glucose uptake [Klein et al., PNAS, 93, 8455-8459 (1996); Cross et al.,
Biochem, J., 303, 21-26 (1994), Cohen, Biochem. Soc. Trans., 21, 553-567 (1993); and
Massillon et al., Biochem J. 299, 123-128 (1994)]. However, in a diabetic patient, where
the insulin response is impaired, glycogen synthesis and glucose uptake fail to increase

despite the presence of relatively high blood levels of insulin. This lcads to abnormally
-2
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high blood levels of glucose with acute and long term effects that may ultimately resuit in
cardiovascular discase, renal failure and blindness. In such patients, the normal insulin-
induced inhibition of GSK-3 fails to occur. It has also been reported that in patients with
type IT diabetes, GSK-3 is overexpressed [WO 00/38675). Therapeutic inhibitors of GSK-3
are thercfore potentially useful for treating diabetic patients suffering from an impaired
response to insulin.

[0008]  GSK-3 activity has also been associated with Alzheimer’s disease. This discasc
is characterized by the well-known B-amyloid peptide and the formation of intracellular
neurofibrillary tangles. The neurofibrillary tangles contain hyperphosphorylated Tau
protein, in which Tau is phosphorylated on abnormal sites. GSK-3 has been shown to
phosphorylate these abnormal sites in cell and animal medels. Furthermore, inhibition of
GSK-3 has been shown to prevent hyperphosphorylation of Tau in cells [Lovestone et al.,
Current Biology 4, 1077-86 (1994); and Browniees et al., Neuroreport 8, 3251-55 (1997)].
Thercfore, it is believed that GSK-3 activity may promote generation of the neurofibrillary
tangles and the progression of Alzheimer’s disease.

[0009]  Another substrate of GSK-3 is pP-catenin which is degradated after
phosphorylation by GSK-3. Reduced levels of f-catenin have been reported in
schizophrenic patients and have also been associated with other diseases related to increase
in ncuronal cell death [Zhong et al., Nature, 395, 698-702 (1998); Takashima et al., PNAS,
90, 7789-93 (1993); and Pei et al., J. Neuropathol. Exp, 56, 70-78 (1997)).

[0010] GSK-3 uactivity has also becn associated with stroke [Wang et al., Brain Res,
859, 381-5 (2000); Sasaki et al., Neurol Res, 23, 588-92 (2001); Hashimoto et al., J. Biol.
Chem, 277, 32985-32991 (2002)).

[0011]  Considering the lack of currently available treatment options for the majority of
the conditions associated with GSK-3 and other protein kinases, there is still a great need

for new therapeutic agents that inhibit these protein targets.

SUMMARY OF THE INVENTION
[0012]  The present invention addresses this need by providing compounds and
pharmaceutical compositions thereof that are cffective as protein kinase inhibitors,

particularly as inhibitors of GSK-3. These compounds have the general formula I:
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or a pharmaceutically acceptable derivative or prodrug thereof, wherein B, Q, Ring C, R*,
and RY are as defined below.

[0013] In another embodiment, the invention provides pharmaceutical compositions
comprising a GSK-3 inhibitor of this invention. These compositions may be uvtilized In
methods for treating or preventing a variety of GSK-3 mediated conditions, such as
neurodegenerative  disorders, diabetes, Alzheimer’s disease, Iuntington’s Disease,
Parkinson’s Disease, AIDS-associated dementia, amyotrophic latcral sclerosis (ALS, Lou
Gehrig’s Disease), multiple sclerosis (MS), schizophrenia, cardiomyocyte hypertrophy,
reperfusion/ ischemia, baldness, and stroke.

[6014] The compositions of this invention arc also useful in methods for enhancing
glycogen synthesis and/or lowering blood levels of glucose and therefore are especially
useful for diabetic patients. These compositions are also useful in methods for inhibiting
the production of hyperphosphorylated Tau protein, which is useful in halting or slowing
the progression of Alzheimer’s disease. Another embodiment of this invention relates to a
pxcthod for inhibiting the phosphorylation of B—catenin, which is useful for treating

schizophrenia.

DESCRIPTION OF THE INVENTION

[0015] It has now been found that compounds of this invention and phanmacecutical

compositions thereof are effective as protein kinase inhibitors, paticularly as inhibitors of

(GSK-3. These compounds have the general formula I:

B
/Q—NH/
HN
HK
~
[A)
ac
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or a pharmaceutically acceptable derivative or predrug thereof, whercin:

B is an optionally substituted 5-6 membered monocyclic or 8-10 membered bicyclic
aromatic ring, wherein said monocyclic or bicyclic ring has 0-4 heteroatoms selected
from oxygen, sulfur or nitrogen;

Q is a Cy.q alkylidene chain, wherein each methylene unit of said Q is substituted by R? and
R?, and up to two non-adjacent methylene units of said Q are optionally and
independently replaced by -SO;, or -C(=0Y;

Ring C is selected from a phenyl, thicayl, pyridinyl, pyrimidinyl, pyridazinyl, pyrazinyl, or
1,2 4-triazinyl ring, wherein said Ring C optionally has one or two ortho substituents
independently selected from —R’, any substitutable carbon position on Ring C is
independently substituted by —R>, or two adjacent substituents on Ring C are optionally
taken together with their intervening atoms to form a fused, unsaturated or partially
unsaturated, 5-6 membered ring having 0-3 heteroatoms selected from oxygen, sulfur or
nitrogen, said fused ring being optionally substituted by halo, oxo, or R,

R! is selccted from —halo, -CN, -NO,, T-V-R®, phenyl, 5-6 membercd heteroaryl ring, 5-6
membered heterocyclyl ring, or Cy.¢ aliphatic group, said phenyl, heteroaryl, and
heterocyclyl rings each optionally substituted by up to three groups independently
selected from halo, oxo, or -R®, said C).¢ aliphatic group optionally substitutcd with
halo, cyano, nitro, or oxygen, or R! and an adjacent substituent taken together with their
intervening atoms form said ring fused to Ring C;

each R? is independently selected from H, -OH, Cy.yo aliphatic; (Cy.yp aliphatic)-NH-(C:.10
aliphatic); -O-( Cy.yo aliphatic); -NHjz, -NH(C).1g aliphatic), -N(Cj_1o aliphatic)s, -
C(=0)R, aryl, or heteroaryl, wherein said aliphatic, aryl, or heteroaryl is optionally
substituted;

R is selected from an optionally substituted group selected from C,.;q aliphatic, aryl, aralkyl,
hetcroaryl, or heteroaralkyl;

each R? is independently selected from H or an optionally substituted C)_yp aliphatic group;

R* and RY are independently selected from T-R>, or R* and RY are taken together with their
intervening atoms to form a fused, partially saturated or aromatic, 5-8 membered ring
having 0-3 ring heteroatoms selected from oxygen, sulfur, or nitrogen, wherein any
substitutable carbon on said fused ring formed by R¥ and R" is substituted by oxo or T-
R’, and any substitutable nitrogen on said ring formed by R¥ and RY is substituted by
R
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T is a valence bond or a Csalkylidene chain;

R? is selected from —R’, -halo, -OR’, -C(=O)R’, -COsR’, -COCOR’, -COCH,COR’, -NO3,
-CN, -S(O)R’, -S(O):R’, -SR’, -N(R*),, -CON(R");, -SONR" ), -OC(=O)R’, -
NR"COR', -N(R)CO(optionally substituted C.¢ aliphatic), -NRHNR*),,
-C=NN(R%,, -C=N-OR’, -NR)CONR");, -NRISO;NR"),, -N(R"SO4R, or
-OC(=0)N(R");

each R’ is independently selected from hydrogen or an optionally substituted group selected
from C, .4 aliphatic, Cg.jparyl, a heteroaryl ring having 5-10 ring atoms, or a heterocyclyl
ring having 5-10 ring atoms;

cach R* is independently selected from ~R7, -COR’, -COx(Cr6 aliphatic), -CON (R’)z, or
—SO-;;RT, or two R* on the same nitrogen are taken together to form a 5-8 membered
heterocyelyl or heteroaryl ring;

each RY is independently selected from ~R’, halo, -OR’, -C(=O)R’, -CO;R’, -COCOR’,
-NO,, -CN, -S(O)R’, -SOR’, -SR’, -N(R")p, -CONR "), -SO:N(R*)2, -OC(=O)R’, -
N(R%COR’, -N(R*)CO,(optionally substituted Cy aliphatic), -NRHN(R?Y;,
-C=NN(R‘),, -C=N-OR’, -N(RH)CONR?),, -NR*SO;NR?),, -NR*SO,R’, or
-OC(=O)N(R™);,, or R>and an adjacent substituent taken togcther with their intervening
atoms form said ring fused o Ring C;

V is =O-, -§-, -SO-, -50s-, -NR®SO;-, -SO;N(R?)-, -NR®-, -CO-, -CO;-, -NR*)CO-, -
NR®)C(0)0-, NR)CONR?-, -NRHSONR®)-, -NRINR®}-, -CONR?)-, -
OC(OINR®)-, -CR®%,0-, -C(R%,S-, -C(R%),S0-, -C(R*);80;-, -C(R*),8ON(R®)-, -
CR*NR)-, -CR ENRY)C(O)-, -CRDNER)C(0)0-, -C(R)=NNR®)-, -C(R)=N-
O-, -CRONRINRY-, -CRDNR)SONR)-, or -CRENRICONRS)-;

each R® is independently selected from hydrogen or an optionally substituted Cy.4 aliphatic
group, or {two R® groups on the same nitrogen atom are taken together with the nitrogen
atom to form a 5-6 membered heterocyclyl or heteroaryl ring;

each R’ is independently selected from hydrogen or an optionally substituted C, aliphatic
group, or two R’ on the same nitrogen are taken together with the nitrogen to form a 5-8
membered heterocyclyl or heteroaryl ring; and

cach R¥ is independently selected from an optionally substituted Cy aliphatic group, -OR,
-SRE, -COR®, -SO,R, -N(R%,, -N(RON(RY;, -CN, -NQ,, -CONR®),, or -CO,RS.

[0016)  As used hercin, the following definitions shall apply unless otherwisc indicated.
-6
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[0017]  The phrase “optionally substituted” is used interchangeably with the phrase
“substituted or unsubstituted.” Unless otherwise indicaled, an opticnally substituted group
may have a substituent at each substitutable position of the group, and each substitution is
independent of the other.

(0018]  The term “aliphatic” or “aliphatic group”, as used herein, means a straight-chain
or branched, substituted. or unsubstituted C,-Cy hydrocarbon chain that is completcly
saturated or that contains one or more units of unsaturation, or a monocyclic Cs-Cg
hydracarbon or bicyclic Cg-C)z hydrocarbon that is completely saturated or that contains
one or more units of unsaturation, but which is not aromatic (also referred to herein as
“carbocycle” “cycloaliphatic” or “cycloalkyl), that has a singlc point of attachment to the
rest of the molecule wherein any individual ring in said bicyclic ring system has 3-7
members. For example, suitable aliphatic groups include, but are not limited to, linear or
branched, substituted or unsubstituted alkyl, alkenyl, alkynyl groups and hybrids thereof
such as (cycloalkyl)alkyl, (cycloalkenyl)alkyl or (cycloalkyl)alkenyl.

[0019] The terms “alkyl”, *“alkoxy”, ‘“hydroxyalkyl”, = “alkoxyalkyl”, and
“alkoxycarbonyl”, used alone or as part of a larger moiety include both straight and
branched chains containing one to twelve carbon atoms. The terms “alkenyl” and “alkynyl”
used alone or as part of a larger moiety shall include both straight and branched cbains
containing two to twelve carbon atoms.

(06020] The term “heteroatom™ means nitrogen, oxygen, ot sulfur and includes any
oxidized form of nitrogen and sulfur, and the quatemized form of any basic nitrogen. Also
the term “nitrogen” includes a substitutable nitrogen of a heterocyclic ring. As an example,
in a satwrated or partially unsaturated ring having 0-3 heteroatoms selected from oxygen,
sulfur or nitrogen, the nitrogen may be N (as in 3.4-dihydro-2F-pyrrolyl), NH (as in
pyrrolidinyl) or NR* (as in N-substituted pyrrolidinyl). '
(0021] The term "unsaturated”, as used herein, means that a moiety has one or more units of
unsaturation, and includes aryl rings.

[0022) The term “‘aryl” used alone or as part of a larger moiety as in “arafkyl”,
“aralkoxy”, or “aryloxyalkyl”, refers to monocyclic, bicyclic and tricyclic ring systems
having a total of five 1o fourteen ring members, wherein at least one ring in the system is
aromatic and wherein each ring in the system contains 3 to 7 ring members. The term
“aryl” may be used interchangeably with the term “aryl ring”. The term “aryl" also refers to
heteroary] ring systems as defined hereinbelow.

-7
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(00231 The term “heterocycle”, “heterocyclyl”, ‘“heterocycloaliphatic”, or
“heterocyclic” as used herein means non-aromatic, monocyclic, bicyclic or tricyclic ring
systems having five to fourteen ring members in which one or more ring members is a
heteroatom, wherein each ring in the system contains 3 to 7 ring members.

[0024] The term “heteroaryl”, used alone or as part of a larger moicty as in
“heteroaralky!” or “heleroarylalkoxy”, refers to monocyclic, bicyclic and tricyclic ring
systems having a total of five to fourteen ring members, wherein at least one ring in the
system is aromatic, at least one ring in the system contains one or more heteroatoms, and
wherein cach ring in the system contains 3 to 7 ring members. The term “heteroaryl” may
be used interchangeably with the term “heteroaryl ring” or the term “heteroaromatic®.
[0025] An aryl (including aralkyl, aralkoxy, aryloxyalkyl and the like} or heteroaryl
(including heteroaralkyl and heteroarylalkoxy and the like) group may contain one or more
substituents. Suitable substituents on the unsaturated carbon atom of an aryl, heteroaryl,
aralkyl, or heteroaralkyl group are selected from halogen, -R°, -OR®, -SR°, 1,2-methylenc-
dioxy, l.2-ethylenedioxy, phenyl (Ph) optionally substituted with R®, -O(Ph) optionally
substituted with R, -CHp(Ph) optionally substituted with R°, -CH;CHa(Ph),optionally
substituted with R, -NO,, -CN, -N(R%),, -NR°C(O)R°, -NR°C(O)N(R®);, -NR°CO,R®,
-NR°NR°®C(O)R®, -NR°NR°C(O)N(R®),, -NR°NR°CO;R®, -C(O)C(O)R®,
~C(O)YCHC(O)R?, -CO,R®, -C(O)R®, -C(OIN(R®)2, -OC(O)N(R®),, -S(O)2R°, -SO;N(R),,
-S(O)R°, -NR°SO;N(R®);, -NR°SOR°, -C(=S)N(R®);, -C(=NH)-N(R®);, or -
(CHR){NHC(O)R® wherein q is 0-2, and wherein each R® is independently selected from
hydrogen, optionally substituted C ¢ aliphatic, an unsubstituted 5-6 membered heteroaryl or
heterocyclic ring, phenyl, -O(Ph), or -CH3(Ph), or wherein two occurrences of R°, on the
same substituent or diffcrent substituents, taken together, form a 5-8-membered
heterocyclyl or heteroaryl ring having 1-3 heteroatoms independently selected from
nitrogen, oxygen, or sulfur. Optional substituents on the alipbatic group of R° are selected
from NH;, NH(C,.; aliphatic), N(C)4 aliphatic), halogen, Cj4 aliphatic, OH, O(C;4
aliphatic), NO,, CN, CO;H, COy(C,4 aliphatic), O(halo C;4 aliphatic), or halo Cj4
aliphatic.

[6026] An aliphatic group or a non-aromatic heterocyclic ring may contain one or more
substituents. Suitable substituents on the saturated carbon of an aliphatic group or of a non-

aromatic heterocyclic ring are selected from those listed above for the unsaturated carbon of

-§-
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an aryl or heteroaryl group and the following: =0, =S, =NNHR", -——NN(R‘);, =NNHC(O)R‘,
=NNHCO;(alkyl), =NNHSO>(alkyl), or =NR‘, where each R’ is independently selected
from hydrogen or an optionally substituted C,.¢ aliphatic. Optional substituents on the
aliphatic group of R" are selected from NHj, NH(C.4 aliphatic), N(C) 4 aliphatic)s, halogen,
Ci= aliphatic, OH, O(Cy.4 aliphatic), NO,, CN, CO;H, COx(C,.4 aliphatic), O(halo Cj4
aliphatic), or halo{C, 4 aliphatic).

