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Solicitud de patente titulada: "INDOLINONAS SUSTITUThAS CON PIRROLES, 

INIUBIDORAS DE PROTEIN QUINASAS" 

Solicitante: SUGEN INC. V PHARMACIA & UPJOHN COMPANY. 

RESPUIESTA AL OFICIO No. 0499, NOTIFICADO POR FIJACION EN LISTA No. 06, 

DE FECHA 22 DE ENERO DE 2009. 

(TERCER EXAMEN DE FONDO) 

CARLOS R. OLARTI3, mayor de edad y vecino de Bogota, identificado tal como aparece al pie 

de ml firma, en ml carÆcter de apoderado de la sociedad solicitante, me permito manifestar 10 

siguiente ante ci auto emanado por ese Despacho, dentro del plazo legal de prorroga previsto en 

el articulo 45 de la Decision 486: 

1. En primer lugar y con ci Ænimo de brindar mayor claridad a la materia reivindicada, me 

permito presentar un CapItulo Reivindicatorio Modificado que reemplaza en su totalidad al 

CapItulo Reivindicatorio presentado junto con mi memorial del 22 de enero de 2007. 

AsI entonees, el CapItulo Reivindicatorio Modificado contiene las siguientes modificaciones: 

Reivindicaeión 
- original Modificaciones 

Sc limita ci significado de los grupos arilo, heteroarilo o heterociclilo, 
asI: 

R2= fenil, -S02-NH-fcthl/pfridina 
R3=fenilo o piridina; 
R7=fenilo; 
R’2=pirrolidin(2-ona), piperazina, imidazol(2-ona), Pyridin(2-
ona), tetrahidropirimidin-2-ona. 

Adicionaimente, se elimina OH dentro de la definición de R12. 
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Vaiga anotar que las modificaciones efectuadas al Capitulo Reivindicatorio cumplen a cabalidad 

con 10 estipulado en ci ArtIculo 34 de la Decision 486, ya que Østas de ninguna manera implican 

una ampliaciOn de la protecciOn correspondiente a la divulgaciOn contenida en la solicitud iniciaL 

Por ci contrario, la materia contenida en ci Capitulo Reivindicatorio Modificado es una franca 

liniitaciOn del alcance originalmente pretendido en la presente solicitud. 

2. a- El Examinador insiste en que las Reivindicaciones 1-8 son muy amplias, no claras 

e inconcisas. En particular, el Examinador menciona ciertos tØrminos genØricos tales como arilo 

y heteroarilo, lo cuales no se encuentran limitados. Adicionalmente, ci Examinador anota que 

ain cuando la DescripciOn contiene 175 ejemplos, las Reivindicaciones comprenden compuestos 

Sque se extienden mÆs allÆ de Østa divulgación, y por lo tanto una persona medianamente versada 

en la materia no eneontrarla ensefianzas suficientes que Ic perniitiesen reproducir cada una de las 

modalidades cobijadas por las Reivindicaciones. 

EspecIficamente, ci Examinador identifica como compuestos no soportados enteramente por la 

descripción aquellos en los que R3 es ant, o heteroaril; R7 es an!; R8 y R9 son arilo, R’2 es 

heteroanilo; R13 y R’4 son arilo o heteroanilo; R’3 y R’4 tomados juntos forman un hetericielo; y en 

los que R15 es arilo. 

Asimismo, ci Examinador argumenta que dada la amplitud de las reivindicaciones pueden existir 

modalidades que no se encuentren vinculadas por un ünico concepto inventivo. 

b- En respuesta a los argumentos del Examinador, me permito sefialar 

respetuosamente que en ci Capitulo Reivindicatorio Modificado, los sustituyentes R2, R3, R7 y 

R12 se han limitado drÆsticamente, hasta ci punto que ahora se restningen a aquellos grupos 

quimicos que encuentran ilustraclos en los ejemplos de la Descripción: 

R2= fenil, -S02-NH-fenil/pinidina; 

R3=fenilo o piridina; 

R7=fenilo; 

R’2=pirrolidin(2-ona), piperazina, imidazoi(2-ona), Pyridin(2-ona), tetrahidropmniidin-2-

ona. 

Es mÆs, de manera preferente la presente solicitud se dirige a Compuestos de Formula: 
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en los cuales el grupo amido en la posición 3 (R), a los que se iinüta compietamente esta 

invención, proporciona una actividad mejorada frente a compuestos siniilares con diferentes 

grupos sustituyentes R6 del anillo de pirrol. 

3. a- El Examinador estabicce que las patentes W098/07695 (Dl) y W098/50356 (D2) 

afectan el mvel inventivo de La presente invenciôn. 

El Examinador argunienta que la 6nica diferencia entre los compuestos de la presente invenciôn y 

los compuestos de Dl y D2, es que en los compuestos de la presente invención la amida del 

grupo lateral so encuentra unida al anillo de pirrol a travØs del carbono carbonifico, mientras que 

ci estado del arte ensefia un union directa entre un nitrOgeno y ci anillo de pirrol. De cualquier 

manera, D2 revela la posibilidad de incluir grupos arilo o N-dialquilo como sustituyentes del 

grupo carbamoilo en la posiciOn 3 del anillo de pirrol. Ml, ci Examinador concluye que los 

compuestos del arte previo son tanto estructural como funcionalmente siinilares a la presente 

invenciOn. 

Asitnismo, el Examinador anota que Dl y D2 divulgaron previamente la actividad de este tipo de 

compuestos como moduladores de las seæales de proteina-quinasa. El Examinador tambiØn anota 

que los resultados que demuestran la superioridad companttiva de los compuestos de la invenciOn 

no fueron objeto de la divuigaciOn inicial de la solicitud. Adicionalmente, los compuestos alli 

ilustrados, que tienen un grupo amida como sustituyente R6, fueron anticipados por D2, como so 

entiende a partir de la iiustraciOn de derivados 2-indolinonas. 

b- En relaciOn con el arte previo citado por ci Examinador, me permito sefialar to 

siguiente: 

i) Dl revela muchas estructuras genóricas, cada una de las cuales presenta 

sustituyentes opcionales que pueden ser combiriados en innumerables combinaciones. A manera 

de ilustraciOn, adjunto al presente memorial (como ANEXO 1) un reporte de SciFinder, un 

servicio de Chemical Abstracts Service (CAS), que extrae compuestos de la publicaciones y 

proporciona su estructura qulmica, en donde se evidencia que SciFinder encuentra 1325 ejemplos 

especificos en Dl, en doncle la mavorla de indolinonas aM reveladas no se encueniran sustituidos 

r 

PÆgina 3 de 9 



1V33 
44�  

OLARTERAISBECK 
OLARTE RAISBECK M0URE & CASTRO LTDA. 

por pirrol sino por fenilo uotrogrupo. Asi las cosas, para. una persona rnediamenteversàda 

en la materia es dificil,apartirde. la simple lectura d_J , _MiRarlos compuestos 

especificamenteallirevelados 

Es evidente que solo una pequefla fracción  de los compuestos revelados en Dl estÆn sustituidos 

por pirrol (ver anexo 1), y de estos, muchos presentan estructuras de anillos fusionados yb 

unidos a la posicion equivocada del anillo de pirrol. 11e la pequefia cantidad de ejemplos que 

indolinonas sustituidas por pirrol de Dl, los inicos sustituventes en ci anillo de pirrol son H. 

alguilo. halógeno,  ester o alguilester. De becho, esto es consistente con la divulgación general de 

Dl. En las estructuras genCricas de Dl en las que el grupo unido en la posición 3 de la 

indolinona es usualmente un anillo A (ver pagina 36), la amida se encuentra enunciada entre un 

sinnümero de posibles sustituyentes (aunque no una alquilaminoamida como en la presente 

invencion); sin embargo, cuando A se limita a pirrol, los Ænicos sustituyente posibles, aiin en la 

estructura genØrica, son hidrógeno, alquio, halogeno, ester y aiquilester. 

Asi, una persona medianamente versada en la matena leyendo Di, seria conducicla 

inevitabiemente a pensar que ci sustituyente preferido para ci anillo indolinona es el grupo fenilo. 

Es mÆs, si por alguna razón no sugerida en Dl se seleccionara un grupo pirrol, las enseflanzas de 

esta referencia indican que el sitio dc union del pirrol no importarla. Adicionalmente, Dl indica 

que ci anillo podrÆ estar fusionado o no y los sustituyentes apropiados para el pirrol serian H, 

aiquilo, balOgeno, ester o aiquilester. No existe razón alauna para incluir un grupo amido en la 

posición 3 del anillo de pirrol. 

Ahora bien, como se muestra en las tablas de resultados presentadas en respuesta al primer 

examen de fondo’, los compuestos de la invención son inbibidores potentes tanto de PDGFR y 

VEGFR. Por ci contrario, los compuestos de Dl correspondientes a indolinonas sustituidas por 

pirrol, muestran ser activos sobre quinasas EGFR y Met, pero no muestran ningün tipo de 

actividad sobre PDGFR. 

Con respecto a la Tabla 13 de Dl, los compuestos que presentan un sustituyente pirrol se 

encuentran ilustrados especfficamente en 10717/04, 107 17/A04, 10717/Al1, 10717/B4, etc. Sin 

embargo, como se mencionó anteriormente, ninguno de dichos compuestos presenta una amida 

El Examinador parece sugerir en su concepto tØcnico que las tablas de resultados anexadas at expediente mediante 
mi memorial en respuesta at primer examen de fondo no serian tenidas en cuenta, por cuanto Østas no fueron 
incluidas en el Capltulo Descriptivo inicial. Sin embargo, me perniito recordar respetuosamente at Examinador, que 
tal como to ensefia ci Manual Andino de Patentes en su sección 1.7, ante un objeciôn por falta de nivel inventivo, el 
solicitante puede aportar pruebas en forma de argumentos o documentos, para demostrar la presencia de un efecto 
tØcmco o ventajas de la invención (ej. ensayos comparativos). Por to tanto, los resultados evidenciando la potente 
inhibictØn tanto de PDGFR. y VEGFR deben ser tenidos en cuenta en la evaluación de la patentabilidad de la 
presente invención. 
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-5 
como sustituyente en el anillo de pirrol. Ahora,, al evaluar la actividad de estos compuestos en la 

Tabla 14, se encuentra que los mismos no nresentan actividad o nresentan una actividad 

insipiente sobre FLK guinasa, y solo una actividad moderada sobre quinasa EGFR o Met. 

Por lo tanto, una persona medinamente versada en la materia, con la tarea de desarrollar un 

compuesto con actividad inbibitoria sobre VEGFR y PDGFR, no habria encontrado motivación 

alguna para seleccionar y modificar aluno de los compuestos de DL que ensefian ser mÆs 

activos sobre otro tino de auinasas, v cuvo efecto sobre PDGFR es completamente desconocido. 

Particularmente, en vista de los datos presentados previamente, las indolinonas sustituidas con 

pirol, con grupos ester como sustituyentes del anillo de pirrol (segün Dl), presentaron inhibiciôn 

0, de PDGFR muy pobre. 

De otraparte, aün cuando D2 revela compuestos que son estructuralmente similares a los de la 

presente invención, que corresponden a 3-((pirrol-2-il)metilideno)indolin-2-onas, D2 no 

proporciona ensefianzas o sugerencias respecto al uso de un grupo alquil-carboxamida sustituido 

en la posición 3 del anillo de pirrol. 

Mi, la configuración estructural especIfica de los compuestos de la presente invención, no ha 

sido sugerida en el arte previo y por lo tanto no puede ser considerada obvia pam una persona 

medianamente versada en la materia. Es decir, los compuestos de la presente invención no se 

derivan evidentemente del arte previo. 

ii) Nuevamente, deseo sefialar que el concepto inventivo cave involucrado en 

la presente invención corresponde precisamente al grupo aniida (Re) que sustituye el anillo pirrol 

de los compuestos de la invención. Como lo demuestra la siguiente tabla, la presencia del zruao 

aniida Proporciona una meior actividadq en comparación con compuestos que tienen sustituyentes 

diferentes en esa posiciôn: 
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Conipuesto PDGFRb VEGFR2 
2 IC50(iM) IC 1PM)3 

NBC OCH2CH 
0.578–0035 m CHI 

> 100 
(n2) 

NH 

H 

0.465–0.068 
N > 100 I  n2) 

/ 

NH 

OH3 

CH3 

1 \ H >10 
> 100 

H 0 (n2) 
0 

low 
rCH3 -’s 

pC 

H 
0.008*0M02.. 

0.01 
(n5) 

Presente invención 

tR6=amida 

En gracia de discusión, aunque los. compuestos de la presente invención. compartan un nuicleo 

comun con otros compuestos correspondiente a rndolinonas sustituidas con pirrol, la sustitueión 

de lposicion 3 del amilo depirrol en la iresente mvención (R) resulta completamente novedosa 

e inventiva, pues compuestos similares del estado del arte, que a lo sumo presentan un grupo 

ester (-C(0)OR) como en los compuestos ilustrados en la anterior tabla, ensefian claramente que 

el reenplazo de dicho ester o alguil en la posición 3 ior grupo ami&. proi,orciona un 

increntento siiu’ificativo en in actividad, produciendo compuestos altamente ótiles en la  

thibieion de ambas kmasas (4 órdenes de mgn.itud Para PDGFR y 2 ordenes do magnitud Para 

VEGFR2), lo que sigmfica una importante ventaja en la terapia anticancerigena 

2Actividad celular en cØlulas 313. 
3Actividad celular en cdlulas PAE-VEGFR2. 
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La siguiente tabla, presentada tambiØn en respuesta at primer examen de fondo, ensefla dos 

compuestos adicionales que incluyen sustituyentes dinietil y etoxicarbonil, que ademâs, estÆn 

sustituidos con un halo en ci grupo fenil del sistema indolinona, siendo asi aCm nuis cercanos a los 

compuestos de Ia presente invención. Pero incluso con esta mayor cercanla, los resultados 

obtenidos demuestran claramente que los compuestos de la presente invención resultan mucho 

mÆs potentes en los ensayos PDGFR y VEGFR2 en comparaciôn con ci primer compuesto que 

proporciona simplemente una leve inhibiciôn de anibas kinasas. El segundo conipuesto no fue 

medido contra PDGFR, sin embargo, no mostró efecto inhibitorio alguno contra VEGFR2, como 

lo evidencia ci % de inbibición obtenido. 

Compuesto PDGF1th (pM) VEGFR2 (pM)4 

Fik-IR 1050: 
15 

4.2 

NH 

H3.<JLOCH2CH8 Fik Kinasa % de 
HA CH3 

I i -- inhibición: 
Sr 0 

NH -1.4% 
Sr 

MaC 

0.008–0.002 
0.01 

H 
(n5) 

Presente invención 

En conclusion, los ensayos comparativos realizados ensefian que: 

- los compuestos de la, presente invenciOn son inhibidores Uptentes de VEGFR2 y 

PDGFR,, mientras que compuestos simulares del estado de la tcnica proporcionan, 

a lo sumo, solamente una inhibiciOn dØbil o la inbibiciOn de solo una, pero no 

ambas kinasas; y 

- la potencia multi-kinasa aumentada de los compuestos de la invenciOn de debe 

principaimente a la presencia del grupo amida en la. posiciOn 3 del anillo pirrol 

(R). 

4FIk es ortôlogo de ratôn del VEGFR2 humano. 
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Me permito recordar a! Examinador que los resultados ilustrados en el articulo "Discovery of 5-

[5-fluoro-2-oxo- 1 ,2-dihydroindol-(3z)-ylidenemetliyl]-2,4-dimethyl- I H-pyrrole-3-carboxylic 

Acid (2-diethylaminoethyl)amide, a Novel Tyrosine Kinase Inhibitor Targeting Vascular 

Endothelual and Platelet-Derived Growth Factor Receptor Tyrosine Kinase"5, tambiØn son 

concluyentes demostrando que la inclusion del grupo amida en la posición 4 del anillopirrol (R6), 

proporciona resultados ventajosos e inesperados (ver tabla 1). 

4. Por lo anterior, considero superadas las objeciones del Examinador en cuanto a la i.midad 

de invenciOn de la materia reivindicada en la presente solicitud. 

5. Para terminar, deseo subrayar que en relaci6n con la invención de la presente solicitud, 

que, ademÆs de Australia No. 2001239770, Canada No. 2399358, Eurasia No. 005996, JapOn No. 

3663382, Nueva Zelanda No. 520640, Peræ No. 0400-2006, Sur Africa No. 2002/6469, 

Singapur No. 90936, Ucrania No. 73976, Estados Unidos No. 6573293, Ecuador No. 7125905 y 

la Oficina Europea de Patentes EP 1.255.752, han sido otorgados privilegios de patente en 

Malaysia, China, Móxico, India, Argentina, Chile, Noruega, Indonesia, Israel, Islandia y Taiwan. 

Aunque patentes otorgadas en otras jurisdicciones no son vinculantes para la oficina nacional, si 

corresponden a un fuerte indicio sobre el cumplimiento dc los requisitos de patentabilidad de la 

invenciOn reivindicada, puesto que los requisitos de novedad, thvel inventivo son requisitos 

universales y objetivos que se evalüan airededor del mundo bajo estÆndares similares. 

6. Por todo lo anterior, considero que las objeciones presentadas por el Examinador han sido 

resueltas y por consiguiente solicito respetuosamente que se proceda con la concesión de la 

patente. 

Atentamente, 

C.C. No. 79.782.747 de Bogota 
T.P. 74.295 

Li Sun et al., Discovery of 5-[5-fluoro-2-oxo-J ,2-dihydromdol-(3z)-ylidenemethyl}-2,4-dimethyl-1 H-pyrrole-3-
carboxylic Acid (2-diethylaminoethyl)amide, a Novel Tyrosine Kinase Inhibitor Targeting Vascular Endothelual and 
Platelet-Derived Growth Factor Receptor Tyrosine Kinase. J. Med. Chem. 2003. Vol 46. No. 7. (ANEXO 2) 
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� Capitulo Reivindicatorio Modificado 

� ANEXO 1: Resultados del reporte de SciFinder relacionado con en anÆlisis de 

compuestos incluidos en Dl, mostranclo 1325 compuestos. 

� ANEXO 2: Copia de Li Sun et al., Discovery of 5-[5-fluoro-2-oxo-1,2-

dihydroindol-(3z)-ylidenemethyl]-2,4-dimethyl-1 H-pyrrole-3-carboxylic Acid (2-

diethylaminoethyl)amide, a Novel Tyrosine Kinase Inhibitor Targeting Vascular 

Endothelual and Platelet-Derived Growth Factor Receptor Tyrosine Kinase. J. 

Med. Chem. 2003. Vol 46. No. 7. 
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� Expedlente NO. 01.012.068 
Tercer Examen de Fondo 

CAPITULO RE1VINDICATORIO MODWICADO 

(TERCER EXAMEN DE FONDO) 

1. Un compuesto de fórmula (I) . 

R3(O 

o una sal farrnacuticamente aceptable del m smo, donde: 

R1 sesóiecciona de hidrógeno, alquilo(Cl-C4), -(CH2)rR’6 y -C(0)NR8R9; 

10 
. 

R2 Se selecciona de hidrógeno, halo, fenilo, -S(0)2NHfenilo, y -S(0)zNHpiridinil; 

R3 Se selecciona de hidrógeno, alquilo(C1-C4), alcoxi(C,-C4), fenilo, piriclilo y 

C(0)R15 

Wet hidrógeno; 

R5 Si selecciona de bidrógeno y alquilo(C1-C4); 

15 es -C(0)R’°; 

R1 se selecciona de hidrógeno, alquilo(C i-C4) y fenilo; 

R8 yR9 se seleccionan independientemente de hidrôgeno, alquilo(C 1-C6) y fenilo; 

Woes -N(R")(CH2)R12, donde n es 1,203; 

1, �.. R" esbidrógeno; 

20 R’2 se selecciona . de, alcoxi(C1-C4), -C(0)R15, pirrolidina, pixrolidinin-2-ona, 

iniidÆzol-2-ona, pindin-2-ona, tetrahidropiiimidin-2-ona, 2-oxo-azepan y - 

N&3R’4 

R 13 y R’4 se seleccionan independientemente del grupo formado por hidrógeno, 

alquilo(C-C4); o 

25 R 13y R’4 se pueden combinar para formar un grupo -(CR2)4-, -(CR2)5-, 40H2)-. 

0-(CH2)2- y -(CH2)2N(CH3)(CH2)2-

� . .. P6ginaldeZ 
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2. El compuesto de la ReivindicacicSn 1, donde n es 2o 3 yR’2 es.�NR’3R’4 

donde R13 y R’4 son independientemente alquil(C1-C4) -9 

. -

 

.39 El compuesto -de la Reivindicaciön 1, donde n es 2 0 3 y 13R14 

5 ..don R13 y R14 se combifla para formar un grupo seleccionado de -(CH2)4-, -(CH2)5, - 

(CH2)2-O-(CH2)2- 0 -(CHN(CH3)(CH2)2-., 

15 

20 

4. El compuesto de la Reivindicación 1, dondeR’ es -C(0)NR8R9, donde R5 

es hidrógeno y R9 es fenilo. 

5. El compuesto do la invención quo  tiene la fórmula 

( 

OH 

o una sal farmacuticarnente aceptable del mismo. ... 

.-.-.. .-

6. El compuesto de Ia Reivindic ciOn 1 o5 quo es la sal L-malato del Æcido 5-

(5-fluoro-2-oxo-1,2-dihidroindol-3-ilidenmetil)-2,4-dimetil-1H-pirrol-3-carboAflico (2-

�dietilaminoetil)anuda. . 

7, M compuesto de la invención quo tiene la formula i 

0 N 

)-? H

H 

0 üna sal fannacØuticamente aceptable del mismo. 
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Abstract: To Improve the antltuznor properties and opthnlze 
the pharmaceutical properties Including solubility and protein 
binding of indolln-2-ones, a number of different basic and 
weakly basic analogues were, designed and synthesized. 5-IS-
Fluotm2-uxo-i .2-dIhydrnindo1-3-ylidenemethyli-Z.4-dImethy1-
1 1-1pynole-3-carboxyllc acid (2-dlethylamlnoethyl)amlde (lZb 
or SU 11 Z48) has been found to show the best overall profile 
In terms of potency for the VEGF-R2 and PDGF-PO tyroslne 
kinase at biochemical and cellular levels. solubility, protein 
binding, and bloavailability. 12b Is currently in phase I clinical 
trials for the treatment of cancers. 

