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SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO

RAD: 14­207777­  ­4
DEP: 2020  DIRECCION DE NUEVAS CREACIONES 
TRA: 11  PCT­PATENTE DE INVENCION CAPITULOS I Y II 
ACT: 519   TRASLADOINFORME                   

FECHA:  2016­05­12 16:23:07
EVE:  378  FASE NACIONAL INCLUIDO CAPITULO I 
FOLIOS:   19

Como resultado del  examen de fondo realizado,  con fundamento en el  Artículo 45 de la 
Decisión 486 de la Comisión de la Comunidad Andina, se comunica:

1. Documentos estudiados  

Descripción: Radicado No 14-207777-00000-0000 18/Septiembre/2014
Reivindicaciones: Radicado No 14-207777-00000-0000 18/Septiembre/2014

Radicado No 14-207777-00001-0000 04/Abril/2015
Prioridad: US 61/605,523 01/Marzo/2012

                                          
2. Análisis de la Prioridad

Se acepta la reivindicación de prioridad porque ésta solicitud fue presentada dentro del plazo 
establecido  (Art.  9  D  486)  y  su  contenido  técnico  corresponde  con  el  de  la  prioridad 
reivindicada.
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3. Objeto de la invención

De acuerdo con lo establecido en el numeral 1.2.2.2 del Capítulo Primero del Título X de la 
Circular  Única  para  efectos  del  examen  de  patentabilidad,  se  tendrá  en  cuenta  la  tasa 
pagada  por  el  solicitante  al  momento  de  comenzar  el  examen para  las  reivindicaciones 
adicionales; esto es que cuando la solicitud contenga más de diez (10) reivindicaciones y no 
se haya pagado la tasa complementaria, sólo se estudiarán las cubiertas por la tasa pagada. 
Con relación a la presente solicitud se realizó el pago de las reivindicaciones adicionales y se 
estudiarán las reivindicaciones 1 a 173 de acuerdo con el radicado 14-207777-00001-0000.

Título de la solicitud: “INHIBIDORES DE SERINA/TREONINA CINASA”.

El  problema  planteado  en  esta  solicitud  consiste  en  la  necesidad  de  proporcionar 
compuestos inhibidores selectivos de cinasas reguladas por señales extracelulares (ERK-
1/2)  útiles  en  el  tratamiento  de  cánceres  de  melanoma,  pancreático,  tiroides,  colorectal, 
pulmón, mama y ovario e inflamaciones y dolor derivados de artritis, lumbalgia, enfermedad 
inflamatoria intestinal y reumatismo. 

Para resolver este problema técnico la solicitud en estudio proporciona un compuesto de 
fórmula (I)

El objeto de la presente solicitud se relaciona con la Clasificación Internacional de Patentes 
(CIP): C07D 401/14, 405/14, 413/14, 401/04, 409/14, 417/14, 471/04; C07F 9/6558, 9/6596; 
A61K 31/435, 31/506; A61P 29/00, 35/00.  

4. Excepción a la Patentabilidad (Art 20 D 486 literal((d))

El objeto de las reivindicaciones 61, 65-71, 73 y 75-76 no es patentable de acuerdo con el Art 
citado.

5. Reivindicaciones relativas a un uso (Art 14 D 486)

El uso de las reivindicaciones 61, 73 y 76 no es patentable, de acuerdo con el Art 14.

6. De la solicitud de patente 

Titulo

El solicitante debe presentar un nuevo título que permita identificar la materia de la cual trata 
la solicitud, ya que el  título relacionado no se encuentra con la precisión necesaria para 
identificar claramente el objeto de la solicitud de patente.

Reivindicaciones (Art 30 D 486, Art 22 PCT)

Las reivindicaciones 1, 13-16, 18, 20, 24, 28, 31, 41-43, 45-46, 50, 54, 77, 82, 91, 99, 106, 
120, 131, 141, 159, 165 y 172 no son claras porque definen los sustituyentes en términos de 
su grupo químico a través de los términos “Alquilo”, “Halógeno”, “Heterocíclo”, entre otros; se 
recuerda que los sustituyentes se deben definir  en términos de su fórmula estructural,  o 
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fórmula molecular o su fórmula empírica, se sugiere restringir los sustituyentes aquellos que 
han sido desarrollados en el capítulo descriptivo.

Las reivindicaciones 1, 82, 91, 106, 120, 131, 141, 159, 162, 165 y 172 no son claras porque 
el término “opcionalmente”  es impreciso, por lo cual, no permite distinguir la invención del 
estado de la  técnica.  Se sugiere incluir  las características opcionales en reivindicaciones 
dependientes.

Las reivindicaciones 1, 14, 43, 57, 91, 106,  120, 131, 141, 159, 165 y 172 no son claras 
porque las expresiones “uno o más” y “al  menos” precediendo una característica no son 
limitativas,  porque  hace  opcional  a  la  característica  y  no  precisa  el  alcance  de  las 
reivindicaciones.  Se sugiere incluir  una expresión  concreta  de acuerdo con los ejemplos 
sustentados.

Las reivindicaciones 57-59 no son claras porque definen los excipientes de forma general, se 
recuerda que los excipientes se deben definir en términos de su nombre común y proporción 
específica dentro de la composición; se sugiere hacer las precesiones correspondientes.

Las  reivindicaciones  60,  62-64  y  74  incluyen  las  expresiones  “(…)  para  su  uso  en  el  
tratamiento (…)”,“(…)  su  uso (…)”,  “(…)  para  su  uso  en  terapia”,  “(…)  su  uso  en  el  
tratamiento de una enfermedad proliferativa” y “(…)  para su uso en el tratamiento de una  
enfermedad inflamatoria” las cuales refieren el uso de la composición en un tratamiento, o, su 
uso como medicamento y de acuerdo con la D.486 de 2000 en sus artículos 14 y 20(literal d) 
los usos no son patentables y los métodos de tratamiento constituyen una excepción a la 
patentabilidad; por lo anterior, se sugiere eliminar la mencionada expresión. 

Las reivindicaciones 77 y 82-83 repiten materia de forma innecesaria, se sugiere incluir en 
una sola cláusula independiente las características técnicas esenciales de la invención.

Las reivindicaciones 99-105 repiten materia de forma innecesaria, se sugiere incluir en una 
sola reivindicación independiente las características técnicas esenciales de la invención e 
incluir las modalidades preferentes en reivindicaciones dependientes.

Las reivindicaciones 99-105 repiten materia de forma innecesaria, se sugiere incluir en una 
sola reivindicación independiente las características técnicas esenciales de la invención e 
incluir las modalidades preferentes en reivindicaciones dependientes.

Las reivindicaciones 106-119 repiten materia de forma innecesaria, se sugiere incluir en una 
sola reivindicación independiente las características técnicas esenciales de la invención e 
incluir las modalidades preferentes en reivindicaciones dependientes.

Las reivindicaciones 120-130 repiten materia de forma innecesaria, se sugiere incluir en una 
sola reivindicación independiente las características técnicas esenciales de la invención e 
incluir las modalidades preferentes en reivindicaciones dependientes.

Las reivindicaciones 131-140 repiten materia de forma innecesaria, se sugiere incluir en una 
sola reivindicación independiente las características técnicas esenciales de la invención e 
incluir las modalidades preferentes en reivindicaciones dependientes.
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Las reivindicaciones 159 y 162 repiten materia de forma innecesaria, se sugiere incluir en 
una sola cláusula independiente las características técnicas esenciales de la invención.

Las reivindicaciones 160-161 y 163-164 repiten materia de forma innecesaria,  se sugiere 
incluir en una sola cláusula dependiente las modalidades preferentes de la invención.

Las reivindicaciones 1, 77-82, 99, 106, 107, 120-121, 131-132, 141, 159, 162, 165 y 172 no 
son concisas porque definen de forma general a los sustituyentes X1, X2, Y1 y Y2; se sugiere 
restringir la solicitud a una razonable generalización de los sustituyentes probados, es decir, 
que se encuentren debidamente sustentados en el capítulo descriptivo, de acuerdo con lo 
presentado en la Tabla No. 1.