[0027]  Optional substituents on the nitrogen of a non-aromatic heterocyclic ring are
selected from -R*, -N@R"),, -C(O)R", -CO;R*, -C(O)C(Q)R*, -C(O)CH,C(O)R*, -SOR”,
-SONR™M), -C(=S)N(R");, -C(=NH)-N(R*);, or -NR*SO,R*; wherein R* is hydrogen, an
optionally substituted Cj.¢ aliphatic, optionally substituted phenyl, optionally substituted
-O(Ph), optiorally substituted -CHy(Ph), optionally substituted -CH,CH,(Ph), or an
unsubstituted 5-6 membered heteroaryl or heterocyclic ring, or wherein two occurrences of
R", on the same substituent or different substituents, taken together, form a 5-8-membered
heterocyclyl or heteroaryl ring having 1-3 heteroatoms independently selected from
nitrogen, oxygen, or sulfur. Optional substituents on the aliphatic group or the phenyl ring
of R™ arc selected from NHa, NH(C.4 aliphatic), N(C)4 aliphatic),, halogen, Cy aliphatic,
OH, O(Cy4 aliphatic), NO,, CN, CO;H, COx«C;.4 aliphatic), O(halo Cy4 aliphatic), or
halo(C,.« aliphatic).

[0028] The term “alkylidene chain” refers to a straight or branched carbon chain that
may be fully saturated or have one or more units of unsaturation and has two points of
attachment to the rest of the molecule,

[0029] A combination of substituents or variables is permissible only if such a
combination results in a stable or chemically feasible compound. A stable compound or
cheimically feasible compound is one that is not substantially altered when kept at a
temperature of 40°C or less, in the absence of moisture or other chemically reactive
conditions, for at least a week,

[0030] It will be apparent to one skilled in the art that certain compounds of this
invention may exist in tautomeric forms, all such tautomeric forms of the compounds being
within the scope of the invention.

10031] Unless otherwise stated, structures depicted herein are also meant to include all
stereochemical forms of the structure; i.e., the R and S configurations for each asypumnetric
center.  Therefore, single stereochemical isomers as well as enantiomeric and
diastcreomeric mixtures of the present compounds are within the scope of the invention.

.9-
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Unless otherwise stated, structures depicted herein are also meant to include compounds
that differ only in the presence of one or more isotopically enriched atoms. For cxample,
compounds having the present structures except for the replacement of a hydrogen by a
deuterium or tritium, or the replacement of a carbon by a °C- or *C-enriched carbon are
within the scope of this invention. Such compounds are useful, for example, as analytical

tools or probes in biological assays.

[0032] Il Description of Certain Exemplary Compounds:

[0033]  As described generally above, compounds of formula I include both monocyclic
and bicyclic pyrimidine systems. For example, in certain embodiments, R* and R* may be
taken together to form a fused ring, providing a bicyclic ring system. Preferred R*RY rings
include a 5-, 6-, 7-, or 8-membered partially saturated or aromatic ring having 0-2
heteroatoms, wherein said R*/RY ring is oplionally substituted with oxo or one or more
occurrences of TR or R*. Examples of certain preferred pyrimidine ring A systems of
formula X are the mono- and bicyclic ring A systems shown below, wherein B, Q, TR, R*

and ring C are as defined generally above and herein, and q is 0-4.
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[0034]  Preferred bicyclic Ring A systems include I-A, I-B, I-C, I-D, I-E, I-F, I-G, I-H.
I-L I-], I-K, I-L, and I-M, more preferably I-A, I-B, I-C, 1-F, and I-H, and most
prefcrably I-A, I-B, and I-H. _
[0035]  As described generally abgmve, the bicyclic pyrimidine ring system formed when
R and RY are taken together may optionally be substituted with one or more occurrences of
T-R® on any substitutable carbon atom, and with R? on any substitutable nitrogen atom.
Exemplary T-R3 substituents include —-R’, halo, -OR’, -C(=0)R’, -CO,R’, -COCOR’, -NO,,
-CN, -S(O)R’, -SO.R’, -SR’, -N(R"), -CON(RY,, -SO;NRY),. -OC(=O)R’, -
NR*COR’, -N(R*)CO(optionally substituted Cy. aliphatic), -N(RYINR?),, -C=NN(R"),,
-C=N-OR’, -NRYHCONR":, -NRHSONR®),, -NRHSOR’, or -OC(=O0N®RY,.
Exemplary R? substituents include —R”, -COR’, -CO4(Cy.¢ aliphatic), -CON(R ), or -SO.R’,
or two R* on the same nitrogen arc taken together to form a 5-8 membered heterocyclyl or
heteroary! ring, and R’ and R’ are as defined herein. Preferred R*/RY ring substituents
include -hulo, -R’, -OR’, -COR’, -CO;R’, -CON(R%, -CN, or -N(R*), wherein R’ is H or
an oplionally snbstituted Cy.g aliphatic group.

12
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[0036] In certain other exemplary embediments, componnds of formula I have a
monocyclic pyrimidine ring system which is substituted by R* and RY. Preferred R groups
Include hydrogen, alkyl- or dialkylamino, acctamide, or a Cr.q aliphatic group such as
methyt, ethyl, cyclopropyl, isopropyl or tbutyl. Preferred RY groups include T-RY wherein
T is a valence bond or a methylene, and R is -R’, -N(R'i)z, or-OR’. When R’ is -R” or -
GR’, a preferred R? is an optionally subsfituted group selected from. Cl. aliphatic, pheayl,
or a 5-6 membered heteroaryl or heterocyclyl ring. Examples of preferred RY include 2-
pyridyl, 4-pyridyl, pipcridinyl, methyl, ethyl, cyclopropyl, isopropyl, t-butyl, aliyl- or
dialkylamino, acetamido, vptionally substituted phenyl such as phenyl or halo-substituted
phenyl, and methoxymethyl,

(6037 As described generally above, Q is a Cyy alkylidene chain, whersin each
methylene unit of said Q is substituted by R* and R, and up to twe non-adjavent methylens
units of said Q are optionally and independently replaced by -SO; or -C(=0). Preferred R
and R groups include H, alkyl, halealkyl, heterocycloaminoalkyl, alkylaminoalkyl, and
alkyl, wherein all alkyl mojeties have 1-10 carbon atoms and are unsubstitated tmless
otherwisc indicated. More preterably, cach of R? and R” is hydrogen. In certain prefered
cmbodiments, € is -CHCHs-, ~-CHZCH,CH,-, or ~CH,CH,CH,CHs-, -SO2CHs-, ~-CH,80;-,
-(C=0)CH;-, or =CHx{C=0)-. In more preferred embodiments, Q is -CH>CH»-, -
CH-CH:CHy-, or -CHCHCH,CH>-, -SCuCHp-, or -CH;80,-. In most preferred
smbodiments,  is -CHyCHa-, -CH;CH7CHp-, or —CH;CH,CHCH;-.

[0038]  In cerw@in embodiments, B is an optionally substituted cﬁrbocyc.[ic aryl having 5-
10 carbon ring atoms. In certain other embodients, B is an optionally substituted heteroaryl
having 5-10 carbon ring atoms and one or more ring heteroatoms. Preferred B groups
include pyridyl, pyrimidinyl, rthiazolyl, indolyl, imidazolyl, oxadiazolyl, telrazolyl,
pyrazinyl, triazolyl, thievyl, furanyl, quinoliny]l, purinyl, naphthyi, benzothiazolyl,
benzopyridyl, benzimidazoly], indazolyl, isothiazalyl, pyrazolyl, pyridazinyl, isoxazolyl,
phenyl, benzothiophenyl, and pyridothiophenyl, all of which may be substituied with at
least one and no more than three substitvents. Exemplary substituents are independently
selecled from, without limitation, aitro, aming, cyano, hale, thicamido, amidine, oxamidine,
alkoxyamidino, Dnidine, guanidino, sulonamidn, carhoxyl, formvh, alkyl, haloalkyd,
alkoxy, haloalkoxy, alkoxyalkyl, alkylaminoalkoxy, alkylcarbonyl, aralkylcarhonyl,
hﬂtcroaralkylcalrbon}r], alkylthio, amingalkyl, eyanoalkyl, hydroxy, alkoxyewrbonyl, aryl,
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aralkyl, heteroaryl, and hetervaralkyl, wherein a1l alkyl moiefies have 1-10 carbon atoms
and are unsubstiited unless otherwise indicated.
[0039]  In other preferred embodiments, B is optionally substituted 2-pyridyl and

compounds have the general formula II:

> (R?
N// /x( Im
Qa—nH
/s
HN
R e
N
| A
@ac
II

wherein m is 0-4, and each occurrence of R is independently sclected from H, nitro, aniino,
cyano, halo, thivamido, amidino, oxamidine, alkexyamiding, imidine, guanidino,
sulfonamido, carboxyl, formyl, alkyl, haloalkyl, alkoxy, haloalkoxy, alkoxyalkyl,
alkylaminoalkoxy, alkylcarbonyl, aralkylcarbonyl, hetercaralkylcathony], alkylthio, arvl,
aralkyl, heteroaryl, and heteroaralkyl, whercin all alkyl moieties have 1-10 carbon atoms
and are nnsubstituied unless otherwise indicated. In preferred embodiments, m is G, 1, or 2,
In more preferred embodiments, m is 1 or 2. Most preferred R® substiments include
hydrogen, C;.salikyl, nitre, amino, cvano, cvanomecthyl, triffuoromethyl, hydioxy, and
methoxy.

[HM4] In éther preferred embodiments, B is indazolyl, pyrazolyl, or thiazolyl optionalty
substitsied with one of more independent ocowrences of R”. Preferred R® substituents on
indazolyl, pyrazolyl. or thiazolyl include hydrogen, Cjaalkyl, nitro, amino, cyano,
cyanomerhyl, trifluoromethyl, hydroxy, and methoxy.

[41) Preferred formula I Ring C groups are phenyl and pyridingl. When two adjacent
substimaents on Ring C are taken together to form a fused ring, ‘Rj_ng C is contained in a
* bicyclic ring system. Preferred fused rings include a benzo or pyrido ring. Such rings
preferably are fused at ontho and meta positions of Ring C. Examples of preferred bicyclic
Ring € sysiems include naphthyl, quinclinyl, isequitolinyl and benzodioxalyl.

[(042] Prefersbly, Ring C groups have onc to two orftio substituents independently
selccied from FlI An ortho pusiLion‘ o Ringv(i‘ 1§ defined relative 1o the posifion where the

pyrimidine ring is attached. Preferred R' groups inclnde —hale, an optionally substitured C-
-14-
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s akiphatic group, phenyl, -COR®, -OR®, -CN, -S0.R®, -SONH;, -N(R™),, -COR’, -CONH,,
-NHCOR®, -0C{O)NF,, or -NHSO-RE. When R' is an optionally substituted C.q aliphatic
group, the most preferred optional substituents are halogen, Exarnples of preferred R
groups include —CFs, -Cl, -F, -CN, <COCH;, -OCHj, -OH, -CH.CH;, -OCH.CH;, -CHs, -
CF;CHy, cyclohexyl, t-butyl, isopropyl, cyclopropyl, -C=CH, -C=C-CH;, -SO.CHj,
~80:NHz, ~N{CHj)z, -C0:CHa, -CONH,, -NHCOCH;, -OC(O)NHz, -NHSO:CHs, and
-QCF;,

0043] On Ring C of formulz ¥, preferred R* substituents, when present, inchide -halo, -
CN, -NOy, -N(R");, optionally substituted Cy.¢ aliphatic group, -OR’, -C(OWR", -CO,R”, -
CONH(R?Y), -NRHCOR", -S0.N(R",, and -NRHSO:R’, More preferred R substiments
include -Cl, -F, -CIN, -CFi, -NH,, -NH(Cy, aliphatic), -N(Cj4 aliphatic),, -0{C;4 aliphatic),
C1.4 aliphatie, and -CO2(C.4 aliphatic). Examples of such preferred R substituents include
-Cl, -F, -CN, -CF;, -NH;, -NHMe, -NMe,, -OFt, methyl, ethyl, cyclopropyl, isopropyl, t-
butyl, and -CO,EL

[0044]  More preferred ring systems of formula I arc the following, which may be
substituted as described above, wherein B is pyridyl and RT and R are each methyl, or R¥
and R" are taken together with the pyrimidine ring to form & quinazoline,

retrahydroquinazoling, or tetrahydrépyridopyrimidine ring:

{H”}m@ m%m@
—N

Hi HM

. ! )
5EH2H2 n : ﬁcn"-‘R"‘- %
HN HN
=N S
S e 1) :
N N
I-A-a I-B-a
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N
HN HN\
(CR?R?), (CR?R?),

HN

(TR%),

B P DR

MACHERAC
R N N

I-D-a I-H-a

[6045] Particularly preferred are those compounds of formula I-A-a, I-B-a, I-D-a, or I.
H-a, wherein ring C is a phenyl ring and R' is halo, methyl, cyano, OMe, OH, or
irifluoromethyl.

[0046] Preferred formula I compounds include those compounds where one or more of,
or cach of, B. ring C, R%, RY, or R' is defined such that:

(a) B is an optionally substituted 5-6 membered monocyclic or 8-10 membered
bicyclic aromatic ring, wherein said monocyclic or bicyclic ring has 1-4 heteroatoms
sclected from oxygen, sulfur or nitrogen;

(b) Ring C is a phenyl or pyridinyl ring having one or two ortho substitucnts
independently selected from ~R', wherein Ring C is frther substituted by ~R’ and wherein
when Ring C and two adjacent substituents thereon form a bicyclic ring sys(;am, the bicyclic
ring system is selected from a naphthyl, quinolinyl or isoquinolinyl ring;

(6) R® is hydrogen or C,4 aliphatic and RY is T-R® or R¥ and RY are taken together
with their intervening atoms to form an optionally substituted 5-7 membered partially
saturated or aromatic ring having 0-2 ring nitrogens; and

(d) R' is —balo, an optionally substituted Cy_¢ aliphatic group, phenyl, -CORG, -ORE, -
CN, -SO:R®, -SO;NH;, -N(R®),, -CO;R, -CONH;, -NHCOR®, -OC(O)NH, or -NHSO;R®.

(0047}  Other preferred formula I compounds include those compounds where one or
more of, or each of, B, R?, ring C, R*, RY, R!, or R® is defined such that:

(a) B is an opltionally substituted group selected from pyridyl, pyrimidinyl,
thiazolyl, indolyl, imidazolyl, oxadiazoly], tetrazolyl, pyrazinyl, triazolyl, thicnyl, furanyl,
quinotinyl, purinyl, naphthyl, benzothiazolyl, benzopyridyl, benzimidazolyl, indazolyl,

-16-
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isothiazolyl, pyrazolyl, pyridazinyl, isoxazolyl, phenyl, benzothiopheny), or
pyridothiophenyl;

(b) R? is H, alkyl, haloalky!, heterocycloaminoalky!, alkylaminoalkyl, and alkyl,
wherein all alkyl moieties have 1-10 carbon atoms are unsubstituted;

(c) Ring C is a pheny] or pyridinyl ring having one or two ortho substituents
independently selected from -R', wherein Ring C is further substituted by -R? and wherein
when Ring C and two adjacent substituents thegeon form a bicyclic ring system, the bicyclic
ring system is a naphthyl ring;

(d) R¥is hydrogen or methy] and RYis -R’, N(R“)z, or-OR’, or R* and RY are
taken together with their intervening atoms to form a 5-7 membered partially saturated or
aromatic carbocyclo ring optionally substituted with —R’, halo, -OR’, -C(=O)R’, -CO:R",
-COCOR’, -NO3, -CN, -S(O)R’, -SO:R’, -SR’, -N(R*),, -CON(R"),, -SO:N(R")3,
-OC(=O)R’, -N(RYCOR’, -N(R*YCO,(optionally substituted Cy.¢ aliphatic), -N(RHN(R*),.
-C=NN(R"3, -C=N-OR’, -NR")CONRY;, -NR")SO:NRY,, -NRHSOR’, or
-OC(=0)NR"):;

(e) R! is ~-halo, a C).¢ haloaliphatic group, a C,.¢ aliphatic group, phenyl, OMe, OH,
or -CN; and

(f) cach R’ is independently selected from -halo, -CN, -NO,, -N(R*),, optionalty
substituted Cy¢ aliphatic group, -OR’, -C(O)R’, -CO;R’, -CONH(R"), -N(R*COR’,
-SO;NRH,, or -N(RHSO:R'.