Introduction. Vascular endothelial growth factor 
(VECF) and platelet-derived growth factor (PDGF) 
receptors have been well validated as targets for the 
treatment of cancers because of their critical roles in 
tumor growth and suvival via autocrine and paracrine 
loops. ’"i in this regard, both receptor tyrosine kinases 
(RTKs) have been found to be expressed on the tumor 
cells and to directly affect tumor cell proliferation (e.g.. 
VEGF receptor in melanoma and PDGF receptor in 
gliomas).’ In addition, both RTKs have been found to 
play prominent roles in tumor angiogenesis by partici-
pating in the transmission of proliferation, migration, 
differentiation, and survival signals between tumor cells 
and endothelial cells.2"4 Thus, simultaneous inhibition 
of both endothelial growth factor receptor-2 (VEGF-R2 
and platelet-derived growth factor receptor-fl (PDGF-
Rfl) might be expected to show better antitumor activity 
than by inhibiting only one of these RTKs. In the past 
several years, we have taken two indolin-2-ones. 5a 
(SU5416) VEGF-R selective inhibitor5) and 5b (SU6668) 

(a 

potent and selective PDGF-Rfl tyrosine kinase Inhibi-
tor) (Fable 1), to clinical trials for the treatment of 
cancers.6’7 However, their low solubility and/or high 
protein binding properties were considered to be poten-
tial liabilities, In this study, efforts have been focused 
on finding an indolin-2-one analogue that shows potent 
and broad inhibitory activity against both VEGF-R2 and 
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PDGF-R# and has good phareuticaloperties with 
regard to solubility and protein binding. We report here 
the design, synthesis, and structure�activity relation-
ship that led to the discovery of 1 Z (Table 1),8 a potent 
tyrosine kinase inhibitor targeting VEGF-P2 and PDGF-

Chemistry. To broaden the kinase selectivity spec-
trum of indolin-2-one for both VEGF-R2 and PDGF-R# 
and to optimize the pharmaceutical properties including 
solubility and protein binding diversification at the C-4’ 
position on the pyrrole ring of 5a has been explored. 
We learned from the past structure�activity relation-
ship studies on lndolin-2-ones that modifications at the 
C4’ position could lead to compounds with different 
kinase inhibition profiles for VEGF-R2 and PDGF-R/3. 
In this regard, neutral 5a12 has been found to be a 
potent and selective Inhibitor for VEGF-R2 while acidic 
5b6 was found to be such for PDGF-R#. On the other 
hand, the cocrystal structure of 5b In the catalytic 
domain of the FGF-RI kinase.6 a kinase that has high 
amino acid sequence homology for the ATP-binding 
pocket to VEGF-R2, revealed that the substitution at 
the C-4’ position on the pyrrole ring is positioned close 
to the opening of the binding pocket and could be 
exposed to solvent. Thus, substitution at this position 
might serve as a handle for Improving pharmaceutical 
properties of the indolin-2-ones. In this study, various 
basic side chains have been introduced at the C-4’ 
position of 5a to broaden the kinase inhibition spectrum 
and to Improve pharmaceutical properties (particularly 
solubility) of indolin-2-ones. First, we introduced the 
aminoalkyl functionality in 5a (5c in Scheme 1); Start-
Ing from 1.7 5c was synthesized by amldation with 
N-niethylplperazlne, reduction of the amide functional-
ity, forniylatton, and condensation with the indolln-2-
one. Further diversification at the C-4’ position on the 
pyrrole ring of 5a was also explored by introducing 
soluble aminoalkylamnide functionalities as depicted in 
Scheme 2 (12a�j). The key intermediate 10 was pre-
pared from commercially available 3-oxobutyt’ic acid 
tert-butyl ester (6) by condensing with sodium nitrite 
In acetic acid, reductive cyclization with 3-oxobutyrate 
ethyl ester, hydrolytic decarboxylation and formylation, 
and base hydrolysis of the ethyl ester of 9. Condensation 
of 10 with different indolln-2-ones afforded It, which 
upon amidation with different amines was converted to 
12a -j. Most of the amities used are commercially 
available except the amines Scheme 3) for synthesizing 
12g and 1j. 

Results and Discussion. The biological activities of 
the synthesized compounds were first evaluated in 
biochemical assays measuring tyrosine phosphorylation 
of VEGF-R2, PDGF-Rf3, fibroblast growth factor recep-
tor-1 (FGF-R 1). and epidermal growth factor receptor,. 
(EGF-R) as described prcviously’7 Potent and selective 
inhibitors against VEGF-R2 and PDGF-Rfl were sub-
sequently tested for their kinase inhibitory activity in 
3T3 cells, inhibitory activity against Ligand-induced 
cellular proliferation (as measured by Bi’dU incorpora-
tion In 3T3 cells), cellular cytotoxicity, and solubility at 
pH 2 and 6 (Table 1). 
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: Table 1. In Vitro Kinase Inhibitory Activities and Solubility 

R1 R, 

11615 
12 

biochemical activity cellular kinase 
� against kinases activity In 3T3 cell PDGF-Induced : sulublilty." 

� 1C/M 1COpM BrdU ig’mL 
- . VEGF- PDGF- FGF- ECF incorporation cytotoxicity pH pH 

compd iI R2 R2 149 RI -R VEGF PDGF IC50,’pM LD56.8pM: 2 6 

5a H H 1.23 22.9 >100 >100 1.04 20.3 4.05 >50 <1 <1 
5b H (CHZ)COOH 2.4 0.060 3.00 >20 1-2 0.1-1.0 16 >50 <5 18 

Sc H (CH3N(CI-l2CH2)2NCH3 0.3 0.000 4.20 >20 d d 0.20 >50 d d 

12a H (CH2)2N(CHs2 0.050 0.017 0.88 >20 0.05-0.5 0.1-1.0 <0.07 >50 3022 511 

12b F (CHzW(CjHOz 0.080 0.0020 2.90 >20 0.005-0.05 0.01 0.008 48.9 : 2582 364 
12c Cl (CH)N(C2H5)2 0.027 0.0030 0.17 >20 0.005-0.05 0.01-0.1 <0.07 15.6 3259 186 

12d Br (CH2)zN(C2Hs)z 0.032 0.0050 0.73 10 0.005-0.05 0.01-0.1 <0.07 16.3 1299 101 

12e F (CH2)N(CHz 0.080 0.0005 1.60 >20 0.0050.05 0.01-0.1 0.015 48.5 3012 75 
IZf F (C&bj2-pyrrolldln-1y1 0.060 0.0010 3.90 >20 0.005-0.05 0.01-0.1 <0.07 49 3319 9 
12g F CH2CH(CH2CH2)2NCH3 0.025 0.0030 0.20 d 0.04 0.02 0.030 38 >250 >250 

12b F (CH2)2-morpholin-4-yl 0.090 0.0020 2.60 >20 0.05 d 0.037 >50 2945 0.3 
121 F Cl2-pyrldln-4-yl <0.16 0.0010 3.10 >20 0.005-0.05 0.01-0.1 0.080 >50 486 <LD 
12J F (CH)rt&1azo14-yt 0.085 0.010 17.1 >20 0.05-0.5 0.1-1.0 0.19 >50 2 6 

IC50 and LI)50 values were determined by at least two separate tests and reported as mean values. b Solubility of the compounds was 

determined In 20 mM buffered solutions (pH 2. KC1IHCI; p1-1 6, phosphate) after shaking for 24 h at 22 C. Data presented are from a 
single determination or an average of two determinations. c LD = limit for detection. d Not tested. 
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It Is interesting to note that converting the rarbox-
ylate group of 51b into an amino group (Sc) enhances 
the inhibitory activity for VEGF-RZ (8-fold) while 
retaining the potency against PDGF-Rfl kinase (Table 
1). The difference In potency observed between Inhibi-
tion of PDGF-Induced BrdU incorporation and inhibition 
of cellular kinase activity for Sb might be related to Its 
poor solubility (Table 1). The SAR implied that a basic 
analogue of 5a has shown broader kinase Inhibitory 

activity against both VEGF-R2 and PDGF-R# than 
neutral (i.e. 5a-VEGF-R-selective Inhibitor) and an acid 
analogue (i.e., 51b-PDGF-R/3-selective Inhibitor), con-
firming that the kinase selectivity could be affected by 
a substitent at the C-4’ position. 

Being encouraged by the above results, we extensively 
explored other possibilities for diversification at the C-4’ 
position and found that the readily accessible 12 showed 
the most promise. 12a-d exhibited even more potent 
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Scheme 3. Synthesis of Amines for lZg and 12J 
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Table 2. Effects of Protein Binding on Cellular Potencya 

PDGF-induced BrdU Incorporation In 3T3 cells. 
ICso (aM) 

at 00,10 at0.1% at 0.596 at at 
cornpd BSA BSA BSA 1% BSA 5% BSA 

Sb 0.3 9.5 16 36 49 
lZb <0.007 <0.007 <0.007 0.008 0.083 

’ BSA = bovine serum albumin. 

inhibitory activity against VEGF-R2 and PDGF-R/3 In 
biochemical and cellular assays (Table 1). Specifically, 
compared to 5b, 12b is about 30-fold more potent 
against VEGF-R2 and PDGF-Rp in biochemical assays, 
over 10-fold more potent in cellular kinase assays, and 
significantly more soluble under neutral (20-fold) and 
acidic (>500-fold) conditions. Among 12a�d, 12a is 
markedly less potent In Inhibiting PDGF-.R phos. 
photylatlon in biochemical and cellular assays. Different 
halogen substitutions had little effect on the biochemical 
activities against VEGF-R2 and PDGF-RJ3 but affected 
the cytotoxicity profiles. For example, the bulkier Cl and 
Br substitutions (lZc and lZd) show some extent of 
cytotoxicity when compared to the F analogue (1.2b) 
(Table I). Therefore, diversification on lZb has been 
further explored. 

Surprisingly, replacing the diethylainine in lZb by 
either dimethylamine (iZe) or pyrrolidine (121) mark-
edly reduced solubility at pH 6 (from 364 to 75 or 9 jzgI 
mL, respectively), while the in vitro activities were 
similar (Table I). The more basic N-methylpiperidtne 
group which significantly increased solubility of the 
quiriazoline-based VEGF-RZIEGF-R inhibitor (4-bromo-
2-fluorophenyl) [6-methoxy-7-(1-methylpiperidin-4-yl-
mcthoxyquinazo1in-4-ylJamine or ZD6474)10 also Im-
proved the solubility of 12g. However, this substitution 
increased cytotoxicity and decreased metabolic stability 
because of N-demethylatlon (data not shown). The much 
less basic morpholino analogue 12h Is also much less 
soluble at p1-1 6, though It has good solubility at p1-I 2. 
The basic heteroaromatic analogues 121 and 12j have 
generally poor solubility and sometimes reduced cellular 
potency (12j in Table 1). 

To assess the protein binding properties for 5b and 
lZb, cellular IC50 values were measured In the presence 
or absence of serums. Compared to 5b, the cellular 
potency of 12b against PDGF-induced proliferation Is 
less likely to be affected by the presence of serum 
protein (Table 2). In this regard, 12b was still a very 
potent inhibitor of PDGF-Rfl while 51b became inactive 
in the presence of a high level of serum. 

In conclusion, 12b possesses the best overall profile 
In terms of inhibitory potency against the VEGF-R2 and 

20 
19 

PDGF-R# targets in biochemical and cellular assays, 
solubility under both neutral and acidic conditions, and 
protein binding properties. Additional kinase selectivity 
study revealed that 12b is also a good inhibitor of KIT 
and FLT-3.’:’ Furthermore, 12b also had very good oral 
bioavailability, was highly efficacious in a number of 
preclinical tumor models,. and was well tolerated at 
efficacious doses.8 It is currently In clinical phase I trials 
for the treatment of cancers. 

Supporting Information Available: Synthesis of 12b. 
This material is available free of charge via the Internet at 
http:/Ipubs.acs.uig. 
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unsubstituted lower alkyl and carbonyl sustituted with 

hydrogen 

Examples of specific compounds 
or 

this invention are 

shown in Tables 1, 2, 3 and 4, below. The compounds in 

5 Tables 1, 2, 3, and 4 are shown by way of example and are 

not to be construed as limiting the scope of this invention 

in any manner whatsoever. 

Table 1 

3-13- (2-carboxyethyl-4-methylpyrrol-2-methylidenly] --

10 indolinone �., . . 

’m2-&fld6- 2. 

3-14- (2-methoxycarbonylethyl-3-methylpyrrol-2-methyli- 3 
denyl) -2-indolinone 

15 3- (2, 4-dimethyl-3-ethoxycarbonylpyrrol--5-methylidenyl) - I 
2-indolinone 

3- 12-ethoxycarbonyl-3- (2-ethoxycarboicylethyl) -4-ethoxy-

carbonylmethyl) pyrrol-5-methylidenyl -2--indolinone 

3- (2-carboxy-4-ethyl-3-methylpyrrol-5-methylidenly) -2-

)f .4__1._1.4__._..- - 
. . 

2-cb1oro-4 -methoxycarbonyl-3-methoxycarbonylmethyl- 
14 
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TABLE 3 

MASTER 
BARCODE I NAME 
107171H02 3-(2-ethoxybenzyUdenyI)-57-dibromo4-methy-24ndo1Inone 
1071 7/1403 34(thleh-2-yl)methylidenylj-5,7-dibromo-4-methyl-2-Indollnone 
1071711404 3{(1-methyIprrol-2-yl)methyIidany)]-517-dlbromo-4-methyl-2-indotinone 
1071 7/H05 
1071711408 3-[(indóyI)methyUdenyll-5j-dibramo-4-methyi.2-indotinone  
10717/HO7 3(2-methyIthien-5-ylmeLhyliden)fl.5.7dibrómo-4-mØthyl-2-indolinofle  
10717/HO8 3-(4.bromobenzvjIdenyI)-5,7-dibromo-4-methyl-2-IndoIinone 
10717/1409 3-[(pyrroI-2.yIImethyUdenyI-5,7-dlbrotho-methy-2-indo1inone 
1071 7/1410 3-(2-hyçJroxy..6-methoxybenzylidenyj}.5,7-dibrómo.4.methyl-2-indolinone  
i1l1 7/HI I 
"I 

3-((3,4ibrom.methy1ffoI-5-y1)methlldenyJ]b7-thbromO-4flethyJ2 
I,dajInone 

107181H02 [(2,dImo1hyI-a-ethoxycaJboflylpyrro-3-yI)methy1idenyq-57-dIbromo-4-
nieth4-2-Indollnone ___________ 

107181H03 3-(3-bromo-Z-hydroxyb-methoxybenzylldenyl)5ithbrbmo-4-methyl-2-
indoilnone 

10718/H04 
- 

3-[(1-hydroxynapth-2-yl)methylidenylj-5,7-dibromo-4-methyl-2-indohnone 
I07I8IW05 3ff2-ethoxycaftonyl3-(2-ethoxycarbonyI)ethyI-4-(ethoxycarbonyImethyI)pyrroI 

5I]metlwlidenylj-5.7-dibromo-4-methyl-2-Indolinone 
718/HD8 3-f(2-methyl-3ethoxycarbony1turan-5-I)ethyIidenyIJ.5.7dbromo4-methyI2-

Indolinone ___________ 
10718)1407 methyl-2-Indolinone 
10718/1408  3-(4-chIo-3-nitrobenzyIidenj))-5.7-dibmmo-4-methyt-2-indoIin0ne 
10718/1409 3-(2,4-dthydroxy-3.methylbcnzylideny)-5,7-dlbromo-4-methyI-2-lndollnofle - 
10718/HID 3[(furan.2-yDmethylidOnyI15.7-dIbromo-4-methYI-2-IndollnOne - 
10718/HI I 34(2-ni ofu an-5-j,I)methylldenyi]-5,7-dibromo.4-methyl-2-indolinone 
10719/H02 3-(4-ethoxy3-rnethoxybenzjlldenyj)-5,7-dIbromo4-methyI-2-indoIinone 
1071 91H03 343,4-dihydoxybenzylldenyl)-5,7-dlbromo-4-methyl-24ndobnono 
107191H04 3-(2,4.dimethobenzylideny)-5,7-dibromo-4-methy-2-indolinone 

a-((2-d1methy1-3-ethyIpyrro1-5yI)methyI1denyIJ-5,7-dIbromo-4.m8thyF-2- 
Indolinone 

1071911406 3-(2,4,6-thmethoxybenzylidenyfl-5,7-dlbromo-4-methyl-2-lndolinone 
10719/HO7 344-hydroxybenzy1IdenyI)5,7dibromo-4-methyt-21ndolinone 
1071 9)1408 3-j4-dImethyamInobenzyItdeny)-5,7-dibroiio-4-methyI-.2-indDbnoni 
1071911409 342-chtoro-4-fluorobØiizylldenyl)-5,7-dlbroniö-4-methyl-2-Indollnone  
10719/1410 3(3-nitmbenzylidenjil)-5,7-dlbrbrno-4-methyl-24ndollnone 
1071911411 )-[4-fluoro-2-(trlfiuoromethy)benzylidenyIJ-5,7-dibromo.4-mathyl-2-indoIinone 
1072011402 3-(2,4,6.frfluorobeæzyIiden)-5,7-d1bromo-4-methyl-2-Indobnone 
1072011103344.tiydroxy-2-methoxybenzylideflyl)-5.7-dibromo-4-methy!-2-lndolinone 
1072011404 3-(3,4-dlmethoxybenzylidenyl)-5j-dlbromo-4-methyl-2-indotiæone 
1072011105 3-(2-hdroxybenyllden-5,7-dIbromo-4-methyt-2-Indolinône  
10720/1406 3benzyI1denyl-5,7-d1bromo-meth2-lndoIItWne 
10720/1107 3-((2-methylmercaptothlen-5-yI)methylidenylj-5,7-dibromo4rnethyl-2-

n 

107201H08 lhdroxy.6-methylbenzyIldenjil)-5,7-dibromo-4-methyl-2-indoHnone 
10720/H09 oxy.4-hydroxybenzylldenyU-5,7-dibronio-#methyl-2-Indolinone 

lIFn
10720/HID 3- 

2- 
10720/HI I azo1-2yI)methyIidenyU-5,7-dibromo-4-methy-2-Indo1lnone 
10721/1402 3-[(1-methy1benzImIdzo!.2-yj)methylidenyl]-5,7-dibromo-methyI-2-indoOnone 
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ZA 

1072111-103 ;1(4.Chloro1;rnethylPYraZol3-yflIYlethylIdenyIF5,7dibromD-4methyI2 
Jndolinone ___________ 

1072 1/H04 3j(,3-d1methylthien5_yl)methylidenyI-5,7-dibrOmO-4-mOthyI-2-lfldOliflOfle 
1072 1JH05 3(4.5,6,74etrahydroIndol_2-yl)mcthylideflyl1-5.7-dibrOmO-44flethYI-2-

10721/H08 indofinone ___________ 
1072111-107 3.(2-ciIorothIen-5_yflmethylIde!WjJ!5,7-dibrOmD-4-m0thYl-2-IfldOIiflOfle 
10721/1-108 3f(214_dimethyIpyrro15yl)methyIidenyl15,7-dibromG4-methyl-2-ifldOliflone 

-1072111109 343tbutyl.4_hydroxybenzyI(denyI)-5.7-dibromo-4-methyl-2-lndOflflOfle 
1072111-110 3-(3-bromo-5-t-butyl-4-hydroxybeflzylldenyl)-5,7-dlbromO-4-methYl-2-
10721/HI I 3@,5d1-t-buty14hydroxvbenzylidenyH-5.7-dlbromo-4-methyl-2-indoIiflOfle 
10722*102 3_tbutyl4-hydroxy5-nItrobenZyiidenyl)-5.7-dibrOmo-4-methYl-2-ifldOIiflOfle 
1072211103 3-(24,6-trihydroxybenzyIidenyI)-5.7-dibromO-4-methYI-2-indoIiflOfle 
107221H04 34(2.nitrothIen-5-yImethylIdenyU-5,7-dibromo-4-methyI-2-indoIinone 

221H05 3(4-orboxybenzIideyI)-5,7-dibromo-4-methyl-2-tfldolinone 
22IH06 3-(2,4-difluorobenzylidenyl)-5,7-dlbromo-4-methYl-2-lndolinone 
2211-107 3-(3,5dImethyl4.hydroxybanZyIldeny-57-d1brOmO-4-methYl-2-lfldOlIfl0fle 
221H08 3.(3.t-butyl-5_chtoro.4_hydrO)Sj,beflZyIIdeflyO-5.7-dibromO-4-methYl-2-IfldOliflOfle 10722IH09

 3_(2nItrothien4yI)methyIidenyIJ-5,7-dIbrOmO-4-methyI-2-ifldO1iflOfle 
2211110 3-(4dI-n-butyIamlnobenzyIldeflyI)-5.7-dlbromO-4-methYI-2-ifldOIiflOfle 
22IH1 I 344_(tritIuoromethyI)benzvlidenyl1-5,7-dibromo-4-mthYl-2-lfldOliflOfle 
23IH02 3-(,3,4-frlhydroxbenzybdeny,7-dIbromo-4-mBthYI-2-1ndo1iflOfle 

10723/1103 3-(2-hydroxy-3-methoxybenzylidenyl)-5,7-dibromo-4-methYl-2-Ifld011flOfle 
1072311104 3-(3bromo-4,5-dihydroxybenZYlldenyj).5,7-dlbrOmO’4.methYI-2-1fldOUflOfle 
10723*105 3-(3,4-dlacetoxybenzylidenyI)-5,7-dIbromo-4-methY!2-ifldOliflOfle 
10723/1106 3(4.hydroxy-3-methyIbenzyIldBnYI)-5,7-dibromO-4-methYl-2-IfldOIIflOfl0 

107231H07 3(2bromobenzyIldenyI)-5,7-dibrono-4-methyi-2-1fldoIlnone 
10723*108 3(2,4-dIhydroxybenzyIIdenyl)-5,7-dlbrOmO-4-methYI-24fldOliflOfle 
10723*109 3(Zhydroxy4.methoxybenzyIideflyI)-5,7.dibrOmO-4-methYI-2-ifldOIiflOfle 
1072311-110 3-(3bronobenzyUdenyfl-5,7-dlbrOmD-4-me!yl-2-ifldO1iflOfle 
10723*111 343,5-dl.t-butyl-2-hydroxybeflzylldenyl)-5,7-dibrOmD-4-methYI-2-IfldOliflOfle 
10724*102 3_f(1-dimethylaminonapth4yI)methyl1denyII-5.7-dlbromo-4-mothyl-2-ifldOhflOfle 
10724*103 3(4.hyy3_nItrobenzylidenyl)-5.7-dIbroTn0-4-methY1-2-lfldOlIflOfle 
1072411104 3-(3-hydroxy4_nitrobenzylidenyI)-5,7-dibrOm04-methyI-2-lfldOflflOfle 

10724*105 
3-(8-hydroxy-2,3,67-tfrahydrO-1 
5.7.dlbromo-4-methvl-2-indollflone 

H,6I-1-benzofIjqulnohzin-9-yl)methyIideflyI]-
__________ 

10724*106 3(3,5-diisopropyM-hydroxybenzvIidenV)-5,7-dibrOmO-4-methVl-2-ifldOIiflOfle 
10724*107 3[(benzofb1furan2-yflmethylide!wl1-5.7-dIbromo-4-Iflethyl-2-lfld011flOfle 
10724*108 3-(2.hydroxy-4g6-dlmethoxybenzvbdeflyl)-5.7-dibromo-4-methYl-2-ifldOIlflOfle 
10724*109 
1072411110 
10724*111 

.jj(2ethyItu5n-5-yI)methjIldeflYI1-5,7-dibrOmO-4-methYI-2-lfldOftflOfle 

lndaffnone 
1(.3,4-dithyIthieno[2,3bJthien2yI)1thy1denyIJ5,7dibromo4-nthF2 

107251H02 3-f(3.bomoth1en-2-yUmethylI4eiyj-5,7dJbromO4.methYl-2-ifldOliflOfle 

10725*103 
3.(2mOhydrOxf0yIIythbr0mO-4-methYI2 
indoilnone 

10725*104 3-I(2methylfuran-5-yl)methyIldenyII-5,7-dIbrOmO-4-methyl-2-ifld011flOfl0 
10725*105 3[(3_methyIpyrazoI-57yl)methyIjdenyfl-5,7-dlbrorflO4-methyI-2-ifldOIiflOfle 
1072511108 

3(2-hmethoXJ4-flºthyIbeflzyhdeflyI)5.7-dibromo-4-methyI2  
Indolinone 

10725*107 3_f4_(4_formj,lplperazln-1-yflbenzylldenyll-5.7-dIbTOmo-4-methyl-2.IfldOIiflOfle 
10725/1108 3-14-(morphohn-1-yl)benzylldeflyll-5,7-dlbromo-4-fllethYl-2-IfldOIiflOfle 
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10717 A - 2 3-(2-ethoxybenzylidenyl)-5.7-dibromo.2-lndollnone 