Sustituciones Soporte de los ejemplos presentados

R1

, , , , , , , ,

, , , , , , , ,

, ,

 y 
, , , , ,

R2 y R3 ,  ,  ,  ,  , , 

, , , , , ,
R4 H, F

Descripción (Art 28 D 486)

La descripción no divulga la mejor manera conocida por la solicitante para ejecutar o llevar a 
cabo la invención comoquiera que no sustenta el desarrollo de todas las combinaciones de 

X1, X2, Y1 y Y2 . Sólo desarrolla:

1. (Pirimidin 4-il)-(piridazin-3(2H)-ona).
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2. (Pirimidin 4-il)-(piridin-2(1H)-ona).

3. (Pirimidin 4-il)-(pirimidin-2(1H)-ona).

4. (Piridin 4-il)-(piridin-2(1H)-ona).

En conclusión, la descripción no divulga la invención de manera suficientemente completa 
para  que  la  persona  del  oficio  normalmente  versada  en  la  materia  pueda  ejecutarla  (ó 
reproducirla).

Se requiere al solicitante hacer las aclaraciones necesarias. 

7.  Determinación del Estado de la Técnica

El estado de la técnica se determinó con base en la fecha de presentación de la solicitud de 
la  cual  se  invoca  prioridad,  es  decir, marzo  01  de  2012.  Consultadas  las  fuentes  de 
información con que se cuenta, se encontraron los siguientes documentos que anticipan el 
objeto de esta solicitud:

Ítem Documento Título Fecha de Publicación

D1
J.Org. 

Chem.2005,70,
5215-5220, 

“Novel and Efficient Access to 
Phenylamino-pyrimidine Type

Protein Kinase C Inhibitors 
Utilizing a Negishi Cross-

Coupling Strategy”

Marzo/15/2005

D2

Bioorganic & 
Medicinal 

Chemestry 
Letters, 12(2002); 

689-692

“Pyridazine based inhibitors of 
p38 MAPK” 

2002

D3 US20030073704
“Substituted pyridone 

compounds and methods of 
use”

17/Abril/2003

D4 US20060009455
“Six-membered heterocycles 

useful as serine protease 
inhibidores”

12/Junio/2006

El documento D11 divulga la síntesis del compuesto 3-{4-[2-(3-clorofenilamino)-pirimidin-4-il]-
piridin-2-ilamino}propanol a través de la reacción de acoplamiento cruzado de Negishi; dicho 

1 http://pubs.acs.org/doi/abs/10.1021/jo070341       
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compuesto es un inhibidor de la proteína quinasa C (Resumen).

El documento D22 divulga la síntesis de compuestos derivados de piridazinas inhibidoras de 
la proteína quinasa p38MAPK, la cual media la cascada de citoquinas pro-inflamatorias y del 
factor de necrosis tumoral (Pág. 689, Col. 1 y Pág. 691, Esquema 3).

El documento D33 divulga compuestos derivados de pirimidinona útiles en el tratamiento de 
la  leucemia,  mielomas,  espondilitis  reumatoide,  artritis  e inflamación del  bazo (Resumen; 
Págs. 86-88, Rv. 1 y Pág. 107, Rvs. 31-32). 

El  documento  D44 divulga  compuestos  heteroarílicos  derivados  de  piridinil,  pirimidinil  y 
pirizanil útiles en el tratamiento de desórdenes inflamatorios (Resumen y Págs. 169-171, Rv. 
1).   

8. Examen de Patentabilidad (Art 14 D486)

Nivel inventivo (Art18 D486)

La reivindicación 99 consiste en “Un proceso para preparar el compuesto de fórmula 10.1  
que comprende: (a) acoplar un compuesto que tiene la estructura (…)”  (Radicado No 14-
207777-00000-0000).

Comparación de las características técnicas esenciales, con las del estado de la técnica:

Características esenciales D1 D2
Proceso  para  preparar  el 
compuesto  de  fórmula  10.1  que 
comprende:

Proceso para preparar: Proceso de sintesis:

(a)  acoplar  un  compuesto  que 
tiene la estructura

con  un  compuesto  que  tiene  la 
estructura 

para preparar un compuesto que 
tiene la siguiente estructura

ii=Dioxano, HCl 6N/ 24h

(b)  hidrolizar  el  compuesto  que 
tiene ña estructura:

para  preparar  el  compuesto  de 
fórmula 10.1

2 http://www.ncbi.nlm.nih.gov/pubmed/11844702
3 www.google/patents/ US20060009455
4 www.google/patents/ US20030073704
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a=HCl/acetona/agua;  reflujo 
3h.
b=HCl 2N; reflujo 45min.

El  esquema  3  enseña 
reacciones  de  sustitución 
nucleofílica  a  través  de 
acoplamiento  cruzado 
catalizado por paladio  como 
la  reacción  de  Suzuki-
Miyaura y Stille) 
(Págs.5217-5218, Esquemas 

6-7)

iii=N2H4, EtOH,reflujo 4h
(Pág. 691,Esquema 3)

Donde 
X2=CR5 y N
X1=CH y N
CR5=H, Halógeno y alquilo C1-C3

Y1=CR6 y N
Y2= CR7 y N
R4= R6= R7=H, Halógeno y alquilo 
C1-C3

El documento D1 se considera el estado de la técnica más cercano a la invención definida en 
la  reivindicación  99  porque  divulga  la  síntesis  del  compuesto  3-{4-[2-(3-clorofenilamino)-
pirimidin-4-il]-piridin-2-ilamino}propanol a través de la reacción de acoplamiento cruzado de 
Negishi; dicho compuesto es un inhibidor de la proteína quinasa C (Resumen).
 
La diferencia entre el proceso, definido en la reivindicación 99 y el proceso revelado en el 
documento D1 consiste en que el  proceso reclamado incluye una etapa de acoplamiento 
cruzado  mediado  por  la  reacción  de  Suzuki-Miyaura  en  donde  el  compuesto  heteroarilo 
nitrogenado a acoplar presenta enlazado un grupo –SCH3. 

El efecto que logra el incluir una etapa de acoplamiento cruzado mediado por la reacción de 
Suzuki-Miyaura en donde el compuesto heteroarilo nitrogenado a acoplar presenta enlazado 
un grupo –SCH3 consiste en que el rendimiento del proceso es del 90%.

Por lo tanto, el  problema técnico objetivo que pretende resolver esta invención se puede 
formular  así:  “cómo proporcionar  procesos de  síntesis  de  compuestos  heteroarílicos  con 
mayor eficiencia”. 

Sin embargo, el documento D2 revela  la síntesis de compuestos derivados de piridazinas 
inhibidoras de la proteína quinasa p38MAPK, la cual media la cascada de citoquinas pro-
inflamatorias y del factor de necrosis tumoral; en donde dichos compuestos incluyen en el 
heteroarilo nitrogenado un grupo –SCH3.

Además, es parte del conocimiento de la persona normalmente versada en la materia que la 
reacción de Suzuki-Miyaura es una reacción de acoplamiento cruzado útil para la obtención 
heteroarilos sustituidos en presencia de ácidos borónicos, de acuerdo con lo divulgado en el 
documento “Suzuki Cross-Coupling”5.

En  consecuencia,  la  persona del  oficio  normalmente  versada en la  materia,  enlazaría  al 
heteroarilo nitrogenado revelado en el  documento D1 el  grupo –SCH3 de acuerdo con lo 
divulgado en el documento D2, para llegar así al objeto de la reivindicación 99 de la solicitud. 

5 http://www.chemistry.mcmaster.ca/silicone/The%20Suzuki%20Cross-Coupling%20FINAL%20VERSION
%20THIS%20IS%20IT.pdf
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Por lo cual se considera obvia.

Puesto  que  las  reivindicaciones  dependientes  100-105  no  mencionan  características 
inventivas adicionales, tampoco se pueden considerar inventivas.

En cuanto las reivindicaciones 131-140 reclaman la oxidación del grupo –SCH3 a S(O)2CH3, 
sin embargo el documento D4 revela una etapa de oxidación del grupo –SCH3 a S(O)2CH3, 
de acuerdo con la siguiente reacción:

;por  anterior  no  mencionan  características  inventivas  adicionales, 
tampoco se pueden considerar inventivas.