[0048]  Still other preferred formula I compounds include those compounds where one
or more of, or each of, B, R, ring C, R* RY, R!, or R? is defined such that:

(a) B is an optionally substituted pyridyl group optionally substituted by 0, 1, or 2
occurrences of R’, wherein each occurrence of R? is independently hydrogen, Cjalkyl,
nitro, amino, ¢yano, cyanomethyl, trifluoromethyl, hydroxy, and methoxy;

(b) R?is H, alkyl, haloalkyl, heterocycloaminoalkyl, alkylaminoalky, and alkyl,
wherein all alky! moieties have 1-10 carbon atoms are unsubstituted,

(c) Ring C is a pheny! or pyridinyl ring having one or two ortho substituents
independently selected from —R', wherein Ring C is further substituted by —R® and whercin
wher Ring C and two adjacent substituents thereon form a bicyclic ring system, the bicyclic

ring system is a naphthyl ring;

- 17-
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(d) R* is hydrogen or methyl and RYis -R’, N(R4)2, or -OR’, or R* und RY are
taken together with their intervening atoms to form a 5-7 membered partially saturated or
aromatic ring having 1-2 nitrogen ring atoms optionally substituted with ~R’, halo, -OR’,
-C(=0)R’, -CO;R’, -COCOR’, -NO3, -CN, -S(O)R’, -SO:R’, -SR’, -N(R*),, -CON(R),,
-SO:N(R*,, -OC(=0)R’, -N(R*)COR’, -N(R*YCO»(optionally substituted C;¢ aliphatic),
NERYN(RYa, -C=NN(R*Y,, -C=N-OR’, -NRY)CONR"),, -NR")SONR, -NRHSOR”,
or -OC(=0)NR");

(e) R is —halo, a Cy haloaliphatic group, a Cy¢ aliphatic group, phenyl, OMe, OH,
or -CN; and

(f) each R’ is independently selccted from -halo, -CN, -NO3, -N(R*),, optionally
substituted Cy_¢ aliphatic group, -OR’, -C(O)R’, -CO3R’, -CONH(R%, -N(R“)COR”,
-SONRY,, or -NERHSOR'.

[0049] Even more preferred formula I compounds include those compounds where one
or more of, or each of, B, R%, ring C, R*, RY, R!, or R’ is defined such that:

(a) B is an optionally substituted pyridyl group optionally substituted with 2
indcpendent occurrences of R’, wherein each occurrence of R? is independently hydrogen,
Ci-qulkyl, nitro, amino, cyano, cyanomethyl, trifluoromethyl, hydroxy, and metboxy;

(b) each R? and R” is H;

(c) Ring C is a pheny! ring having one or two ortho substituents independently
selected from -R!, wherein Ring C is further substituted by RS,

(d) R¥ is hydrogen or methyl and RY is methyl, methoxymethyl, ethyl, cyclopropyl,
isopropyl, t-butyl, alkyl- or an optionally substituted group selccted from 2-pyridyl, 4-
pyridyl, piperidinyi, or phenyl, or RX and RY arc taken together with their intervening atoms
to form an optionally substituted benzo ring or partially saturated 6-membered carbocyclo
ring;

() R’ is ~halo, a C4aliphatic group optionally substituted with halogen, OMe, OH,
or -CN; and

(f) each R’ is independently selected from -Cl, -F, -CN, -CF3, -NH;, -NH(C .,
aliphatic), -N(C)_4 aliphatic),, -O(C, 4 aliphatic}, optionally substituted Cy_4 aliphatic, and
«CO,(C1.4 aliphatic).

[6050] Representative compounds of formula I are shown below in Table 1.
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[0031} T, General Synthetic Methodology:

[0052]  The compounds of this invention may be prepared in general by methods known
to those skilled in the art for analogons compounds, as Hlusirated by the general scheme
below, and the preparative examples that follow.

[6053]  Although certain exemplary embodiments are depicted and described above and
herein, it will be appreciated that a compounds of the mvention can be prepared according
to the methods described gencrally above using appropriafe starting materials.

[(354]  Scheme ]

cl 5 M .
POCI bn - NAT
NH | HoN
—_— -
0 o ——=
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H H
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[0055] Scheme I shows a general approach for making compounds of formula IIL. In
Scherme 1, Ar' is a synthetic equivalent of B tn formula I and Afisa synthetic equivalent of
Ring C in formula I, Preparation of the dichloropyrimidine 4 may be achieved in & manner
shitar o that deseribed in Chem, Phanm, Buil, 30, 3121-3124 {1982). The chlorine
pusition 4 of intermediute 4 may be replaced by a diamine 5 to provide intermediate 6 in a
manncr gimilar to thal deseribed in J. Med Chem., 38, 3547-3357 {1995). The disnnnc 5

gy be eithar commereially available, readily synthesized via meibods known in the art
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such as those described in WG 99/65897 (Chiron}, or provided by methods disclosed in the
synihetic examples. Although an example where Q is ~CH>CHy- is depicted above, it will
be appreciated (hat additional compounds where Q is descnibed gencrally for forinwla I can
elso be preparcd according to the methods cited above. Ring € is then introduced using a
boranic cster 7 under palladium catalysis [see Tetraliedron, 48, $117-8126 (1992)]. This
method is illustrated by the following procedure.

[0¥56] A suspension of 1H-quinazoline-2,4-dione 3 {10.0 g, 61.7 muol) in POCI; (60
mL, 644 mmol) and N,N-dimethylanttine (8mi., 63.1 mmeol) is heated under reflux for 2 b
Exeess POCI; is evaporated under vacuum, the residue is poured into ice, and the precipitate
is collected by filtration. The crude solid 2,4-dichloroguinazolime prodnct 4 may be uscd
wilhout further purificalion.

{O057) To a solation of 24-dichloro-quinazoline 4 (3.3 g, 16.6 mmol) in anhydrous
cthanol (150 mi.) is added a diamine 5 (32.9 mmol). The mixture is stitred at room
temperatare for 4 hours, and the resulling precipitate is collected hy filtration, washed with
ethanol, and dried under vacuum to afford infermediate 6.

[005%8] To a solotion of interimediate 6 (0.19 mmol) in DMEF (1.0 mL) is added the
gesited boronic acid 7 (0.38 mmol), 2M Na;COs (0.96 mmol), and tri-t-butylphosphine
{0.19 mmol). Under nitrogen, PACl{dppf) (0.011 mmal) is 2dded in onc portion. The
reaction mixture is then heated at 80°C for 5 to 10 hours, cooled o room temperature, and
poured inle water (2 mL), The resulting precipitate is collected by filtration, washed with
water, and purified by HPLC.

[0059]  Compounds where onc methylene unit of Q is replaced by 8O- can be prepared
according (o the general methods depicted in Schemes 2, 3, 4 and 5 below. Scheme 2
illustrates a general method for the preparation of compounds of formula 13. Although
componnds where Ring A is quinazolinyl are depicted below, it will be appreciated that
compounds of general foermula I {for example compounds having other ving systems as
described generally herein) can alse be prepared according to these methods.

0060} Scheme 2
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[0061]  Scheme 3 depicts the preparation of certain exemplury compounds whete ring C
is a substituted phenyl moiety, and B is a substituted pyrdyl maiety.

[B62] Scheme 3
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{1063])  Scheme 4 illustrates a general method for the preparation of compounds of
formula 16, Although componnds where Ring A is quinazoliny] are depiciad below, it will
he appreciafed that compounds of general formula T {for example compounds having other
ring systems as described generally herefn) can also be preparcd according to these
- methods,

[HWid]  Scheme 4
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[0065]  Scheme 5 depicls the preparation of certain exemplary compounds where ring C
is a substituted pheny] moiety, and B is a substituted pyridyl moiety.
[0066]  Scheme S
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[00677  Onc having ordinary skill in the art may synthesize other compounds of this
invention following the teachings of the specificetion using reagents that are teadily

synthesized or commercially available. s

[068]  fV. Uses of Compounds of the Invention:

[0069] The activity of a compound ulilized in this invention a8 an ichibitor of GSK-3
kinase may be assayed in vitro, in vivo or in a cell line acconding to methods known in the
att. In virre assays include assays that detecmine 1nhibition of either the phosphorylaiion
activity or ATPase acfivity of activated GSK-3. Altemate in vitre assays quanlitate the
abilify of the inhibitor to bind to GSK-3. Inhibitor binding may be measured by
radiclabelling the inhibitor prior to binding, isolating the inhibitot/GSIK-3 complex and
determiming the amount of radiolabel bound. Alternatively, inhibitor binding nay be
determined by munning a competition experiment where new inhibitors are incubated with
GSK-3 bound o known radioligands. Detailed conditions for assaying a compound wtilized
iv this invenrion as an inhibitor of GSK-3 kinase arc set forth in the Examples below.

{0079}  According 10 another embodiment, the invention provides a composition
compristug a compound of this invention or & pharmaceutically acceptable derivative
thereof and a pharmucentically acceptable carrer, adjuvant, ur vehicle. Preferably, the
amgumt of compound in the compositions of this invention is such that is therapeuticaily
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effective, and most preferably effective (o detectably inhibit a protein kinase, particolarly
GSK-3 kinase, in a biological sample or in a patient, Preferably the compaosilion ¢f this
invention s formulated for adminisiration to a patient in need of such composition. Most
preferably, the composition of (his invention is formulated for oral administration to a
patient.

[0071] The term “patient”, as used herein, means an animal, preferably a marnmal, and
mast preferably & hunan,

[0672]  The term “pharmacevtically acceptable carrier, adjuvant, or vehicle” refers to a
non-loxic carrier, adjuvant, or vehicle that does not destroy the pharmacological activity of
the compound with whicly it is forrmulated. Pharmaceutically acceptable carriers, adjuvants
or vehicles that may be used in the compositions of this invention include, but are not
limited 1o, ion exchangers, alumina, alumivum stearale, lecithin, semm proteins, such as
human serum albumin, buffer substances such as phosphates, glyeme, sorbic acid,
polassium sorbate, partial glyceride mixtures of saturated vegeiﬁbla fatty acids, water, saliy
or electrolytes, such as protamine sulfate, disodium h)fdn;.ugﬂn phosphate, potassium
hydropen phosphate. sodium chloride, zine salts, colloidal silica, magnesium trisilicate,
polyvinyl pyrrolidone, cellulose-based  substances, polvethylene ghycel, sodinm
carboxymethylccllulose, polyacrylates, waxes, polyethylene-polyoxypropylene-block
polyers, pelyethylene glycol and wool far.

[0Y73] The terrn “detectably inhibit”, as used herein means a measurable change n
(GSK-3 activity betwean a sample comprising said composition aod a GSK-3 kinase and an
equivalent sample comprising GSK-3 kinase in the absence of said composition. |

[0074]  Pharmaceutically acceptable salts of the compovnds of this invention include
those derived from pharmacentically acceptable inorganic and organic acids and bases.
Examples of suitable acid salts include acetate, adipate, alginate, aspasate, benzoate,
benzenesulfonate,  bisulfate, butyrate, citrate, camphorate, camphorsulionate,
cyelopentanepropionate, digiuconate, dodecylsulfate, ethanesultonate, formate, fumarate,
glocohepianoats, glycerophosphate, glycolate, hemisuffate, heptanoate, hexanoate,
hydrochioride, hydrobromide, hydroiodide, 2-hydroxyethancsulfenate, lactate, maleate,
malonate, methangsollonate, 2-naphthalenegulfonate, nicotinate, nitrate, oxalate, palmeoate,
pectinate, persulfate, 3-phenylpropionate, phosphate, picrate, pivalate, propicnate,
salicvlate, succinate, sulfate, tarirate, thiocyanate, tosylale and ondecancate. Other acids,
sticl: as oxalic, while not in themselves pharmaceutically acceptable, may be employed in
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the preparation of salts usefu] as intermediates in obtaining the compounds of the invention
and their pharmaceutically acceptable acid addition salts.

[0075]  Salts derived from appropriate bascs include alkali metal (e.g., sodium and
potassium), alkaline earth metal (e.g., magnesium), ammonium and N*(Cj4 alkyl)s salts.
This invention also envisions the quatemization of any basic nitrogen-containing groups of
the compounds disclosed herein. Water or oil-soluble or dispersible products may be
obtained by such quaternization.

[0076] The compositions of the present invention may be administered orally,
parentcrally, by inhalation spray, topically, rectally, nasally, buccally, vaginally or via an
impfanted reservoir. The lerm “parenteral” as used hercin includes subcutaneous,
intravenous, intraruscular, intra-articular, intra-synovial, intrasternal, intrathecal,
intrahepatic, intralcsional and intracranial injection or infusion techniques. Preferably, the
compositions are administered orally, intraperitoneally or intravenously. Sterile injectable
forms of the compositions of this invention may be aqueous or oleaginous suspension.
These suspensions may be formulated according to techniques known in the art using
suitable dispersing or wetting agents and suspending agents. The sterile injectable
preparation may also be a sterile injectable solution or suspcnsion in a non-toxic
parenterally-acceptable diluent or solvent, for example as a solution in 1,3-butanediol.
Among the acceplable vehicles und solvents that may be employed are water, Ringer's
solution and isotonic sodium chloride solution. In addition, sterile, fixed oils are
conventionally employcd as a solvent or suspending medium.

[0077] For this purpose, any blund fixed oil may be cmployed including synthetic
mono- or di-glyccrides. Fatty acids, such as oleic acid and its glyceride derivatives are
useful in the preparation of injectables, as are natural pharma'ceutically-acccptable oils, such
as olive oil or castor oil, especially in their polyoxyethylated versions. These oil solutions
or suspensions may also contain a long-chain alcohol diluent or dispersant, such as
carboxymethyl cellulose or similar dispersing agents that are commonly used in the
formulation of pharmaceutically acceptable dosage forms including cmulsions and
suspensions.  Other commonly used surfactants, such as Tweens, Spans and other
crulsifying agents or bioavailability enhanccrs which are commonly used in the
manufacture of pharmaceutically acceptable solid, liquid, or other dosage forms may also be

used for the purposes of formulation.
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{0078)  The phamllaceuﬁféa"ll‘,f acceptable éomf)ositions of this invention may be orally
administered in any orully acceptable dosage form including, but not limited to, capsules,
tablets, aqueons suspensions or selutions. ™n the case of tablets for oral use, carriers
commonly used include lactose and corn starch. lubricating agents, such as magnesium
stearate, arc also typically added. For eral administration in a capsule form, useful diluents
include lactose and dried cornstarch. When aqueous suspensions are required {or oral use,
the active ingredient is combined with emulsifying and snspending ageats. If desired,
certain swectening, flavoring or co!oEi_gg agenfs may also be added.

LJ00791 . Alternatively, the ph::fmij%i:licaﬂy acceptable compositions of this invention
may be adnunistered in the form of "‘Fsill!ppositories for rectal administration, “These can be
prepared by mixing the agent with a suitable nop-irsitating cxcipient that is solid at room

_temperature but liquid at recta! temperature and therefore will mclt in the rectum to celease
the drug. Such materials include cocoa butter, beeswax and polyethylenc glycols.

[0080)  The pharmaceutically acceptable compositions of this invention may also be
administered topically, especially when the targot of treatmort includes areas or organs
readily accessible by topical application, including diseases of the eye, the skin, ot the lower
intestinal tract. Suitable topical formulations are readily prepared for cach of these areas or
orgaus. “ . | ‘ ‘

{0081} Topical application for the lower intestinal tract cau be effected in a rectal
suppository formvlation (see aheve) or in a suitable erema formulatton.  Topically-
transdermal patches may also be used.