10717 A 3 3-(thien-2-yI)nethyIidenyIJ-5j-dibromo-2 
IndoInone 

IQ7IT A 4 3-[(1-methyIpyrroI-2-yl)methenyIJ-5,7-dibroii. 
doIInone 

10717 A 5 

- 10717 A 6 3((ndoI-3.yI)methybdenyIJ-5,7-dibromo-2-
IndQ9lnone 

10711 

- 

A 7 
IfldDIlflOfW 

- 10717 A - 8 3.(4-bromobnzyUdeflyl)-5,7-dlbromo2-Indoflæiiii 

10117 A 9. . 3-((pyI-24UmethybdenyI3-517dibromo-2 
hdoUnone 

1017 A 10 3.(2-6ydroxf-6-methD2cybenZyUdenyI)-5,7-thb1mo-
2-indoilnone 

10717 A 11 3((34-dibrOmo-2-meIhyIpyrro-5yl)methybdenyIf 
5.7-dibromo-2-indolinone 

- 10717 8 2 24thoidenyl)-54od2-indoIinone 

--

 

10717 
u 

-. 3 3-t(thien-2-yI)methylidenylj.5-iXo-2-UidoIinone 

Ti 0717 B 4 3.L(1-rnethyipynol.2-yflmethylidenylj-5-iodo-2-
indolinone 

10717 8 - 5. 3(4-fluorobenzylidenyl)-54odo-2-indolinone 

10111 B 6 
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10717 8 7 3-(2-methyIthien-5-yI)methyhdenyq-5-iodo-2. 

- 

Indolinone 

10717 
. .8 8 3-(4-bromobenzydenyI)-5-todo-2indobnone 

10717 B 9 3-1(pyrroI-2-yl)methyIidenyIJ-5-iodo-2.indoIinoni 

10717 8 10 - - 3-(2-hydroxy-6-methoxybenzykdenyl)-5-iodo-2-
indolinone 

10717 B 11 
Iodo-2-indolinone 

10711 C 2 3-(2-ethoxybenzyiidenyt)-5-bromo.4methyt-2. 
Indalinone 

10717 - C 3 3-(thten-2-yI)methyUdenyj-5-bromo-4.,nethy-2-
indothione 

10717 C 4 3-[(1.methyIpyrroI-2-y1)methyIidenyl.5.bromo.4-
methy-2-1ndoIinone 

10117 C 5 3-(4-fIuorobenzytideny)-5-bromo-4-methyI-2- 
indobnone 

10717  - C 8 3-[(lndol.3-yI)rnethylldenylj-5-bromo-4-methyl-2. 
indolinone 

10717 C 7 34(2-methyIUiien.5-yl)methyIidenyIj-5-bromo. 
mathy-2-hidoflnone 

10717 C B 3-(4bromobenzylidenyI)-5-bromo-4.methyI2 
indoHnone 

10717 C 9 3L(pyrrol-2i1)methylldaflyl)-5-bromo-4-methyl-2- 

- 

indolinone 

10717- C 10 2-hydroxy-6-methoxyberiIIdenyI)-5-Oronio-4-

- - 

methyl-2-Indoilrtone 

10717 C 11 3-f(3,4-dibromo.2-methylpyrrol-5-yI)methyltdenyl]-5-
bromo-4-methyt-2-fndolinone 

10717 0 2 3-(2-ethoxybenzyffdenyl)-5-methylaminosulfonyl-2-
aidolinone 
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PDGF 
Kinase 

Met Kinase 

 
%lnhibition %lnhibitlon %lnhibiton % Inhibition 

f717/A02 0.1 24.3 - 46.1 
10717/A03 2.9 100 - 54,6 
10717/A04 -4.5 29.0 1 37.4 

- 

107171A05 .2.6 16.6 J 35.6 
107171A06 -10.8 -7.8  31.7 
107171A01 .8.4 20.2  29.2 
107171A06 .5.2 39.1  21.7 
107171A09 - .3.9 37.7 - 9.4 
10717/AlO -3.3 8.1  71.6 
10717/Al1 -5.8 1 59.9_  

- 107171B02 J 5.0 1 31.7  87.5 
10717/803 1 -8.8 7.3 1  90.5 
10717/804 -18.3 10.3 - 70.0 
1V07I805 1.0 

- 

31.7 1 87.4 
10717/806 I 5.4 -30.8  89.5 
10717/807 I -18.3 58.3 -90.0_ 
107171808 1_-0.9 60.5 - 88.8 

-88.8 107171809 1 -40.7 78.3 
107171B101____-2.3 16.1  56.1 - - 
107171011 11.4 82.7 91.0 
10717/CO2 1 4,1 -0.4  29J 
107 17/CO3 1 -7.7 18.0  25.3 
1071 7/C04 -0.8 

V 

- 14.4  25.0 
10717/C05 I -2.3 13.1  44.6 
10717/C06 I 7.6 49.7  44.1 
10717/C07 1.6 28.7 V 16.5 
107171C08_ J 7.0 24.3  27.3 
10717/C09 77.1 8.1  47.7 

- 10717/CIO 1 -8.0 
V, 

22.8_ 
107171C114.6 67.3  71.8 
107171130 5.1 101  28.8 

- 

10717/003 1.1 4.4  11.1 

1017904_1 -2.1 4.9 21.0_I 
10717/005 -3.8 -2.8  23.6 
107171C0 1.0 -23.4  33.8 

D07 tQ711 -8.4 -4.5  
10717/008 6.8 -7.8 V 16.0 
10717/1309 -55.0 - - 6.6  29.1 

- 

10717/010 1 -6.0 3.5.  
10717/011 11.6 59.1  55.31 
10717IE02 17.9 17.2  24.0 
107171E03 19.0 - 11.7  52.2 
107171E04 6.1 -28.3  29.4 _1 
10717/E05 13.2 22.4  39.1 

- 10717/E06 7.5 -26.1 24.8 
- 1011 /EO? - 15.3 -7.8 41.0 
- 107171E08 

r 

13.2 28.2 
V 

51.7_ 
- 10717/E09 -1.1 

 
19.2 

10717/ElO t 4.7 -6.1  35.9 
10717/Elij _8.9 44.9  75.11 
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Hypervascularity, focal necrosis, persistent cerebral edema, and rapid cellular proliferation 
are key histopathologic features of glioblastoma multiforme (GBM), the most common and 
malignant of human brain tumors. By immunoperoxidase and immunofluorescence, we 
definitively have demonstrated the presence of vascular endothelial growth factor (VEGF) 
and epidermal growth factor receptor (EGFr) in five out of five human glioma cell lines 
(U-251MG, U-105MG, D-65MG, D-54MG, and CH-235MG) and in eight human GBM 
tumor surgical specimens. In vitro experiments with glioma cell lines revealed a consistent 
and reliable relation between EGFr activation and VEGF production; namely, EGF (1-20 
ng/ml) stimulation of glioma cells resulted in a 25-125% increase in secretion of bioactive 
VEGF. Conditioned media (CM) prepared froth EGF-stimulated glioma cell lines produced 
significant increases in cytosolic free intracellular concentrations of Ca" ([Ca2i) in human 
umbilical vein endothelial cells (HUVECs). Neither EGF alone or CM from glioma cultures 
prepared in the absence of EGF induced ICa2]1 increases in HUVECs. Preincubation of 
glioma CM with A4.6.1, a monoclonal antibody to VEGF, completely abolished VEGF-
mediated [CaJ1 transients in HUVECs. Likewise, induction by glioma-derived CM of von 
Willebrand factor release from HUVECs was completely blocked by A4.6.1 pretreatment. 
These observations provide a key link in understanding the basic cellular pathophysiology 
of GBM tumor angiogenesis, increased vascular permeability, and cellular proliferation. 
Specifically, EGF activation of EGFr expressed on glioma cells leads to enhanced secretion 
of VEGF by glioma cells. VEGF released by glioma cells in situ most likely accounts for 
pathognomomc histopathologic and clinical features of GBM tumors in patients, including 
striking tumor angiogenesis, increased cerebral edema and hypercoagulability manifesting 
as focal tumor necrosis, deep vein thrombosis, or pulmonary embolism. 

INTRODUCTION 

It is an intriguing fact that glioblastoma multiforme 
(GBM), the most anaplaslic of malignant brain tumors, 
is also the most common (>65%) of primary intracranial 
malignant tumors in adults. In almost every biochemical, 
immunological, morphological, and biological category 
examined, GBM tumors exhibit striking heterogeneity 

1993 by The American Society for Cell Biology 

(Bigner et al., 1981; Wikstrand et al., 1985). The degree 
of heterogeneity associated with these tumors has made 
it difficult to unravel the molecular and cellular mech-
anisms underlying GBM pathogenesis. 

Histopathologically, GBM are characterized by strik-
ing pleomorphism in cellular and nuclear detail with 
pathognomonic features of focal necrosis and neovas-
cularization. It is the appearance of necrotic foci that 
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shifts the diagnosis from anaplastic astrocytoma (grade 
HI) to GBM (grade W) (Fulling and Nelson, 1984; Burger 
and Kleihues, 1989), which has a documented poorer 
prognosis (Burger and Green, 1987). Other characteristic 
histopathological features of this uniformly fatal brain 
tumor relevant to this report include marked endothelial 
cell proliferation and increased vascular permeability. 
Biochemical analyses of tissue culture media conditioned 
either by GUM tumor explants or U-251MG, an estab-
lished glioma cell line, indicated the presence of vascular 
permeability factor (VPF)-like activity (Criscuolo et al., 
1989). 

VPF, also known as vascular endothelial cell growth 
factor (VEGF), is a potent and specific endothelial cell 
mitogen in vitro (Leung et al., 1989) and induces an-
giogenesis in vivo (Court et al., 1990). VEGF is 1000-
fold more potent than histamine in inducing capillary 
permeability (Connolly, 1991). Furthermore, VEGF in-
creases von Willebrand Factor (vWF) release (Brock et 
al., 1991) and thromboplastin activity (Clauss et al., 
1990) in human endothelial cells, two physiological 
changes that could enhance coagulation. Taken to-
gether, these important biological activities indicate that 
VEGF may play major roles in the angiogenesis and 
increased edema characteristic of malignant gliomas and 
may contribute to hypercoagulability in these patients 
(Bostrom et at., 1986). 

Recent studies indicate that almost all malignant 
glioma cells and cell lines express the receptor for ’epi-
dermal growth factor (EGFr), and the majority of GUM 
tumors show amplification or rearrangement of the 
EGFr gene (Sang et al., 1989; Blumenstock et al. ,’1991; 
Maruno etal., 1991). Furthermore, Maruno etal. (1991) 
have shown an increased proliferative index for EGFr-
positive malignant glioma cells as compared with glioma 
cells that do not express this receptor. The implication 
is that activation of EGFr may play a role in the persis-
tent proliferation of GBM. EGF is a low molecular 
weight (6 kDa) growth factor that is a normal constituent 
of human plasma (Tuomela, 1990) and is milogenic for 
cells expressing EGFr. Several groups also have dem-
onstrated that some gliomas show increased mRNA 
levels and express transforming growth factor-a (TGP-
a), which can activate EGFr in vitro (Maxwell et al., 
1991) in an equimolar fashion equivalent to EGF. 
Therefore, the ligand(s) responsible for activating EGFr, 
i.e., EGF and TGF-a, are either constitutively present 
in plasma and plasma ultrafiltrates or can be produced 
by glioma cells themselves. 

Until now, there has been no demonstrated relation 
between EGFr expression in gliomas and associated 
vascularity of these tumors. In this study we demon-
strate the simultaneous expression of VEGF and EGFr 
in five out of five brain tumor cell lines examined. In 
eight postoperative surgical specimens, both VEGF and 
EGFr were determined by immunohistochemical means 
to be variably expressed. More importantly, we dem-
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onstrate for the first time that activation of EGFr by 
EGF leads to increased secretion of bioactive VEGF by 
malignant glioma cells. This physiological relation pro-
vides a useful paradigm to explain the paradoxical ex-
istence of intense neovascularity and necrotic foci in 
GBM tumors. 

MATERIALS AND METHODS 
Biochemical and Biological Reagents 
Dulbecco’s modified Eagle’s medium mixed 1:1 with Ham’s F-12 
(DMEM/F12; Sigma Chemical, St. Louis, MO) and MCDB 105 (Sigma) 
supplemented to 2 m with L-glutamlne were used for culture of all 
glioma cells. Medium 199 (M199; GIUCO, Grand Island, NY) was 
used as the culture medium for human umbilical vein endothelial 
cells (HUVEC). Fetal bovine serum (PBS) and cult serum (Hyclone, 
Logan, UT) were heat inactivated (56C, 45 mm). EGF (human, re-
ceptor grade; Collaborative Research, Bedford, MA), dexainethasone 
(Sigma), p-phorbol (Sigma), and phorbol myristate acetate (PMA; 
Sigma) were all diluted at specified concentrations in Dulbecco’s 
phosphate-buffered saline (PBS, pH 7.2). Transforming growth factor-
ft (TGF-$l) (R&D Systems. Minneapolis, MN) was prepared as 1 
#g/ml stock solution by dilution in erdpient (25% isopropyl alcohol 
+ 0.1% trifluoracetic acid). Further dilution was carried out in PBS 
containing 3 mM CHAPS (Boehringer Mannheim, Mannheim, Ger-
many). Recombinant VEGF (rhVEGF; 165 amino acid isoform) was 
purified at Genentech (South San Francisco, CA). Purified guinea pig 
VPP was used asp positive control for vWF assay and was obtained 
asa generous glltfrom Dr. Donald Senger (Beth Israel Hospital, Boston, 
MA). Pura-2/AM was purchased from Molecular Probes (Junction 
City, OR). Culture media and sera were determined to have <100 
pg/mi of cndotoxm by the Umulus ainoebocyte lysate assay. 

Cell Lines 
GUM cell lines U-251MG. UI05MG, 0-65MG, and 0-54MG were 
obtained as a gift from Dr. Darell D. Signer (Duke Univeruity, Durham, 
NC) and have been described in detail (Ponten and Maclntyre, 1968; 
Pouten and Westetrnark, 1978; Signer rt al., 1981). CH-235MG was 
cultured from a portion of a GUM tumor removed in 1979 from a 60-
year4d female and recently has been characterized (Bethea ci at., 
1992a). Karyotypic analyses of these cell lines have revealed that each 
Is karyotypically unique with complex numerical and structural de-
vlatfonL Karyotypes for U-251MG, UI 05MG, 0-65MG, and D-54MG 
were similar to those previously reported (Signer and Mark, 1984; 
Signer et at., 1985). Moreover, restriction fragment length polymor-
phism mapping profiles produced by restricting cell line DNA with 
Haeffl and probing Southern blots with YNH24 (lucas 02544, 0.96 
polymorphic discrimination) and pH30 (locus D45139, 0.99 poly-
morphic discrimination) were nonidentical, corroborating that these 
tumor cell lines originated from different patients. AU of the glioma 
cell lines have been passaged >40 times, and, for experiments, the 
cell lines were maintained In 150-cm2 plastic tissue culture flasks (Fal-
con Plastics, Lincoln Park, NJ) In complete culture media (DMEM/ 
F12 + 2 m L-glutamine + 8% PBS) at 37*C and 7.5% CO2. Anti-
biotics were not used routinely, and all cell lines were found by routine 
testing to be negative for mycoplasma by Hoechst 33258 stain (Chair, 
1977). Cells were grown to postconfluence with medium changes 
every third day and were harvested using brief incubation (10 miii, 
room lemperatuie IRTJ in 7 a 0.05% Trypsun/0.53 mM EDTA solution 
LGIBCOJ. BBS (2 nil) was added to the flask to Inactivate the trypsun, 
and adherent cells were released by trituration, pelleted by centrifu-
gation (200 X g, 8 min, 220C), and resuspended in 10 ml of DMEM/ 
P12. Viable cell counts were determined by trypan blue exclusion. 

Human Endothelial Cell Cultures 
Primary cultures of human endothelial cells (l-1UVUCs) were estab-
lished from pooled umbilical cords and were propagated (passages 
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Receptor tyrosine kinases (RTK5) have been implicated as therapeutic targets for the 

treatment of human diseases including cancers, inflammatory diseases, cardiovascular 

diseases including arterial restenosis, and fibrotic diseases of the lung, Liver, and kidney. 

Three classes of 3 -substituted indoLin-2-ones containing propionic acid functionaLity attached 

to the pyrroLe ring at the C-3 position of the core have been identified as catalytic inhibitors 

of the vascular endotheLial growth factor (VEGF), fibroblast growth factor (FGF), and platelet-

derived growth factor (PDGF) RTKs. Some of the compounds were found to inhibit the tyrosine 

kinase activity associated with isolated vascular endothelial growth factor receptor 2 (VEGF-
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Substituted indoLin-2-ones have been designed and synthesized as a novel class of tyrosine 

nase inhibitors which exhibit selectivity toward different receptor tyrosine kinases (RTKs). 

These compounds have been evaluated for their relative inhibitory properties against a panel 

of RTKs in intact cells. By modifying the 3-substituted indotin-2-ones, we have identified 

compounds which showed selective inhibition of the ligand-dependent autophosphorylation of 

various RTKs at submicromoLar Levels In ceLls. Structure-activity analysis for these compounds 

and their relative potency and selectivity to inhibit particular RTKs has determined that (1) 3-

[(five-membered heteroaryl ring)methyLidenyL]indolin-2-ones are highly specific against the 

VEGF (Flk-1) RTK activity, (2) 3-(substituted benzytidenyl)indoLin-2-ones containing bulky, 

group(s) in the phenyt ring at the C-3 position of indoLin-2-ones showed high selectivity toward 

the EGF and Her-2 RTKs, and (3) the compound containing an extended side chain at the C-3 

position of the indoLin-2-one (16) exhibited high potency and selectivity when tested against 

the PDGF and VEGF (FIk- 1) RTKs. Recent published crystallographic data for two of these 3 -

substituted indotin-2-ones provides a rationale to suggest that these compounds may bind in 

the ATP binding pocket of RTKs. The structure-activity analysis supports the use of subsets of 
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Small Molecule Inhibitors of the Platelet-Derived Growth Factor 
Receptor, the Fibroblast Growth Factor Receptor, 

and Src Family Tyrosine Kinases 

H. D. Hollis ShowaJter’ and Alan J. Krnkeł 
DEPARTMENTS OF ’CHEMISTRY AND ’CANCER RESEARCH, PARKE-DAVIS PHARMACEUTICAL RESEARCH, 

DIVISION OF WARNER-LAMBERT CO.. 2800 PLYMOUTH ROAD. ANN ARBOR, MI 48105, USA 

ABSTRACT. The inhibition of tyrosine kineses involved in growth factor signal transduction pathways 
represents an attractive strategy for controlling aberrant cellular growth. Over the last 4-5 years, there have 
been numerous reports on the discovery of small molecule inhibitors for potential therapeutic applications to 
a number of proliferative diseases, principally cancer and restenosis, where the over-expression of certain 
tyrosine kinases has been demonstrated. These include, amongst others, the platelet-derived growth factor 
receptor, the fibroblast growth factor receptor, and the nonreceptor c-Src tyrosine ksnase. This review 
compiles published reports and patent filings from 1995 to mid-1997 that Include data directly related to 
Inhibition of the platelet-derived growth factor receptor, fibroblast growth factor receptor, and Sec family 
tyrosine kineses. Potential clinical applications for selected classes of tyrosine kinase inhibitors reviewed 
herein will likely depend on the demonstration of meaningful activity In a variety of therapeutic targets in 
animal models. PHAI1MACOL. Thea. 76(1-3):55-71,1997. @ 1997 Elmer Science Inc. - 

KEYWORDS. Small molecule inhibitors, platelet-derived growth factor receptor (PDGFr) tyrosine kinase, 
fibroblast growth factor receptor (FGFr) ryrosine kinase, Src family tyrosine kineses, phosphorylation. 
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I. INTRODUCTION 
The response of cells to secreted growth factors and other 
mitogens is mediated by complex intracellular networks that 
regulate metabolism, differentiation, and proliferation. These 
networks are made up of specific receptor and nonreceptor 
proteins, Including protein tyrosine kinases (Saltiel, 1995). 

’Corresponding author. 

Occasionally, these regulatory networks cease to function 
properly, due to overactivation or mutation of these ki-
noses, resulting in the over-expression of growth factors or 
their cognate receptors. This stare of dysregulation of sig-
naling pathwas }ts been shown to lead to various diseases 
including proliferative disorders, such as cancer (Kelloff or 
at., 1996), atherosclerosis (Reidy and Bendeck, 1997), im-
munodeficiency (Ochs, 1996), and reatenosis (Bornfeldt, 
1996). Thus, the inhibition of tyrosine kinases involved in 
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growth factor signal transduction pathways represents an 
attractive strategy for controlling aberrant cellular growth. 

The proliferation of vascular smooth muscle cells of the 
arterial wall has been associated with the formation and 
progression of lesions in restenosis following angioplasty 
(Jackson and Schwartz, 1992). Numerous in vivo studies re-
veal that this is mediated in part by the plarelerderived 
growth (actor (PDGF) (Lindner et al., 1995) and the fibro-
blast growth (actor (FGF) (Lindner and Reidy, 1993). Ad-
ditionally, c-Src, a nonreceptor membrane-associated ty-
rosine kinase that binds via its Src homology-2 domain and 
becomes phosphorylated by the PDOF receptor (PDGFr) 
(Alonso etal., 1995), is thought to be important for the mi-
togenic effects of PDOF. It has been suggested that resteno-
sis may in pan result from a cascade of early events that 
trigger the early expression of cytokines and growth factors, 
which, in turn, could stimulate multiple cell types via para-
crime and autocrine mechanisms to regulate their own ex-
pression. Thus, redundant signaling pathways could be in-
volved that could circumvent any therapeutic agent aimed 
at blocking a specific growth factor or cytokine. Within this 
context, we have embarked on a program for the potential 
treatment of restenosis by attempting to uncover broadly 
acting, nonselective small molecule inhibitors of the PDGFr, 
FGFr, and c-Src tyrosine kinases that might serve to over-
come these redundancies in growth signaling and prevent 
the accelerated proliferation and migration of cells that 
contribute to the formation of the restenotic lesion. 

A second component of our program has been to initiate 
studies toward evaluating these same inhibitors in a number 
of tumor models that over-express these three tyrosine ki-
nases. The PDGFr has been implicated in the snitogenesis 
and progression of a variety of tumor cell lines and types 
(Ross et at, 1986; HeLdin and Westermark, 1991; Claesson-
Welsh, 1994). Ligand binding to this receptor has been 
shown to cause receptor dimerization, activation of the re-
ceptor tyrosine kinase, and the generation of subsequent 
phosphorylation-dependent mitogenic and proliferative sig-
nals. Inhibition of the kinase activity, therefore, may lead 
to suppression of signals that support proliferation in trans-
formed cells. c-Src kinase and other members of this family 
participate in a number of signal transduction pathways 
that are important in proliferation and activation of cellu-
lar processes (Bolen et al, 1997). Although evidence for the 
participation of c-Src alone in transforming events leading 
to uncontrolled proliferation in tumors is not strong, in-
creased expression or activity of c-Src (Or another member 
of this family) has been associated with transformed pheno-
types in connection with other transforming genes (Tala-
monri etal., 1993; Twamley-Stein et al., 1993). Since c-Src 
is Likely Involved in cellular signaling and attenuation, or 
amplification, of mitogenic signals initiated by other 
branches of signal transduction pathways, the inhibition of 
c-Src and other Src kinase family members may provide op-
portunities for therapeutic intervention in cancer, as well as 
a variety of other proliferative diseases. Finally, since angio-
genesis is an obligatory step in the growth and survival of 
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solid tumors, this process has been targeted for therapeutic 
intervention. One approach taken has been the inhibition 
or neutralization of angiogentc factors elaborated by many 
tumors. One such factor excreted by some tumor types is 
FGF. Consequently, Inhibition of FGFr kinase may be an 
effective mechanism to control inappropriate vasculariza-
tion associated with tumor growth (Gastl et al., 1997). 

A third component of our program has been to find se-
lective inhibitors of these kinases for use as tools in an at-
tempt to dissect various components of these multiple path-
ways. There is a burgeoning impetus toward this approach 
as a result of the iecent disclosures of the crystal structures 
of the FOR-tyrosine kinase in complex with two inhibitors 
(Mohammadi er al., 1997), and the structures of the Src 
family tyrosine kinases c-Src (Xu et al., 1997), and the bee-
matopoietic cell kinase (Hck) (Sicheri etal., 1997). 