En lo referente a las reivindicaciones 159-164 que reclaman una etapa de reacción en la que 
el grupo SO2CH3 es reemplazado por un grupo NH-sustituido está divulgado en el documento 
D4 que enseña la siguiente reacción de sustitución:

 ; por anterior, no mencionan características inventivas adicionales, tampoco se 
pueden considerar inventivas.

La reivindicación 106 consiste en “Un proceso para preparar un compuesto de fórmula 10.2 
que comprende: hacer reaccionar un compuesto de fórmula 10.1 con (…)”(Radicado No 14-
207777-00000-0000).

Comparación de las características técnicas esenciales, con las del estado de la técnica:

Características esenciales D3 D4
Proceso  para  preparar  el 
compuesto  de  fórmula  10.2  que 
comprende:

Proceso para preparar Proceso de sintesis:
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Hacer  reaccionar  un  compuesto 
de fórmula 10.1

con un compuesto que tiene una 
estructura

Para  preparar  un  compuesto  de 
fórmula 10.2

X2=CR5 y N
X1=CH y N
Y1=CR6 y N
Y2= CR7 y N
R4= R6= R7=H, Halógeno y alquilo
R5=H, Halógeno y alquilo C1-C3

R2=
(a) H
(b) Alquilo C1-C6

(c) Alquenilo C1-C6

(d) Alquinilo C1-C6

(e) Cicloalquilo C3-C6

(f) Fenilo
(g) Heterociclo de 3 a 7 miembros
(h) Heteroarilo de 5 a 6 miembros

R3= 
(a) (CRhRi)(x=0-1)-fenilo
(b) (CRhRi)(x=0-1)- heteroarilo
(c) (CRhRi)(x=0-1)-Heterobicíclo
(d)(CRhRi)(x=0-1)-Heteroarilo 
bicíclico
RhRi= Independientemente
H, ORk y alquilo C1-C3 
Rk=H y alquilo C1-C3

X=Cl,Br, I, Oms u OTf

R11 y R12=
Independientemente 
Aril  o  heteroarilo  sustituido 
por  1  a  3  sustituyentes 
seleccionados de:  
-NR31R32

–SR29,o, S(O)2-R30

R29= R30=Alquilo
R30=Alquilo
R31=R32= 
independientemente
-H
-Alquilo
-Arilo
-Heteroarilo
-Heterociclo
-Cicloalquilo

(Pág. 32, Esquema 12 y 
Págs. 86-88, Rv. 1)

(Pág. 25, Esquema 5)

El documento D3 se considera el estado de la técnica más cercano a la invención definida en 
la  reivindicación  106  porque  divulga  el  proceso  síntesis  de  compuestos  derivados  de 
pirimidinonas, el cual incluye una etapa de enlace de una haloalquilamina con el heteroátomo 
de nitrógeno de pirimidinona (Pág. 32, Esquema 12).

La diferencia entre el proceso, definido en la reivindicación 106 y el proceso revelado en el 
documento D3 consiste  en que el  proceso reclamado incluye una etapa de reacción del 
compuesto 10.1 con un compuesto de fórmula XR2R3, donde:

X R2 R3

Cl,Br, I, Oms u OTf a) H
(b) Alquilo C1-C6

(c) Alquenilo C1-C6

(d) Alquinilo C1-C6

(e) Cicloalquilo C3-C6

(a) (CRhRi)(x=0-1)-fenilo
(b) (CRhRi)(x=0-1)- heteroarilo
(c) (CRhRi)(x=0-1)-Heterobicíclo
(d)(CRhRi)(x=0-1)-Heteroarilo 
bicíclico
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(f) Fenilo
(g) Heterociclo de 3 a 7 miembros
(h) Heteroarilo de 5 a 6 miembros

RhRi= Independientemente
H, ORk y alquilo C1-C3 
Rk=H y alquilo C1-C3

El efecto que logra el incluir una etapa de reacción entre el compuesto 10.2 y el compuesto 
de fórmula XR2R3 consiste en que el rendimiento del proceso es del 90%.

Por lo tanto, el  problema técnico objetivo que pretende resolver esta invención se puede 
formular  así:  “cómo proporcionar  procesos de  síntesis  de  compuestos  heteroarílicos  con 
mayor eficacia”. 

Sin embargo, el  documento D4 revela procesos de síntesis de compuestos derivados de 
piridinonas, el cual incluye una reacción entre el compuesto de fórmula R6I y una piridina 
sustituida; donde R6 es independientemente H, Alquilo C1-C6,  -(CH2)r-fenilo sustituido, etc 
(Pág. 4, [Párr. 0046] y Pág. 25, Esquema 5).

En consecuencia, la persona del oficio normalmente versada en la materia,  incluiría en el 
proceso revelado en el  documento D3 una etapa de reacción entre  la pirimidinona y un 
compuesto de fórmula R6I de acuerdo con lo divulgado en el documento D4, para llegar así al 
objeto de la reivindicación 106 de la solicitud. Por lo cual se considera obvia.

Puesto que las reivindicaciones 107-130 no mencionan características inventivas adicionales, 
tampoco se pueden considerar inventivas.

En  cuanto  a  las  reivindicaciones 165-171  que reclaman una  etapa de reacción  entre  el 
compuesto de fórmula 10.8 con el compuesto de fórmula XR2R3; pero los documentos D2 y 
D1  anticipan  dicha  reacción,  además  enseñan  que   los  sustituyentes  R12 y   R6, 
respectivamente corresponden a los reclamados en las mencionadas cláusulas.

La reivindicación 141 consiste en “Un proceso para preparar un compuesto de fórmula 10.8,  
que comprende: (a) acoplar un compuesto que tiene la estructura: (…)”.

Comparación de las características técnicas esenciales, con las del estado de la técnica:

Características esenciales D1 D4
Proceso  para  preparar  el 
compuesto  de  fórmula  10.8  que 
comprende:

Proceso de sintesis:
(Pág. 5217, Esquema 4 y 6)

Proceso para preparar

(a)acoplar  un  compuesto  de 
estructura

Con un compuesto de estructura

a=n-BuLi/ZnCl2/THF
R3a=Independientemente 
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R4=H, Halógeno,o, alquilo C1-C3

b=2,4  dicloropirimidina, 
Pd(PPh3)4,reflujo, THF 4h.

F,Cl, Br, I, alquilo C1-C6

R4= Independientemente 
H, F, Cl, Br, I, alquilo C1-C6

,o,

A=
Cicloalquilo
Fenilo
Heterociclo  de  5-12 
miembros

(Pág. 22, Esquema 1; Pág. 
30, Esquema 11

 y Págs. 169-170, Rv. 1)

(b) Hacer reaccionar el compuesto 
que tiene la estructura

con  NH2R1 para  preparar  el 
compuesto que tiene la estructura

R1=
(a)alquilo C1-C6 
(b)CicloalquiloC3-C7 
(c)fenilo 
(d)Heterociclo  saturado  o 
parcialmente insaturado
(e)Heteroarilo de 5 a 6 miembros
(f)Heterociclo bicíclico de 7 a 10 
miembros
(c) Hidrolizar el compuesto

Para  preparar  un  compuesto  de 
fórmula 10.8

a=HCl/acetona/agua/reflujo/
4h
b=HCl 2N

No menciona

El documento D1 se considera el estado de la técnica más cercano a la invención definida en 
la  reivindicación 141 porque divulga  la  síntesis  del  compuesto 3-{4-[2-(3-clorofenilamino)-
pirimidin-4-il]-piridin-2-ilamino}propanol a través de la reacción de acoplamiento cruzado de 
Negishi; dicho compuesto es un inhibidor de la proteína quinasa C (Resumen).
 
La diferencia entre el proceso, definido en la reivindicación 141 y el proceso revelado en el 
documento D1 consiste en que el  proceso reclamado incluye una etapa de acoplamiento 
cruzado mediado por la reacción de Suzuki-Miyaura.
 