[0082] For topical applications, the pharmaceuiically acceptable compositions may be
formulated in @ suitable ointment com,;u'ning the activc component suspended or dissolved
in ope or more carriets. C'u'rier-s‘ .fcr‘ fopizal administratton of the compounds of this
invendion include, but are not linited to, mineral oi!, liguid petrolatum, white petrolatum,
propylene glycol, polyoxyel.ﬁglane, polyoxypiopylcne compound, emulsitying wax and
water. Alternatively, the pharmzcentisally accagtable compositions can be formulated in a
suttable lotion or creain containing the u’n\, componerts suspeadad or dissolved in one or
more. pharmaceutically acceptable carriers, Sultuble carriers iacludge, but are not limited to,
mineral o1l, sorbitan menostearate, pelyzorhats 60, -:uctj;! esters wax, cotearyl alcohol,
2-actyldodecanol, benzyl alcghol and water. ’

(0083}  For ophthalunc use, e p-}sa:.:‘n:uc-w;_-::.t':r;s.Siy écc'eptahlc composilions may be
formulated as microniZc_d suspensions in izotenic, pIE adjusted sterile saline, or, preferably,

I
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as solutions in isotonic, pH adjusted sterile saline, either with or without a preservative such
as benzylalkonium chloride.. Altematively, for ophthalmic uses, the pharmaceutically
acceplable compositions may be formulated in an ointment such as petrolatum.

(0084])  The pharmaceutically acceptable compositions of this invention may also be
administered by nasal aerosol or inhalation. Such compositions are prepared according to
techniques well-known in the art of pharmaceutical formulation and may be prepared as
solutions in saline, employing benzyl alcohol or other suitable preservatives, ahsorption
promoters to enhance bioavailability, fluorocarbons, and/or other conventional solubilizing
or dispersing agents.

[0085]  Most preferably, the pharmaceutically acceptable compositions of this invention
are formulated for oral administration,

[0086]  The amount of the compounds of the present invention that may be combined
with the carrier materials to produce a composition in a single dosage form will vary
depcnding upon the host treated, the particular mode of administration. Preferably, the
compositions should be formulated so that a dosage of between 0.01-100 mg/kg body
weight/day of the inhibitor can be administered to a patient receiving these compositions.
10087] It should also be understood that a specific dosage and treatment regimen for any
particular patient will depend upon a variety of factors, including the activity of the spccific
compound employed, the age, body weight, general health, sex, diet, time of administration,
rale of excretion, drug combination, and the judgment of the treating physician and the
severity of the particular diseasc being treated. The amount of a compound of the present
invention in the composition will also dépcnd upon the particular compound in the
compaosition.

[0088] Depending upon the particular condition, or disease, to be treated or preveated,

additional therapeutic agents, which are normally administered to treat or prevent that

condition, may also be present in the compositions of this invention. As used herein,
additional therapeutic agents that are normally administered to treat or prevent a particular
discase, or condition, are known as "appropriate for the disease, or condition, being treated".
{0089] For example, chemotherapeutic agents or other anti-proliferative agents may be
combined with the compounds of this invention to treat proliferative diseascs and cancer.
Examples of known chemotherapeutic agents include, but are not limited to, Gleevee™,
adriamycin, dexamethasone, vincristine, cyclophosphamide, fluorouracil, topotecan, taxol,
interferons, and platinum derivatives.
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[0090] Other examples of agents the inhibitors of this invention may also be combined
with include, without limitation: treatments for Alzheimer's Disease such as Ariceptm‘ and
Excelon™ treatments for Parkinson’s Disease such as I.-DOPA/carbidopa, entacapone,
ropinrole, pramipexole, bromocriptine, pergolide, trihexephendyl, and amantadine; agents
for treating Multiple Sclerosis (MS) such as beta interferon (e.g., Avonex® and Rebif®),
Copaxone®, and mitoxantrone; treatments for asthma such as albuterol and Singulair®:
agents for treating schizophrenia such as zyprexa, risperdal, seroquel, and haloperidol; anti-
inflammatory agents such as corticosteroids, TNF blockers, IL-1 RA, azathioprine,
cyclophosphamide, and sulfasalazine; immunomodulatory and iinmunosuppressive agents
such as .cyclosporin, tacrolimus, rapamycin, mycophenolate mofetil, interferons,
corticosteroids, cyclophophamide, azathioprine, and sulfasalazine; neurotrophic factors such
as acetylcholinesterase inhibitors, MAO inhibitors, interferons, anti-convulsants, ion
channel blockers, riluzole, and anti-Parkinsonian agents, agents for treating cardiovascular
disease such as beta-blockers, ACE inhibitors, diuretics, nitrates, calcium channel blockers,
and statins; agents for trcating liver discase such as corticosteroids, cholestyramine,
interferons, and anti-viral agents; agents for treating blood disorders such as corticosteroids,
anti-leukemic agents, and growth factors; agents for trealing immunodeficicncy disorders
such as gamma globulin; and agents for treating diabetes such as insulin or insulin
analogues, mn injectable or inhalation form, glitazones, alpha glucosidase inhibitors,
biguanides, insulin scnsitizers, and sulfonyl ureas.

[0091)  The amount of additional therapeutic agent present in the compositions of this
invention will be no more than the amount that would normally be administered in a
composition comprising that therapeutic agent as the only active agent. Preferably the
amount of additional therapeutic agent in the presently disclosed compositions will range
from about 50% to 100% of the amount normally present in a composition comprising that
agent as the only therapeutically active agent.

[0092] In an allemaie embodiment, the methods of this invention that utifize
compositions that do not contain an additional therapeutic agent, comprise the additional
step of separately administering to said patient an additional therapeutic agent. When these
additional therapeutic agents are aduninistered separately they may be administered to the
patient prior to, sequentially with or following administration of the compositions of this

invention.
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{0093]  According to another embodiment, the invention relates to a method of
inhibiting GSK-3 kinase activity in a biological sample comprising the step of contacting
said biological sample with a compound of this invention, or & composition comprising said
compound.

{0094] The term “biological sample”, as used herein, includes, without limitation, cell
cultures or extracts thereof; biopsied material obtained from a mammal or extracts thereof;
and blood, saliva, urine, feces, semen, tears, or other body fluids or extracts thereof.

[0095]  [nhibition of GSK-3 kinase activity in a biological sample is useful for a variety
of purposcs that are knowa to one of skill in the art. Examples of such purposes include,
but arc not limited to, blood transfusion, organ-transplantation, biological specimen storage,
and biological assays.

[0096] According to another embodiment, the invention provides a method for treating
or lessening the severity of a GSK-3-mediated disease or condition in a patient comprising
the step of administcring to said patient a composition according to the present invention.
[6097]  ‘Ihe term “GSK-3-mediated disease” as used herein, means any disease or other
deleterious condition or disease in which GSK-3 is known to play a role. Such diseases or
conditions include, without limitation, auwtoimmune discases, inflammatory discases,
mctabolic, neurological and neurodegenerative diseascs, cardiovascular diseases, allergy,
asthuna, diabetes, Alzheimer’s disease, Huntington’s disease, Parkinson’s discase, AIDS-
associated dementia, amyotrophic lateral sclerosis (AML, Lou Gehrig’s diseasc), multiple
sclerosis (MS), schizophrenia, cardiomyocyte hypertrophy, reperfusion/ischemia, stroke,
and baldness.

[6098] According to a preferred embodiment, the method of the present invention
rclates to (reating or lessening the severity of stroke.

[0099] According to another preferred embodiment, the method of the present invention
relates to treating or lessening the severity of a neurodegenerative or neurological disorder.
[00100] In other embodiments, the invention relates to a method of enhancing glycogen
synthesis and/or lowering blood levels of glucose in a paticat in need thereof, comprising
administering to said patient a therapeutically effective amount of a composition comprising
a compound of formula 1. This method is especially useful for diabetic patients.

[00101] In yet anothcr embodiment, the invention relates to a method of inhibiting the
production of hyperphosphorylated Taun protein in a patient in necd thereof, comprising
administering to said patient a therapeutically effective amount of a composition comprising
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a compound of formula I. This method is especially useful in halting or slowing the
progression of Alzheimer’s disease.

[00102] In still another embodiments, the invention relatcs to a method of inhibiting the
phosphorylation of B-catcnin in a patient in need thercof, comprising administering to said
patient a thcrapeutically effective amount of a composition comprising a compound of
formula L. This method is especially useful for treating schizophrenia.

[00103] The compounds of this invention or pharmaceutically acceptable compositions
thereof may also be incorporated into compositions for coating an implantable medical
device, such as prostheses, artificial valves, vascular grafts, stents and catheters. Vascular
stents, for example, have been used to overcome restenosis (re-narrowing of the vessel wall
after injury). However, patients using stents or other implantable devices risk clot
formation or platelet activation. These unwanted effects may be prevented or mitigated by
pre-coating the device with a pharmaceutically acceptable composition compnsing a kinase
inhibitor. Suitable coatings and the general preparation of coated implantable devices arc
described in US Patents 6,099,562, 5,886,026; and 5,304,121. The coatings are typically
biocompatible polymeric materials such as a hydrogel polymer, polymethyldisiloxane,
polycaprolactone, polyethylene glycol, polylactic acid, ethylene vinyl acetate, and mixtures
thereof. The coatings may optionally be further covered by a suitable topcoat of
fluorosilicone, polysaccarides, polyethylene glycol, phospholipids or combinations thercof
to impart controlled release characteristics in the composition. Implantable devices coated
with a compound of this invention are another embodiment of the present invention.

[00104] In order that the invention described herein may be more fully understood, the
following examples are sct forth. It should be understood that these examples are for
illustrative purposes only and are not to be construed as limiting this invention in any

manner.

SYNTHETIC EXAMPLES
[00105] The following HPLC methods were used in the analysis of the compounds as

specified in the Synthetic Examples set forth below.
100106] HPLC conditions

[00107] A)LC-MS: Column: Waters (YMC) ODS-AQ 2.0x50mm, S5, 120A.
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Gradient: 90% water (0.2% Formic acid), 10% acetonitrile (containing 0.1% Formic acid} to 10%

water (0.1% formic acid), 90% acetonitrile (containing 0.1% formic acid) over 5.0 min, hold for 0.

min and return to initial conditions. Total run time 7.0 min. Flow rate: 1.0 mL/min

[00108] HPLC: Column: C18, 3 um, 2.1 X 50 mm, "Lighting" by Jones
Chromatography. Gradient: 100% water (containing 1% acetonitrile, 0.1% TFA) to 100%
acetonitrile (containing 0.1% TFA) over 4.0 min, hold at 100% acetonitrile for 1.4 min and

return to initial conditions. Total run time 7.0

[00109] [xample 1 6-(2-[2-(2-Trifluoromethyl-phenyl)-5,6,7,8-tetrahydro-
quinazolin-4-ylamino]-ethylamino}-nicotinonitrile (Compound I-105)
Gl . /\/H N
o e [,
Fy N

FoC

[00110] A  mixture of  4-chloro-2-(2-trifluoromethyl-phenyl)-5,6,7,8-tetrahydro-
quinazoline and 6-(2-amino-ethylamino)-nicotinonitrile (prepared according to the method
described by Nuss er al, WO 99/65997) was dissolved in ethanol (2 mL). The solvent was
removed under a stream of nitrogen gas and the residue was heated at 140°C for 18 hours.
Purification was achieved by silica gel chromatography (1:1 hexane/ethyl acetate, 1:2
hexanc/ethyl acetate) to yield the title compound as a white solid (35 mg, 50%).

[00111] 'H NMR (500 MHz, de-DMSO, ppm) 88.35 (s, 1H), 7.8 (d, 1H), 7.73-7.65 (m,
2H), 7.65-7.6 (m, 2H), 5.7 (br s, 1H), 6.9 (br s, 1H), 6.57-6.47 (m, 1H), 3.58-3.52 (m, 2H),
3.52-3.42 (m, 2H), 2.64-2.58 (m, 2H), 2.4-2.34 (m, 2H), and 1.83-1.75 (m, 4H); LC-MS
(ES+) m/e=439.18 (M+H); R= 2.06 min

[00112] Example 2 6-{2-[2-(Trifluoromethyl-phenyl)-quinazolin-4-ylamino]-
ethylamino}-nicotinonitrile (Compound I1-8)

cl H /\',H

N
@Efn ’ ﬁ{f " = . N N\Q\cn
0 / Be
Fy NG
Fa

[00113]  This compound was prepared in an analogous manner as described in Example 1
using 4-chloro-2-(2-trifluoromethyl-phenyl)-quinazoline.  Purification was achieved by
silica gel chromatography (1:1 hexanefethy! acetate, 1:2 hexane/ethyl acetate) to yield the
title compound (34 mg, 49%).

- 46 -
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[00114] 'H NMR (500 MHz, ds-DMSO, ppm) 88.58 (br s, 1H), 8.37 (s, 1H), 8.28 (d,
1H), 7.85-7.74 (m, 6H}), 7.7-7.66 (m, 1H), 7.6-7.55 (m, 2H), 6.53 (br 5, 1H), 3.77-3.72 (m,
2H). 3.65-3.57 (m, 2H); LC-MS (ES+) m/e= 435.09

(M+H); R;=2.09 min.

[00115) Example 3 6-[2-(2-Phenyl-quinazolin-4-ylamino)-cthylamino}-

nicotinonitrile (Compound I-9)

|
N Hy ' H >
@i\f ! S S ol neat SN \Q\CN
+ g/
ﬁ 140C "@
NC

{00116] This compound was prepared in an analogous manncr as described in Example |

using  4-chloro-2-phenyl-quinazoline. Purification was achieved by silica gel
chromatography (2:1 hexane/ethyl acetate, 1:1 hexane/ethyl acctate) to yield the title
compound as a white solid (37 mg, 49%).

[00117] 'H NMR (500 MHz, dg-DMSO, ppm) 8.52-8.4 (m, 4H), 8.23 (d, 1H), 7.88-7.82
(m, 1H), 7.78-7.71 (m, 2H), 7.66-7.6 (m, 1H), 7.52-7.43 (m, 4H), 6.58-6.4% (m, 1H), 3.9-
3.84 (m, 211), 3.83-3.65 (m, 2H); LC-MS (ES+) m/e= 367.08 (M-+H); R=1.91 min.

[00118] Exawmple 4 6-{2-[2-(2,4-Dichloro-phenyh)-quinazolin-4-ylamino]-

ethylamino}-nicotinonitrile (Compound I-1)

| H

N
] . NH H >
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{00119] This compound was prepared in an analogous manner as described in Example 1
using  4-chloro-2-(2,4-dichloro-pheny!)-quinazoline  and  6~(2-amino-ethylamino)-
nicotinonitrile. Purification was achicved by silica gel chromatography (2:1 hexane/cthyl
ucetate, 1:1 hexane/ethyl acetate) to yield Lhe title compound as a white solid (36 mg, 51%).
[00120] 'H NMR (500 MHz, dg-DMSO, ppm) 68.64-8.56 (m, 1H), 8.37 (s, 1H), 8.31-
8.24 (m, 1H), 7.84-7.69 (m, SH), 7.62-7.50 (m, 3H), 6.59-6.48 (m, 1H), 3.80-3.70 (m, 2H),
3.72-3.59 (m, 2H), LC-MS (ES+) m/c= 434.96 (M+H); R=2.18 min.

[00121) Example 5 6-{2-[7-Benzyl-2-(2-trifluoromethyl-phenyl)-5,6,7 8-tetrahydro-
pyridof3,4-djpyrimidin-4-ylamino]-ethylamino}-nicotinonitrile (Compound 1-113)
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{00122]  This compound was prepared in an analogous manner as described in Example 1
using 7-benzyl-4-chloro-2-(2-trifluoromethyl-phenyl)-5,6,7,8-tetrahydro-pyrido[3,4-

d]pytimidine and 6-(2-amino-ethylamino)-nicotinonitrile. Purification was achieved by

N

silica gel chromatography (1:3 hcxanc/ethyl acetate, 1:4 hexane/ethyl acetate) to yield the
title compound as a yellow foam (76 mg, 58%).

{00123] 'H NMR (500 MHz, CDCl;, ppm) 68.30 (s, 1H), 7.75 (d, 1H), 7.69-7.65 (m,
1H), 7.62 (¢, 1H), 7.60-7.52 (m, 1H), 7.43-7.27 (m, 6H), 6.11-5.98 (m, 2H), 5.33 (br s, 1H),
3.84-3.73 (m, 4H), 3.66-3.57 (m, 4H), 2.92-2.82 (m, 2H), 2.53-2.42 (m, 2H); LC-MS (ES+)
m/e= 530.05 (M+H); R= 2.29 min.