This review broadly covers the literature on studies of 
small molecule inhibitors of the PDGFr, FGFr, and Src 
family tyrosine kinases from 1995 through mid-1997. In-
cluded are several new studies with older, well-known in-
hibitors, along with studies of a number of novel small mol-
ecule templates. The patent literature during this period is 
also extensively covered. This review expands significantly 
on recently published articles that cover small molecule in-
hibitors of a range of tyrosine kinase classes (Fry, 1994; Fry 
and Bridges, 1995; Shugar, 1995; Spada and Myers, 1995; 
Kelioff ci al., 1996; Patrick and Heimbrook, 1996), and 
more specialized coverage such as Inhibitors in restenosis 
(Golomb and Fishbein, 1997), inhibitors of the PDGFr 
(Bilder and Rojas, 1996), and inhibitors of Sit kinase (Lev-
itzki, 1996). A much larger body of literature during this 
same period covers multiple effects of ligand binding and its 
antagonism and downstream signal transduction effects. 
However, these studies were deemed to be outside of the 
scope of this review. Sample reports of these studies include 
antagonism with peprides (Edison et al., 1995; Nishi et al., 
1996; Lou ci aL, 1996, 1997), antisense oligonucleotides 
(Liu et aL, 1995; Wang etal., 1996), and immunoconjugates 
(Chen etal., 1996; Matter et aL, 1996; Uckun, 1996). 

2. INHIBITORS OF 
PLATELET-DERIVED GROWTH 
FACTOR RECEPTOR TYROSINE KINASE 
2.1. Natural Products 

Natural product inhibitors of PDGFr tyrosine kinase are 
shown in Fig. 1. The natural product glucopiericidiri A iso-
lated from a Strepzomyces species has been shown to be a 
somewhat selective inhibitor of the PDOFr autophosphory-
lation relative to epidermal growth factor receptor (EGFr) 
kinase and to affect the POOF-stimulated turnover of phos-
photidytinositol (Pt) pools in NIH 3T3 mouse fibroblasts 
transfected with phospholipase C (PLC)-yl (Ahn cc al., 
1995). In this system, Pt turnover can be mediated through 
the activation of PDGFr by its ligand. The IC50 for P1 turn-
over of this compound in cells was approximately 5 pM. 
PLC-"yl activity itself was not directly inhibited by this 



prVA-IN Wa 

11 

Inhibitors of PDGFr, FGF, and Src Family Tyrosine Kinases 

compound. Inhibition of POOP-stimulated whole cell phos-
photyrosine levels in the PLC-,yl transfected NIH 3T3 cells 
was also apparent after a 5-mm pretreatment with 5 p.M 
compound prior to addition of PDGF and lysis. In contrast, 
no effect on cellular phosphotyrosine was apparent in A431 
carcinoma cells stimulated with EGF after treatment with 
glucopiericidin A, leading to the conclusion that this corn-
pound is PIDOF-selective. 

Herbimycin A, another Sn-epwmyces-derived natural 
product previously described in the Literature as a tyrosine 
kinase inhibitor, has been examined recently for its effects 
on vascular smooth muscle proliferation and PDOFr phos-
phorylation (Shimokado et giL, 1995). PDGF-stimulated 
13Hlthymidine incorporation into rat aorta smooth muscle 
cells was inhibited with an IC50 of 170 nM after a 10-mm 
incubation with compound. However, when examined for 
inhibition of PDOFr autophosphorylation, herbimycm A 
was ineffective at concentrations up to 1.7 p.M (highest 
concentration tested). In addition, PDGF-stimulated ex-
pression of c-For, a downstream effector of mitogenic signal 
transduction, was also not inhibited. These data show that 
herbimycin A is not an inhibitor of PDGF-stimulated ty-
rosine phosphorylation in cells, and that its effects on DNA 
synthesis likely arise from other mechanisms. 

A third natural product with PDOFr kinase inhibitory 
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activity has been disclosed in a patent application from the 
group at Cot Therapeutics (South San Francisco, CA, 
USA) (Giese and Lokker, 1996). This macrocyclic lactone, 
designated as C292, was derived from fermentation of a 
Cunukrvia species. The human PDOF-3 receptor trans-
fected into a HE5 Chinese hamster ovary (CHO) cell line 
was used to assess inhibition of PIJOFr autophosphoryla-
tion. Using immunopurified receptor from cells treated 
with compound for 15 min prior to stimulation and lysis, an 
ICSO of 6.2 nM was determined for C292. The nonreceptor 
tyrosine kinase c-Sic was inhibited with an IC50 of 1 ia.M in 
a purified enzyme assay. EGFr or FOR autophosphorylation 
was not affected by concentrations of C292 as high as 30 
pM. Protein kinases A (P1(A) and C (P1(C) were also not 
inhibited in isolated enzyme assays by this compound up to 
40 p.M. A thymidine incorporation assay was used to deter-
mine if C292 was an inhibitor of PDGF-stimulated mitoge-
nesis in a human primary fibroblast cell line (HS68). A 
30-mm pretreatment of cells with C292, followed by 
PDOF.BB and 18 hr of incubation with [3H]-labeled thymi-
dine in the presence of the inhibitor, resulted in an IC50 of 
16 nM. The effect of the inhibitor on proliferation of cells 
over 96 hr was also investigated. In the same HS68 cells, as 
well as in 3 other human cell lines (CCD18, HS27, WS1), 
the ICjO was >30 p.M. These data suggest that this corn-
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FIGURE 1. Natural product inhibitors of PDGPr tyrosine kinase. 
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pound should be able to inhibit PDGFr phosphorylation 
events at concentrations well below those that might cause 
general cytoroxic effects. This would make C292 a candi-
date for therapeutic use In a situation dependent upon 
PDGF stimulation, such as restenosis, as opposed to a purely 
antiproliferative utility, as might be envisioned for an anti-
tumor agent. 

2.2. Synthetic Agents 
Synthetic inhibitors of PDGFr tyrosine kinase are shown In 
Fig. 2. Small molecule synthetic inhibitors of PDGFr kinase 
have been the focus of effort from a number of groups. Direct 
comparisons among different compounds are made difficult by 
the diversity of enzyme assays and cell lines used in the various 
reports. Most compounds have been characterized at the least 
by using PDGFr kinase partially purified from a variety of cell 
lines. Additionally, many reports (but not all) have included 
some Indication of cellular activity of the inhibitors. The po-
tency of the inhibitors against PDGFr kinase autophosphoryla-
fion in partially purified enzyme ranges from an ICM) of <20 
nM (Myers at at, 1995) to 65 m (Hlnh et d, 1995). 

2.2.1.. Quinoxallnes and qulnolines. A series of pyrazolo-
13,4-giquinoxalines has been described in a patent applica-
tion from Rhone-Poulenc Rorer (Collegeville, PA, USA) 
to be potent inhibitors of the PDGFr tyrosine kinase (My-
ers at at, 1995). One of the exemplified compounds (Com-
pound 1, Fig. 2) was reported to have an ICu, of <20 nM in 
an assay with partially purified PDGFr from NIH 3T3 cells. 
No additional information regarding selectivity or mode of 
inhibition was given. 

Another compound described by a group at Sugen (Red-
wood City, CA, USA) (Hirth at aL, 1995) is a qulnoxaline 
labeled as 025. It showed an IC50 of"4 1AM for inhibition 
of PDGFr autophosphorylarion and an IC50 of 50 p.M for 
inhibition of proliferation of C6 rat glioma cells In culture. 
The IC50 for inhibition of kinase activity from EOFr, Her4, 
or P1k4 was >50 pM, suggesting that this compound may 
have some selectivity toward PDGFr kinase inhibition. 

Another closely related qulnoxaline (Compound 2, Fig. 
2) of a large series structurally related to 025 has been 
briefly characterized for its PDGFr inhibition in whole 
Swiss 3T3 cells treated for 15 rain with inhibitor prior to 
PDGF stimulation and lysis of the cells (Gazit at aL, 1996). 
Compound 2 had an 1C, of 400 nM. These workers also re-
ported that the qulnoline congener, Compound 3, displayed 
an IC50 of 1.5 p.M against PDGFr from membrane frag-
ments (as opposed to the whole cell assay of Compound 3), 
and it showed 30-fold greater potency toward inhibition 
of PDGFr than EGFr kinase. 

Still another related qulnoxaline compound, A01296, 
has been thoroughly characterized for its inhibitory activity 
toward the partially purified PDOF-f3 receptor from canine 
kidney epithelia[ cells (Kovalenko et at, 1997). This com-
pound was shown not to inhibit the binding of PDGF to its 
receptor or the dimerization of PDGFr monomers. A ki-
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netic analysis of inhibition of PDGFr kinase of purified 
enzyme suggested that In unactivated kinase (no PDOF 
stimulation), A01296 inhibits by an ATP-competitive 
mechanism. Activated kinase appeared to be inhibited via 
a mixed competitive mode with respect to ATP. In both 
cases, the mechanism was mixed-competitive with respect 
to an exogenous peptide substrate. P1-3 kinase activity was 
inhibited in an immunoprecipitare assay from cells treated 
with A012%, but this downstream effector of PDGFr ki-
nase appeared to be inhibited by virtue of PDGFr inhibi-
tion, based on the relative concentrations of A01296 re-
quired for direct inhibition of recombinant purified P1-3 
kinase activity in a parallel assay. 

2.2.2. Tyrphostlns. Recent kinase inhibitory activity in 
two human cell lines for two compounds, RU 50875 and 
RU 13022 drawn from a large tyrphosrin class, has been 
published (Weernink at at., 1996). The human glioblas-
toma A172 and the human glioma Hs683 cell lines were 
used to evaluate growth and mirogenic effects of these 
agents. PDOF-stimulated receptor phosphorylation was in-
hibited by the reference compound genistein at 185 PM in 
both cell lines. Genistein also completely inhibited growth 
factor- or serum-stimulated thymidine incorporation in these 
cell lines. Due to the apparent nonspecific kinase inhibi-
tion and toxicity of genisrein in both cell lines, the authors 
examined the inhibition by the two tyrphostins of thymi-
dine incorporation stimulated by PDGF, EGF, or serum. The 
glioma line Hs683 was preincubated with inhibitor for 1 hr 
prior to stimulation with mitogen and the subsequent DNA 
synthesis assessed. RU 13022 inhibited the process with an 
IC50 of ".’20 p.M for both PDGF and EGF; the serum effect 
wa less potently lhhibired. RU 50875 inhibited PDGF- or 
EGF-stimulÆted DNA synthesis only at IC50 >50 p.M. Be-
cause of the inhibition of DNA synthesis in }-1s683, cell 
growth in serum was evaluated as well. RU 13022 inhibited 
growth with an IC50 of 17 p.M, and RG 50875 with an ICE, 
of 35 p.M. Since RU 50875 exerts its growth-delaying ef-
fects at concentrations lower than that seen for inhibition 
of POOP-stimulated thymidine incorporation, the question 
arises as to whether the primary mechanism of action of 
this compound Is via PDGFr Inhibition. RG 13022 inhib-
ited cellular growth at a concentration similar to that seen 
for inhibition of mitogenesis. These data are consistent for 
this compound’s mode of action being the inhibition of 
PDGFr in this cell line, although data for the direct inhibition 
of the receptor kinase activity were not presented. RG 13022 
was evaluated by another group for in vivo efficacy in the hu-
man head and neck carcinoma cell line HN5 (McLeod at at, 
1996). Examination of the pharmacokinetics showed a rapid 
elimination of the compound from plasma; no antitumor effi-
cacy was found upon chronic administration. Whether or not 
RU 13022 directly Inhibits PDGFr kinase, whole animal 
pharmacokinetic results appear to lead to the conclusion that 
the compound does not remain In plasma with a sufficient 
half-life or concertration necessary for in viva activity. 

An ndo1ic-typyrphostin (Compound 4, Fig. 2) has been 
characteriŁed for its cellular inhibition of PDOF in the 
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same fashion described in Section 2.2.1 for Compound 3 
(Gazir et aL, 1996). Compound 4 displayed an IC50 of 1 pm 
and was -30-fold more potent as an inhibitor of PDOFr 
than EGFr kinase. 

2.2.3. 2-Anlllnopyrlmldlnes. Of all the reported bona 
fide PDOFr tyrosine kinase Inhibitors, perhaps the best 
characterized for antiproliferative activity is the series of 
2-anilinopyrimidines from a group at Ciba-Geigy (Basel, 
Switzerland). In one study with COP 53716 (Buchdunger et 
al., 1995), this compound was shown to inhibit PDOFr ki-
nase autophosphorylation of the isolated enzyme with an 
IC of ’..400 nM, and did so selectively relative to a large 
number of other tyrosine and serine/threonune kineses. Of 
the 21 other kineses evaluated, only v-Abl, c-Fgr, and the 
cell cycle kinase CDC2/cydhn B were inhibited at concen-
trations below 30 p.M. The compound also inhibited cellu-
lar PDOFr autophosphorylation with an IC of 30-100 
nM. Reduction of PDGF-stimulated c-Fos message and pro-
liferation in BALB/c 3T3 cells with an lC of 100-300 nM 
and 600 nM, respectively, suggested that COP 53716 is a 
PDOFr kinase inhibitor with activity in some cell lines. It 
was a much less potent inhibitor of proliferation in an 
H-Ras transformed bladder carcinoma (T24) with an IC50 
of 19.1 W. The Inhibitor also was reported to possess in 
viuo activity against Sis.cransformed BALB/c 3D cells in 
xenograft testing. In another study with COP 53716 (Zhen 
et at., 1997), preincubation of MC3T3-E1 osteoblast-like 
cells with 5 p.M of inhibitor for 90 min completely blunted 
the change in protein tyrosine phosphorylation and the 
binding of p85 to tyrosine-phosphorylated protein induced 
by PDOF. Associated with these effects of GCP 53716 on 
activation of signaling molecules, inorganic phosphate 
transport-stimulation induced by PDGF was dose-depen-
dent and maximally inhibited by 5 p.M of this agent. These 
results strongly suggest that tyrosine phosphorylation in-
duced by the PDGFr, including its autophosphorylation, is 
the initial event responsible for inorganic phosphate trans-
port stimulation induced by PDOF. 

A closely related compound in this series, COP 57148, 
was also extensively studied relative to its inhibition of the 
v-Abl kinase (Buchdunger et al., 1996; Zimmermann et al., 
1996, 1997). COP 57148 inhibited PDGFr kinase with po-
tencies similar to those of COP 53716. In addition, most of 
the other cellular parameters examined did not differ appre-
ciably from COP 53716. Since the activities of the two 
compounds are very similar, functional selectivity between 
the two, relative to PDOFr kinase vs. v-Abl kinase, is diffi-
cult to characterize. One possible approach to address these 
issues may be to examine the PDOFr status and its plies-
phorylation state in cells that are sensitive to these com-
pounds (for example, inhibition of proliferation) compared 
with cell lines that are not as sensitively inhibited, If the (as 
yet unproved) assumption is correct that a cell that ex-
presses PDOFr is dependent upon it for proliferation or sur-
vival, inhibition of proliferation In such a cell line by one of 
these inhibitors should correlate with PDOFr inhibition. 
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2.2.4. Other agents. A synthetic small molecule inhibitor 
of PDOFr has been reported in  patent application (Giese 
et al., 1996). A substituted pyrazole (Compound 5, Fig. 2) 
has been described as having an IC50 of 220 nM in an assay 
of PDGFr-0 autophosphorylation (PDOF-BB-stlmulared) 
in a cransfected CL-JO cell line. PDGFr-ot autophosphoryla-
tion stimulated by PDGF-AA was inhibited by Compound 
5 with an IC50 of 170 nM. In other cell culture lines over-
expressing EGFr or FOFr-1, receptor autophosphorylation 
was not markedly inhibited at inhibitor concentrations of 
up to 30 p.M. The IC50 against isolated c-Src inhibition was 
8 p.M. Therefore, this compound is. about 3- to >200-fold 
selective for PDOFr kinase inhibition vs. other tyrosine ki-
nases when assessed by the described assays. One consider-
ation with these numbers that make meaningful compari-
sons difficult is that the assays vary considerably from one 
another within this report (isolated enzyme catalytic inhi-
bition data in some instances to immunoprecipitated recep-
toT phosphotyrosune determinations by ELISA in other 
cases). PKA and PKC (serune/threonine kineses) were not 
inhibited by Compound 5 at concentrations as high as 40 
p.M in Isolated enzyme assays. To assess the effect of Com-
pound 5 on mitogenesis, the mouse haematopoietic cell 
line 32D-aR was used In a PDOF-stimulated labeled thymi- 
dine incorporation assay. The IC50 in this assay was 700 
nM. In other human cell lines (CCD18, HS27, WS1, 
1-1S68), the IC50 for proliferation in the presence of serum 
was >30 p.M; in the HR5-R CHO cell line, the IC50 was 
28 p.M. Direct contparisons of inhibition between serum- or 
PDGF-stimulated growth were not made. Neither were 
such comparisons made for inhibition of serum- or PDOF-
stimulated mitogenesis. Therefore, the 404old apparent 
therapeutic index of mitogenesis vs. proliferation is difficult 
to interpret. 

Although directed toward discovery of T-cell-selective ty-
rosine kinase inhibitors, a program at Sterling-Winthrop 
(Collegeville, PA, USA) led to the discovery of the quino- 
line carboxamide WIN 61651, which Inhibited PDOFr au-
tophosphorylation with an IC50 of 10 p.M (Faltynek et al., 
1995b). It also inhibited p56’, a Src-family kinase Impor-
tant in T-cell signaling, with an IC50 of 18 p.M. In the Ick 
kinase assay, WIN 61651 was characterized as an ATP-com-
petitive Inhibitor and was noncompetitive with respect to 
peptide substrate. Selectivity studies in vitro against other ki-
nases showed no meaningful Inhibition against PKC or PKA, 
nor against EGFr, insulin (Ins) receptor, or ErbB-2 kinases 
at concentrations exceeding 500 p.M when measuring auto-
phosphorylation. WIN 61651 did inhibit tyrosine phospho-
rylation in a T-cell line assessed by whole cell lysate West-
ern blotting of phosphotyrosine beginning at ".50 PM of 
inhibitor and at higher concentrations. hnterleukun (lL)-2 
production was Inhibited by the compound in the 10-30 p.M 
range in activated CD4+ lymphocytes. Since most of the 
cellular effects of WIN 61651 were described In T-cell sys-
tems, the relevance of the in vitro PDOFr inhibition data 
with respect to the mechanism of action of WIN 61651, as 
it has been characterized, is not clear. From comparisons 
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with other tyrosine kinase inhibitors, WIN 61651 is neither 
a potent nor a selective compound. 

In a series of biaryihydrazone tyrosine kinase inhibitors, 
also from the Sterling-Winthrop group, WIN 41662 has 
been the best characterized of this class (Sawutz et at., 
1996). In contrast to WIN 61651, WIN 41662 is a potent 
and much more selective inhibitor of PDOFr kinase. The 
partially purified enzyme autophosphorylation IC50 was 60 
nM and the cellular PDOFr autophosphorylation ICso value 
was estimated to be 30-100 nM. Since the IC value in-
creased linearly with the ATP concentration in the enzyme 
assay, the authors concluded that the inhibition is competi-
tive with ATP, giving a Ki of 15 nM (–5 nM; n = 4). WIN 
41662 was examined for inhibitory activity toward other ki-
nases in in vitro assays and was found tube inactive. Of the 
kinases examined (06’, EOFr, Erbl3-2, PKA, and P1(C), 
only p561’’ was modestly inhibited (IC50 = 30 p.M). In two 
other PDOF-stimulated cellular processes, WIN 41662 was 
also found tube active. Mobilization of intracellular Ca2 is 
an early step in mitogen-stimulated signaling. In a human 
vascular smooth muscle cell line, a 5,min pretreatment of 
cells with inhibitor prior to PIX3F stimulation resulted in 
inhibition of Ca’ release with an IC5o of 430 nM. PDGF 
stimulation of thymidmne incorporation in another human 
vascular smooth muscle line was inhibited with an IC of 
2.0 .sM after a 2-hr preincubatlon step with WIN 41662, 
followed by a 24-hr period of compound plus PDGF, and an 
additional 24 hr of label incorporation. This result appears 
not to be a nonspecific toxicity effect, since only at a much 
greater concentration of compound was a general cyrotoxic 
effect noted, Although WIN 41662 was a reasonably potent 
inhibitor of rhymidine incorporation stimulated by PDGF, 
no data were presented demonstrating an effect against ei-
ther serum-stimulated mitogenesis or against PDOE.stimu-
lated growth (as opposed to only thymidine incorporation), 
so the effect of the compound in more rigorous cell growth 
conditions, where multiple signals for mitogenesis and 
growth are likely robe present, is unknown. Based on a lim-
ited set of data for structural analogues of WIN 41662, the 
authors speculate that the activity of this particular com-
pound may lie in part in the orientation of the phenyl sub-
stiruent relative to the pyridyt-pyriniidine nucleus. 

The effects of trapidil, a triazolo[1,5-a]pyrimidine, on the 
in vitro human glioma cell line 7’980 stimulated with PDGF 
or EGF have been described (Bando et at., 1995). Two pa-
rameters were characterized: effect on mitogen-stimulated 
Ca2 flux and effect on whole cell lysate phosphotyrosine 
levels. Cells pretreated for 5 rain with 48 p.M trapidil and 
then stimulated with PDOF were examined for increased 
Ca2 flux by means of intracellular fluorescence of a Cab-
sensitive dye. Trapidil completely inhibited this flux, as 
well as that resulting from stimulation of cells with EGF. 
The effect of the compound on PDGFr autophosphoryla-
tion was examined In whole cell lysates of the T980 cell 
lines. After a 16-hr preincubarion, 240 p.M trapidil com-
pletely blocked the ?DCF-stimulated phosphorylation of a 
185 kDa protein band in an antiphosphotyrosine Western 
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blot that the investigators believed to be the PDGFr. The 
same concentration of trapidil only partially Inhibited the 
phosphoryrosine level of a 170 kDa band (likely the EGFr) 
in cells stimulated by EOF. Based on this differential effect 
on receptor phosphorylation, some selectivity of trapidil for 
PDGF Inhibition was proposed. In this study, no cellular 
growth or mitogenic effects were described for trapidil, nor 
was any description of a direct inhibition of the tyrosine ki-
nase activity of purified PDGFr provided. Therefore, the in-
vestigators’ speculation regarding direct effects of trapidil 
on PDOF-stimulated proliferation can be considered only 
provisional. 

The inhibition of PDOFr kinase by leflunomide (desig-
nated as AID) has been described by a group from Sugen 
(Hirth et at., 1995). PDOFr autophosphorylation was inhib-
ited with an IC50 of 65 mM in U1242 cells assessed by an 
ELISA Immunoprecipitation assay. In these same cells, pro-
liferation (growth on plastic) was inhibited with an IC50 of 
700 mM. As stateil elsewhere (see Section 4.2.3), since the 
primary leflunomide metabolite inhibits the biosynthesis of py-
rimidines with an ICj0 of 220 nM, the tyrosine kinase inhibi-
tory activity of this compound and its metabolites does not 
likely contribute to its cellular or in vivo mechanism of action. 

Further interest in the overall class of PDGFr tyrosine ki-
nase inhibitors reviewed herein will likely depend on the 
demonstration of meaningful activity in a variety of thera-
peutic targets in animal models. To date, only the 2-anili-
nopyrimidirtes have been reported to have in viva activity 
linked to inhibition of the PDOFr kinase. 