El efecto que logra el incluir una etapa de acoplamiento cruzado mediado por la reacción de 
Suzuki-Miyaura consiste en que el rendimiento del proceso es del 90%.
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       Expediente 14-207777-  -4                                             (1er Art. 45)                         

Por lo tanto, el  problema técnico objetivo que pretende resolver esta invención se puede 
formular  así:  “cómo proporcionar  procesos de  síntesis  de  compuestos  heteroarílicos  con 
mayor eficiencia”. 

Sin embargo, el documento D4 revela métodos de obtención de compuestos heteroarílicos 
que incluyen una etapa de acoplamiento por la reacción de Susuki-Miayura. 

En consecuencia, la persona del oficio normalmente versada en la materia, incluiría dentro 
del proceso de obtención revelado en el documento D1 una etapa de acoplamiento cruzado 
mediado por la reacción Suzuki-Miyaura  de acuerdo con lo divulgado en el documento D3, 
para llegar así al objeto de la reivindicación 141 de la solicitud. Por lo cual se considera 
obvia.

Puesto  que  las  reivindicaciones  dependientes  142-158  no  mencionan  características 
inventivas adicionales, tampoco se pueden considerar inventivas.

9. Conclusión

Los requisitos de Patentabilidad de la presente solicitud están afectados así:

Ítem Documento Reivindicaciones afectadas Requisito que afecta

D1
J.Org. 

Chem.2005,70,
5215-5220, 

99-105, 131-158 y 159-164
Nivel inventivo

D2

Bioorganic & 
Medicinal 

Chemestry Letters, 
12(2002); 689-692

99-105, 131-140 y 159-164 Nivel inventivo

D3 US20030073704
106-158 y 165-171

Nivel inventivo

D4 US20060009455 106-130 y 165-171 Nivel inventivo
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En cumplimiento  del  artículo  45  de  la  Decisión  486  de  la  Comisión  de  la  Comunidad 
Andina,  se  le  indica  que  debe  dar  respuesta  dentro  del  término  de  sesenta  (60)  días 
contados a partir de la fecha de notificación de la presente comunicación. En caso de no 
dar  respuesta al  presente requerimiento,  o  si  a  pesar  de  la  respuesta  subsistieran  los 
impedimentos para la concesión, se denegará la patente.

Si  como respuesta a este requerimiento el  solicitante llegara a modificar:  i)  el  capítulo 
reivindicatorio, ii) la descripción de la invención a proteger, iii) o presente un nuevo capítulo 
reivindicatorio,  y  desee  que  se  realice  un  nuevo  examen  de  patentabilidad  a  esta 
modificación,  no  deberá  pagar  la  tasa  de  modificación  voluntaria  pero  sí  la 
correspondiente a  la  tasa  de  examen  de  patentabilidad.  En  todo  caso,  el  número  de 
requerimientos por no patentabilidad estará supeditado a que el  término del estudio de 
patentabilidad no sea superior a 18 meses, contados desde la publicación de la solicitud de 
patente de invención. Adicionalmente, se le recuerda al solicitante que si como respuesta a 
este requerimiento llegara a modificar el capítulo reivindicatorio y éste contenga más de 
diez (10) reivindicaciones deberá pagar la tasa por reivindicación adicional.

Notifíquese el  presente oficio  conforme a lo dispuesto en el  numeral  5.2,  literal  e),  del 
capítulo quinto del título primero de la Circular Única No. 10 de 2001. 

El anterior requerimiento fue notificado por fijación en lista, de fecha  2016-05-17

Elaboró: German Antonio Clavijo Cohen
Revisó: Lenin Roberto Guerrero 

       Expediente 14-207777-  -4                                             (1er Art. 45)                         
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Novel and Efficient Access to Phenylamino-pyrimidine Type
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A novel, short, and efficient synthetic pathway to 3-{4-[2-(3-chlorophenylamino)-pyrimidin-4-yl]-
pyridin-2-ylamino}-propanol (CGP 60474) and a series of analogues was developed. The synthetic
sequence consisted of a Negishi-type cross-coupling reaction in the key step followed by two
subsequent nucleophilic substitution reactions. This strategy represents a versatile and robust
protocol to access diverse analogues of the title compound for subsequent SAR studies as potential
phenylamino-pyrimidine type protein kinase C inhibitors.

Introduction

The protein kinase C (PKC) enzyme family consists of
cytosolic serine/threonine kinases, and several represen-
tatives play a crucial role in signal transductions, cellular
proliferation, and differentiation.1 The individual PKC
subtypes show differences in the mode of activation and
in the specificity with respect to the natural protein
substrates.2,3 From animal tumor models it is already
known that various inhibitors of PKC show antitumor
activity.4,5 Therefore, the discovery and the development
of specific protein kinase inhibitors will have the poten-
tial to define more clearly the respective functional roles
of protein kinases in cells.

Phenylamino-pyrimidines such as 3-{4-[2-(3-chloro-
phenylamino)-pyrimidin-4-yl]-pyridin-2-ylamino}-pro-
panol (CGP 60474)6 represent a promising class of
inhibitors of PKC with a high degree of selectivity versus
other serine/threonine and tyrosine kinases and show

competitive kinetics relative to ATP. Imatinib (Glivec),7
a tyrosine kinase inhibitor with high activity against
chronic myeloid leukemia (CML), was introduced to the
pharmaceutical market as the first commercial product
of this type very recently by Novartis (Scheme 1).8

In the literature the synthesis of CGP 60474 is reported
via a classical cyclization pathway (Scheme 2).6 Chlorine
is introduced into the 2-position of 4-acetylpyridine via
oxidation to the N-oxide and subsequent reaction with

† Dedicated to Prof. Fritz Sauter on the occasion of his 75th birth-
day.

(1) Nashizuka, Y. Nature 1984, 304, 693.
(2) Dekker, L. V.; Parker, P. J. Trends Biochem. Sci. 1994, 19, 73.
(3) Dekker, L. V.; McIntyre, P.; Parker, P. J. J. Biol. Chem. 1993,

268, 19498.
(4) Buchanan, J. G.; Sable, H. Z. In Selective Organic Transforma-

tions; Thyagarajan, B. S., Ed.; Wiley-Interscience: New York, 1972;
Vol. 2, pp 1-95.

(5) Lyle, F. R. U.S. Patent 5,973,257, 1985; Chem. Abstr. 1985, 65,
2870.

(6) Zimmermann, J. PCT Int. Appl. 1995, WO 9509853.

(7) Zimmermann, J. Eur. Pat. Appl. 1993, EP 564409.
(8) (a) Eberle, M.; Stierli, D.; Pillonel, C.; Ziegler, H. PCT Int. Appl.

2001, WO 2001093682. (b) Furet, P.; Zimmermann, J.; Capraro, H.
G.; Meyer, T.; Imbach, P. J. Comput.-Aided Mol. Des. 2000, 14, 403.

SCHEME 1. Proteine Kinase Inhibitors of the
Phenylamino-pyrimidine Type

10.1021/jo0505223 CCC: $30.25 © 2005 American Chemical Society
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POCl3. The so obtained chloride III is then transformed
to IV by reaction with N,N-dimethylformamide dimethyl-
acetal. The second cyclization partner is prepared by
reaction of aniline derivatives with cyanamide and
equimolar amounts of HNO3 to give the corresponding
guanidine nitrates VI. Compounds IV and VI are then
cyclized to give VII, which led to the target compound
CGP 60474 (6c) via a nucleophilic exchange reaction.
This sequence leads to 6c in five steps with an overall
yield of 34% based on 4-acetylpyridine.

A drawback of this pathway is that for each variation
of the aniline part of the target molecule a corresponding
guanidine derivative has to be prepared. Even more
problems occur when variations of the heterocyclic ring
system are envisioned, as a new synthetic strategy has
to be developed in most cases.

In the present paper we report a new, short, and
efficient synthesis of CGP 60474 based on a Pd-assisted
cross-coupling reaction, which was also applied to the
synthesis of a series of various new analogues and
isomers of the title compound.9 These synthetic targets
represent useful models for SAR studies and antiprolif-
erative activity, and the methodology can also be ex-
tended easily to the synthesis of various other structural
analogues.