[00124] Example 6 6-{2-[2-(2-Chloro-phenyl)-pyrido{3,2-d]pyrimidin-4-ylamino)-
ethylamino}-nicotinonitrile (Compound 1-118)

, " /\,NO
2 —h— N o~
140C “‘t©
c

ié

[00125]  This compound was prepared in an analogous manncr as described in Example 1
using 4-chloro-2-(2-chloro-phenyl}-pyrido[3,2-d]pyrimidine and 6-(2-amino-ethylamino)-
pnicotinonitrile. Purification was achieved by silica gel chromatography (1:1 hexane/ethyl
acetate, 1:2 hexane/ethy] acetate, 1:4 hexane/ethyl acetate) to yield the title compound as a
white solid (36 mg, 49%).

[00126] 'H NMR (500 MHz, d¢-DMSO, ppm) $8.89-8.80 (m, 2H), 8.34 (s, 1H), 8.15 (d,
1H), 7.90-7.82 (m, 1H), 7.80-7.73 (m, 1H), 7.64 (d, \H), 7.59-7.51 (m, 2H), 7.50-7.40 (m,
2H), 6.59-6.42 (br m, 1H), 3.80-3.75 (m, 2H), 3.70-3.58 (m, 2H); LC-

[00127]  Example 7  6+{2-[2-(2-Chloro-phenyl)-quinazolin-4-ylamino]-ethylamine}-

nicotinonitrile (Compound I-11)

dl g ~ N, H ”\’N
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[00128] This compound was prepared in an analogous manner as described in Example 1
using 4-chloro-2-(2-chloro-phenyl)-quinazoline. Purification was achieved by silica gel
chromatography (1:1 hexane/ethyl acctate, 1:2 hexane/ethyl acectate)to yicld the title
compound as a white solid (47 mg, 64%).

[00129] 'H NMR (500 MHz, dg-DMSO, ppm) §8.60-8.55 (m, 1H), 8.39 (s, 1H), 8.26 (d,
119), 7.84-7.78 (m, 2H), 7.76 (4, 1H), 7.71-7.69 (m, 1H), 7.65-7.52 (m, 3H), 7.50-7.42 (mn,
2H), 6.61-6.46 (m, 1H), 3.77-3.59 (m, 4H); LC-MS (ES+) m/e= 401.03 (M+H); R= 1.89
nin.

[00130] Example 8 6-{2-|2-(2,4-Dimethoxy-phenyl)-quinazolin-4-ylamino]-

ethylamino}-nicotinonitrile (Compound 1-185)

N, Hoone
o~ N B(OH}, -
PN\ ‘(\}cn @I‘m : HTLN ﬂ(\)"cw
i N

C‘t N - .
f\bf’!\ *
cl e Ni:I::j\
Ma ‘OMa

[00131] A mixture of 6-[2-(2-Chloro-quinazolin-4-ylamino)-ethylamino}-nicotinonitrile
(65mg, 0.2 mmol), 24-dimethoxyphenylboronic acid (55mg, 0.3 mmol),
tetrakis(triphenylphosphine)palladivm (2mg) and aqueous saturated NaHCO3 (0.5 ml) in
1,2-dimethoxyethane (3 ml) was stirred at 110°C under nitrogen for 14 h. The reaction
mixture was concentrated. The residuc was dissolved in a mixture of DMSO and MeOH and
purificd by rcverse-phase HPLC. The title compound was obtained as a white solid (76 mg,
69%). '"H NMR (500 MHz, DMSO(dg)): $13.20 (s, 1H), 10.20 (m, 1H), 8.38 (d, 214), 8.00
(in, 2H), 7.82 (m, 1H), 7.78 (d, 2H), 7.72 (t, 1H), 6.80 (s, 1H), 6.70 (d, 1H), 3.90 (m, 7H),
3.83 (s, 3H). FIA-MS: (ES-) m/e= 425.3 (M-H), (ES+) m/e= 427.2 (M+H).

[00132] Example 9 6-{2-[2-(4-Methoxy-phenyl)-quinazolin-4-ylamino]-ethylamino)-

nicotinonitrile (compound I-3)

H
P BIOH), N
T “{g S
/K W HN /N\(:D\cu
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[00133]  This compound was prepared in an analogous manner as described in Example 8
using 4-methoxyphenylboronic acid. Purification was achieved on silica gel, eluting with
40-50% EtOAc in hexanes to give the tit le compound as a white solid (18.5mg, 30%).
[00134) 'H NMR (500 MHz, ds-DMSO, ppm) §8.57-8.33 (m, 5H), 8.18 (d, 1H), 7.92-
778 (m, 1H), 7.77-7.58 (m, 3H), 7.51-7.37 (m, 1H), 7.01 (d, 2H), 6.59-6.40 (m, 1H), 3.90-
3.80 (m, SH), 3.75-3.62 (m, 2H). LC-MS (ES+) m/e= 397.06 (M+H), (ES-) 395.11 (M-H);
R=2.10 min. ‘

[00135] Example 10 6-{2-[2-(2,3,4-Trimethoxy-phenyl)-quinazolin-4-ylamino]-
ethylamino}-nicotinonitrile (Compound I-186)

Ho Ne
HN™ OH) HN/\/HN“"\L
N Mo \__F N
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X : —
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" Mo
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[00136] ‘{'his compound was prepared in an analogous manner to described in Example 8
using 2,3,4-trimethoxyphenyl boronic acid. Purification was achieved on silica gel, eluting
with 50-60% EtOAc in hexancs to give the title compound as a white solid (13mg, 18%).
[00137] 'H NMR (500 MHz, ds-DMSO, ppm) & 8.39 (br s, 2H), 8.29-8.16 (m, 1H),
7.87-1.65 (in, 3H), 7.64-7.55 (m, 1H), 7.54-7.45 (m, 1H), 7.39 (. 1H), 6.87 (d, LH), 6.61-
6.39 (br, 1H), 3.85 (d, 6H), 3.78 (s, 5H), 3.69-3.56 (m, 2H). LC-MS (S+) m/e= 457.3
(M+H); R=2.36 min.

[00138] Exampie 11 6-{2-[2-(2-Cyano-phenyl)-quinazolin-4-ylamino]-ethylamino}-

nicotinonitrile (Compound I-187)

i‘i’\’"“i}m RES @T it

UL

[00139] ‘This compound was prepared in an analogous manner to Example 8 using 2-

cyano-phenylboronic acid. Purification was achieved purified by reverse-phase HPLC
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[00140) 'H NMR (500 MHz, DMSO(dg)): 9.7 (m, 1H), 8.38 (d, 2H), 8.00 (m, 2H), 7.82
(m, 1H), 7.78 (d, 2H), 7.72 (t, 1H), 6.80 (s, 1H), 6.70 (d, 1H), 4.04 (m, 2H), 3.65 (m, 2H).
FIA-MS: (ES+) m/e= 392.3 (M+H).

{00141] Example 12  6-(2-[2-(3-Cyano-phenyl)-quinazolin-4-ylamino]-ethylamino}-

nicotinonitrile (compound I-29)

Hoone, i~ N-'Lﬂ-
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[00142] This compound was prepared in an analogous manner to Example 8 using 3-
cyano-phenylboronic acid. Purification was achieved purified by reverse-phase HPLC
[00143] 'H NMR (500 MHz, DMSQO(dg)): $10.02 (m, 1H), 8.65 (s, 1H), 8.50 (d, 1H),
8.42 (m, 2H), 8.19 (d, 1H), 8.05 (t, 111), 7.95 (d, 1H), 7.80 (m, 2H), 7.77 (t, 1H), 7.50 (br.s,
1H), 6.40 (br.s, 1H), 4.05 (m, 2H), 3.75 (m, 2H). FIA-MS: (ES+) m/e= 392.3 (M+H), (ES-)
m/e= 504.1 (M + TFA).

[00144) Example 13 6-{2-[2-(4-Cyano-phenyl)-quinazolin-4-ylamino)-ethylamino)-

nicotinonitrile (compound I-19)

RN ' ,\,ﬂ\ =
™ \{\)\CN Ol HAN oN
+ q
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[00145]  This compound was prepared in an analogous manner to Example 8 using 4-
cyano-phenylboronic acid. Purification was achieved purified by reverse-phase HPLC
[60146] 'H NMR (500 MHz, DMSO(d)): §9.7 (m, 111), 8.38 (m, 4H), 8.05 (d, 2H), 7.95
(1, tH), 7.87 (d, 1H), 7.80 (i, 1H), 7.70 (m, 1H), 7.50 (m, 1H), 6.40 (m, 1H), 4.00 (m, 2H),
3.75 (m, 2H). FIA-MS: (ES+) m/e= 392.2 (M+H), (ES-) m/e= 504.1 (M + TFA).

[00147) ~ Exanple 14 6-{2-[2-(2-Methoxy-phenyl)-quinazolin-4-ylamino}-
ethylamino}-nicotinonitrile (Compound I-188)
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[00148] This compound was prepared in an analogous manner to Example 8 using 2-
methoxy-phenylboronic acid. Purification was achieved purified by reversc-phase HPLC
| 'H NMR (500 MHz, DMSO(ds)): & 13.80 (s, 1H), 10.30 (t, 1H), 8.48 (d, 1H),
8.32 (s, 1H), 8.06 (1, 1H), 7.93 (d. 1H), 7.76 (m, 2H), 7.68 (m, 2H), 7.50 (d, 1H), 7.29 (d,
IH), 7.10 (¢, 1H), 6.40 (br.s, 1H), 4.05 (m, 2H), 4.00 (s, 3H), 3.75 (m, 2H). FIA-MS: (ES+)
mv/e= 397.3 (M+H), (ES-) m/e= 395.2 (M-H).
[00149] Example 15 6-{2-[2-(2-Hydroxy-phenyl)-quinazolin-4-ylamino]-
ethylamino}-nicotinonitrile (Compound 1-189)

H
H o n R M=
N HN/’\\”) \ -
e itl‘; N\{ N HO\(E‘:’” | I L’N \L‘)\ -
E\J’Lmicl + ~” N"J\O
HO”

[00150) This compound was prepared in an analogous manner to Example 8 using 2-
hydroxy-phenylberonic acid.  Purification was achieved purified by reverse-phase HPLC
'H NMR (500 MHz, DMSO(ds)): 514.80 (s, 1H), 8.85 (t, 1K), 8.48 (s, 1H), 8.35
(d, 1H), 8.27 (d, 1H), 7.85 (m, 2H), 7.80 (d, 1H), 7.67 (m, 1H), 7.60 (t, 1H), 7.36 (1, 1H),
6.92 (m, 2H), 6.58 (m, 1H), 3.90 (m, 2H), 3.73 (m, 2H). FIA-MS: (ES+) m/e= 383.2
(M+D), (ES-) m/e= 381.2 (M-H).
[00151] Example 16 6-{2-[2-(2-Fluoro-phenyl)-quinazolin-4-ylamino]-ethylamino}-
nicotinonitrile (Compound 1-190)

:_ Nee ,l‘\\/: NE’\
(L o T e
"%fLQ,N i " F N
LA, LU0 i\Q

[00152] This compound was prepared in an analogous manner to Example 8 using 2-
fluoro-phenytboronic acid. Purification was achieved purified by reverse-phase HPL
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{00153} 'H NMR (500 MHz, DMSO(dg)): $10.40 (s, 1H), 8.47 (d, 1H), 8.33 (s, 1H), 8.10
(t, 1H), 7.94 (d, 1H), 7.80 (m, 4H), 7.50 (m, 2H), 7.42 (1, 1H), 6.50 (m, 1H), 4.00 (m, 2H),
3.73 (m, 2H). FIA-MS: (ES+) m/e= 385.2 (M+H), (ES-) n/e= 383.2 (M-H).

{60154}, Example 17 6-{2-[2-(2,4-Difluoro-phenyl)-quinazolin-4-ylamino}-

ethylamino}-nicotinonitrile (Compound I-191)

o~ e D
® ,gfﬁ)cn ﬁ — O:JEEO\F

F

[00155] This compound was prepared in an analogous manner to Example 8 using 2,4-
difluoro-phenylboronic acid. Purification was achieved purified by reverse-phase HPLC
[00156] 'H NMR (500 MHz, DMSO(ds)): $10.30 (s, 1H), 8.43 (d, 1H), 8.30 (s, 1H), 8.10
(t, 1F1), 7.90 (m, 2H), 7.75 (m, 2H), 7.55 (td, 1H), 7.48 (m, 1H), 7.33 (td, 1H), 6.45 (m, 1H),
- 4.00 (m, 2H), 3.71 (m, 2H). FIA-MS: (ES+) m/e= 403.2 (M+H), (ES-) m/e= 515.1
(M+TFA).

[00157] Example 18 6-[2-(2-Thiophen-2-yl-quinazolin-4-ylamino)-ethylamino]-
nicotinonitrile (Compound 1-192)

H N/
My S lj B{OH), Ky i S CN
o5, & o
‘N‘VL‘m + N)\f>

[00158] 'H NMR (500 MHz, DMSO(dg)): $10.18 (s, 1H), 8.45 (m, 2H), 8.10 (d, 1H),
8.10 (1, tH), 8.05 (&, 1H), 7.90 (d, 1H), 7.88 (br.s, 1H), 7.72 (t, 1H), 7.7t (br.s, 1H), 7.37 (d,
1H), 6.50 (br.s, 1H), 4.00 (m, 2H), 3.75 (m, 2H). FIA-MS: (ES+) m/e= 373.2 (M+H), (ES-)
mie= 485.1 (M+TFA).

[00159] Example 19  6-[2-(2-Thiophen-3-yl-quinazolin-4-ylamino)-ethylaminoj-

nicotinonitrile (compound 1-32)

o ne
HN’\/”‘( }m B(OM); ) (Hg\/ﬂ\\i}mm
SO o5
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[00160) ' NMR (500 MHz, DMSO(dg)): $10.17 (5, 1H), 8.73 (5, 1H), 8.40 (m, 2H),
8.05 (t, 1H), 7.93 (d, 1H), 7.85 (m, 2H), 7.80 (d, 1H), 7.70 (t, 1H), 7.58 (br.s, IH), 6.50
(br.s, 1H), 4.07 (m, 2H), 3.75 (m, 2H). FIA-MS: (ES+) m/e= 373.2 (M+H), (ES-) m/c=
485.1 (M+TFA).

{00161} Example 20 6-{2-[2-(2,3-Dichloro-phenyl)-quinazolin-4-ylamino]-

ethylamino}-nicotinonitrile (Compound [-193)

Ho N
W AN
/\HI:\/N {} N g " y! ‘ e
Sl
# LN)\CI * g N
&

e

[00162] This compound was prepared in an analogous manncr to Example 8 using 2,3-

dichloro-phenylboronic acid. Purification was achieved purified by reverse-phasec HPLC.
[00163] 'H NMR (500 MHz, DMSO(de)): §10.37 (s, 1H), 8.48 (s,.1H), 8.30 (d, 1H), 8.08
(t. 1/, 7.97 (d, 1H), 7.80 (m, 2H), 7.78 (m, 1H), 7.70 (d, 1H), 7.58 (¢, 1H), 7.50 (dd, 1H},
6.43 (br.s, 1H), 3.97 (m, 2H), 3.68 (m, 2H). FIA-MS: (ES+) m/e= 435.0 (M+H), (ES-) /e=
547.0 (M+TFA).

[06164] Example 21 6-{2-[2-(2,5-Dichlore-phenyl)-quinazolin-4-ylamino}-

ethylamino}-nicotinonitrile (Compound I-194)

H N
H HN/,\”/N“-@
~CN

N
=N .
O
D@ — . o
e ‘N”J\m * cl |
cl

[00165] This compound was prepared in an analogous manner to Example 8 using 2,5-
dichloro-phenylboronic acid. Purification was achieved purified by reverse-phase HPLC.
[00166] 'HNMR (500 MHz, DMSO(ds)): $10.35 (s, 1H), 8.52 (d, 1H), 8.30 (d, 1H), 8.10
(v, 1K), 7.97 (d, 1H), 7.82 (m, 3H), 7.78 (m, 1), 7.70 (s, 1H), 7.48 (d, 1H), 6.43 (br.s, 1H),
3.92 (m, 2H), 3.60 (m, 2H). FIA-MS: (ES+) m/e= 4350 (M+H), (ES-) m/e= 547.0
(M+TIFA).