3. INHIBITORS OF FIBROBLAST GROWTH 
FACTOR RECEPTOR TYROSINE KINASE 
3.1. Natural Products 

Inhibitors of FGFr tyrosine kinase are shown in Fig. 3. 
Abundant FGFr-1 expression and low levels of FGFr-2 are 
detected In human malignant glioma. Additionally, malig-
nant gliomas express an alternatively spliced form of FGFr- 1 
(FGFr-l-13) containing two immunoglobulin-like disulfide 
groups. A study was earned out to examine the effects of 
the methyltransferase inhibitor 5’-methylthioadenosine on 
cell growth and. ’FGFr tyrosine kinase activity in human 
glioma cells (Miyaji et al., 1995). Against these lines, this 
agent inhibited in a specific and dose-dependent fashion 
both bFGF-stimulated cell growth and protein tyrosine phos-
phorylation by blocking both receptor autophosphorylation 
and substrate phosphorylation. Complete inhibition of cell 
growth was observed only at 2 mM and of tyrosine phos-
phorylation at 3 mM. The inhibition was both rapid and 
readily reversible. 5’-Methylthioadenosine had no effect on 
either EGF- or PDOF-stimulated protein tyrosine phospho-
rylation in glioma cells. These investigators concluded that 
because 5’-methylthioadenosine had no effect on the num-
ber and dissociation constants of high- and Low-affinity 
bFGF receptors, the inhibition of bFGF-stimulated bFGFr 
tyrosine kinase activity was likely not due to a reduction in 
both bFGF ligand and receptor binding capacity. 
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(Dahnng et al., 1997), PD 089828 was found to inhibit hu-
man full-length FGFr (FGFr-1), PDGFr-0, EOFr, and c-Src 
nonreceptor tyrosine kinases with IC50 values of 0. 15, 1.76, 
5.47, and 0.18 gM, respectively. Against F0Fr-1, PD 089828 
was characterized as a reversible ATP-competitive inhibi-
tor. PD 089828 inhibited PDOF- and EGF-stimulated re-
ceptor aurophosphorylation in vascular smooth muscle 
cells, and basic FOF (bFGF)-mediated tyrosine phosphory-
lation in A121 cells with IC5, values similar to those ob-
served against the Isolated kinases. Additionally, in func-
tional assays, this agent inhibited PDGF-stimulated DNA 
synthesis, PDGF-directed migration, and serum-stimulated 
growth of vascular smooth muscle cells, all to the same ex-
tent as PDGFr autophosphorylation (IC5, = 0.8, 4.5, and 
1.8 pM, respectively). Similarly, Increases in DNA synthe-
sis stimulated by bFGF-induced mitogenesis were inhibited 
by PD 089828 with an IC5, of 0.48 p.M. Because of its 
broad activity as a protein kinase inhibitor, the effects of 
PD 089828 on growth factor-induced functional responses 
may be due to inhibition of other protein kinases associated 
with growth factor receptor signaling, including mitogen-
activated protein (MAP) kinase. 

In a second study on this novel class of compounds 
(Hamby at at., 1997), structure-activity relationship (SAR) 
studies were conducted around the C-2 amino and C-6 aryl 
positions in an attempt to uncover analogues that would 
display improved potency, solubility, and bioavailability 
relative to the initial lead. From this study, the 3’, 5’. 
dunethoxyphenyl compound (Compound 6, Fig. 3) was 
found to be a selective inhibitor of the FGFr tyrosine kinase 
relative to a panel of five tyrosine kinases screened. The 
IC5, for FOFt tyrosine kinase inhibition was 0.08 tLM for 
Compound 6 and >50 p.M for each of PDOF, FGF, EGF, 
Ins receptor, and c-Src tyrosine kinases. Based on this selec-
tivity pattern, it was not surprising that Compound 6 did 
not inhibit PDGF-stimulated cellular autophosphorylation 
(lC50 >50 pM) in rat aortic vascular smooth muscle cells. 

A third study on this class of compounds profiled PD 
166285, a more potent and soluble analogue of an early screen-
ing lead, in which the urea function of PD 089828 was re-
placed by a carbonyt (Panek et at., 1997). PD 166285 was 
found to inhibit c-Src, FGFr-I, EOFr, and PDGFr-(3 tyrosine 
kinases in an ATP-competitive fashion with IC5, values of 
8.4 nM, 39.3 nM, 875 nM, and 98.3 nM, respectively. PD 
166285 also demonstrated inhibitory activity against MAP 
kinase (IC5, = 5 pM) and PKC (IC50 = 22.7 p.M). In addi-
tion, PD 166285 inhibited PDCF- and EGF-stimulated re-
ceptor autophosphorytatton in vascular smooth muscle cells 
and in A431 cells, respectively, and bFOF-mediated tyrosine 
phosphorylation in Sf9 cells with IC5, values of 6.5 nM, 
1.9 p.M and 97.3 nM, respectively. The inhibition of 
PDGFr aurophosphorylatlon In vascular smooth muscle 
cells was long-lasting and persisted for 4 days after a single 
1 -hr exposure followed by extensive washing. The PDOF-
induced tyrosine phosphorylation of the 44 and 42 Wa 
MAP kinase isoforms was also blocked as a result of the in-
hibition of PDGF-stimulated receptor autophosphoryla-

tion by PD 166285 in vascular smooth muscle cells. Inhibi-
tory effects of PD 166285 were demonstrated in a number 
of functional assays of cell attachment, migration, and pro-
liferation. 

The results from the above three studies highlight the bi-
ological characteristics of many members of the 6-arylpyr-
ido(2,3-djpyrimidines as broadly active protein tyrosine ki-
nase inhibitors capable of potently suppressing a number of 
kinase-mediated cellular functions, including cell attach-
ment, movement, and replication. The therapeutic utility 
of these inhibitors as antiprolifenitive and antimigratoty 
agents could extend to such diseases as cancer, atheroscle-
rosis, and restenosis, where redundancies in protein kinase 
signaling pathways are known to exist. Initial SAR studies 
also demonstrate that it Is possible to design selectivity 
within this series, especially toward inhibition of the FGFr 
tyrosine kinase. 

32.2. 3-Alkylidene oxindolea. Recently, two members of 
a new class of tyrosine kinase inhibitors based on an oxin-
dole core template have been described (Mohammadi et at., 
1997). Both SU4984 and SU5402 inhibited the purified ki-
nase activity of FOFr-1 with an [C5, of 10-20 pM In the 
presence of 1 mM ATP. In NIH 3T3 cells stimulated with 
acidic FGF (aFOF), autophosphorylation of FGFr- 1 was in-
hibited by the two compounds with an IC5, of 20-40 p.M 
For SU4984 and 10-20 p.M for SU5402. These two com-
pounds also inhibited, with similar IC5, values,�aFGF-induced 
tyrosine phosphorylation of a 90 kba phosphoprotein (pp9O) 
and the MAP kinases, ERK1 and ERK2, two intracellular 
events that are dependent on the kinase activity of FGFr- 1. 
Additionally, barb compounds also inhibited [31-I1thymi-
dine incorporation in response to aFGF stimulation. The 
effects of the inhibitors on downstream signaling events 
were also examined. In NIH 3T3 cells, NIH IR cells, and 
HER 14 cells, the phosphorylation of downstream proteins 
in response to stimulation by either PDOF, Ins, or EGF, re-
spectively, was inhibited by SU4984 and SU5402 in direct 
correlation with inhibition of receptor autophosphoryla-
tion. The crystal structures of the tyrosine kinase domain of 
FGFr-1 in complex with each inhibitor were determined. 
For each complex, the oxiridole template occupies the site 
in which the adenine of ATP binds, whereas the moiety ex-
tending out from the alkylidene function contacts residues 
in the hinge region between the two kinase lobes. The more 
specific inhibitor of FOFr1, SU5402, induces a confonna, 
tional change in the nucleotide-binding loop. 

3.2.3. Other agents. The effect of PD 145709, one mem-
ber of the thioindole class of tyrosine kinase inhibitors (see 
also Section 4.2.4), on bFGF-mediated tyrosine phosphory-
lation In Swiss 3T3 murine fibroblasts and in a human 
breast carcinoma line has been evaluated (Fry and Nelson, 
1995). Against Swiss 3T3 cells, half-maximal suppression 
was attained at 4.5 p.M of inhibitor. Little or no inhibition 
of EGF- or PDOF-mediated tyrosine phosphorylation was 
observed at concentrations as high as 50 RM. The inhibi-
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tion of bFOF-mediated phosphorylation occurred rapidly, 
and once established, was irreversible and remained so for 
at least 2 hr after PD 145709 had been removed from the 
exuacellular medium. P1) 145109 also inhibited bFGF-
mediated phosphorylation, as well as FGFr autophosphory-
Iation, in a human breast carcinoma, MDA-MB-134, which 
over-expresses the FGFr-l. PD 145709 caused an increase 
of c-Jun mRNA in response to EOF, PDOF, bFOF, and se-
rum, and was a potent inhibitor of protein synthesis in fi-
broblasts with an IC of 03 p.M. The data are compatible 
with a mechanism by which PD 145709 interferes with sig-
nals or protein factors that are involved In the Initiation of 
protein synthesis. 

4. INHIBITORS OF SRC 
FAMILY TYROSINE KINASES 
4.1. Natural Products 

Natural product inhibitors of SRC family tyrosine kinases 
are shown in Fig. 4. Radicicol, a fungal antibiotic previously 
shown to be a potent inhibitor of p60 tyrosine kinase 
(Kown et al., 1992), is reported to potently suppress tyrosine 
phosphorylation of other Src family tyrosine kinases in II-
popolysaccharide (LPS).stimulated macrophages (Chart-
mugam et al., 1995). Pretreatment of macrophages with 
radicicol resulted in the suppression of levels of tymsine-phos-
phorylated proteins in a time. and dose-dependent fashion. 
Antiphosphoryrosine immunoblot analysis of LPS-stlmulated 
macrophages showed that the major tyrosine phosphory-
lated proteins were in the 55-90 kDa ranges. When anti-
bodies In antiphosphotyrosine immunoblot membranes were 
stripped off and the membranes reprobed with anti-Src fam-
ily kinase antibodies, p60, p58/64, and p59ciw were de-
tected in the cell lysates. Doublet bands for p53/561.", de-
tected by immunoblot with anti.p53/56k"’ antibodies, were 
superimposed with the two major tyrosine-phosphorytated 
bands in an antiphosphotyrosine immunoblot of cell 1i,-
sates. Antiphosphotyrosine immunoblot of immunoprecipi-
tates of cell lysates indicated that p53/56"’ and p59c-fgr were 
the major tyrosine-phosphorylated Src family tyrosine ki-
nases. The mechanism by which radicicol inhibits protein 
tyrosine kinases is not known, but it Is thought that an irre-
versible binding to a sulihydryt group(s) of the enzyme oc-
curs, much in the same fashion as for herbimycin A. Radici-
col also inhibited the expression of cyclooxygenase (COX)-2 
without affecting COX4 expression in LPS-stimulated 
macrophages with an lC value of 27 nM. These results 
suggest that the activation of tyrosine-specific protein ki-
nases is the proximal obligatory step in the LPS-induced 
signal transduction pathway, leading to the induction of 
COX-2 expression in macrophages. Radicicol represents 
one of the few agents other than glucocorucoids that can 
selectively suppress the expression of COX-2 without af-
fecting COX-I. 

In a second study, the effects of radicicol upon both the 
phosphorylation of Src associated in mitosis (Sam)68, a pro-
tein that associates with and Is tyrosine phosphoiylated by 
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Src in a mitosis-specific manner, and upon mitotic progres-
sion In Src-transformed mouse fibroblasts, have been exam-
ined (Pillay et al., 1996). Radicicol reversibly inhibited the 
mitosis-specific tyrosine phosphorylation of Sam68 in a Sic-
transformed mouse fibroblast NIH 3T3 line, which ex-
presses an activated Src mutant (src’52719, as determined by 
antiphosphotyrosine immunoblotting. Radicicol inhibited 
the tyrosine phosphorylation of both free and Src-associated 
Sam68, suggesting the presence of two intracellular pools of 
tyrosine-phosphosylated Sam68 in mitotic cells. In addi-
tion, radicicol treatment had no effect on the ability of cells 
to enter mitosis, indicating that tyrosine phosphorylation of 
Sam68 is probably not important for this event. However, 
radicicol reversibly retarded the exit of cells from mitosis, as 
determined by flow cytometric analyses. Radicicol-mediated 
inhibition of Sam68 tyrosine phosphorylation, and its con-
current ability to block mitotic exit, suggests the possibility, 
of a significant role for Sic kinase and the unique tsutcttc 
substrate, Sam68, In cell cycle regulation. 

The evaluation of anthraquinone natural products as ty-
rosine kinase inhibitors continues to be reported in the lit-
erature. in one study (Fredenhagen etal., 1995), the protein 
tyrosine kinase activities for a range of inhibitors related to 
emodin were examined more closely. Of the 12 compounds 
evaluated, paeciloquinone A demonstrated the best potency 
against c-Src with an IC50 of 2 p.M. It also demonstrated 
modest potency against v-Abl tyrosine kinase with an IC50 
of 0.59 pM. Most of the compounds of this series showed a 
low degree of selectivity among the kinases investigated and 
were unable to inhibit autophosphorylation of the EGFr ty-
rosine kinase and v-Abl substrates within intact cells. 

In another study (Fakynek et al., 1995a), damnacanthal, 
a plant-derived anthraquinone, was found to be a potent 
and selective inhibitor of p56u tyrosine kinase activity. It 
exhibited an IC50 of 17 riM for the inhibition of p56" auto-
phosphorylation and 620 riM for phosphorylation of an ex-
ogenous peptide by p56t. Damnacanthal displayed >100-
fold selectivity for p56kk over the serine/threonine kinases, 
PKA, and PKC, and >40-fold selectivity over four receptor 
tyrosine kinases (EGF, POOF, ErbB2, Ins). It also demon-
strated modest (7- to 20-fold) selectivity for p56 over the 
homologous enzymes p60" and p59b. Mechanistic studies 
demonstrated that damnacanchal was competitive with the 
peptide binding site, but mixed noncompetitive with the 
ATP site. Damnacanthal appeared to bind nonspecifically 
to membrane Ipfas and was not active in whole cell ty-
rosine kinase assays. 

in continuing studies with geldanamycin (Yamaki et aL, 
1995), this ansamycin antibiotic was shown to selectively 
inhibit recombinant c-Src tyrosine kinase (IC50 = 0.62 p.M) 
without significantly inhibiting FKA. This agent was also 
shown to preferentially inhibit the 01/S transition and 
caused 021M arrest in human leukemia HL-60 cells. This 
perturbation of cell cycling was accompanied by marked 
suppression of c-myc expression and an enhancement in 
pRb expression. These workers speculated that the inhibi-
tion of c-Src signals the coordinative down-regulation of the 
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early responsive gene c-myc and up-regulation of pRb, al. 
though no such direct relationship was demonstrated. 

In a study with the napthodlanthrone hypericin (Kit et aL, 
1996), it was found to inhibit the T-cell Sic family kinase 
p56kk in a dose-dependent fashion with an IC_w of 5 sM. 
This natural product Inhibited EGFr-catalyzed tyrosine 
phosphosylatton of the exogenous peptide substrate RR-SRC 
with an ICa, of 3 ILM, and also suppressed EGFr-induced 
autophosphorylation, either in vitro or in A431 serum-starved 
cells, with each process inhibited at an lC, of 2 IzM. 

The structure of angelmicin B, previously isolated from 
a rare actinomycete, Microbispo’ra, and shown to Inhibit 
p60v (Uchara et al., 1993), has been fully elucidated 
(Hoti et al., 1996). A study was carried our with this com-
pound and related analogues (Al, AZ, C, and D) for their 
effects on the differentiation of 1-IL-60 cells relative to their 
Inhibition of Src tyrosine kinase (Yokoyama et al., 1996). 
All analogues had almost equivalent effects on the differen-
tiation of HL-60 cells, although angelmicins C and D in-
hibited Sic tyrosine kinase activity Its than the other ana-
logues. Based on its molecular weight, angelmicin B is a 
relatively weak inhibitor of p60’ with an IQW of ’40 ILM. 
The effective concentration of angelmicin B for Sic kinase 
inactivation was about 100-fold higher than that required 
for growth inhibition and differentiation induction, sug-
gesting that these effects are not directly associated with 
suppression of Sic tyrosine kinase. 

4.2. Synthetic Agents 
4.2.1. Ring-fused pyrimidines. Synthetic inhibitors of 
SRC family tyrosine kinases are shown in Fig. 5. A number 
of reports have appeared in the literature describing excep-
tionally potent quinazoline-based EGFr inhibitors. How-
ever, selective inhibition against a Sic family kinase has not 
been reported for this class of compounds. The Rhone-Pou-
lenc Rorer group have described preliminary results of an 
SAR study of quinazoline-based tyrosine kinase inhibition 
against the EGFr and of p56 tyrosine kinases (Myers en al., 
1997). The most potent inhibitor of p56ts was identified as 
RFR-1085 18A with an ICcO of 0.50 p.M. This compound 
displayed identical potent inhibition of EGFr autophospho-
rylation. Preliminary results using RPR-108518A in Intact 
cell studies revealed that inhibition of p561 tyrosine kinase 
activity diminished the levels of substrate tyrosine phos-
phorylation upon stimulation. IL-2 secretion was also inhib-
ited in Jurkat cells with an lCw that corresponded to the in-
hibition of in situ p56 autophosphorylation. 

As part of a screening effort directed toward identification 
of tyrosine-specific kinase activity associated with p60, a 
member of the 5,10-dibydropyrimido(4,5-bjqulnolin-4( 1H)-
one chemical class was discovered to potently inhibit this 
enzyme. From follow-up SAR studies (Dow, 1996; Dow et 
aL. 1995), Compound 7 was found to possess optimal po-
tency toward c-Src with an ICso of 0.50 p.M. The com-
pound showed remarkable selectivity (6000-fold) for Inhi-
bition of c-Sic over PKA and 150-fold selectivity toward 
SOFt tyrosine kinase. Mode of inhibition studies revealed 
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that this agent inhibits in a pure-mixed-noncompetitive 
mode with respect to ATE 

In conjunction with a program to find agents that selec-
tively inhibit certain Sic kinase family members, workers at 
Pfizer (Groton, Cr, USA) synthesized a series of 4-aminopy-
razolo[3,441pyrlmidines designed for inhibition of p561i’ 
and p6O tyrosine kinases (Dow et al., 1997). One mem-
ber of this series, PPI, was evaluated in depth (Hanke en al., 
1996). Against a panel of kinases, PPI showed selective in-
hibition toward p56 (IC 5 nM) and p59ft%T (IC 6 
nM). In further selectivity tests against other Sic family ty-
rosine kinases, PPI also inhibited Sic (IC50 = 170 nM) and 
Hck (105, = 20 nM). In contrast, it was 50-fold less active in 
the inhibition of A-431 EGFr autophosphorylation (LC 
250 nM), and it was essentially inactive against ZAP-70 
(IC50 = >100 p.M), JAK-2 (IC50 = >50 p.M), and PKA 
(data not given). In an assay to rest its ability to inhibit 
anti-CD3-stimulated tyrosine phospharylation in purified 
human T-cells, PL’l suppressed whole cell phosphorylation 
following treatment with anti.CD3 with an ICSQ of "0.5 
p.M. It was less effective at inhibiting the non-T-cell recep-
tor-dependent phorbol 12-myristate 13-acetate/IL-2--in-
duced T-cell proliferation. Additionally, PPI selectively in-
hibited the induction of the IL-2 gene, but not the 
granulocyte-macrophage colony-stimulating factor or 11.2 
receptor genes. Preliminary studies with PPI showed com-
plex kinetics for inhibition of Lck. However, at certain 
concentrations of ATP, the compound appeared to be com-
petitive with AT?. 

c-Src tyrosine kinase has been shown to be essential in 
the process of osteoclastic bond resorption in mutant mice 
that do not express c-Sic (Soriano en al., 1991). A series of 
compounds closely related to PPI, the 4-aminopyrrolo[2.3-
d1pyrimidines, were synthesized by the Ciba-Geigy group 
(Missbach, 1996; Missbach en al., 1996) in a program to de-
sign c-Sic inhibitors with greater specificity than herbimr 
cin A for suppression of bone resorption by isolated rat os-
teoclasts on bovine bone slices. Within this series, one 
compound, COP 62464, selectively inhibited c-Sic tyrosine 
kinase (IC50 = 50 nM) over other protein kinases examined, 
including EGFr (IC50 = 3 p.M), P1CC-a (IC50 = 42 p.M), 
and the cell cycle kinase CDCZ OC’50 = 54 p.M). Inhibi-
tion of ósteoclastic bond resorption occurred with an IC50 
of 0.5 p.M, and Mr the series as a whole, this suppression 
correlated with cSrc inhibition in an artificial (cell-free) 
liquid phase assay. However, these data do not rule out that 
another kinase present in the osteoclast is inhibited by this 
chemical class, and inhibition of c-Sic activity in intact os-
teoclasts has yet to be demonstrated. Preliminary kinetic 
data suggested that COP 62464 is competitive with respect 

to AT? 

4.2.2. Benzopyrans. Sterling-Winthrop Investigators have 
reported on a mechanism-based approach to the discovery 
of novel Immunosuppressants by screening for selective in-
hibitors of p56Idc tyrosine kinase activity (Millet et al., 1995). 

Using this approach, three simple nonhydroxylated chromones 
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were found to Inhibit p56 aurophosphorylation with low phosphorylarion and 3.6 sM for inhibition of receptor au-
inicromolar porencles and to exhibit some selectivity for tophasphoryladon. It was also the most selective Of. thes 
p6& over the setine/threonine (PKC PKA) and other ry-. compounds, exhibiting more than 10-fold greater potency �. 
rosine kineses (PDGFr, EvbB2) tested. Against p56Ic, ICAN toward p56kkover the sCrine/threonine or yrosinekfnses 
104141 gave an ICcj of 17 p.M for inhibition of peptide examined. 
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A related class of compounds, the polyhydroxylated 
3,(N.phenyl)carbamoyl-2-uninochromenes, have been 
synthesized (Huang, 1996; Huang et aL, 1995). The pattern 
of hydroxylation on both the tmlnochromene ring and the 
N-phenylcarbamoyl side chain appears to play an impor-
tant role in the determination of potency within this class. 
Against a number of Src family kinases, compound 9TA 
showed the best overall potency with an ICsO of 0.12 p.M 
vs. p60-, 2.1 p.M vs. p56, and >30 p.M vs. p56bn and 
p55b. Replacement of the hydroxyl group of the imi-
nochromene ring with methoxyl resulted in a 354old loss of 
potency vs. c-Sic. Several compounds of this series were 
tested for inhibition of growth In a number of human can-
cer cell lines, including HL-60, A-I, and 111-29. Com-
pounds that showed the strongest inhibitory effect against 
p60- were not as potent against these cell lines. The best 
compounds of this series inhibited these lines in the range of 
an IC_V of 3...75 p.M. 

4.2.3. Leflunoinide and metabolltes. Lefiwionude (see Sec-
tion 2.2.4 and Hg. 2) is an immunosuppressant that is able 
to prevent autoinunune diseases and rejection of transplant 
allografts and xenograæs. Earlier studies showed that it in-
hibited the tyrosine kinase activity of the EGPr (Mattar et 
aL, 1993). A study was carried out to characterize the inhib-
itory effects of leflunomide on Src family (p5ó  and p59fr)_ 
mediated protein tyrosine phosphorylation (Xu et al., 
1995). Leflunomlde was able to inhibit p59fr and p56t ac-
tivity in vitro. The lCo values for p59frn autophosphoryla-
non and phosphorylation of an exogenous substrate were 
125-175 p.M and 22-40 p.M, respectively, while the corre-
sponding IC50 values for p56rt were 160 PM and 65 p.M. re-
spectively. Leflunomide also demonstrated an ability to in-
hibit protein tyrosine phosphorylation induced by anti- 
C133 monoclonal antibody in Jurkat cells. The ICSO values 
for total intracellular tyrosine phosphorylation ranged from 
5 to 45 p.M, with the IC50 values for the C chain and PLC 
isofonn yl being 35 and 44 p.M, respectively. Leflunomide 
also inhibited Ca2 mobilization in jurkat cells stimulated 
with anti-CD3 antibody. Distal events of anti-CD3 mono-
clonal antibody stimulation, namely, IL-2 production and 
IL-2 receptor expression on human I lymphocytes, were 
also inhibited by leflunomide. Additionally, leflunomide 
was able to inhibit IL-2 stimulated tyrosine phosphoryla-
tion in CftL4 cells. These data collectively demonstrate 
the ability of leflunomide to inhibit tyrosine kinase activity 
in vitro, and suggest that inhibition of tyrosine phosphoryla-
tion events may be the mechanism by which leflunomide 
functions as an immunosuppressive agent. 