Results and Discussion

As a key step for the synthesis of the target compounds
depicted in Scheme 3, a Pd-catalyzed cross-coupling
reaction was envisioned followed by two subsequent
nucleophilic substitution reactions.

The Suzuki-Miyaura and the Stille reaction are the
most common cross-coupling methods because of certain
advantages such as easy access and relatively high
stability of the reagents (boronic acids/esters or tin

organyls) and a high tolerance of both methodologies
toward a wide range of functional groups.10 However,
there are also a number of limitations: tin organyls are
highly toxic, and many heterocyclic boronic acids11 could
not be successfully prepared, so far. In particular, boronic
acids of nitrogen heterocycles with two or more heteroa-
toms are only poorly covered in the literature.12 Conse-
quently, we favored a Negishi protocol10 that allowed us
to perform the preparation of the zinc organyl and the
coupling reaction in a one-pot reaction.

An important key intermediate within our strategy was
the pyridine zinc organyl 1a. It was obtained from
2-fluoro-4-iodopyridine 113 via lithium halogen exchange
with n-BuLi in the 4-position and addition of thoroughly
dried ZnCl2. Subsequent regioselective coupling with 2,4-
dichloropyrimidine 2 under Pd(PPh3)4 catalysis (0.005
equiv) in the 4-position14 afforded the desired pyridinyl-
pyrimidine 3 in 69% yield in a one-pot reaction (Scheme
4). In the initial experiment equimolar amounts of n-BuLi
and iodide 1 were used and the product was accompanied
by symmetrical bipyridinyl 4 (14%). This problem was

(9) Hattinger, G.; Stanetty, P.; Eberle, M. UK Pat. Appl. 2002, GB
2369359.

(10) (a) Handbook of Organopalladium Chemistry for Organic
Synthesis; Negishi, E., de Meijere, A., Eds.; John Wiley & Sons:
Hoboken, NJ, 2002; Vol. 1. (b) Kotha, S.; Lahiri, K.; Kashinath, D.
Tetrahedron 2002, 58, 9633. (c) Stille, J. K. Angew. Chem. 1986, 98,
504.

(11) Tyrrell, E.; Brookes, P. Synthesis 2003, 469.
(12) (a) Li, J. J.; Gribble, G. W. Palladium in Heterocyclic Chemis-

try-A Guide for the Synthetic Chemist; Pergamon Press: Oxford, 2000.
(b) Bianchi, G.; Cogoli, A.; Grünanger, P. J. Organomet. Chem. 1966,
6, 598. (c) Davies, M. W.; Wybrow, R. A. J.; Johnson, C. N.; Harrity, J.
P. A. Chem. Commun. 2001, 17, 1558. (d) Fischer, F. C.; Havinga, E.
Recl. Trav. Chim. Pays-Bas 1965, 84, 439. (e) Coudret, C. Synth.
Commun. 1996, 26, 3543. (f) Oh-e, T.; Miyaura, N.; Suzuki, A. J. Org.
Chem. 1993, 58, 2201. (g) Liao, T. K.; Podrebarac, E. G.; Cheng, C. C.
J. Am. Chem. Soc. 1964, 86, 1869. (h) Gronowitz, S.; Hornfeldt, A.-B.;
Kristjansson, V.; Musil, T. Chem. Scr. 1986, 26, 305.

(13) (a) Estel, L.; Marsais, F., Queguiner, G. J. Org. Chem. 1988,
53, 2740. (b) Rocca, P.; Chochennec, C.; Marsais, F.; Thomas-dit-
Dumont, L.; Mallet, M.; Godard, A.; Queguiner, G. J. Org. Chem. 1993,
58, 7832.

(14) (a) Schröter, S.; Stock, C.; Bach, T. Tetrahedron 2005, 61, 2245.
(b) Littke, A. F.; Fu, G. C. Angew. Chem. 2002, 114, 4350.

SCHEME 2. Classical Cyclization Route toward
CGP 60474a

a For reaction conditions see ref 6.

SCHEME 3. Retrosynthetic Analysis of CGP 60474
(6c) and Its Isomer (12b)
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solved by using a slight excess of n-BuLi (1.05 equiv),
and 3 was obtained in an excellent 90% yield with only
traces of 4.

Alternatively, the cross-coupling reaction can be car-
ried out under microwave conditions facilitating the
reaction within 5 min. In contrast to the thermal condi-
tions the 2-chloro atom was also active enough for cross-
coupling to form 2,4-bis-(2-fluoropyridin-4-yl)-pyrimi-
dine.15

According to our strategy two consecutive nucleophilic
substitution steps are required to yield the desired target
compounds. A bibliographic investigation indicated that
the relative reaction rate in a nucleophilic exchange
reaction of 2-chloropyrimidine is about 8 orders of
magnitude higher than that in 2-chloropyridine.16 As no
data for exchange rates of 2-chloro and 2-fluoropyridine
are available, we compared those reported for various
chloro- and fluoronitrobenzenes. Thus, exchange rates for
the corresponding fluoro compound in each case were
approximately 3 orders of magnitude higher.17 Conse-
quently, the Cl atom in 3 should be exchanged more
easily than F, although the difference in reactivity is
decreased. To confirm the above hypothesis, a control
experiment using 3-aminopropanol was carried out and
compound 5a was obtained in 66% yield, as expected
(Scheme 5). Under extended reaction time with an excess
of 3-aminopropanol at 160 °C we could demonstrate
successful substitution of the fluorine atom as well. After
workup and purification we obtained the expected prod-
uct 6a in 68% yield.

To establish the correct substitution pattern the first
nucleophilic exchange reaction requires transformation

with an aryl-containing amine (benzylamine and anilines)
followed by a subsequent conversion with 3-aminopro-
panol. In the case of benzylamine the nucleophilic
exchange reaction led to the desired compound in good
yield (72% 5b). Because of the low nucleophilicity,
reaction with aniline required prior deprotonation by
n-BuLi to finally yield the desired compound 5c in 44%
yield, accompanied by a number of not identified decom-
position products. We therefore looked for an alternative
method to improve the yield.

Instead of increasing the reactivity of the N-nucleophile
the reactivity of the aromatic center in 3 can be increased
by protonation of the ring nitrogen. Although in the
presence of catalytic amounts (0.1 equiv) of HCl under
aqueous conditions only traces of the desired product
were obtained, addition of HCl in equimolar quantities
was crucial for good conversion, ultimately leading to 51%
of 5c. With 3-chloroaniline product 5d was formed in 53%
yield accompanied by 19% of a byproduct 7. The identity
of 2-pyridinone 7 was confirmed by acid-catalyzed hy-
drolysis of the fluorine atom in a control experiment:
when 5d was refluxed in aqueous HCl, 7 was obtained
in 75% yield (Scheme 6). The method of choice to avoid
this side reaction was finally found in using a catalytic
amount of p-TSA in dry dioxane, which led to 5d in 89%
yield (Table 1).

The introduction of the basic side chain was finally
accomplished by heating the corresponding intermediates
(5b-d) in an excess of 3-aminopropanol and led to the
desired products (6b-c).

In a final experiment we also successfully performed
the nucleophilic exchange reactions sequentially as a one-
pot reaction. Compound 3 was first refluxed with 3-
chloroaniline (1.5 equiv) and p-TSA (0.85 equiv) in dry
dioxane for 5 h, then the solvent was evaporated, 3-
aminopropanol was added, and the reaction mixture was
refluxed for another 4 h. After workup and purification
the desired compound 6c (CGP 60474) was obtained in
81% overall yield.

(15) Stanetty, P.; Schnürch, M.; Mihovilovic, M. D. Synlett 2003,
12, 1862.

(16) Chan, T. L.; Miller, J. Aust. J. Chem. 1967, 20, 1595.
(17) (a) Bunnett, J. F.; Garbisch, E. W.; Pruitt, K. M. J. Am. Chem.