[00167] Example 22 6-{2-{2-(4-Chloro-biphenyl-2-yl)-quinazolin-4.ylamino}]-

cthylamino}-nicotinonitrile (Compound 1-195)
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(00168] This compound was prepared in an analogous manner to Example 8 using 4-
chlorobiphenylboronic acid. Purification was achievéd purificd by reverse-phase HPL
(001691  '"H NMR (500 Mz, DMSO(ds)): $10.20 (s, 1H), 8.39 (d, 1H), 8.30 (s, 1H), 8.05
(t, 1), 7.85 (4, 1H), 7.78 (m, 3H), 7.70 (1, 1H), 7.65 (d, 1H), 7.55 (dd, 1H), 7.30 (m, 58),
6.45 (d, 1H), 3.45 (m, 2H), 3.33 (m, 2H). FIA-MS: (ES+) m/e= 443.2 (M+H), (ES-) m/e=
441.2 (M-H), 477.2 (M+TFA).

[00170] Example 23 6-{2-[6-Methyl-2-(2-trifluoromethyl-phenyl)-pyrimidin-4-
ylamino]-ethylamino}-nicotinenitrile (Compound I-196)

I
N . Y 1M0C H
I = —_ S
N Y, neat
FaC
Fa

[00171]  This compound was prepared in an analogous manner as described in Example 1
using  4-chloro-6-methyl-2-(2-trifluoromethyl-pheny!)-pyrimidine. Purification was
achieved by silica gel chromatography (1:1 ethyl acetate/ hexane, 3:1 ethyl acetate/hexane,
4:1 ethyl acetate/hexune, 6:1 ethyl acetate/hexanc)to yield the title compound (50 mg, 69%).
[00172] 'H NMR (500 MHz, d-DMSO, ppm) & 2.25 (s, 3H), 3.4-3.52 (br m, 4H), 6.30
(br s, 1H), 6.50-6.56 (m, 1H), 7.50-7.60 (m, 1H), 7.62-7.68 (m, 3H), 7.69-7.77 (m, 2H),
7.80-7.82 (m, {H), 8.40 (br s, 1H); LC-MS (ES+) m/e= 399.13 (M+H); Ra= 1.90 min.

[00173] Example 24 6-{2-[5,6-Dimethyl-2-(2-trifluoromethyl-phenyl)-pyrimidin-4-

ylamino]-ethylamino}-nicotinonitrile (Compound [-197)
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(001741 This compound was prepared in an analogous manner as described in Example |
using  4-chloro-5,6-dimethyl-2-(2-triflucromethyl-phenyl)-pyrimidine.  Purification was
achieved by silica gel chromatography (1:1 ethyl acetate/ hexane, 2:1 ethyl acetate/hexane)
to yicld the title compound (43 mg, 60%).

[00175] 'H NMR (500 MHz, ds-DMSO, ppm) 52.25s, 3H), 2.30 (s, 3H), 3.45-3.59 (m,
4H), 6.50 (br s, 1H), 6.94 (br s, 1H), 7.52-7.60 (m, 1H), 7.60-7.66 (m, 2H), 7.69-7.75 (m,
2H), 7.78-7.84 (m, 1H), 8.36 (s, 1H); LC-MS (ES+) m/e=413.12 (M+H); R= 1.90 min.
[00176] Example 25 6-{2-[2-(2,4-Dichloro-phenyl)-5,6-dimcthyl-pyrimidin-4-

ylamino]-ethylamino}-nicotinonitrile (Compound 1-198)

[00177] This compound was prepared in an analogous manner as described in Example 1
using 4-chloro-2-(2,4-dichloro-phenyl)-5,6-dimethyl-pyrimidine. Purification was achieved
by silica gel chromatography (1:1 cthy! acetate/ hexane, 2:1 ethyl acetate/hexane) to yield
the title compound (31 mg, 43%0).

[00178] 'H NMR (500 MHz, ds-DMSQ, ppm) § 2.02 (s, 3H), 2.30 (s, 3H), 3.48-3.56 (m,
4H), 6.50 (br s, 1H), 7.00 (br s, 1H), 7.47 (d, 1H), 7.55-7.60 (m, 1H), 7.61-7.69 (m, 2H),
7.70-7.75 (m, 1H), 8.35 (s, 1H); LC-MS (ES+) m/e= 413.00 (M+H); Ri= 1.95 min.

(00179] Exampie 26 6-{2-[6-Phenyl-2-(2-trifluoromethyl-phenyl)-pyrimidin-4-

ylamino]-ethylamino}-nicotinonitrile (Compound I-199)
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{00180]  This compound was prepared in an analogous manner as described in Example 1
using 4—chlor(;-6-phcny[-2-(2-triﬂuoromethyl—phcnyl)—pyrimidinc. Purification was
achieved by silica gel chromatography (1:1 ethyl acetate/ hexane, 2:1 ethyl acetate/hexane)
10 yield the title compound (48 mg, 70%). |

[00181] 'FINMR (500 MHz, d;-DMSO, ppm) § 3.45 (m, 4H), 6.50-6.58 (m, 1H), 6.92-
7.00 (m, 1H), 7.44-7.52 (m, 3H), 7.55-7.62 (m, 1H), 7.65-7.70 (m, 1H), 7.70-7.80 (m, 4H),
7.82-7.87 (m, IH), 7.98-8.05 (m, 2H), 8.35-8.42 (m, 1H); LC-MS (ES+) nve= 461.07
(M+H); R=3.33 min.

(00182] [Example 27 6-{3-[2-(2,4-Dichloro-phenyl)-quinazolin-4-ylaminoj-
propylamino}-nicotinonitrile (Compound I-97)
A CN
Hy” SN

o 5 e o,

[00183]  This compound was prepared in an analogous manner as described in Example 1
using  4-chloro-2-(2,4-dichloro-phenyl)-quinazoline  and  6-(3-amino-propylamino)-
nicotinonitrile, (which was prepared in a similar fashion to 6-(2-amino-ethylamino)-
nicotinonitrile). Purification was achieved by silica gel chromatography (1:1 ethyl acetate/
hexane, 2:1 ethyl acetate/hcxanc) to yield the title compound (50 mg, 57%).

[00184] 'H NMR (500 MHz, dg-DMSO, ppm) & 1.91-2.0 (m, 2H), 3.37-3.45 (m, 2H),
3.60-3.70 (m, 2H), 6.47 (d, 1H), 7.50-7.54 (m, 1H), 7.54-7.60 (m, 1H), 7.60-7.65 (m, 2H),
7.68-7.70 (m, 1H), 7.72-7.85 (m, 3H), 8.28 (d, 1H), 8.35 (s, 1H), 8.42-8.52 (m, 1H); LC-MS
(ES+) mfe= 448.94 (M+H); R,=2.31 mia.

{00185] Example 28 6-{2-[2-(2-Chloro-phenyl)-5,6-dimethyl-pyrimidin-4-

ylamino]-ethylamino}-nicotinonitrile (Compound I-143)
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[00186] This compound was prepared in an analogous manner as described in Example 1
using 4-chloro-2-(2-chloro-phenyl)-5,6-dimethyl-pyrimidine. Purification was achieved by
silica gel chromatography (2:1 cthyl acetate/ hexane, 4:1 ethyl acetate/hexane) to yield the
title compound (46 mg, 61%). ‘

[00187] 'H NMR (500 MHz, ds-DMSO, ppm) $2.02 (5, 3H), 2.31 (s, 3H), 3.46-3.65 (m,
4H), 6.47-6.60 (m, 1H), 6.92-7.04 (m, 1H), 7.36-7.45 (m, 2H), 7.48-7.52 (m, 1H), 7.54-7.68
(m, 21), 7.70-7.80 (m, 1H), 8.34-8.42 (m, 1H); LC-MS (ES+) m/e= 379.02 (M+H); R;=
1.72 min.

(00188] Example 29 6-{3-[2-(2,4-Dichloro-phenyl)-5,6-dimethyl-pyrimidin-4-

ylamino)-propylamine}-nicotinonitrile (Compound I-142)

[00189] This compound was prepared in an analogous manner as described in Example 1
using  d-chloro-2-(2,4-dichloro-phenyl)-5,6-dimethyl-pyrimidine ~ and  6-(3-amino-
propylamino)-nicotinonitrile, (which was prepared in a similar fashion fo 6-(2-amino-
cthylamino)-nicotinonitrile). Purification was achieved by silica gel chromatography (1:1
cthyl acetate/ hexane, 2:1 ethyl acetate/hexane) to yield the title compound (32 mg, 43%).
[00190] 'H NMR (500 MHz, ds-DMSO, ppm) $1.79-1.86 (m, 2H), 2.01 (s, 3H), 2.30 (s,
3H), 3.30-3.40 (m, 2H), 3.41-3.50 (i, 2H), 6.46 (d, 1H), 6.83-6.92 (m, 1H), 7.42-7.50 (m,
1H), 7.56-7.70 {m, 4H), 8.31 (s, 1H); LC-MS (ES+) m/e= 426.98 (M+H); R=2.07 min.
[00191] Example 30 6-{2-[6-Trifluoromethyl-2-(2-trifluoromethyl-phenyl)-

pyrimidin-4-ylamino]-ethylamino}-nicotinonitrile (Compound [-202)

- 5% -
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{00192] This compound was prepared in an analogous manner as described in Example 1
using 4-chloro-6-trifluoromethyl-2-(2-trifluoromethyl-phenyl)-pyrimidine. Purification was
achieved by silica gel chromatography (1:1 ethy! acetate/ hexane, 3:1 ethyl acetatc/hexane)
10 yicld the title compound (18 mg, 26%).

[00193] 'H NMR (500 MHz, d-DMSO, ppm) $3.46-3.55 (m, 2H), 3.56-3.64 (m, 2H),
6.47-6.53 (m, 1H), 6.88 (s, 1H), 7.58 (d, 1H), 7.66-7.81 (m, 4H), 7.82-7.90 (m, 1H), 8.32-
8.41 (m, 2H); LC-MS (ES+) m/c= 453.04 (M+H); R=3.86 min.

[00194] Example 31 6-(2-[2-(4-Chloro-phenyl)-5-methyl-pyrimidin-4-ylamino]-
ethylumino }-nicotinonitrile (Compound [-158)

[00195] Step A, 6-[2-(2-Chloro-5-methyl-pyrimidin-4-ylamino)-ethylamino)-

nicotinonitrile

NH
| HN—/— ? H /\/
' X T TL
4 + Y
NLCI " 100C

[00196] A mixture of 2,4-Dichloro-5-methyl-pyrimidine 250 mg, 1.53 mmol) and 6-(2-
amino-cthylamino)-nicotinonitrile (373 mg, 2.30 mmo!, prepared according to the method
described by Nuss ef al, WO 99/65997) was dissolved in tetrahydrofuran (10 mL). The
reaction mixturc was heated at 100 C for 2 days. Purification was achieved by silica gel
chromatography (1:3 hexane/ethyl acetate, 1:4 hexane/ethyl acctatc, 1:6 hexanefethyl
acetate) to yickd the title compound as a white solid (154 mg, 35%).

[00197] 'H NMR (500 MHz, ds-DMSO, ppm) 51.94 (s, 3H), 3.45-3.61 (m, 4H), 6.48-
6.68 (m, 1H), 7.40-7.45 (m, 1H), 7.61-7.78 (m, 2H), 7.80 (s, 1H), 8.40 (s, 1H); L.C-MS
(ES-+) m/e= 288.98 (M+H); Ri=2.09 min.

[00198] Step B.  6-{2-[2-(4-Chloro-phenyl)-5-methyl-pyrimidin-4-ylamino]-

¢thylamino}-nicotinonitrile
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[00199]  6-[2-(2-Chloro-5-methyl-pyrimidin-4-ylamino)-ethylamino]-nicotinonitrile (50
myg, 0.174 mmol) was dissolved in NN-dimethylformamide (2 mL) under an argon
atmospherc. 4-chlorophenylboronic acid (41 mg, 0.260 mmol), 2M aqueous sodiuin
carbonate (435 pL, 0.870 mmol), 1,1’-bis(diphenylphosphino)ferrocene-palladium (II)
dichloride (8 mg, 0.01 mmol), and tri-t-butylphosphine (43 pL, 0.174 mmel) were added
and the reaction mixture was heated at 80°C for 16 hours. The mixture was diluted with
dichloromethane then washed with water (1x) and brine (1x). The organic layer was dried
over magnesium sulfate and concentrated in vacuo. Purification was achieved by
preparative HPL.C (20% to 60% 0.1% trifluoroacetic acid in acetonitrile over 10 minutes) to
yield the title compound as a while solid (10.2 mg, 16%).

[00200] 'H NMR (500 MHz, dg-DMSO, ppm) §2.12 (s, 3H), 3.50-3.70 (m, 2H), 3.78-
391 (m, 2H), 6.35-6.52 (m, 1H), 7.50-7.61 (m, 1H), 7.66 (d, 2H), 7.75-7.87 (m, 1H), 8.08
(d, 2H), 8.16 (s, 1H), 8.35-8.48 (m, 1H), 8.60-8.70 (m, 1H); LC-MS (ES+) m/e= 364.95
(M+H); R= 2.25 min.

[00201] Example 32 6-{2-[6~(2-Methoxy-phenyl)—2-(2-trifluoromethyl-
phenyl)-pyrimidin-4-ylamino]-ethylamino}-nicotinonitrile (Compound I-203)

]
J I
C W IR W
N’ " — 140C hs
F’Cb 51:/5 neat %
Fa

3 N
f00202]  This compound was prepared in an analogous manner as described in Example 1

using 4-chloro-6-(2-methoxy-phenyl)-2-(2-trifluoromethyl-phenyl)-pyrimidinc.
Purification was achieved by preparative HPLC (20% to 60% 0.1% trifluoroacetic acid in
acetonitrile over 10 minutes) to yield the title compound (28.4 mg, 42%).
[60203] 'H NMR (500 MHz, ds-DMSO, ppm) $3.45-3.65 (m, 4H), 3.87 (s, 3H), 6.50-
6.55 (m, 1H), 7.02-7.14 (m, 2H), 7.18-7.25 (m, 1H), 7.48-7.65 (m, 2H), 7.72-7.97 (m, 6H),
8.32 (s, 1H); LC-MS (ES+) m/e= 491.18 (M+H); R= 2.56 min.
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[00204) Example 33 6-{2-[2-(2,4-Difluoro-phenyl)-gyuinazolin-4-ylamino]-

ethylamino}-nicotinonitrile (Compound I1-2)

N\Q‘mﬂ ore ) Nﬁ\ﬁ}w
O, " CL

Cl
{00205} This compound was prepared in an analogous manner to Example 8 using 4-

chloro-phenylboronic acid. Purification was achieved purified by reverse-phase HPL
[00206] 'H NMR (500 MHz, DMSO(ds)): §8.52-8.37 (m, 2H), 8.32-8.20 (m, 2H), 8.30
(s, 1H),3.11-7.39 (m, 8H), 6.53-6.34 (m, 1H), 4.09-3.95 (m, 2H), 3.80-3.65 (m, 2H). LC-
MS (ES+) m/e= 401.10 (M+H); R== 2.20 min

[00207] Example 34 2-{2-2-(2,4-Dichloro-phenyl)-quinazolin-4-ylamino]-
ethylamino}-nicotinonitrile (Compound I-65)

L:?Lm o @@m

[00208) This compound was prepared in an analogous manner to Example 1 using 2-(2-
amuno-ethylamino)nicotinonitrile (prepared from 6-chloro pyridine-2-carbonitrile according
Lo the method described by Nuss et al, WO 99/65997). lIsolated as a white solid (3.0mg,
2%).