A follow-up study was carried out by the same group on 
the active metabolize of leflunomide, A77 1726, to define 
its relative contribution toward the inhibition of tyrosine 
kinases and dihydroorotate dehydrogenase (Xu etal., 1996). 
Studies were carried our in the niurine leukemia cell line 
LSTRA, a leukemia T-cell line that over-expresses the Sic 
family kinase p56 and has elevated levels of tyrosine-
phosphorylared intracellular proteins. A77 1726 reduced 
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the Intracellular levels of tyrosine-phosphorylaned proteins 
with relatively high IC50 values ranging from 50 to 100 p.M. 
It also inhibited p56kk activity in LSTRA membrane prepa-
rations and Immunoprecipizates. The 1050 values for inhibi-
tion of immunoprecipizated p560 aurophosphorylation and 
exogenous substrate hlstone 213 were 80 and 40 p.M, respec-
tively. The antityrosine phosphorylation activity of A?? 1726 
was not affected by uridine. A?? 1726 Inhibited LSTRA 
cell growth and proliferation (IC50 = Ca. 10-30 p.M), and 
the inhibition could be reversed by the addition of exoge-
nous uridine, suggesting that the antiproliferative activity of 
A?? 1726 may be due to inhibition of tie novo pynimidine 
nucleottde synthesis. in vitro enzyme assays confirmed that 
A?? 1726 directly inhibited the activity of dthydroorotate 
dehydrogenase. 

4.2.4. Thiol-reactive agents. A series of halogenated naph-
thoquinones based on the jugalone structural lead were syn-
thesized as inhibitors of P1-3 kinase (Frew at aL, 1995). 
Within a series of 28 synthesized analogues, most compounds 
were weak inhibitors of this enzyme. Inhibition was time 
dependent and could be prevented by endogenous thiol. 
PKC and c-Sic ryrosine kinase were also-only weakly inhib-
ited. The best inhibitor against c-Sic was Compound 8 
with an ICsO of 4.1 p.M. 

The Parke-Davis group reported recently on a small series 
of 2,2’.diselenÆbis(IH-indoles) that were evaluated against 
a range of tyrW4 kinases (Showalter et al., 1997). Com-
pounds of this class displayed broad inhibitory activity with 
anlCc,of0.9->l00 p.M vs. EGFr, 3.4->50 pM vs. PDOFr, 
and 0.4-6.7 p.M vs. v.Src. The most active compound 
against v-Sic was Compound 9 with an IC50 of 0.4 p.M. In-
terestingly, the corresponding disulfur congener, Com-
pound 10 (Palmer etal., 1995), was considerably less potent 
against v-Sic with an IC50 of 6.7 p.M. However, in whole-
cell studies, both compounds displayed equal potency for 
growth inhibition of Swiss 3T3 mouse fibroblasts with an 
IC50 of 5.5 p.M. Enzyme kinetic studies showed that both 
classes of compounds displayed primarily noncompetitive 
Inhibition with respect to either ATP or peptide substrate. 
Dithiothreitol caused a general decrease in inhibition of the 
EGFr and v-Src tyrosine kinases by both the diselenium 
and disulfur series, with reversal of enzyme inhibition oc-
curring less readily within the diselenium series. 
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Como resultado del examen de fondo, realizado con fundamento en el articulo 48 de 
la Decision 486 de la ComisiOn de la Comunidad Andina, se le comunica: 

1. Documentos estudlados 

1.1. DescripciOn: Folios: 8 a 106 

1.2. Reivindicaciones: Folios: 239 a 256 
Folios: 989 a 993 Memorial de 11/04/2005 
Folios: 1014 a 1016 Memorial de 22/01/2007 
Folios: 1032 a 1034 Memorial de 29/05/2007 
Folios: 1106 y 1107 Memorial de 01/06/2009 

1.3. Prioridad: US60/1 82.710 de 15102/2000 
U860/216.422 de 06/07/2000 
US60/243532 de 27/10/2000 

- 1.4. ResDuesta del solicitante: Folios: 987 a 993 Memorial de 11/04/2005 
Folios: 1007 a 1012 Memorial de 22/01/2007 
Folios: 1025 a 1034 Memorial de 29/05/2007 
Folios: 1046 a 1062 Memorial de 29/1012007 
Folios: 1097 a 1231 Memorial de 01/06/2009 

2. Objeto do la Invención 

Titulo de la solicitud: 

lndolinonas sustituidas con pirroles lnhibidores de protein qulnasas 

Reivindicaciones 

Reivindicaàlones I a 7: Se reMndica un compuesto de fOrmula (I). 
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En particular se reivindican los compuestos: 

a) b) 
y 
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c) La sal L-malato de la (2-dietilaminoetil)amida del Æcido 5-(flUor-2-oxo-1 ,2-
dihidroindol-3-ilidenmetil)-2,4-dimetil- I H-pirrol-3-carboxilico 

Reivindicaciôn 8: Se reivindica una composiciôn farmacØutica caracterizada porque 
comprende un compuesto de la reivindicaciôn 1, 5 ô 70 una sal farmacØuticamente 
aceptable del mismo y un vehiculo o excipiente farmacØuticamente aceptable. 

Sustento DescnDtivo 40 

La presente solicitud tiene como objeto compuestos derivados de 2-indolinona 
sustituidos con 3-pirroles que se identifican por su capacidad de modulaciôn de la, 
protein-quinasas (PK) y porque presentan la siguiente formula estructural: ’ ( 

8 

El interesado seæala como parte del problema tØcnico que respecto del cancer, dos 
de las hipôtesis mÆs importantes para explicar la proliferacion celular excesiva que 
conduce al desarrollo de tumores se relacionan con funciones reguladas por la PK. 
Se sugiere que el crecimiento de cØlulas malignas resulta de una ruptura en los 
mecanismos que controlan la divisiOn y/o diferenciaciOn celular. Se ha demostrado 
que los productos proteicos de una cantidad de proto-oncogenes estÆn involucrados 
en las Was de transducciOn de senales que regulan el crecimiento y la diferenciaciOn 
celular. Estos productos proteicos de proto-oncogenes incluyen los factores de 
crecimiento extracelulares, los receptores de factores de crecimiento transmembrana 
PTK (RTK), las PTK citoplasmÆticas (CTK) y las STK citosOlicas. 

.La presente solicitud hace un esfuerzo por identificar molØculas con actividad 
- inhibidora de las protein-quinasas para el tratamiento del cancer mediante el diseæo 

de compuestos con estructura derivada de las 2-indolinonas sustituidas con pirroles. 

� Una vez catalogada la invenciOn Øta Se clasificO en la sección: A 61 K 3144 

de Pa Clasificación Internacional de Patentee. 

3. Determinación del Estado de la TØcnica 

Considerando que la fecha de presentaciôn de la primera solicitud de patente de la 
cual se reivindica prioridad es: 15/02/2000, se procediO a efectuar la büsqueda de 
documentos relacionados en el estado de la tØcnica con fecha de publicaciOn 
anterior a Østa. 

Fechade 
No 

1.I 
Documento TItulo Publicación 

Dl W09807695 "Indolinorie combinatorial libraries 26/02/1998 
and related products and methods  

S.; 
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for the _treatment _of disease"  
"2-Indolinone derivatives as 

D2 W09850356 modulators of protein kinase 12/11/1998 
___________________ activity"  

Anteriondades Dl y D2 en los Folios 1063 a 1081 

4. Respuesta a los argumentos del solicitante: 

Med iante memorial de 01/06/2009 el seæor solicitante argumenta lo siguiente: 

"DI rev&a muchas estructuras genOricas, cada una de las cuales presenta sustituyentes 
opcionales quo pueden ser combinados on innumorables combinaciones (sic). A manera de 
ilustraciOn, adjunto al presente memorial (como ANEXO 1) un reporte do SciFindor, un soivicio 
de Chemical Abstracts Service (CAS), quo extrao compuestos de las publicaciones y 
proporciona su estructura qulmica, en donde so evidencia que SciFindor encuentra 1325 
ejomplos especlficos en Dl, en donde Ia mayorla do indoilnonas - all! roveladas no so 
oncuentran sustituidos por pirro! SIflO POT fenilo u otto grupo. As! las cosas, para un persona 
medianamente versada en Ia materia es dificil, a partirde la simple lectura do DI, dotorminar 
cuÆ!es son los compuestos Of reVe!ados" 

"Es evidente quo solo una pequefla fracciOn do los compuestos revelados on DI estÆn 
sustituidos por pirro! (vet anexo I), y do estos, muchos prosentan estructuras do aniios 
fusionados y1b unidos a Ia posición equivocada del anillo de pirroL De la pequefla cantidad de 
ejemplos que indolinonas (sic) sustituidas porpirro! de Dl, los Onicos sustituyentes en al aniio 
do pirrol son H, alquilo, halOgeno, ester o aiquilester. 

En las estructuras genØricas de DI en las que el grupo unido en Ia posiciOn 3 do la indolinona 
as usualmente un anillo A (var pagina 36), Ia amida so encuentra enunciada ontro un 
sinnOmero de posibles sustituyentes (aunqueno una alquilaminoamida como an Ia presente 
invenciOn); sin embargo, cuando a se ilmita a pirro!, los Unicos sustituyentes posibles, aOn en la 
estructura genOrica, son hidrOgeno, alquilo, halOgeno, Østery alquilØster°. 

De acuerdo con los argumentos del seæor solicitante, las enseæanzas del documento 
Dl no son suficientes para desvirtuar el nivel inventivo de la materia reivindicada se 
por el hecho de que en su divulgacioA no se encuentran algunas especies qulmicas 
ejemplificadas que de manera general han sido contempladas dentro de las 
modalidades de la formula Markush. Esta situaciOn no es consecuente con la 
prÆctica recurrente en materia de patentes de acudirala simbologla Markush para 
definir el contenido y alcance de un grupo inventivo, asociado a una serie de 
compuestos quimicos que comparten una estructura anular. 

Al respecto es preciso senalar que no porque sea necesario realizar los 
correspond ientes reemplazos sobre la estructura anular que agrupa un concepto 
inventivo se deja de ser acreedor a un posible derecho de exclusividad sobre la 
materia alli definida, tanto en su contenido como en su alcartce estructural y 
funcional, obviamente partiendo del presupuesto de que dicho concepto inventivo y 
unificador cumple con los requisitos de patentabilidad. 

Al parecer et seæor solicitante se encuentra de acuerdo con la utilizaciOn de la 
prÆctica Markush sOlo para el evento de la definiciôn de  la materia en un pliego 
reivindicatorio, situaciOn que permite entrever la forma en que ha definido su 
invenciOn, ya que ha recurrido a la prâctica Markush para definir la materia 
pretendida. Sin embargo, no considera divulqación suficiente del estado del arte la 
materia pue revelan los documentos de patente. 
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Para esta Superintendencia, es clara que el argumento esbozado por el seæor 
solicitante resulta a todas luces contradictorio e inconsecuente con la forma como ha 
reivindicado su invención desde el momento en que presento el primer pliego 
reMndicatorio ante esta administraciôn y con la forma como divulga la invenciOn en 
la memoria descriptiva de la solicitud. 

Coma se ha seæalado en repetidas oportunidades, una persona versada en la 
materia tŒcnica se encontraba en capacidad de derivar los elementos caracteristicos 
de los compuestos reivindicados a partir de las enseæanzas del estado del arte, toda 
vez que los compuestos revelados por cada uno de los antecedentes Dl o D2 
conservan los elementos funcionales de la estructura 2-indolinona sustituida en 
posición 3 por metilen-pirrol sustituido, asi como su actividad farmacológica. Y 
contrarlo a las afirmaciones del seæor recurrente el anexo SciFinder emitido par el 
Chemical Abstracts Service (CAS) lo que permite concluir es el profundo contenido y 
alcance de la invenciôn revelada por el documento de patente W09807695, sin 
embargo, su extension no resulta oponible para que sea descartada como 
documento y arte prOximo a la materia reivindicada. 

Por otra parte, aUn cuando los compuestos que presentan sustituciOn tipo pirrol 
40constituyan una fracción de (a divulgación que presenta el documento W09807695 - 

Dl-, esta situaciOn no es argumento para que deje de ser considerado arte proximo y 
cercano a los compuestos reivindicados. 

Aunque el seæor solicitante desestime que ØI radical Ra que sustituye el grupo amino 
sobre la posiciOn del anillo de pirrol sOlo corresponda a CO(CH2)2COOH, arilo, 
aiquilo, COOH, OH o NH2, para esta Superintendencia es clara la semejanza 
estructural de estos sustituyentes con el grupo carboxamido que sustituye la misma 
posiciôn en los compuestos reivindicados. Asi, aUn cuando las enseæanzas del 
documento Dl sOlo sean una fracciOn es evidente que a partir de la divulgaciOn de 
los elementos estructurales que realiza estØ documento, una persona versada en la 
materia tØcnica se encontraba en capacidad de derivär los elementos caractersticos 
de los compuestos reivindicados, por lo quie no septede considerar que la materia 
cumple en estricto sentido con el requisitb de altura inventiva. 

"Con respecto a Ia Tabla 13 cIa Dl, los compuestos qua presentan un sustituyente pirrol Se 
encuentran ilustrados especificamente an 10717/04, 10717/A04, 107171A If. 10717/84, etc. 

. Sin embargo, como Se mencionó antenormente, ninguno de dichos compuestos presenta una 
amida coma sustituyente en ci anillo cia pirrol. Ahora, a! evaluar Ia actividad do estos 
compuestos an Ia Tabla 14, se encuentra qua los mismos no presentan actividad a presenter, 
una actividad !nsipiente sobre FLK quinasa, y solo una actividad moderada sabre quinasa 
EGFR o Mar. 

PorIo tanto, una persona medianamente versada en ía materia, con /a tarea do desarroflarun 
compuesto con actividad inhibitoria sobre VEGFRy PDGFR, no ha brie encontrado motWaciOn 
aiguna para seleccionar y modificar alguno de los compuestos de Dl, que enseflan ser mÆs 
activos sabre otro tipo de quinasas, y cuyo efecto sabre PDGFR es completamente 
desconoc!do. Particularrnente, an vista do los datos presentados pmviamente, las indolinonas 
sustituidas con pirro!, con grupos ester coma sustituyentes del aniiio do pirrol (segOn Dl), 
prosentaron inhibiciOn de PDGFR muy pobre" 

Respecto de las afirmaciones del seæor solicitante es preciso seæalar que no sOlo se 
encuentran tres ejemplos con sustituciones tipo pirrol sobre el anillo de 2-indolinona, 
existe otro grupo de compuestos frente a los cuales el seæor solicitante ha omitido 
pronunciarse, toda vez que Iosdatos de porcentajede4nhibiciOn frente a FIk quinasa, 
EGFR y Met quinasa son significativos. Para ilustrar Łste hecho se remite al seæor 
solicitante al contenido de la tabla que a continuaciOn se presenta ya que los 
ejemplos 1071711309, 10717/C09 y 10717/Cl 1, es decir, el segundo grupo de 
compuestos con sustituyente de metilen-pirrol presentan porcentaje de inhibiciOn 
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incluso del 77,1% sobre Fik quinasa en el caso de la estructura 10717/C09 o del 
78,3% sobre EGFR y del 88,8% sobre Met quinasa en el caso de 1071711309. Es 
decir, resultados considerables sobre los cuales el seæor solicitante no se pronuncia, 
aCm cuando de manera general desestima los resultados de las pruebas con base 
exciusivamente en los datos reportados para 10717/1309, 1071 71C09 y10717/Cl 1. 

Tablas 13y 14. Estnictura - actividad antecedente Dl (folios 1235 a 1237 de la solicitud) 

- 

CODGO PIOMBRE Fik quinasa EGFR Met quinasa 
% 

Inhibiclon % InhIbIclôn % Inhiblc6n 
1071 71A04 [(1-methprroI-2-l)methidenfl)-

5,74bromo-2-indolinona 

ON 4,5 29,0 37,4 

1071 hAl I 3-[(3,4-dibromo-2-metilpirrot-5-
iI)metilidenil}.5,7-dibromo-2-
indolinona 

8 Sr 

-5,8 59,9 64,8 

Sr H 

or N 

- - 

1071 71904 3-[(1-meIpirroI-2-H)metiden]-
5-yodo-2-indoknona 

-18,3 10,3 70,0 
CH3 

107171909 3-1(pirroI-24li)methidenIJ-5-
yodo-2-indollnona 

78,3  88,8 -40,7 

1071 71C09 3-[(piffo-2-iI)metidenhI]-5-
bromo-4-metfl-2-indolinona 

77,1 8,1 47,7 
H 

1071 1ICI I I(3,4-dbromo-2-mepiffo5-
iI)metllidenil}.5-bromo-4-metil-
2-indotinona 

4,6 67,3 71,8 

El receptor del factor de crecimiento epidermal EGFR es una proteinquinasa que 
posee un dominio intracelular y estÆ sobre expuesto en una gran variedad de 
tumores sólidos, por lo que su inhibiciôn es una medida de la actividad de los 
compuestos como agentes anticancerIgenos. Y dado que el EGFR es indispensable 
en la proliferaciôn celular e interviene en los procesos relacionados con la progresión 
del tumor como son adhesion celular, invasiOn y anqioqØnesis no entiende esta 
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Superintendencia cuÆl es el fundamento tØcnico sobre el cual basa el seæor 
solicitante su argumentaciôn, para afirmar qua Østa no es una motivación suficiente 
para un experto en la matena para diseæar compuestos con caracteristicas 
estructurales similares y con la expectativa de actividad anticancerigena, cuando la - 
actividad del factor de crecimiento endotelilal vascular VEGF depende de la actividad 
del receptor del factor de crecimiento epidermal y por ende, de una estructura con ) 
actividad inhibsdora del EGFR necesariamente se espera una incidencia y efecto 
sabre el VEGF’. 

Por su paLdoirnerto_nto D hace referenda a los resultados de las pruebas.de 

resultadosdelC50no resultan tan alentadores debido a que en la mayoria de los 
casÆison mayores a I OOpM, existe evidencia de su actividad y esta evidencia fuŁ 
confirmada en una gran variedad de estudios realizados durante la dØcada del 90, 
los que aseguran la actividad de 3-[(3 o 4-carboxietilpirrol-2-iI)metilidend]indol-2-ones 
coma inhibidores de los receptores de tirosin quinasas VEGF, FGF y PDGF. 

Esta Superintendencia se refiere en particular a las publicaciones "Design, synthesis 
and evaluations of substituted 3-((3- or4-carboxyethy!pyrrol-2-y!)methylidenyljindolin-
2-ones as Ihibitors of VEGF, FGF, and PDGF Receptor Tyrosine Kinases2" de fecha 
19/11/1999y "Synthesis and biological evaluations of 3-substituted indolin-2-ones A 
Novel Class of Tyrosine Kinase Inhibitors, That Exhibit Selectivity toward Particular 
Receptor Tyrosine Kinases3" de fecha 09/06/1998. En el resumen de la primera 
publicaciOn se indica que en caso de los compuestos indolin-2-ona sustituidas en 
posicion 3 se han encontrado valores dT50 en el ord nanorni, en particular 
frente a la inhibición de las tirosin quinasas PDGF-R,E trLeapeciaI Se 
hace referenda al compuesto I que presenta vaIoreSde 1050 de 20 riyjrente a 
VEGF-R2 (FIk-I/KD ).-y--RI_ I respectivamente. IoThpuesto 16f Se 
publica un valor d IC50 de I OnM ente al receptor de tirosin quinasa PDGF-R. Tanto 
el compuesto I como e compuesto 16f se derivan de la fôrmula.Markush que a 
continuaciôn se presenta: 

En consecuencia, una persona medianamente versada en la materia, con la tarea de 
desarrollar un compuesto con actividad inhibitoria sót*e VEGFR y PDGFR, contaba 
con amplia información sobre las caracteristicas estructurales de los nUcleos de 2-
indolinonas sustituidas en posiciôn 3 con actividad anticancerigena ya que el 
documento DI presenta una biblioteca amplia de compuestos con potente actividad 

1 Corey K. Goldman, at al. "Epidermal Growth Factor Stimulates Vascular Endothelial Growth Factor 
Production by Human Malignant Glioma Cells: A model of Glioblastoma Multiforme Pathophysiology". 
Molecular Biology of the Cell. Vol. 4, 121-133, January 1993. 

2 Li Sun, et al. "Design, synthesis and evaluations of substituted 3-[(3- or 4-carboxyethylpyrrol-2-
yl)methylidenylindolin-2-ones as Ihibitors of VEGF, FGF, and PDGF Receptor Tyrosine Kinases". 
Journal of Medicinal Chemistry, 1999,42 (25), pp 5120-5130. November 19, 1999. 

Li Sun, et al. "Synthesis and biological evaluations of 3-substituted indolin-2-ones: A Novel Class of 
Tyrosine Kinase Inhibitors That Exhibit Selectivity toward Particular Receptor Tyrosine Kinases". 
Journal of Medicinal Chemistry, 1998, 41 (14), pp 2588-2603. June 9, 1998. 
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sobre protein-quinasas y ademÆs de dicha publicaciôn existia amplia bibliografla 
tØcnica que corroboraba los hallazgos de SUN y colaboradores (inventor relacionado 
en Dl e investigador que publico sus hallazgos en el articulo: "Design, synthesis and 
evaluations of substituted 3-f(3- or 4-carboxyethylpyrrol-2-yl)methylidenyljindolin-2-
ones as Ihibitors of VEGF, FGF, and PDGF Receptor Tyrosine Kinases’). 

De esta manera, los argumentos del seæor solicitante sobre la motivación que 
encontraba una persona versada en ciencias farmacØuticas para diseæar 
compuestos como los reivindicados es clara y evidente a partir de los documentos 
del estado del arte Dl y D2, dada que los mismos inventores reiteraron sus 
resultados iniciales en artIculos publicados en (a revista Journal of Medicinal 
Chemistry, por lo que el resultado en tØrminos de actividad que se atribuye el 
solicitante constituye un resultado obvio y no completamente desconocido como 
equivocadame9tØ lo ha argumentado sino por el contrario, ha sido ampliamente 
estudiado. 

� uDe otra parte, aUn cuando 02 revela compuestos qua son esfructuralmente similares a los do 
la presente invenciôn, qua correspondon a 3-((pirrol-2-il)metilideno)indolln-2-onas, D2 no 
proporciona enseflanzas o sugerencias respecto al uso do un grupo alqui!-carboxamida 
sustituido en la posición 3 del anillo do pirrol". 

Con relación a los argumentos del seæor solicitante esta Superintendencia se permite 
seæalar que en la divulgaciôn del documento D2 existen varios ejemplos que 
permiten evidenciar la obviedad de las modificaciones que presenta el seæor 
solicitante para et compuesto reivindicado (ver esquema comparativo), par to que es 
contrario a la verdad que el anillo revelado en esta anterioridad no presente un 
sustituyente alquil-carboxilo sobre la posicion 3 del anillo de pirrol. 