Soc. 1957, 79, 385. (b) Parker, R. E.; Read, T. O. J. Chem. Soc. 1962,
9. (c) Suhr, H. Chem. Ber. 1964, 97, 3268. (d) Bolto, B. A.; Miller, J.
Aust. J. Chem. 1956, 9, 74.

SCHEME 4. Negishi Cross-Coupling for the
Formation of Intermediate 3a

a Reagents and conditions: (a) n-BuLi, ZnCl2, THF; (b) 2,4-
dichloropyrimidine, Pd(PPh3)4, reflux, THF, 4 h.

SCHEME 5. Nucleophilic Exchange Reactions on
3a

a Reagents and conditions: (a) 3-aminopropanol (1.4 equiv),
DMF, reflux, 1.5 h; (b) 3-aminopropanol (excess), 160 °C, 16 h.

SCHEME 6. Sequential Nucleophilic Exchange
Reactions on 3a

a Reagents and conditions: (a) HCl, acetone/water 4/1, reflux,
3 h; (b) 2 N aqueous HCl, reflux, 45 min; (c)-(e) see Table 1.

Phenylamino-pyrimidine Type Protein Kinase C Inhibitors
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Synthesis of the Isomeric System 12. The cross-
coupling reaction conditions optimized for the synthesis
of 3 were applicable also for the formation of the isomeric
biaryl intermediate 9, which in turn led to isomeric target
compounds 12a-d (Scheme 7).

When 4,6-dichloropyrimidine 8 was coupled with the
organyl 1a the desired compound 9 (40%) was the major
reaction product but accompanied by bis-coupled material
10 (30%).

Similar to conversion of compound 3 nucleophilic
attack by aniline derivatives led to substitution of the
pyrimidine-chlorine prior to the pyridine-fluorine. When
aqueous HCl was used for this transformation the
reaction was accompanied by formation of byproduct 13
(15% yield) similar to compound 7. However in a mixture
of acetone and water the nucleophilic substitution pro-
gressed smoothly to the expected products 11a-c (Scheme
7). The subsequent substitution of the fluorine atom gave
the desired isomeric analogues (12a-d) to CGP 60474
in good to excellent yields (Table 2).

Conclusion

An efficient and versatile synthesis for CGP 60474 (6c)
was developed. Starting from 2-fluoropyridine the target

compound was obtained in five steps with an overall yield
of 64% (2-fluoro-3-iodopyridine was prepared according
to the literature13a but in an improved 90% yield, 2-fluoro-
4-iodopyridine13b in an improved 98% yield) compared to
34% overall yield by the established method (also five
steps). The major advantage compared to the previous
strategy is the flexibility of the presented protocol giving
access to a large variety of derivatives and isomers.

Experimental Section

General Procedure 1. Negishi Cross-Coupling Reac-
tion (Representative Procedure for the Preparation of
3). 4-Iodo-2-fluoropyridine 1 (15.52 g, 69.60 mmol, 1 equiv) was
dissolved in dry THF (150 mL) and cooled to -70 °C. Then
n-BuLi (73.08 mmol, 1.05 equiv) was added and the reaction
mixture was stirred at -70 °C for 20 min. Subsequently, dry
ZnCl2 (10.44 g, 76.61 mmol, 1.1 equiv) was added as a solution
in dry THF (60 mL) keeping the temperature below -60 °C.
The reaction mixture was then warmed to room temperature,
Pd(PPh3)4 (0.40 g, 0.35 mmol, 0.005 equiv) and 2 (7.26 g, 48.73
mmol, 0.75 equiv in 100 mL dry THF) were added, and the
reaction mixture was refluxed until complete conversion.

Workup 1. The reaction mixture was poured onto a 10%
aqueous EDTA solution, basified with saturated aqueous
Na2CO3 solution, and extracted with CH2Cl2. The crude
material was recrystallized or purified by flash column chro-
matography (FCC).

Workup 2. Most of the solvent was evaporated and the
residue was poured onto water. The resulting precipitate was
filtered and the crude material was again recrystallized or
purified by flash column chromatography (FCC).

2-Chloro-4-(2-fluoropyridin-4-yl)pyrimidine, 3.18 Pre-
pared by general procedure 1. Mp 157-159 °C; 90% (9.17 g,
43.75 mmol, beige crystals); workup 1; FCC PE/EtOAc 10:1.
Anal. Calcd for C9H5ClFN3: C, 51.57; H, 2.40; N, 20.05.
Found: C, 51.78; H, 2.33; N, 20.01.

2,2′-Difluoro-[4,4′-bipyridine], 4.18 Prepared via general
procedure 1. Mp 155-200 °C (decomp); 5% (0.33 g, 1.72 mmol,
colorless crystals); workup 1; FCC PE/EtOAc 10:1. Anal. Calcd
for C10H6F2N2: C, 62.50; H, 3.15; N, 14.58. Found: C, 62.21;
H, 3.29; N, 14.33.

3-[[4-(2-Fluoropyridin-4-yl)-2-pyrimidin-4-yl]amino]-
propanol, 5a. Substrate 3 (0.32 g, 1.53 mmol, 1 equiv) was
refluxed with 1.4 equiv (0.16 g, 2.13 mmol) of 3-aminopropanol
for 1.5 h in dry DMF (20 mL). The reaction mixture was then
poured onto water and extracted with EtOAc. The crude
material was purified by FCC PE/EtOAc 10:1 to yield 66%
(0.25 g, 1.01 mmol, yellow crystals) 5a. Mp 123-124 °C; 1H
NMR (d6-DMSO, 200 MHz) δ 1.72 (quin, 3J ) 7 Hz, 2H), 3.39-
3.57 (m, 4H), 4.49 (t, 3J ) 7 Hz, 1H), 7.28 (d, 3J ) 5 Hz, 1H),
7.38 (t, 3J ) 7 Hz, 1H), 7.79 (s, 1H), 8.00 (d, 3J ) 5 Hz, 1H),
8.39 (d, 3J ) 5 Hz, 1H), 8.47 (d, 3J ) 5 Hz, 1H); 13C NMR (d6-
DMSO, 50 MHz) δ 32.1 (t), 38.1 (t), 58.7 (t), 106.1 (d), 106.5
(d, 2JCF ) 46 Hz), 119.2 (d, 4JCF ) 4 Hz), 148.4 (d, 3JCF ) 15

(18) Hametner, C.; Hattinger, G.; Röhrling, J.; Fröhlich, J.; Stanetty,
P.; Mihovilovic, M. D. Magn. Reson. Chem. 2001, 39, 417.

TABLE 1. Nucleophilic Exchange Reactions of 3

R R’ compound conditions yield (%)

(CH2)3OH 5a a 66
Bn 5b a 72
Ph 5c b 44
Ph 5c c 51
3-Cl-Ph 5d c 53
3-Cl-Ph 5d d 89
(CH2)3OH (CH2)3OH 6a e 68
Bn (CH2)3OH 6b e 75
3-Cl-Ph (CH2)3OH 6c e 88

a DMF, amine, reflux. b n-BuLi, aniline, -30 °C to reflux.
c Aniline derivative, HCl, acetone/water, reflux. d 3-Chloroaniline,
p-TSA, dry dioxane, reflux. e 3-Aminopropanol, reflux.

SCHEME 7. Formation of Isomers of CGP 60474a

a Reagents and conditions: 4,6-dichloropyrimidine, Pd(PPh3)4,
reflux, THF; (b) aniline derivative, HCl, acetone/water, reflux; (c)
amine, reflux.

TABLE 2. Nucleophilic Exchange Reactions of 9

R R′ compound yield (%)

Ph 11a 75
3-Cl-Ph 11b 85a

3-CF3-Ph 11c 69a

Ph OH 12a 87
3-Cl-Ph OH 12b 97
3-CF3-Ph OH 12c 92
3-Cl-Ph N(CH3)2 12d 84
a Isolated as hydrochloride.
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Hz), 150.6 (d, 3JCF ) 8 Hz), 159.9 (d), 162.6 (s), 164.0 (d, 1JCF

) 233 Hz). Anal. Calcd for C12H13N4O: C, 58.06; H, 5.28; N,
22.57. Found: C, 57.71; H, 5.33; N, 22.62.