[00209] 'H NMR (500 MHz, DMSO(dg)): $10.30-10.10 (1H, bs), 8.45 (IH, m), 8.17
(IH, m), 8.10-8.05 (1H, m), 7.90-7.70 (6H, m), 7.35 (1H, m), 6.55 (1H, m), 4.0-7.90 (2H,
m), 3.80-3.70 (2H, m). HPLC Rt= 3.10 min,; FIA (M+H) 434.9, (M-H) 432.6,;

[00210] Example 35 4-{2-[2-(2,4-Dichloro-phenyl)-quinazelin-4-ylamino]-
ethylamino}-benzonitrile (Compound I-62)

H

i
L I-IN/\‘/Nﬂ
OO : ~
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[00211] This compound was prepared in an analogous manner to Example 1 using 4-(2-
amino-ethylamino)-benzonitrile (prepared from 4-fluorobenzonitrile according to the
method described by Nuss et al, WO 99/65997). TIsolated as a white solid (23.6mg, 28%.
[00212] 'H NMR (500 MHz, DMSO-dg: 510.20-10.00 (1H, bs), 8.40 (1H, m), 8.00 (1H,
m), 8.0-7.60 (6H, m), 7.20 (2H, m), 6.60 (2H, m), 3.80-3.70 (2H, m), 3.45-3.35 (2H, m.
HPLC Rt = 3.23 min,; FIA (M+H) m/e= 434.0, (M-H) m/e= 431.7

(00213] Example 36 N-[2-(2,4-Dichloro-phenyl)-quinazolin-4-yl]-¥’-phenyl-ethane-
1.2-diamine (Compound I-64)

H

HN™ N"@

Cl

i ’L“‘N H \

\1,;5@\ b HNT ”\Q - - qgu
[00214] This compound was prepared in an analogous manner to Example 1 using N-
phcaylethylenediamine. Isolated as a white solid (49.9mg. 28%)
[00215] 'H NMR (500 MHz, DMSO-ds: §10.40-10.25 (LH, bs), 8.45 (1H, m), 8.05 (1H,
m), 7.92 (1H, s), 8.85-7.60 (4H, m), 6.90 (2H, m), 6.60 (2H, m), 6.45 (1H, m), 3.85-3.75
(2H, m), 3.40-3.30 (2H, m). HPLC Rt = 3.22 min; FIA (M+H) m/e= 409.0, (M-H) m/e=
407.0
[00216] Example 37 N-(1H-Indazol-3-y1)-N’-[2-(2-trifluoromethyl-phenyl)-
quinazolin-4-yl]-ethane-1,2-diamine, trifluoro-acetic acid salt {Compound I-10)

H
N

i
e N-NH
F
[00217]) N1-(1H-Indazol-3-yl)-ethane-1,2-diamine

HaN/\’n |\]

100218] A mixwre of 3-aminoindazole (0.40 g, 3 mmol) and 2-bromoethylumine
hydrobromide (0.62 g, 3 mmol) in ethanol (15 mL) was sealed in a pressure tube and heated

at 160-170°C for 2 days. The crude mixture was partitioned between aqueous sodium
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bicarbonate and 1:9 methanol:ethyl acetate. The organic layer was dried over sodium
sulfate and the solvent was then evaporated. Purification by flash chromatography (SiO2)
eluted with 0.2:2:8 ammonium hydroxide:methanol:dichloromethane provided N1-(1H-
indazol-3-yl)-ethane-1,2-diamine and  1-(2-aminoethyl)-1H-indazol-3-ylamine, both
containing impurities.

[00219] NI1-(1H-Indazol-3-yl)}-ethane-1,2-diamine was isolated (52.5 mg, 10% yicld,
74.7% purity by HPLC) as a colorless film. R=0.05 (S5i0,, 1:9 mcthanol: dichloromethane;
"H-NMR (500 MHz, CD;0OD, ppm) & 7.65 (d, J=7.3 Hz, 1H), 7.27 (m, 2H), 6.96 (dt, J=1.0,
7.2 Hz, 1H), 3.48 (t, J=6.5 Hz, 2H), 3.01 (t, J=6.0 Hz, 2H) (+ impurity peaks); MS (LC/MS)
177.01 (M+H); HPLC R=1.100 min.

(00220]  1-(2-Aminoethy(}-1H-indazol-3-ylamine was isolated (57.1 mg, 11% yield) as a
colorless film. Re=0.16 (SiO,, 1:9 methanol:dichloromethane); 'H-NMR (500 MHz,
CD;OD, ppm) 8 7.56 (d, J=7.4 Hz, 1H), 7.23 (d, ]=8.8 Hz, IH), 7.14 (t, J=7.6 Hz, 1H),
6.75 (1, I=7.5 Hz, 1H), 4.19 (t, J=6.3 Hz, 2H), 3.08 (t, J=6.3 Hz, 2H) (+ impurily peaks);
MS (LC/MS) 177.01 (M+H); HPLC R;= 0.500 min.

[0022]] A mixture of 4-chloro-2-(2-trifluoromethyl-phenyl)-quinazoline (0.05 g, 0.16
mmol) and NI1-(1H-indazol-3-yl)-ethane-1,2-diamine (.03 g, 0.16 mmol) in
dimethylformamide (2 ml.) was heated at 120-125°C for 2 h. After cooling, thc reaction
mixture was poured into water (30 mL) and was treated with saturated bicarbonate (10 mL).
The resulting precipitate was filtered off and was then washed with water. Purification by
preparative HPLC (Gilson) provided the title compound (3% yield) as a yellow film.
[00222] 'H-NMR (500 MHz, ds-DMSO, ppm) § 11.6 (s, 1H), 8.48 (d, J=7.8 Hz, 1H),
7.97 (m, 2H), 7.81 (m, 6H), 7.63 (d, J=8.0 Hz, 1H), 7.25 (d, J=2.5 Hz, 1H), 6.89 (m, IH),
3.93 (1, J=5.8 Hz, 2H), 3.61 (t, J=6.1 Hz, 2H); MS (LC/MS) 449.14 (M+H); HPLC R;=

2.677 min.

[00223] EXAMPLE 12 - BIOLOGICAL TESTING

[00224] The activity of the compounds as protein kinase inhibitors is assayed in vitro, in

vivo or in a cell line, In vitro assays include assays that determine inhibition of either the
phosphorylation activity or ATPase activity of the activated protein kinasc. Alternate in
vitro assays quantitate the ability of the inhibitor to bind to the protein kinase. Inhibitor
binding may be measured by radiolabelling the inhibitor prior to binding, isolating the

inhibitor/protein  kinase complex and determining the amount of radiolabel bound.
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Alternatively, inhibitor binding may be dcterﬁlined by running a competition experiment
where new inhibitors are incubated with the protein kinasc bound to known radioligands.
[60225] K; DETERMINATION FOR THE INHIBITION OF GSK-3

[00226) Compounds were screened for their ability to inhibit GSK-3f (AA 1-420)

activity using a standard coupled enzyme system [Fox et al. Protein Sci. 7, 2249 (1998)].
Reactions wcre carried out in a solution containing 100 mM HEPES (pH 7.5). 10 mM
MgCl;, 25 mM NaCl, 300 pM NADH, | mM DTT and 1.5% DMSO. Final substrate
concentrations in the assay were 20 uM ATP (Sigma Chcmicals, St Louis, MO) and 300
uwM peptide (American Peptide, Sunnyvale, CA). Reactions were carried out at 30 °C and
20 oM GSK-3B. Final concentrations of the 'components of the coupled enzyme system
were 2.5 mM phosphoenolpyruvate, 300 uM NADH, 30 pg/ml pyruvate kinasc and 10
ug/ml lactate dehydrogenase.

[00227]  An assay stock buffer solution was prepared containing all of the rcagents listed
above with the exception of ATP and the test compound of interest. The assay stock buffer
solution (175 ul) was incubated in a 96 well plate with 5 pl of the test compound of interest
at final concentrations spanning 0.002 uM to 30 pM at 30 °C for 10 min. Typically, a 12
point titration was conducted by preparing serial dilutions (from 10 mM compound stocks)
with DMSO of the test compounds in daughter plates. The reaction was initiated by the
addition of 20 ul of ATP (final concentration 20 yM). Rates of reaction were obtained
using a Molecular Devices Spectramax plate reader (Sunnyvale, CA) over 10 min at 30 °C.
The K; values were determined from the rate data as a function of inhibitor concentration.
[00228] The following compounds were shown to have K; valucs less than 0.1 pM for
GSK-3: compounds I-1, 1-2, 1-8, 1-9, I-11, I-19; 1-62, 1-118, 1-183, 1-188, 1-189, 1-190, I-
191, I-195, 1-197, 1-198, and 1-200.

[00229] The following compounds were shown to have K; values between 0.1 and 1.0
puM for GSK-3: compounds I-3, I-10, [-29, I-32, 1-105, I-113, I-158, 1-182, I-187, 1-192, I-
193, 1-194, 1-196, 1-199, 1-202, and [-203.

[00230] While we have hereinbefore presented a number of embodiments of this
invention, it is apparent that our basic construction can be altered to provide other
embodiments that utilize the compounds and mcthods of this invention. Therefore, it will
be appreciated that the scope of this invention is to be defined by the appended claims rather

than by the specific embodiments that have been represented by way of cxample.
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CLAIMS

1. A compound of formula I:

or 2 pharmaceutically acccptable derivative or prodrug thereof, wherein:

B is an optionally substituted 5-6 membered monocyclic or 8- 10 membered bicyche
aromatic ring, wherein said monocyclic or bicyclic ring has 0-4 heteroatoms sclected
from oxygen, sulfur or nitrogen; .

Q is a Cy.¢ alkylidene chain, wherein each methylenc unit of said Q is substituted by R* and
R¥, and up to two non-adjacent methylene vaits of said Q are optionally and
independently replaced by -SO; or -C(=0),

Riung C is selected from a phenyl, thienyl, pyridinyl, pyrimidinyl, pyndazinyl, pyrazinyl, or
1,2,4-riazinyl ring, wherein said Ring C optionally has one or two ortho substituents
independently selected from —R', any substitutable carbon position on Ring C is
independently substituted by —R>, or two adjacent substituents on Ring C arc optionally
taken together with their intervening atoms to form a fused, unsaturated or partially
unsaturated, 5-6 membered ring having 0-3 heteroatoms selected from oxygen, sulfur or
nitrogen, said fused ring being optionally substituted by halo, oxo, or -RY

R is selected from —halo, -CN, -NO,, T-V-R, phenyl, 5-6 membered heteroaryl ring, 5-6
membered heterocyclyl ring, or Cygaliphatic group, said phenyl, heteroaryl, and
heterocyclyl rings each optionally substituted by up to three groups independently
selected from halo, oxo, or -R®, said Cy.¢ aliphatic group optionally substituted with
halo, cyano, nitro, or oxygen, or R’ and an adjacent substituent taken together with their
intervening atoms form said ring fused to Ring C;

each R? is indcpendently selected from H, -OH, Cy.1o aliphatic; (C;.j aliphatic)-NH-(Cy.q0
aliphatic); -O-( Cy.j¢ aliphatic); -NHz, -NH(Cy_1g aliphatic), -N(Cy.io aliphatic),, -
C(=0)R, aryl, or heteroaryl, whercin said aliphatic, aryl, or heteroaryl is optionally
substituted;
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R 15 selected from an optionally substituted group selected from C,. o aliphatic, aryl, aralkyl,
heteroaryl, or heteroaralkyl,

each R” is independently selected from H or an optionally substituted C.1o aliphatic group;

R* and RY are independently selected from T-R>, or RX and RY are taken together with their
intervening atoms to form a fused, partially satorated or aromatic, 5-8 membered ring
having 0-3 ring heteroatoms selected from oxygen, sulfur, or nitrogen, wherein any
substitutable carbon on said fused ring formed by R* and R is substituted by oxo or T-
R?, and any substitutable nitrogen on said ring formed by R* and RY is substituted by
R

T is a valence bond or a C).4alkylidene chain;

R* is selected from —R’, -halo, -OR’, -C(=0)R’, -CO:R’, -COCOR’, -COCH,COR’, -NO;,
-CN, -8(O)R’, -S(O)R’, -SR”, -N(R*),, -CON(R")3, -SO,N(R");, -OC(=O)R’, -

NRNCOR’, -N(R)CO,(optionally substituted Cy.¢ aliphatic), -NR)N®R"z,
-C=NN(R"),, -C=N-OR’, -N(R")CONR")2, -NR)SON®R"):, -N(RYSO:R, or
-OC(=0)NR")z;

each R" is independently selected from hydrogen or an optionally substituted group sclected
from C.¢ aliphatic, Cg.1g aryl, a heteroaryl ring having 5-10 ring atoms, or a hetcrocyclyl
ring having 5-10 ring atoms;

each R* is indcpendently selected from —R”, -COR’, -COa(C.¢ aliphatic), -CON(R),, or
—SO;R7, or two R? on the same nitrogen are taken together to form a 5-8 membered
heterocyclyl or heteroaryl ring; ,

each R is independently selected from -R’, halo, -OR’, -C(=0)R’, -CO;R’, -COCOR’,
-NO,, -CN, -S(O)R’, -SO;R’, -SR’, -N(R*)2, -CON(R™),, -SO:NR"),, -OC(=0O)R’, -
NR*COR’, -N(R*CO,(optionally substituted C,.¢ aliphatic), -NR)N(R"),,
-C=NN(R*), -C=N-OR’, -N(R*)CON(R*),, -NRHSON(R"Y);, -NRHSO:R’, or
~OC(=0)N(R4)2, or R® and an adjacent substituent taken together with their intervening
atoms form said ring fused to Ring C;

V is -O-, -§-, -SO-, -805-, -NR%S0,-, -SO;NRY)-, -N(R?-, -CO-, -CO;-, -NRHCO-, -
N(R®)C(0)0-, -NR)CONR)-, -N(R9)SON(R?)-, NRNRS)-, -C(ONR"-. -

OCYOIN(R)-, -CR MO, -CR")2S-, -CR%2S0-, -CR")802-, -CR)SONR)-, -
CR®INRY-, -CR®NRHC(0)-, -CRENRHC(0)0-, -CRH=NN(R®-, -C(R™)=N-
0-, -CRONRONRE)-, -CRRNRDSONRE)-, or -CR NRCONRY-;
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each R® is independently selected from hydrogen or an optionally substituted C;.4 aliphatic
group, or two R® groups on the same nitrogen atom are taken together with the nitrogen
atom to form a 5-6 membered heterocyclyl or heteroaryl ring;

each R’ is independently selected from hydrogen or an optionally substituted C,_¢ aliphatic
group, or two R on the same nitrogen are taken together with the nitrogen to form a 5-8
membered heterocyclyl ot heteroaryl ring; and

each R% is independently selected from an optionally substituted C,.¢ aliphatic group, -ORS,

-SR®, -CORS, -SO,R?, -N(R%),, -NREHNR®),, -CN, -NOy, -CON(R®),, or -CO;RS. '

o 2. The compound according to claim 1, wherein ring A is selected from one of:
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3. The compound of claim 2, wherein Ring A is selccted from one of I-A, I-B, I-C. 1-
D,I-E,1-F,I-G, I-H, I-1, I}, I-K, I-L, or I-M.

4. The compound of claim 2, wherein Ring A is selected from one of I-A, I-B, I-C, I-
F,orI-H.

5. The compound of claim 2, wherein q is 0-4, and T-R? subslitucnts are selected from
—R’, halo, -OR’, -C(=O)R’, -CO;R’, -COCOR’, -NO5, -CN, -S(O)R’, -SO,R’, -SR’,
-N(R");, -CON(R"), -SONR?),, -OC(=0O)R’, -N(R*)COR’,

-N(R*)CO»(optionally substituted Cy.¢ aliphatic), -NRHN(R*);, -C=NN(R"), -C=N-OR",
“N(RHCONRH,, -NRHYSO;NR™Y,, -NRHSO:R’, or -OC(=0INR"),. Exemplary R*
substituents include ~R7, -COR’, -CO(C; ¢ aliphatic), -CON(R)z, or -SO;R’, or two R” on
the same nitrogen are taken togcther to form a 5-8 mcmbered heterocyctyl or heteroaryl

ring.

6. The compound of claim 1, wherein compounds of formula I have a monocyclic
pyrimidine ring system which is substituted by R* and RY, wherein R* groups include
hydrogen, alkyl- or dialkylamino, acetamido, or a Cj.4 aliphatic group such as methyl, ethyl,
cyclopropyl, isopropy! or t-butyl, and RY groups include T-R? whercin T is a valence bond
or a methyiene, and RYis -R’, -N(R")z, or -OR".

7. The compound of claim 1, wherein Q is -CH,CHj-, -CHCH,CHj-, or -
CH,CH,CHLCH;-, -SO,CH;-, -CH,S0;-, -(C=0)CH;-, or -CH(C=0)-.