/ 

H I ii 

Especie qulmica reivindicada Ejemplo labia 10 de Dl (folio 1072) 
H 

Ejemplo ide D2 (folio 1232) 

Par otra parte, aCm cuando se presentan solo un par de ejemplos en D2 para ilustrar 
la sustituciOn de la posición 3 del anillo de pirrol, el seæor solicitante olvida que en la 
definición que acompaæa el pliego reivindicatorio de dicho antecedente se propone la 
oDciOn-de.-tenrarupos C-amido en esa posiciôn, por lo que sus argumentacionØs 
tpço se ajy! Jrealidadde! contenido divuigadoen 
28, en donce.aeestab1ecen IasonnotaciquimLcasu 
prsentesobre.ertitta de pirroL 

� "Nuevamente deseo senalar qua el concepto invontivo cave involucrado en Ia presente 
invenciOn corresponde precisamente al grupo amida (R°) quo sustituye el anillo do piirol de los 
compuestos do la invendiOn. Como Ia demuestra Ia siguiente tabla, la presencia del grupo 
amida proporciona una mejor actMdad, en comparaciOn con compuestos qua tienen 
sustituyentes diferentes en esa posiciôn". 

"En gracia do discusión, aunque los compuestos do la presente invenciOn compartan un 
nUcleo comün con otros compuestos correspondiente a indolinonas sustituidas con pirrol, la 
sustitucIôn do  la posiciôn 3 del anhllo do pirrol en Ia presente invención (R6) resulta 
completamente novedosa e inventiva, pues compuestos similares dol estado del arte, quo a ía 
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sumo presontan un grupo ester (-C(0)OR) como en los compuestos ilustrados en ía anterior 
table, enseflan claramente quo al reemplazo do clicho ester o aiquil en Ia posiciOn 3 por un 
grupo amida, proporciona un incremento signiflcativo en la actividad, produciendo compuestos 
altamente Utiles an la inhibiciOn do ambas kinasas (4 O,rienos de magnitud pare PDGFR y2 
Ordenos do magnitud para VEGFR2), 10 quo significa una importante ventaja an la terapia 
anticancerigena" 

7 
10 

Esta Superintendencia no compfende por quØ en repetidas oportunidades el seæor 
solicitante ha argumentado que precisamente el sustituyente carboxamida de la 
posicion 3 sobre el anillo de pirrol es la causa y origen fundamental de la actividad 
anticancerigena de las estructuras de indolil-2-ona sustituidas en posiciôn 3 por 
metilihdenil-pirrol, cuando se ha comprobado en repetidas oportunidades que incluso 
estructuras que presentan como sustituyentes grupos metilo en dicha posición 
conservan la actividad anticancerIgena, producto de la inhibición de la actividad de 
los receptores de tirosin-quinasas. 

Tanto la publicación Dl como los articulos que sobre actividad han publicado los 
inventores de los compuestos alil revelados coinciden en afirmar que aün con 
sustituyentes ester se presenta la actividad inhibidora sobre los receptores de tirosin-
quinasa PDGFR con concentraciones mlnimas inhibitonas de orden nanomolar 

. (10rM), como es el caso del compuesto 16f que responde a la estructura Markush 
de la publicación "Design, synthesis and evaluations of substituted 3-f(3- or 4-
carboxyethylpyrrol-2-yl)methylideny!Jindolin-2-ones as Ihibitors of VEGF, FGF, and 
PDGF Receptor Tyrosine Kinases’2. Y -dado que el compuesto de referenda 
reivindicado por el solicitante, sobre el cual sustenta todo su argumento de nivel 
inventivo, presenta una concentraciôn minima inhibitoria (IC50) de orden micromolar 
de 0,008 –0,002, que traducida a nanomoles evidencia un resultado equivalente al 
revelado por las investigaciones de SUN y colaboradores, es decir, 8,OqM–2 ya que 
1pM=1000rM, es clara que el argumento sobre la reducciOn en los órdenes de 
magnitud requendos para alcanzar la actividad farmacolôgica no constituye un indicio 
de altura inventiva, toda vez que no es un efecto.inesperado sino anticipado. 

Ver la tabla que acompafla los memoriales de respuesta aportados por el seæor 
solicitante en las fechas 29/10/2007 (folios 1049 y 1050) y 01/06/2009 (foliol 102) 
que a continuaciôn se transcribe en su totalidad: 

Compuesto 
PDGFRb 

tCso 
(pM)2  

VEGFR2 
1050 (pM)3 

H3C ’-OCH2CH3 

>100 0,578 – 0,035 
(n2) 

C

N 
H 

0 

H3CeN/\\.-0CH2CH3
 

0,465 
– 

0,068 
(n2) 

H 
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(\ ,CH3 

,OH>10 >100 

H 

COMPUESTO REMNDICAOO 
CH3 

jH3 

c’ 

AN

0,008–0,002 

AO 

Otras publicaciones que forman parte de la bibliografia tØcnica relacionada con el 
= tema, seæalan que aün con estructuras como las que a continuaclôn se presentan, 

se conserva la actividad inhibidora de las protein-quinasas. Especificamente, en los 
estudios 
las estruóturas SU4984 y 8U5402 inhiben las quinasas Fc3Fr-1 con 1050 de 10 a 7 
20pM, por lo que es evidente que ta actjvidad coün con 
modificaciones comDleias sabre la estructura de la n%etiliden-indolil-2-ona.2 

H 
R= 

51.14984 

CO2H 
t_Nf 

(CI4)2 CH3 

H 

R= 

SU5402 

As[ (as cosas, existe un gran nUmero de publicaciones en revistas, derivadas de los 
estudios inicialmente revelados por los documentos Dl y 132, las que durante la 
dØcada del 90 se dedicaron a constatar los resultados de actividad asociada al 
nUcleo de las metibden-indohl-2-onas sustituidas por pirrol reveladas inicialmente par 
SUN y colaboradores en Dl y par TANG y colaboradores en D2. 

5. AnÆlisls do patentabilidad (articulo 14 P. 486) 

5.1 Nivel inventivo (articulol8 P. 486) 

El requisito de altura inventiva se evaluó por comparaciOn entre los elementos 
caracteristicos de los compuestos reMndicados y aquellos revelados por el estado 
del arte, empleando la aproximaciôn problema-soluciôn y a partir de las enseæanzas 
tØcnicas reveladas por los documentos Dl y 132. 

4Showalter, Hollis, at al. OSmall Molecule Inhibitors of the Platelet-Derived Growth Factor Receptor, 
the Fibroblast6 Growth Factor Receptor, and Src Family Tyrosin Kinases. Pharmacol. Ther. Vol. 
76, Nos. 1-3 pp. 55.71, 1997. Elsevier. 
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I Se reMndican compuestos de fômiula (0: 
Re 

H 
/\ 

R1 
N 

R5 

H 

Para los cuates: 

R1 es -H, aiquilo C14, -(CH2)rR16 y -C(0)NR8R9 

Wes -H, halo, fenhlo, -S(0)2NHfenilo y -SO2NHpiridinilo 
Wes -H, aiquilo C14, alcoxi C14, fenilo, piridito y - C(0)R15 
Wes -H
R5 es -H y alquito C4 
R6 es 
R1 es -H, aiquilo C4 y fenilo 
R8 y R9 se selecciona independientemente entre -H, aiquilo Cle y fenilo 
R’° es -N(R11)(CH2)R12, donde nes 1.,26 3 
R11 es -H 
R12 es alcoxi C14, -C(0)R15, pirrolidina, pirrolidin-2-ona, piperazina, imidazot-2-ona, 
piridin-2-ona, tetrahidropirimidin-2-ona, 2-oxo-azepan y -NR 13R14 
R13 y R14 se seteccionan del grupo formado por -H, aiquilo C14, 0 R13y R14 se pueden 
combinar para formar un grupo -(CH2)4-, -(CH2)5-, -(CH2)z-O-(CH2)r y 
-çCH2)2N(CH3)(CH2)2- 
R 5se selecciona del grupo formado por -H, hidroxi, alcoxi C14 y fenoxi 
R16 se selecciona del grupo formado par -OH, -C(0)R5 
res2ô3 

En especial, se pretende protección para las especies qulmicas: 

a) b) 
y 

C) La sat L-matato de (2-dietilarninoetit)amida de Æcido 5-(flüor-2-oxo-1 ,2-dihidroindot-
3-ilidenmetd)-24-dimetil-1 H-pirrol-3-łarboxlhco 

� El estado del arts previo a la invención presenta los siguientes 
documentos: 

Anterloridad Dl: 
La publicaciôn Dl revetaestructuras quo presentan el nücleo de formula (Ill): 
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Para el que: 
R1 es H o aiquilo 
R2 es oxigeno o azifre 
R3 es, H 
R4, R5, R6 y R7 se eligen de manera independiente entre H, alqudo, alcoxi, aril, ariloxi, 
alcaril, alcariloxi, halóqeno, trihalometil, entre otros. 
A1, A2, A3 y A.1 se eligen de manera independiente entre C 0 N 

A representa un anillo: G donde D, E. F y G son atomos de nitrogeno, 
carbono 0 azüfre 
A es un anillo de cinco miembros de tipo heteroarilo seleccionado del grupo que 
consiste en: tiofeno, pirrol, pirazol, isoxazol, imidazol, I ,2,3-triazol, oxazol, tiazol, 
entre otros. 

El anillo A se sustituye ademÆs en las posiciones 4, 5 y 6 por una amina que 
presenta la siguiente estructura: 

CH3 

\ 

N�. 

/ 

Ra 
Para la cual: 
Ra es CO(CH2)2COOH, arilo, alquilo o contiene un grupo COOH, OH o NI-12 

De esta manera, al sustituir dentro de la estructura los grupos mÆs representativos 
se tienen compuestos que presentan los siguientØs elementos caracteristicos: 

H 

Anterioridad D2: 
La publicación D2 revela estructuras que presentan el siguiente nUcleo: 

Para la cual: 
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8 R
 
 R 

4JR8 

17 
Qes 
Z es oxigeno 
R1 es -H 
R2es-H 
R3, R4, R5 y R6 es -H, aiquilo, alcoxi, ardoxi, halo, entre otros. 
A1, A2, A3 y A4 es carbono o nitrógeno y en el caso que es ntrogeno no existen R3, 
R4RSyRO 

B1 y B2 son elegidos entre N y   
J’ es 0, N o   
12, 13 y J4 son elegidos de manera independiente del grupo que consiste entre 
carbono, nitrôqeno, oxiqeno y azüfre 
R7, R8, R8, R, R9, R, R’°, R10, R11, R11, R12, R12 son elegidos de manera 
independiente entre H, aiquilo, trihalometilo, N-sulfonamido, C-amido, N-carbamoil, 
0-carbamoil, NR18R19 (para el quo R18 y R19 pueden ser elegidos de manera 
independiente entre H, aiquilo, C-carboxi, carbonito, acetilo, sulfonhlo y puede estar 
combinado con un anilio heteroaliciclico de 5 ô 6 miembros),W(CHC(aY1T (para 
el quo W es elegido entre N, 0  8; m Os Wi nUmero elegido entre 0, 14 2 o 3; Y es 
elegido entre 0  8; T es un grupo �OH, alcoxi, ariloxi, 0-carboxi, -NR 8R19). 

Do esta manera al reemplazar los radicales 
representativas reveladas en el antecedente 02 
siguientes caracterlsticas qulmicas y funcionales: 

H 

AnÆlisis de diferencias tôcnicas: 

por las connotaciones mÆs 
Se tienen compuestos con las 

0.1.26 
WHOM 

NR’8R1° 

Donde We y R19 pueden ser aiquilo 

Al comparar los elementos tØcnicos caracteristicos de (a formula i y de las especies 
qutmicas reivindicadas junto a las enseæanzas del estado del arte reveladas en Dl y 
D2 fue posible establecer las siguientes diferencias tØcnicas: 

Tabla 1. Comparaclón de elementos tØcnlcos. 

Mateila Roivindicada Dl (W09807695) D2 (W09850356) 
CiÆusula 1: 

IF R2 

?N? ’

 

R5- 4 \ R7 R,  



0 
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R 

:x=H

 

N 
H 

R4 

R2 

3 
R 

"3 

R5A4 N 

\ k R1  

Clusulas 5 y 7: Folio 1072 Tabla 10. 3-(2-acebl-3,4-dimetilpirrol-5-
metilidenil)-2-indolinona 

0 0 (Ejemplo 2 folio 1232) 
CH3 

NH 

N H. jL41 
CH 

HH3C

 

F 

NI N 

H 

3-(2-cloro4-meto)icarbonil-3- 

"CH3 

metoxicarbonilmetil-pirrol-5- 
matilidenil)-2-indollnona 
(Ejemplo 7 folio 1232) 

OCH3 

H3CO 

CI 

H 
H 

3-[(3,4-dibromo-2-metilpirrol-5-
i)metilideni$]-5,7-dibromo4meth-
2-indolinona 
(Ejemplo 107171H11 folio 1233) 

H3 N

 

ar 

N 
H 

Br 

Con respecto a Dl la diferencia estriba en que A corresponde a un grupo �NCH3Ra  
donde R. es -CO(CH2)2COOH, arilo, alquilo o contiene un grupo -COOH, -OH o - 
NH2. Es decir, el grupo amido de la cadena lateral que se enlaza al anillo de pirrol lo 
hace por el Ætomo de nitrogeno y no por el carbono carbonilico. 

Con respecto al documento D2 la diferencia estriba en que el sustituyente R8 puede 
ser un grupo C-amido sin que incluya una sustitución adicional alquil-amino o aiquil-
heterociclo como en el caso de las especies reivindicadas en las clÆusulas 5 y 7. 0 
eventualmente puede ser NR18R19 donde R18 y R19 puede ser carbonilo y alquilo o un 
anillo heteroaliciclico de 5 ô 6 miembros, pero en este caso, el enlace al anillo de 
pirrol se efect(ja por medho del Ætomo de �N y no por el Ætomo de carbono del grupo 
carbonilo como en el caso del sustituyente R6 de la formula Markush. R8 en D2 
tambiØn puede ser -W(CHC(=Y)T donde W es -N, m es un nUmero elegido entre 
0, 1, 20 3, Y es 0 y   es un grupo alcoxi, ariloxi, 0-carboxi o -NR18R19. Es decir, en 
este caso tambiØn el enlace al anillo de pirrol se efectCa mediante el Ætomo de �N y 
no por el Ætomo de carbono carbonIlico. 
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Del problema tØcnico objetivo y el efecto tØcnico: 

El problema tØcnico objetivo tiene como fundamento el diseæo y desarrollo de 
estructuras quimicas altemativas que presenten actividad como inhibidores de las 
quinasas PDGFRb y VEGFR2. 

No obstante, el problema tØcnico parece haber sido resuelto por los compuestos 
revelados en los antecedentes en especial por los que enseæa el documento D2 que 
presentan el sustituyente carbamoilo en la posición 3 del anillo de pirrol y de otros 
que se publican las Tablas 7 y8 del folio 1075 que hacen referenda a la actividad de 
2-indolinonas sustituidas en posicion 3 por metilidenil-pirrol y cuyo sustituyente es de 
tipo carboxilo, como inhibidores de la actividad del grupo de quinasas relacionadas 
con el factor de crecimiento endotelial EGFR, y con el receptor del factor de 
crecimiento denvado de plaquetas PDGFR. 

De igual mariera, las enseæanzas reveladas por el antecedente Dl dejan entrever 
que estructuras que conservan el nUcleo de indolinona sustituida por metiliden-pirrol 
y con radicales tipo carboxamido en la posición 3 del anillo de pirrol presentan 
actividad sobre el grupo de protein quinasas conforrnado por: Ak, FGFR, PDGFR y 
raf. 

As[ las cosas, al estudiar en conjunto o de manera independiente las enseæanzas de 
los antecedentes tØcnicos Dl y D2 es posible anticipar tanto los elementos 
estructurales y funcionales de los compuestos reivindicados como el efecto tØcnico 
atribuido a las estructuras, debido a que su actividad como anticancerigenos y 
moduladores de procesos inflamatorios en enfermedades como artritis, ha sido 
estudiada desde la dØcada del 90. 

Para ilustrar este hecho se remite al seæor solicitante al contenido de la tabla 10 del 
antecedente Dl (folios 1072 y 1073) y de las tablas 7 y 8 del antecedente D2 (folio 
1075) en las que se incorporan datos de concentraciOn minima inhibitoria IC50 como 
medida de la actividad de los derivados de pirrol-metilen-indolinona sobre un grupo 
de enzimas pertenecientes a las protein quinasas. As[, en virtud de los 
conocimientos que revela el estado del arte mâs cercano a la invenciOn era posible 
denvar las caracteristicas de la materia reivindicada yen consecuencia una persona 
versada en ciencias farmacØuticas Se Øncontraba en capacidad de disenar 
molØculas como las reivindicadas, tomando como punto de partida las enseæanzas 
de los antecedentes Dl y/o 02, por Ia que la materia reivindicada carece de altura 
inventiva y no constituye un salto cualitativo en la regla tØcnica. 

Ahora bien, un experto en la materia sobre la base de la totalidad de los 
conocimientos recogidos en los documentos Dl y D2 habra reconocido la posibilidad 
de modificar el sitlo de union al radical carbamoilo sin que ello generara alteraciôn 
alguna en la actividad farmacolOgica de las molØculas, ys que 02 presenta la opciOn 
de sustituir la posiciOn 3 del anillo de pirrol exclusivamente por un grupo carboxamido 
enlazado a travØs del carbono carbonilico sin que se modifique la actividad, a 
eventualmente por un grupo carboxamido sustituido por alquilo o ariloxi, por lo que la 
diferencia tØcnica hallada no es evidencia de un efecto tØcnico inesperado. 

Por las razones expuestas anteriormente esta dependencia reitera que et arte previo 
afecta la altura inventiva de la materia reclamada y por consiguiente existe 
incumplimiento de las disposiciones contempladas en el articulo 18 del ordenamiento 
jurIdico andino. 
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6.. Conclusion: 

En consecuencia y por todo lo expuesto anteriormente, se recomienda Negar las 
reivindicaciones: 1 a 8 (folios: 1106 a 1107) 

Bogota, D.C., 06/10/2009 

I EXAMINADOR TECNICO 

Ec

ONCEPTO TECNICO No. 35213Codigo No. 202044 
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RESOLUCION - 5 37  3 8. 
Por la cual se resuelve un recurso de reposición 

Rad. PCT 01012068 ii 

EL SUPERINTENDENTE DE INDUSTRIA V COMERCIO 
en ejercicio de sus facultades legales, especialmente de las conferidas en el 

numeral 54 del articulo 30 del Decreto 1687 de 2010, y 

CONSIDERANDO 

PRIMERO: PRIMERO: Que, mediante Resoluciôn N° 68274 del 29 de diciembre de 
2009, Is Superintendencia de Industria y Comercio denegó La solicitud de patente 
de invenciôn a la creaciôn denominada UINDOLINONAS SUSTITUIDAS CON 
PIRROLES INHIBIDORAS DE PROTEINQUINASAS, con fundamento en los 
articutos 14 y 18 de La DecisiOn 486 de La ComisiOn do La Comunidad Andina, al 
estimar que La misma no cumple con el requisito do nivel inventivo, por tratarse de 
molØculas con actividad inhibidor sugeridas por el arte previo. 

SEGUNDO: Que, mediante escrito radicado en esta Entidad el 29 de enero de 
2010, con el rumero 01 012088 00020 - 0000, el doctor Carlos Olarte, en su 
calidad de apoderado de la sociedad Sugen Inc. y Pharmacia & Upjohn Company, 
interpuso recurso de reposiciOn contra La citada ResoluciOn, con fundamento en los 
argumentos que a continuaciOn se sintetizan: 

El recurrente sostlene quo el documento W09807695 (en adelante Hamado Dl), no 
revela o sugiere compuestos correspondientes a un sistema do indolin-2-ona-3-
pirrol, que a su vez estØ sustituido en la posiciOn 3 por un grupo amida sustituida, 
ademÆs afirma quo en ninguna de las posibilidades sugeridas por Dl so considera 
incluir un grupo amida en la posiciOn 3 de dicho anillo do pirrol. Adicionatmente, 
seæala que la persona medianamente versada en La materia al incluir un grupo 
altamente electronegativo como sustituyente del anillo do pirrol y los electrones 
resonantes do la estructura se deslocalizan disminuyendo La densidad electrOnica 
global del anillo. Par 10 tanto, La diferencia estructural entre Los compuestos de Dl y 
La presente invenciOn, especificamente relacionada con La inclusiOn de una 
sustituciOn de un grupo electronegativo sobre su estructura, claramente conileva a 
cambios en Las propiedades moleculares. 

En relaciOn con la anterioridad W09850356 (en adelante Ilamado D2), el 
apoderado afirma que, como 10 reconoce el examinador, dicha anterioridad, ci bien 
ella menciona como posible sustituyente del anillo do pirrol la inclusiOn de un grupo 
dicho C-amido, Øste no puede estar sustituido adicionalmente por aIquil amino o 
alquil-heterociclico, como on et caso do las especies reclamadas. Igualmente, 
resalta quo ninguno do los ejemplos llustrados en D2 enseæa el uso do un grupo C-
amido (obviamente no sustituido) sobre la posiciOn 3 del anillo de pirrol que so 
encuentre en La posiciOn 3 del grupo indolin-2-ona. 

Por otra parte, el apoderado argumenta que "es incomparable la susfitucióri 
amidica sustituida, a su vez por una dialquil-aIquiI-amina do (a presente invenciOn, 
con grupos aIquil-cerboxllicos o aiquil-ester del arte previo". V afirma que "(OS 
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efectos electrônicos do un grupo amida sabre un anillo de pirrol disrninuyen 
signiticativamente Ia densidad de electrones sabre dicho anillo, con consecuencias 
en las propiedades flsicoqulmicas y aUn biolôgicas do ía molØcula. Ad!cionalmcnte, 
no es Jo mismo incluir en Is molØcula un extiemo do carÆcter dc/do (-COGH o - 
COOR), quo un extromo do carÆoter bÆsico (dietilamina �Reivindicación 5, o 
pirrolidina �Reivindicaciôn 7), pues oslo dotinitivamente modifice las interacciones 
ligando-receptor en el sitio de union do Ia proteins. En conclusiOn, ía con figuraciOn 
estructural especifica do los compuestos do Is presente invenciOn asi como sus 
efectos, no hen sido sugendas en el erIe previo y pot 10 tento no puede set 
considerada obvia pam una persona medianamente versada en Is meteria" 

Do otro lado, el recurrente hace referenda a Is declaración juramentada de Is Ora. 
Jean Cui (Is cual adjunta como anexo 3); experts en la qulmlca medicinal de 
compuestos basados en un nOcleo de indolinona-3-pirrol como los de Is soilcitud 
denegada y alega que "Ia invenciOn reivindicada he permitido determinar quo Is 
sustituciOn amida sobre Is posiciOn R6 en los compuestos desarrollados, aumenta 
los efectos do inhibiciOn do to quinaso on genera!, y do manera mÆs importente 
mejorO Is solubilidad y estabilidad metabOlica, de manera drarnÆtica". Igualmente, 
afirma que "aun quo el arte previd citado pot el exam!nador haya revelado 
molecules quo comparten un nUc!eo estructural con las molecules do la presente 
invenciOn y so haya determinado su actwidad general sabre enzimas do tipo 
quinasa, a partir do cliches enseflanzas no es posible deducir Is uti!idad final do 
dichas molOculas y menos aUn Ia ventajas que proporcionarlan variaciones 
novedosas e inventivas, no sugetidas en dicho site previo". 

El recurrente considers que no hay enseæanzas en Is anterioridad Dl que guien a 
una persona medianamente versada en Is matena al desarroflo especifico de 
molecules con Is estructura especifica (3-amido)-3-(pirrol)-3-indolin-2-ona. Es asi 
como los ensayos de Dl corresponden a un screening farmacológico Inicial cuyos 
resultados proporcionan datos do porcentajes (%) de lnhibiciôn, Ia que signifies 
que los ensayos fueron realizados con una concentraciôn fija que, tal como lo 
manifiestan los mismos investigadores (ver Declaraciôn del Dr. J. Cui), en Is epoca 
do presentaciôn do dicha sohcitud correspondian a 10pM; par el contrarlo, los 
resultados comparativos quo so proporcionan para la presente invenclón dustran 
datos de IC50, que pars los compuestos reivindicados so encuentran en niveles del 
rango nanornolar, lo quo significa por Ia menos 3 órdenes de magnitud do potencia 
mejorada. 