N-(Phenylmethyl)-4-(2-fluoropyridin-4-yl)-2-pyrimi-
dinamine, 5b. Substrate 3 (1.51 g, 7.20 mmol, 1 equiv) and
benzylamine (1.00 g, 9.33 mmol, 1.3 equiv) were heated in dry
DMF (30 mL) to 150 °C for 1 h. The reaction mixture was
poured onto water and the resulting precipitate filtered and
dried in vacuo at 50 °C to give 72% (1.45 g, 5.17 mmol, yellow
crystals) of 5b. Mp 167-169 °C; recrystallized from EtOAc;
1H NMR (d6-DMSO, 200 MHz) δ 4.61 (d, 3J ) 7 Hz, 2H), 7.22
(t, 3J ) 8 Hz, 1H), 7.30 (d, 3J ) 5 Hz, 1H), 7.31 (t, 3J ) 8 Hz,
2H), 7.32-7.42 (m, 2H), 7.75 (s, 1H), 7.92-8.05 (m, 2H), 8.38
(d, 3J ) 5 Hz, 1H,), 8.48 (d, 3J ) 5 Hz, 1H); 13C NMR (d6-
DMSO, 50 MHz) δ 44.1 (d), 106.5 (d), 106.6 (d, 2JCF ) 39 Hz),
119.2 (d, 4JCF ) 4 Hz), 126.5 (d), 127.1 (d), 128.2 (d), 140.3 (s),
148.4 (d, 3JCF ) 15 Hz), 150.4 (d, 3JCF ) 8 Hz), 160.1 (d), 162.5
(s), 164.0 (d, 1JCF ) 233 Hz). Anal. Calcd for C16H13FN4: C,
68.56; H, 4.67; N, 19.99. Found: C, 68.31; H, 4.87; N, 19.75.

General Procedure 2. Nucleophilic Substitution un-
der Acidic Conditions (5c, 11a-c). The corresponding
substrate was mixed with the aniline derivative (1.05 equiv)
and concentrated HCl (1.1 equiv) in a mixture of acetone/water
(4/1) and refluxed for 3 h. The reaction mixture was cooled
and the formed precipitate was filtered and washed with
water. The product (as hydrochloride) was dried in vacuo at
50 °C. Alternatively, the product can also be isolated as free
amine; therefore the reaction mixture is basified with aqueous
NaHCO3 solution and again the resulting precipitate filtered,
washed with water, and dried in vacuo at 50 °C. If necessary
the crude material was purified by flash column chromatog-
raphy.

4-(2-Fluoropyridin-4-yl)-N-phenyl-2-pyrimidin-
amine, 5c. Prepared via general procedure 2. Mp 180-183
°C; 51% (0.13 g, 0.49 mmol, yellow crystals); FCC PE/EtOAc
5:1. Alternative procedure under basic conditions: aniline (0.14
g, 1.5 mmol, 1.1 equiv) in dry THF (20 mL) was deprotonated
with n-BuLi (0.63 mL, 1.50 mmol, 1.1 equiv) at -30 °C under
nitrogen atmosphere. The reaction mixture was stirred for 30
min before 3 (0.28 g, 1.34 mmol, 1 equiv in 5 mL dry THF)
was added at that temperature. The reaction mixture was
warmed to room temperature and refluxed for 18 h. The
solvent was subsequently evaporated and the crude material
purified by FCC (PE/EtOAc 5:1) to give 44% (0.16 g, 0.60
mmol). 1H NMR (d6-DMSO, 200 MHz) δ 7.00 (t, 3J ) 8 Hz,
1H), 7.32 (t, 3J ) 8 Hz, 2H), 7.56 (d, 3J ) 5 Hz, 1H), 7.80 (d,
3J ) 8 Hz, 2H), 7.82 (s, 1H), 8.03 (d, 3J ) 5 Hz, 1H), 8.42 (d,
3J ) 5 Hz, 1H), 8.68 (d, 3J ) 5 Hz, 1H), 9.82 (s, 1H); 13C NMR
(d6-DMSO, 50 MHz) δ 106.8 (d, 2JCF ) 39 Hz), 108.8 (d), 119.2
(d), 119.3 (d, 4JCF ) 4 Hz), 121.8 (d), 128.5 (d), 140.1 (s), 148.6
(d, 3JCF ) 15 Hz), 150.2 (d, 3JCF ) 8 Hz), 159.9 (d), 160.1 (s),
160.2 (s), 164.0 (d, 1JCF ) 234 Hz).

N-(3-Chlorophenyl)-4-(2-fluoropyridin-4-yl)-2-pyrim-
idinamine, 5d. Substrate 3 (0.34 g, 1.62 mmol, 1 equiv) was
refluxed in dioxane with 3-chloroaniline (0.26 g, 2.04 mmol,
1.26 equiv) and p-TSA (0.26 g, 1.37 mmol, 0.85 equiv) for 5 h.
The reaction mixture was concentrated in vacuo, poured onto
water, and basified with saturated aqueous NaHCO3 solution.
The resulting precipitate was filtered and dried in vacuo at
50 °C to give 89% (0.43 g, 1.43 mmol, yellow crystals) 5d
without further purification. Mp 188-190 °C. Alternatively
5d was prepared via general procedure 2 to yield 53% (0.83 g,
2.76 mmol). 1H NMR (d6-DMSO, 200 MHz) δ 7.05 (d, 3J ) 8
Hz, 1H), 7.35 (t, 3J ) 8 Hz, 1H), 7.62 (d, 3J ) 5 Hz, 1H), 7.70
(d, 3J ) 8 Hz, 1H), 7.83 (s, 1H), 8.00-8.10 (m, 2H), 8.45 (d, 3J
) 5 Hz, 1H), 8.72 (d, 3J ) 5 Hz, 1H), 10.05 (s, 1H); 13C NMR
(d6-DMSO, 50 MHz) δ 106.8 (d, 2JCF ) 39 Hz), 109.3 (d), 117.2
(d), 118.2 (d), 119.2 (d, 4JCF ) 4 Hz), 121.1 (d), 130.0 (d), 132.9
(s), 141.7 (s), 148.5 (d, 3JCF ) 15 Hz), 149.9 (d, 3JCF ) 8 Hz),
159.9 (s), 160.0 (d), 164.0 (d, 1JCF ) 234 Hz). Anal. Calcd for
C15H10ClFN4: C, 59.91; H, 3.35; N, 18.63. Found: C, 59.76;
H, 3.43; N, 18.52.

3-[[4-[2-(3-Hydroxypropylamino)-pyridin-4-yl]-2-pyri-
midin-4-yl]amino]-propanol, 6a. Substrate 3 (0.29 g, 1.40
mmol, 1 equiv) was heated in 3-aminopropanol (5 mL) to 160
°C for 16 h. The reaction mixture was poured onto water and
extracted with EtOAc. Recrystallization from EtOAc gave 68%
(0.29 g, 0.96 mmol, yellow crystals) of 6a. Mp 169-172 °C; 1H
NMR (d6-DMSO, 200 MHz) δ 1.65-1.80 (m, 4H), 3.28-3.39
(m, 4H), 3.43-3.57 (m, 4H), 4.50 (bs, 2H), 6.58-6.70 (m, 2H),
7.03 (d, 3J ) 5 Hz, 1H), 7.10 (s, 1H), 7.19 (t, 3J ) 7 Hz, 1H),
8.07 (d, 3J ) 5 Hz, 1H), 8.39 (d, 3J ) 5 Hz, 1H); 13C NMR (d6-
DMSO, 50 MHz) δ 32.2 (d), 32.4 (d), 38.1 (d), 58.7 (d), 58.8 (d),
105.2 (d), 105.7 (d), 108.6 (d), 145.0 (s), 148.3 (d), 159.2 (d),
159.7 (s), 162.6 (s). Anal. Calcd for C15H21N5O2: C, 59.39; H,
6.98; N, 23.09. Found: C, 59.67; H, 7.09; N, 22.79.