8. 'I'he compound of claim 1, wherein B groups are selected from optionally substituted
pyridyl, pyrimidinyl, thiazolyl, indolyl, imidazolyl, oxadiazolyl, tetrazolyl, pyrazinyl,

wriazolyl, thienyl, furanyl, quinolinyl, purinyl, naphthyl, benzothiazolyl, benzopyridyl,
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benzimidazolyl, indazolyl, isothiazolyl, pyrazolyl, pyridazinyl, isoxazolyl, phenyl,
benzothiophenyl, or pyridothiophenyl.

9. The compound of claim 8, wherein substituents for B groups are each independently
selected from nitro, amino, cyano, halo, thioamido, amidino, oxamidino, alkoxyamidino,
imidino, guanidino, sulfonamido, carboxyl, formyl, alkyl, haloalkyl, alkoxy, haloalkoxy,
alkoxyalkyl, alkylaminoalkoxy, alkylcarbonyl, aralkylcarbonyl, heteroaralkylcarbonyl,
alkylthio, amnoalkyl, cyanoalkyl, hydroxy, alkoxycarbounyl, aryl, aralkyl, heteroaryl, or

heteroaralkyl.

10.  The compound of claim 1, wherein B is optionally substituted 2-pyridyl and

compounds have the general formula IT:

N//_-'“/(Hg)m

wherein m is 0-4, and each occurrence of R’ is independently sclected from H, nitro, amino,
cyano, halo, thioamido, amidino, oxamidino, alkoxyamidino, imidino, guanidino,
sulfonarnido, carboxyl, formyl, alkyl, haloalkyl, alkoxy, haloalkoxy, alkoxyalkyl,
alkylaminoalkoxy, alkylcarbonyl, aralkylcarbonyl, hetercaralkylcarbonyl, alkylthio, aryl,
aralkyl, heteroaryl, or heteroaralkyl.

11.  The compound of claim 10, wherein R? substituents are selected from hydrogen, C,.

aalkyl, nitro, amino, cyano, cyanomethyl, trifluoromethyl, hydroxy, or methoxy.

12. The compound of claim 1, wherein B is indazolyl, pyrazolyl, or thiazoly! optionally

substituted with one or more indcpendent occurrences of R°, wherein R® substitucnts are
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selected from hydrogen, C,.salkyl, nitro, amino, cyano, cyanomethyl, trifluoromethyl,

hydroxy, or methoxy.

13.  The compound of claim 1, wherein Ring C is optionally substituted phenyl or
pyridinyl.

14.  The compound of claim 1, wherein ring C is optiounally substituted naphthyl,

quinolinyl, isoquinolinyl or benzodioxolyl.

15. The compound of claim 13 or 14, wherein optional substituents on Ring C are
selected from R' or R®, wherein each occurrence of R' is independently selected from —halo,
an optionally substituted Cy.¢ aliphatic group, phenyl, -COR®, -OR®, -CN, -SOR®, -SONH,,
-N(R®),, -CO:RS, -CONH;, -NHCOR®, -OC(O)NH,, or -NHSO;R®; and each occutrence of
R’ is sclected from -halo, -CN, -NO,, -N(R*),, optionally substituted C, aliphatic group, -
OR’, -C(O)R’, -COR’, -CONH(R?), -NR"YCOR’, -SO;NR"),, or -N(RY)SOR’.

16.  The compound of claim 15, wherein R' groups are selected from -CF3, -Cl, -F, -
CN, -COCHj;, -OCHj, -OH, -CH,CHj, -OCH,CH;, -CH3, -CFCHj, cyclohexyl, t-butyl,
isopropyl, cyclopropyl, -C=CH, -C=C-CHj, -SO,CH;, -SO;NH;, -N(CHa);, -CO.CHj, -
CONH,, -NHCOCH3, -OC(O)NH;, -NHSO,CH3, or -OCFs; and R* groups are selected
from -Cl, -F, -CN, -CF;, -NH,, -NH(C;.4 aliphatic), -N(C).4 aliphatic)z, -O(Cy.4 aliphatic),
C1.4 aliphatic, or -CO5(C,4 aliphatic).

17.  The compound of claim 1, having one of the formulas:

QAN Fn g\
£ -

=N
HN HN
SCRQHQ'),, 509232'),,
HN HN
\N \N
3 3
O o Y o
N N
I-A-a I-B-a
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s - HN HN
(TR,
{ | =N l SN
N 80
I-D-a I-H-a

wherein q is 04, and T -R? substituents are sclected from —R’, halo, -OR’, -C(=0O)R’,
-COzR’, -COCOR’, -NO3, -CN; -S(O)R’, -SO,R’, -SR’, -N(R"),, -CON(R"), -SO:N R*,,
-OC(=0)R’, -NRHCOR’,-N(R*)CO,(optionally substituted Cj.¢ aliphatic), NERYNRY,,
-C=NNR",, -C=N-OR’, -NRYCONRY; -NRHSO:NR*,, -NR)SOR’, or
-OC( =O)N(R4)2; and wherein m is 0-4, and each occurrence of R? is independently seiected
from H, nitro, amino, cyano, halo, thioamido, amidino, oxamidino, alkoxyamidino, imidino,
guanidino, sulfonamido, carboxyl, formyl!, alkyl, haloalkyl, alkoxy, haloalkoxy,
alkoxyalkyl, alkylaminoalkoxy, alkylcarbonyl, aralkylcarbonyl, heteroaralkylcarbonyi,
alkylthio, aryl, aralkyl, hetcroaryl, or heteroaralkyl.

18.  The compound of claim 17, wherein ring C is a phenyl ring and R' is halo, methyl,

cyano, OMe, OH, or trifluoromethyl.

19. The compound of claim 1, wherein onre or more of, or each of, B, ring C, R*, RY, or
R! is defined such that:

(a) B is an optionally substituted 5-6 membered monocyclic or 8-10 membered
bicyclic aromatic ring, wherein said monocyelic or bicyclic ring has 1-4 heteroatoms
selected from oxygen, sulfur or nitrogen;

(b) Ring C is a phenyl or pyridinyl ring having one or two ortho substituents
independently selected from ~R!, wherein Ring C is further substitited by -R® and whercin
when Ring C and two adjacent substituents thereon form a bicyclic ring system, the bicyclic

ring system is sclected from a naphthyl, quinolinyl or isoquinolinyl ring;
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() RXis hydrogen or C,.¢ aliphatic and RY is T-R?, or RX and RY are taken together
with their intervening étoms to form an optionally substituted 5-7 membered partially
saturated or aromatic ring having 0-2 ring nitrogens, and

(d) R' is —halo, an optionally substituted C,.¢ aliphatic group, phenyl, -CORS, -ORS, -
CN, -SO;R®, -SO;NH,, -N(R®)2, -CO;R®, <CONH,, -NHCORS, -OC(O)NH,, or -NHSO,R®.

20.  The compound of claim 1, wherein one or more of, or each of, B, R?, ripg C,RX, RY,
R', or R’ is defined such that:

(a) B is an optionally substituted group selected from pyridyl, pyrimidinyl,
thiazolyl, indolyl, imidazolyl, oxadiazolyl, tetrazolyl, pyrazinyl, triazolyl, thienyl, furanyl,
quinolinyl, purinyl, naphthyl, benzothiazolyl, benzopyridyl, benzimidazoly!, indazolyl,
isothiazolyl, pyrazolyl, pyriduzinyl, isoxazolyl, phenyl, benzothiophenyl, or
pyridothiophenyl;

(b) R is H, alkyl, haloalkyl, heterocycloaminoaikyl, alkylaminoalkyl, and alkyl,
wherein all alkyl moieties have 1-10 carbon atoms are unsubstituted;

(¢) Ring C is a phenyl or pyridinyl ring having one or two ortho substituents
independently selected from -R', wherein Ring C is further substituted by ~R’ and wherein
when Ring C and two adjacent substituents thereon form a bicyclic ring system, the bicyclic
ring system is a naphthyl ring;

(d) R¥ is hydrogen or methyl and RY is -R’, N(R*), or —OR’, or R* and RY are
taken together with their intervening atoms to form a 5-7 membered partially saturatcd or
aromatic cartbocyclo ring optionally substituted with —R’, halo, -OR’, -C(=O)R’, -CO:R’,
-COCOR', -NO,, -CN, -S(O)R’, -SO;R”, -SR’, -N(R*),, -CON(R*)3, -SO;N(R")z,
-OC(=0)R’, -N(R)COR’, -N(R*CO,(optionally substituted C, ¢ aliphatic), -NRYNE®RY,,
~C=NN(R");, -C=N-OR’, -NRYCONR*,, -NRHSO:NR",, -N(RHSOR’, or
-OC(=O)NR"):; |

() R! is —halo, a C, ¢ haloaliphatic group, a Cy.¢ aliphatic group, phenyl, OMe, OH,
or -CN; and

(f) each R? is independently selected from -halo, -CN, -NO2, -N(R*)», optionally
substituted C;_¢ aliphatic group, -OR’, -C(O)R’, -COsR’, -CONH(R"Y, -NRHCOR”,
-SON(RY,, or -NRHSOR'.
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21. The compound of claim 1, wherein one or more of, or each of, B, R?, ring C, RX RY,
R', or R? is defined such that;

(2) B is an optionally substituted pyridyl group optionally substituted by 0, 1, or 2
occurrences of R’, wherein cach occurrence of R’ is independently hydrogen, Ciaalkyl,
nitro, amino, cyano, cyanomethyl, trifluoromethyl, hydroxy, and methoxy;

(b) R? is H, alkyl, haloalkyl, heterocycloaminoalkyl, alkylaminoalkyl, and alkyl,
wherein all alky]l moieties have 1-10 carbon atoms are unsubstituted;

(c) Ring C is a phenyl or pyridinyl ring having one or two ortho substituents
independently sclected from -R', wherein Ring C is further substituted by ~R’ and wherein
when Ring C and two adjacent substituents thereon form a bicyclic ring system, the bicyclic
ring system is a naphthyl ring; :

(d) R¥ is hydrogen or methy! and RY is —R’, N(R*),, or ~OR", or R* and RY are
taken together with their intervening atoms to form a 5-7 membered partially saturated or
aromaltic ring having 1-2 nitrogen ring atoms optionaily substituted with -R’, hale, -OR’,
-C(=0)R’, -COR’, -COCOR’, -NO;, -CN, -S(O)R’, -SO,R’, -SR’, -N(R*), -CON(R").,
-SO:NRY,, -OC(=0)R’, -NR*)COR’, -NR*CO,(optionally substituted C,.¢ aliphatic),
N(RHN(RY)z, -C=NN(R*),, -C=N-OR’, -NRYCON(R), -NR*SONR*), -NRY)SO.R’,
or -OC(=O)N(R*),; |

(¢) R' is —halo, a Cj.¢ haloaliphatic group, a Cy.¢ aliphatic group, phenyl, OMe, OH,
or -CN; and

(f) each R’ is independently selected from -halo, -CN, -NQ;, -Ni (R“)z, optionally
substituted Cy¢ aliphatic group, -OR’, -C(O)R’, -CO:R’, -CONH(R®), -N(R"YCOR”,
-SO;N(R*), or -N(RHSOsR’.

22, The compound of claim 1, wherein one or more of, or each of, B, R?, ring C, RX RY,
R', or R is defined such that:

(a) B is an optionally substituted pyridyl group optionally substituted with 2
independent occurrences of R®, whercin each occurrence of R’ is independently hydrogen,
C;4alkyl, nitro, amino, cyano, cyanomethyl, trifluoromethyi, hydroxy, and methoxy;

(b) each R? und R is H;
(¢) Ring C is a phenyl ring having one or two ortho substituents independently
sclected [rom —R', wherein Ring C is further substituted hy -R¥;
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(d) R*is hydrogen or methy! and RY is methyl, methoxymethyl, ethyl, cyclopropyl,

isopropyl, t-butyl, alkyl- or an optionally substituted group selected from 2-pyridyl, 4-

pyridyl, piperidiny}, or phenyl, or R and RY are taken together with their intervening atoms

to form an optionally substituted benzo ring or partially saturated 6-membered carbocyclo

rng;

(e) R is —halo, a C .4 aliphatic group optionally substituted with halogen, OMe, Of],

or -CN; and

(f) cach R is independently selected from -Cl, -F, -CN, -CF3, -Nil, -NH(Cy.4
aliphatic), -N(C}.4 aliphatic),, -O(C,.4 aliphatic), optionally substituted C; aliphatic, and

-COz(C14 ahphatlc)‘

23. The cpmpound of claim 1, selected from one of the compounds:
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24. A composition comprising a compound of claim 1, and a pharmaceuucally

1cceptable carrier, adjuvant, or vehicle,

25. A composition comprising & therapeutically effective amount of a compound of
claim 1, and a pharmaceutically acceptable carrier, adjuvant, or vehicle.

26.  The composition of claim 25, wherein the therapeutically effective amount is an

amount capable of inhibiting GSK-3 activity,

27.  The composition of claim 24, further comprising one of more additional therapeutic

agents.

28. A method of inhibiting GSK-3 kinase activity in a biological sample, comprising the

step of contacting said biological sample with:
&) a composition according to claim 25; or

b) a compound according to claim 1.
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29. A method of treating or lessening the severity of an autoimmune
disease, an inflammatory disease, a metabolic disorder, a neurological or neurodcgenerative
disorder, or a cardiovascular disease in a patient, comprising the step of administering to
said patient;

) a composition according to claim 25; or

b) a compound according to claim 1.

30. The method of claim 29, wherein the disease is selected from allecgy, asthma,
diabetes, Alzheimer’s discase, Huntington’s disease, Patkinson's diseasc, AIDS-associated
dementia, amyotrophic lateral sclerosis (AML, Lou Gehrig’s disease), multiple sclerosis
(MS), schizophrenia, cardiomyaocyte hypertrophy, reperfusion/ischemia, stroke, or baldness.

31. The method of claim 29, wherein the disease is stroke.

32. The method of claim 29, wherein the discase is a neurological or neurodegenerative

disorder.

33.  The method of claim 29, comprising the additional step of administering to said
patient an additional therupeutic agent selected from a treatirent for Alzheimer's Disease, a
treatment for Parkinson's Discase, an agent for treating Multiple Scicrosis (MS), a treatment
for asthma, an anti-inflammatory agent, an immunomodulatory or immunosuppressive
agent, a neurotrophic factor, an agent for treating stroke, an ageat for treating cardiovascular
disease, or an agent for treating diabetes, wherein:

said additional therapeutic agent is appropriate for the disease being treated; and

said additional therapeutic agent is administered together with said composition as a

single dosage form or separately from said composition as part of a muitiple

dosage form.

34. A mcthod of treating or lessening the severity of a GSK-3-mediated disease or
condition in a patient, comprising the step of administering to said patient:
a) a composition according to claim 25; or

b) a compound according to claim 1.
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35. The method of claim 34, wherein said GSK-3-mediated diseasc is selected from an
autoimruune disease, an inflammatory disease, a metabolic disorder, a neurological or

neurodegenerative disorder, or & cardiovascular disease.

36.  The method of claim 34, wherein said GSK-3-mediated disease is selected from
allergy, asthma, diabetes, Alzheimér’s disease, Huntington’s disease, Parkinson’s discase,
AIDS-associated dementia, amyotrophic lateral sclerosis (AML, Lou Gehrig’s disease),
multiple sclerosis (MS), schizophrenia, cardiomyocyte hypertrophy, reperfusion/ischemia,

stroke, or baldness.
37. ‘The method of claim 34, wherein said GSK-3-mediated disease is stroke.

38. The method of claim 34, wherein said GSK-3-mediated diseasc is a neurological or

neurodegencrative disorder.

39.  The method of claim 34, comprising the additional step of administering to said
patient an additional therapeutic agent sclected from a treatment for Alzheimer’s Disease, a
treatment for Parkinson's Disease, an agent for treating Multiple Sclerosis (MS), a treatment
for asthma, an anti-inflammatory agent, an immunomodulatory or immunosuppressive
agent, a neurotrophic factor, an agent for treating stroke, an agent for treating cardiovascular
disease, or an agent for treating diabetes, wherein:

said additional therapeutic agent is appropriate for the diseasc being treated; and

said additional therapeutic agent is administered together with said composition as a

single dosage form or separately from said composition as part of a multiple

dosage form.
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