El apoderado alega que el cambia estructural en el sustituyente de Is posiciOn 3 
del anillo de pirrol, modifica significativamente Is actividad de molØculas do tipo 3-
(pirrol)-3-indolin-2-ona; con to anterior se demuestra que los compuestos 
reivindicados (i) proporcionan una potente inhibiciôn sobre VEGFR2 y PDGFR y 
(ii) quo Is potencia mutikinasa aumentada se debe principalmente a Is presencia 
de un grupo amido (-C(0)NR’(CH2)R, donde R es coma so define en las 
reivindicaciones) en Is posición R6 del anillo de pirrol. Igualmente, indica que ni las 
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modificaciones estructurales en esta posiciôn ni las ventajas del sustituyente amido 
fueron siquiera sugeridas par el arte prevlo, 

El recurrente insiste en que la Dra. J. Cul en su declaración juramentada 
proporciona ejemplos adicionales en este sentido, donde compuestos que 
comparten el nUcleo estructural, pero difieren en sus sustituyentes, proporcionan 
resultados diferenciales sabre tres enzimas quinasas (FLKI, el ortOlogo on ratAn de 
la VEGFR humana; Src; y CDK2, que as una serina-treonina quinasa). 

Complementa 10 anterior expresando que ume permito ilamar la atención do ese 
despacho a los resultados ilustrados en al articulo do Li Sun et al., J. Med. Chem, 

S 46, 2003 1116-1119, qua tambiØn son concluyentes demostrando quo Ia inclusiOn 
dol grupo amida en to posición 4 del ani!Io pirro! (R6), proporciona resultados 
ventajosos e inesperados (vet Tab/a I dol aitloulo en menciOn, anexado en ía 
respuesta al tercer examen do fondo)’. 

De otro ledo, el recurrente afirma que 7e)l compuesto SU5416 (incluido en la 
divulgaciOn general do Dl y 02, y Is publicacJOn Li Sun, J. Med. Chem, 1998), 
no tiene sustifuyentes polares sabre al aniio do pirrol. Este compuesto mostrO una 
potencia moderada contra VEGFR, una pobre solubi!idad y pobre estabilidad 
metabOlica, 10 qua resultO en una inadecuada fannacocinØtica in-vivo. El aniio do 
pirrol rico en electrones proporciona un compuesto qua as fad/monte 
metabolizable, para que ci (sic) la vida media resuita excesivemente reducida y 
POT 10 tanto con un potencial anticancerigeno limitado". 

AdemÆs, hace Ønfasis en qua "fell compuesto SU6668 (cubierto on general porDi 
y la publicaciOn Li Sun, et al. J. Med. Chem, 1999-pie do pagina 5), quo tiene un 
sustituyente aiquil en Ia posición R6 (acido prop!onico), mostrO una Palencia 

S prometedora contra VEGFR y POGFR, sin embargo, Øste compuesto sufre un 
alto ’clearance’ (as removido rÆpidamente do la sangre) y tiene un pert!l de uniOn 
a protelnas muy alto, par lo tanto, no proporcionO efectwidad alguna en humanos. 
Lo anterior ilustra qua una actividad in-vitro dada, no garantiza quo un principio 
activo proporcione tambiØn una actividad OIll in-vivo y eOn menos que dicha 
molØcula pueda formularse en un medicamento". 

Finalmente, el recurrente seæala qua muchos palses han concedido patente a 
solicitudes equivalentes a esta, entre ellos Per( y Ecuador que, como Colombia, 
son miembros de la CAN y so rigen par La misma leg islación de propiedad 
industrial. Asimismo, afirma que se entiende quo bajo lo establecido par el articuto 
18 de la Decision 486 Perill y Ecuador consideran que La invenciOn aqul reclamada 
es inventiva. 

TERCERO: Que, dentro del contexto antes descrito, esta Entidad procede a 
resolver el recurso de reposición interpuesto en Los sigulentes tØrminos: 
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En relación con los argumentos del recurrente sobre el nivel inventivo do Is solicitud 
denegada frente a Is antenoridad Dl, este Despacho reitera que, tal y como se 
expuso en Is Resoluciôn de denegaciôn,  Is persona medianamente versada en Is 
materia se encontraba en capacidad do denvar los elementos caractersticos do 
los compuestos reivindicados a partir de las enseæanzas del estado del arte, toda 
vez que los compuestos revelados por cada uno de los documontos Dl o D2 
conservan los elementos funcionales do Is estructura 2-indolinona sustituida en Is 
posiciOn 3 por metilen-pirrol sustituido, asi coma su actividad farmacolôgica. 
Adicionalmente, Is extension del documento de patente W09807695 no es un 
argumento relevante pars que sea descartado como documento y arte prOximo a 
Is materia relvindlcada. Si bien los compuestos quo presentan sustituciOn tipo 

. pirrol representan una proporciOn de Is divulgaciOn total contenida en Dl, esto no 
se constituye en un argumento valedero pars no seguir considerÆndolo como arte 
proximo a los compuestos reclamados. 

Ahora bien, Is anterioridad Dl enseæa que el radical Ra sustituye el grupo amino 
sabre Is posicion del anillo do pirrol, el cual corresponde a CO(CH2)2COOH, artlo, 
aiquilo, COOH, OH a NI-12. Para este Despacho es evidente Is similitud estructural 
de estos sustituyentes con el grupo carboxamido que sustituye Is misma posiciOn 
en los compuestos reivindicados, con to cual se evidencia quo, a partir do Is 
divutgaciôn de los elementos, estructurales quo reabza Di, una persona 
medianamente versada en Is materia se encontraba en capacidad de derivar los 
elementos caracteristicos do los compuestos reivindicados, par 10 quo no se puede 
considerar que Is materia reivindicada cumple con el requisito do altura inventive. 

En relaciOn con Is atlrmaciOn del recurrente sabre Is presencia do un grupo 
altamente electronegativo en el anillo pirrol quo da lugar a una deslocalizaciOn que 
disminuye Is densidad electrOnics del anillo conitevando a cambios en las 
propiedades moleculares, cabe anotar que es un fenOmeno quo no sOlo puede 
presentarse en los compuestos reclamados en Is presente invenciôn, sino que 
tambiØn puede tener lugar en los compuestos I y 2 de Is tabla presentada por el 
recurrente (FL 1307) quo corresporiden al estado de Is tØcnica, los cuÆles contienen 
et grupo altamente electronegativo en el anillo pirrol. Sin embargo, dicha posible 
deslocalizaciOn electrOnica no garantiza Is actividad superior sobre PDGFR y 
VEGFR2 en los compuestos I y 2 de las tablas referidas, segtn to demostrado par 
el mismo solicitante: 

Compuestos I y 2 tabta folio 1307 
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Dichos compuestos1 a pesar de presentar un grupo attamente negativo en el pirrol 
(el cuªl se encuentra encerrado en el recuadro), no logran la marcada inhibiciôn 
sobre los dos receptores ni una potencia multiquiriasa aumentada segUn to expresa 
el recurrente (FI.1308). En consecuencia, dicha destocatizaclOn en los derivados 
de indolinonas no sustenta la afirmaciôn del apoderado, en cuanto a qua la misma 
da lugar a cambios moleculares con efectos coma: (i) la potencia inhibitoria; (ii) el 
peril) de selectividad sobre quinasas y (’ii) sus propiedades farmacØuticas; por el 
contrario, la presencia de dicha estructura en las anterioridades desvirtüa to 
afirmado par el recurrente. Es por ello que no es posible extrapolar la actividad 
farmacolôgica de un compuesto especifico coma el de la reivindicaciôn 5 a todos 
los contenidos an la formula general Markush de la reivindicaciOn 1, puesto que 

40, como se demostrO, la presencla de un grupo altamente etectranegativo sabre el 
anillo pirrol no necesanamente puede dar lugar a compuestos inhibidores potentes 
do VEGFR2 y PDGFR. 

Par otra parte, contrario a to afirmado par el recurrente, en la divulgaciOn del 
documento D2 existen varios ejemplos qua permiten evidenciar la obvedad de las 
modificaciones qua reclama la presente invenciOn para el compuesto solicitado: 

Especle qulrnlca reMndicada 
H 

Ejemplo Tabla 10 de Dl (folio 1072) 

CLJ’ 

Ejemplo 7 de 02 (folio 1232) 

En consecuencia, el compuesto revelado an la anterioridad D2 SI presenta un 
sustituyente aiquitcarboxdo sobre la posición 3 del anillo pirrol. Si bien es cierto qua 
D2 presenta sOlo dos ejemptos para ilustrar la sustituciOn de la posiciOn 3 del anillo 
de pirrol, el recurrente olvida quo en la definiciOn quo acompana el pliego 
reivindicatorio de dicho antecedente so propone la opción de tenor grupos C-amido 
an esa posiciOn (FL 1080, linea 28, an donde se establecen las connotaciones 
qutmicas y funcionales del radical R8’ presente sabre of anillo, de pirrol). 

Respecto a) argumento segUn el cual "es incomparable la sustitución amidica 
sustituida, a su vez pot una dialquil-alquiI-amina de Ia presente invención, con 
grupos alquil-carboxllicos o a1quiI-ester del arte previo’ esta Entidad estima qua 
los efectos qua podrian presentarse por una posible deslocalizaciOn electrOnica en 
el anillo de pirrol, tambiØn pueden toner lugar an compuestos de las anterioridades 
Dl y D2 como los de la tabla relacionada an el folio 1307 (compuestos I y 2 
correspondientes a las anterioridades), y quo ella no garantiza coma consecuencia 
afinidad y elevada potencia Sabre los receptores PDGFR y VEGFR2, por to tanto 
no es posible atribuir en forma general la actividad del compuesto a una eventual 
des(ocalizaciOn electrOnica desde el nitrôgeno del anillo pirrol. Cabe aclarar qua las 
modificaciones an la estructura y componentes de una molØcula tienen efecto 
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sobre las interacciones ligando receptor como bien 10 aflrma el apoderado, es por 
ello que no es aceptable afirmar que por el hecho de que un compuesto posea una 
actividad especifica, todos los demÆs compuestos que se encuentren 
comprendidos en una estructura Markush, como la presentada en la reivindicaaión 
1, sean igualmente una soluciôn al problema tŁcnico. 

Ahora bien, a la luz de la informaciôn proporcionada por el recurrente, es claro que 
solamente los compuestos especificos contenidos en las reivindicaciones 5 y 7, 
para los cuales el apoderado ha aportado información en  la descripciOn, evidencian 
actividad sobre los receptores PDGFRb y VEGFR2. Sin embargo, como ya se ha 
senalado, la actividad demostrada para los compuestos especificos no puede 
extrapolarse a las demâs variactones reclamadas que no contienen los grupos 
dietilamina o pirrolidina, o qua no son bÆsicos como cuando R12 es alcoxi (C1-C4) 

o C(0)R15 (donde R15 puede ser OH, dando lugar a un grupo carboxilo de carâcter 
âcido), ya qua esto conlievaria una modificaciôn de la interacciôn  ligando receptor 
en el sitio de union a la proteina, como 10 expone el recurrente. 

De otro lado, en cuanto a las mejoras que presentan las estructuras reivindicadas, 
este Despacho encuentra que no existe dentro de la presents invenciOn 
informaciOn o datos que sustenten una mejora en la solubilidad y estabilidad 
metabOlica como lo argumenta el recurrente, razOn por la cual estos aspectos no 
pueden considerarse como una eventual ventaja de los compuestos reclamados 
por parte del examinador. 

Con respecto a los 1050 presentados para el compuesto de la reivindicaciOn 5, so 
reitera quo tanto la anterioridad Dl como los articulos qua sobre actividad han 
publicado los inventores do los compuestos alli revelados coinciden en afirmar que 
aCm con sustituyentes ester se presenta la actividad inhibidora sobre los receptores 
de tirosinaquinasa PDGFR con concentraciones minimas inhibitorias de orden 
nartomolar (10 qM), como as el caso del compuesto 16f qua responde a la 
estructura Markush de la publicaciOn uoesing, synthesis and evaluations of 
substitued 3-[(3- or 4-carboxyethy!pyrrol-2-y!)mathy!idenYIIifldQIifl20fles as 
inhibitors of VEGF, FGF, and PDGF Receptor Tyrosine Kinases" (Fl. 1240), y dado 
que el compuesto reivindicado, sobre el cual el apoderado sustenta su argumento 
sobre nivel inventivo, presenta una concentraciOn minima inhibitorla (1050) de orden 
micromolar de 0,008 – 0,002, que traducida a nanomolares evidencia un resultado 
equivalente al revelado por las investigaciones de Li Sun y colaboradores, as 
decir, 8,0 qM – 2, queda claro qua el argumento cobra la reducciOn en los Ordenes 
de magnitud requeridos para alcanzar la actividad farmacolOgica no constituyen un 
indicio de altura inventiva, toda vez que no es un efecto inesperado sino 
anticipado. 

Ahora bien, este Despacho encuentra que los argumentos expuestos en la 
declaraciOn rendida por la Dra. Jean Cui, ci bien ratifican la actividad del compuesto 
de la actual reivindicación 5 dentro del rango que se habla divulgado en el estado 

Cf.) 
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de la tØcnica, no desvirtLlan que la formula general de la reivindicaciOn I hays sado 
evidente a partir de las enseæanzas contenidas en los documentos Dl y D2, que 
junto con los resultados divulgados por SUN y sus cotaboradores en el Journal of 
Medicinal Chemistry entre 1998 y 1999, claramente indicaban la utilidad de las 
indolin-2-onas como Inhibidores de la tirosina quinas al actuar sabre VEGF2 y 
PDGFR, siendo en consecuencia obvio para la persona medianamente versada en 
la materia en el momenta de la invenciôn buscar compuestos altemativos que 
compartan el nCicleo indolin-2 ona sustituido en la posición 3 con un anillo pirrol. 

En el caso particular, el hecho de que tiempo despuØs de presentarse Is solicitud 
denegada se determinaran desventajas de los compuestos divulgados par Li Sun . en 1998, no Ic restituye el nivel inventivo a la presente invenciOn, ya que al 
momento de invocarse la prioridad, la informaciôn existente en el estado de la 
tØcnica y con la cual contaba el solicitante antes de la invenciôn direccionaba a la 
persona medianamente versada en la materia en forma inequlvoca a los 
compuestos aqul reclamados. 

En relación con qua el cambio estructural en el sustituyente de la posicion 3 del 
anillo do pirrol modifica sign ificativamente la actividad de molØculas de tipo 3-
(pirrol)-3-indolin-2-ona, esta Oficina aclara que es ampliamente reconocido que la 
inhibiciôn de la  proteinquinasa as una medida dØ la actividad de los compuestos 
como agentes anticancerigenos. Y dada qua el. EGFR as indispensable en la 
prokferaciOn celular e interviene en los procesos retacionados con la progreslOn del 
tumor como son adhesion celular, invasiOn y angiogenesis, para esta Entidad 
esto es razOn suficiente para que un la persona medianamente versada en la 
materia diseæe compuestos con caracteristicas estructurales similares a los 
divulgados el estado de la tØcnica, con la expectativa de quo pudiesen tener 
actividad anticancerigena, puesto que una estructura con actividad inhibidora del 
EGFR necesariamente da lugar a un efecto sobre el VEOF. 

Par su parte, el documento D2 hace referencia a los resultados de las pruebas de 
inhibiciOn sobre la proteinaquinasa FLk, PDGFR, EGFR por parte de los denvados 
de indolln-2-onas 3-substituidos; si bien es cierto que dichos resultados de IC50 no 
son muy ventajosos, existe evidencia de su actividad que tue conflrmada en una 
gran variedad de estudios realizados durante la dØcada de los 90’S, qua aseguran 
la actividad de 3-t(3-o 4-carboxietilpirrol-2-0) metilidenil]indol-2-onas coma 
inhibidores de los receptores de tirosin quinasas VEGF, FGF y PDGF. 

Respecto a qua Utah compuesto SU5416 (incluido en Ia divulgaciOn general de DI 
y D2, yla publicacion Li Sun, J. Med. Chem, 1998), no tiene sustifuyentes p0/ares 
sobre el anillo de pirro!. . . ’ esta Entidad indica que no existe dentro de Is solicitud 
denegada informaciOn o datos qua sustenten una mejora en la solubilidad y 
estabilidad metabOlica como lo argumenta el recurrente; por tal motivo, estos 
aspectos no pueden considerarse como una eventual ventaja de los compuestos 
reclamados por parte del examinador, ya que no fueron sustentados en el proceso. 
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Asimismo, frente a los compuestos SU5416 y SU668, este Despacho reitera que 
la información contenida an el estado de la tØcnica en el momento do la solicitud 
era suficiente para que la persona medianamente versada an la materia 
desarrollara los compuestos aqui reclamados, conservando la estructura 3-((3-o 4-
carboxietilpirrol-2-il) metilidenitlindol-2-onas, cuya actividad como inhibidores de los 
receptores de tirosin quinasas VEGF, FGF y PDGF ya se habla corroborado para la 
Øpoca. Igualmente, como 10 refiere la Doctora Cui en su declaración, el ejemplo 
80 de la reivindicaciôn 5 ha demostrado ser un agente anticancerigeno seguro y 
efectivo (Fl. 1376). Pero, dicha aflrmaciôn no se extrapola a los demÆs 
compuestos de la solicitud, ya que no existe irtformación tØcnica que lo sustente. 
Igualmente, como 10 afirma la Doctora Cui "la simple identificación de un 

iscompuesto con una estructura no tiene significado a menos que so demuestre 
ser biologicamente actWo y so demuestre no toner efectos adversos" (Fl. 1373). 
Bajo los anterlores argumentos, este Despacho no encuentra nivel inventivo an 
los compuestos enmarcados en le estructura general Markush de la reMndicaclôn 
I y sus dependsentes. 

Es asi como, esta Oflcina hace Ønfasis an quo los compuestos reclamados an la 
formula general Markush de la reivindicaciOn I son obvios para Is persona 
medianamente versada an la materia a la luz do la información contenida  an el 
estado de la tØcnica. Sin embargo, y teniendo an cuenta los argumentos y 
resultados presentados por el solicitante, este Despacho encuentra que los 
compuestos especificos do las reivindlcaciones 5 y 7 poseen ventajas 
farmacolOgicas segCin Is informaciOn divulgada por Li Sun at al., J. Med. Chem, 
46, 2003 1116-1119 (FIs. 1228 a 123 1) allegada pore) recurrente. 

A pesar que dichos resuftados no se encuentran contenidos en la solicitud original, 
se ha revisado el documento y so encontró que los sustituyentes especificos para 
la formula (I) n = 2, y R12= dietilamina o pirrolidina, poseen una activldad ventajosa 
sobre VEGF-R2 y PDGF-R. Esta especificidad sobre los receptores para dos 
compuestos que mantuviera un IC50 an el rango qM con 8M para et compuesto do 
la reivindicaciôn 5 y de 6 rjM para el compuesto de la reivindicaciOn 7, es algo 
que la persona medianamente versada an la materia no hubiese podido derivar de 
Is información contenida an el estado del arte. Por to anterior, los compuestos de 
las reivindicaciones 5 y 7 se consideran inventivos. 

En cuanto a que muchos paises han concedido patente a solicitudes equivalentes 
a Østa, este Despacho aclara que an el anÆlisis de patentabilidad se encontraron 
documentos relevantes que afectan parcialmente el nivet inventivo del objeto 
estudiado, tat como se demostrO durante la actuaciôn administrativa. Asimismo, 
sobre el examen de patentabilidad realizado por distintas oficinas extranjeras, as 
importante manifestar quo an esta materia rige el principio do la independencia do 
las patentes, respecto a lo cual el Tribunal de Justicia de la Comunidad Andina ha 
sostenido: "El sistema de otorgamiento do pÆtentes que se adoptó  an Ia 
Comunidad Andina so encuentra soportado en Ia actiWdad autônoma e 
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independiente do las Oficinas Competentes en cada Pals Miembro. Dicha 
actMdad, que aun quo do manera general so encuentra regulada por Ia nonnative 
comunitaria, deja a salvo Ia mencionada independencia..." (Proceso 51 -IP-2008). 

Finalmente, si bien es cierto que los requisitos de patentabibdad pueden ser 
similares de un pals a otro, tambiØn lo es que la normatividad que regula Is materia 
puede variar entre ellos. Se reitera, cada oficina es autOnoma para decidir sobre Is 
patentabilidad de una creaciOn, teniendo en cuenta el examen de patentabthdad por 
ella reahzado, sin olvidar Is normatividad vigente aplicable al caso. 

En ese orden do ideas, se sostiene que el objeto de Is solicitud en estudlo no 
� cumple con los requisitos do patentabilidad respecto a las reivindicaciones I a 4, 6 

y 8 (FIs. 1106 y 1107) y se revoca en cuanto a la denegaciôn del priviteglo 
soticitado para las reivindicaciones 5 y 7 (Fl. 1107). 

Con fundamento en las antenores consideraciones, el Supenntendente de Industria 
y Comercio, 

RESUELVE 

ARTICULO PRIMERO: REVOCAR PARCIALMENTE el Articulo Primero de Is 
Resoluciôn No. 68274 del 29 de diciembre de 2009 en el sentido de conceder la 
patente a las reivindicaciones 5 y 7, por to expuesto en Is parte motiva de esta 
providencia. En consecuencia, el Articulo Primero de Is Resoluciôn No. 68274 del 
29 de diciembre de 2009 quedarÆ asi: 

aARTICULO PRIMERO: Otorgar el privileglo do patento do invención a la solicitud 
que entró en fase nacional en virtud del Tratado do Cooperación en Matoria do 
Patentes (PCT), para la creaoiôn denominada: 

"INDOIJNONAS SUSTITUIDAS CON PIRROL.ES INHIBIDORAS DE 
PROTEIN QUINASAS" 

Clasiflcación  /PC: A 61 K 31/404. 

ReMndicaclones: 5 y7 Folio: 1107. 

Thular: SUGEN INC. Y PHARMA CIA & UPJOHN COMPANY. 

Domlcilio: California, Estados Unidos. 

In ventures: Pang Cho Tang, Todd Miller, Xiaoyuan Li, Li Sun, Chung Wei 
Chen, Shahzad Shirazian, Con gxin Liang, Tomes Vojkovsky, Asaad S. 
Nematalla. 
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Rad. PCT OI 012068’ 29 0 
Prioridad No.: US 60/182.710 Fecha; 15 do febrem del 2000 Pals: US 
Prioridad No.: US 60/216.422 Fecha: 6 do Julio de 2000 Pals: US 
Prioridad No.: US 601243.532 Fecha: 27 de Octubre do 2000 Pals: US 

Vigente desde: 15 do feZwem del 2001 Hasta: 15 do febrero del 2021." 

ARTICULO SEGUNDO: CONFIRMAR en lo demÆs of Articulo Primero de Is 
Resoluciôn ND. 68274 del 29 de diciembre de 2009 esto es, denegar el privilegio de 
patente a las reivindicaciones I a 4, 6 y 8 de Is presente solicitud. 

ARTICULO TERCERO: Notificar personalmente el contenido do Is presente 

S Resoluciôn al doctor Carlos Olarte, en su calidad de apoderado de la sociedad 
Sugen Inc. y Pharmacia & Upjohn Company, o a quien haga sus veces, 
entregÆndole copia de Is misma y advwtiØndole que contra ella no procede recurso 
alguno, por 10 cual queda agotada Is via gubemativa. 

NOTIFIQUESE V CUMPLASE 
Dada on Bogota, D. C., a los 20 SET.ft aim’ 

EL SUPERINTENDENTE DE INDUSTRIA V 

Doctor 
CARLOS OL.ARTE 41 
Celle 100 NO 8A-37 
Torre A, Piso 10 
World Trade Center 
Bogota D. C. 
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