General Procedure 3. Introduction of the Aminopro-
panol Side Chain (6b, 6c, 12a-c). The corresponding
substrate was heated in 3-aminopropanol (10 mL for 0.5 g) to
150-160 °C until completion. The reaction mixture was cooled
to 0 °C and the product was precipitated by addition of water.
The residue was filtered, and the product was washed with
cold water and dried in vacuo at 50 °C. In some cases the
precipitate could not be filtered and the product was isolated
by extraction with EtOAc and subsequent purification by
column chromatography.

3-[[4-[2-[(Phenylmethyl)amino]pyrimidin-4-yl]-pyridin-
2-yl]amino]-propanol, 6b. Prepared via general procedure
3. Mp 152-154 °C; 75% (1.24 g, 3.70 mmol, yellow crystals);
precipitated from water; 1H NMR (d6-DMSO, 200 MHz) δ 1.70
(quin, 3J ) 7 Hz, 2H), 3.33 (q, 2H, J ) 2 Hz), 3.50 (q, 3J ) 7
Hz, 2H), 4.50-4.64 (m, 3H), 6.68 (t, 3J ) 7 Hz, 1H.), 7.02 (d,
3J ) 5 Hz, 1H), 7.06 (d, 3J ) 5 Hz, 1H), 7.12 (s, 1H), 7.20-
7.41 (m, 5H), 7.84 (t, 3J ) 7 Hz, 1H.), 8.07 (d, 3J ) 5 Hz, 1H),
8.38 (d, 3J ) 5 Hz, 1H); 13C NMR (d6-DMSO, 50 MHz) δ 32.3
(t), 38.1 (t), 44.1 (t), 58.7 (t), 105.0 (d), 106.1 (d), 108.6 (d), 126.5
(d), 127.2 (d), 128.2 (d), 140.5 (s), 144.9 (s), 148.3 (d), 159.4
(d), 159.7 (s), 162.5 (s). Anal. Calcd for C19H21N5O: C, 68.04;
H, 6.31; N, 20.88. Found: C, 67.74; H, 6.43; N, 20.72.

3-[[4-[2-[(3-Chlorophenyl)amino]pyrimidin-4-yl]pyri-
din-2-yl]amino]-propanol, 6c. Prepared via general proce-
dure 3. Mp 144-147 °C, 88% (0.32 g, 0.90 mmol, yellow
crystals); precipitated from water; 1H NMR (d6-DMSO, 200
MHz) δ 1.72 (quin, 3J ) 7 Hz, 2H), 3.33 (q, 3J ) 7 Hz, 2H),
3.52 (q, 3J ) 7 Hz, 2H), 4.51 (t, 3J ) 7 Hz, 1H), 6.72 (t, 3J ) 7
Hz, 1H.), 7.02 (dd, 3J ) 8 Hz, 4J ) 2 Hz, 1H), 7.12 (d, 3J ) 5
Hz, 1H), 7.13 (s, 1H), 7.34 (t, 3J ) 8 Hz, 1H), 7.38 (d, 3J ) 5
Hz, 1H), 7.78 (dd, 3J ) 8 Hz, 4J ) 2 Hz, 1H), 8.03 (t, 4J ) 2
Hz, 1H), 8.12 (d, 3J ) 5 Hz, 1H), 8.65 (d, 3J ) 5 Hz, 1H), 9.95
(s, 1H.); 13C NMR (d6-DMSO, 50 MHz) δ 32.2 (t), 38.2 (t), 58.7
(t), 104.9 (d), 108.6 (d), 108.9 (d), 117.1 (d), 118.0 (d), 120.9
(d), 130.1 (d), 133.0 (s), 142.0 (s), 144.5 (s), 148.6 (d), 159.4
(d), 159.7 (s), 159.9 (s), 162.7 (s). Anal. Calcd for C18H18ClN5O:
C, 60.76; H, 5.10, N, 19.68. Found: C, 60.51; H, 5.09; N;
19.61.

Formation of 6c via One-pot Reaction. Substrate 3 (0.98
g, 4.68 mmol), 3-chloroaniline (0.89 g, 6.98 mmol) and p-TSA
(0.76 g, 4.00 mmol) were refluxed for 5 h in dry dioxane. The
solvent was then evaporated, and an excess of 3-aminopro-
panol was added and heated for 4 h to 170 °C. The reaction
mixture was then cooled to room temperature, water was
added, and the mixture was basified with saturated aqueous
NaHCO3 solution. The resulting precipitate was filtered and
dried and the crude material was recrystallized from EtOAc.
Yield: 81% (1.35 g, 3.79 mmol) yellow crystals.

4-[2-[Amino-(3-chlorophenyl)]pyrimidin-4-yl]pyridin-
2(1H)-one, 7. Mp 286-288 °C; 5e (0.04 g, 0.13 mmol, 1 equiv)
was refluxed for 45 min in 2 N aqueous HCl (15 mL). The
reaction mixture was cooled and basified with saturated
aqueous NaHCO3 solution. The formed precipitate was filtered
and the product was dried in vacuo at 50 °C to give 75% (0.03
g, 0.10 mmol, yellow crystals) of 7 (also formed in 22% yield
as byproduct during the formation of 5e under aqueous
conditions). 1H NMR (d6-DMSO, 200 MHz) δ 6.85 (dd, 3J ) 5
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Hz, 4J ) 1 Hz, 1H), 7.02 (d, 3J ) 8 Hz, 1H), 7.10 (d, 4J ) 1 Hz,
1H), 7.35 (t, 3J ) 8 Hz, 1H), 7.46 (d, 3J ) 5 Hz, 1H), 7.58 (d,
3J ) 5 Hz, 1H), 7.70 (d, 3J ) 8 Hz, 1H), 8.02 (t, 4J ) 1 Hz,
1H), 8.66 (d, 3J ) 5 Hz, 1H), 9.99 (s, 1H.); 13C NMR (d6-DMSO,
50 MHz) δ 102.5 (d), 109.4 (d), 117.2 (d), 117.9 (d), 118.1 (d),
121.0 (d), 130.1 (d), 133.0 (s), 136.2 (d), 141.9 (s), 148.2 (s),
159.8 (s), 161.4 (s), 162.6 (s). Anal. Calcd for C15H11ClN4O: C,
60.31; H, 3.71; N, 18.75. Found: C, 60.02; H, 3.84; N, 18.54.

4-Chloro-6-(2-fluoropyridin-4-yl)pyrimidine, 9. Pre-
pared via general procedure 1. Mp 120-121 °C; 40% (1.56 g,
7.44 mmol, beige crystals); workup 2; FCC PE/EtOAc 20:1; 1H
NMR (d6-DMSO, 200 MHz) δ 7.88 (s, 1H), 8.08 (d, 3J ) 5 Hz,
1H), 8.41 (d, 3J ) 5 Hz, 1H), 8.47 (s, 1H), 9.16 (s, 1H); 13C
NMR (d6-DMSO, 50 MHz) δ 107.4 (d, 2JCF ) 40 Hz), 119.0 (d),
119.6 (d, 4JCF ) 4 Hz), 148.0 (d, 3JCF ) 8 Hz), 148.9 (d, 3JCF )
15 Hz), 159.2 (d), 161.3 (d, 4JCF ) 4 Hz), 162.0 (s), 164.0 (d,
1JCF ) 234 Hz). Anal. Calcd for C9H5ClFN3: C, 51.57; H, 2.40;
N, 20.05. Found: C, 51.67; H, 2.67; N, 19.82.

4,6-bis-(2-Fluoropyridin-4-yl)pyrimidine, 10.18 Prepared
via general procedure 1. Mp 166-168 °C; 30% as byproduct
(1.50 g, 5.55 mmol, yellow crystals); FCC PE/EtOAc 20:1. Anal.
Calcd for C14H8F2N4: C, 62.22; H, 2.98; N, 20.73. Found: C,
61.92; H, 3.27; N, 20.85.

6-(2-Fluoropyridin-4-yl)-N-phenyl-4-pyrimidin-
amine, 11a. Prepared via general procedure 2. Mp 151-153
°C; 75% (0.45 g, 1.69 mmol, colorless crystals); FCC PE:EtOAc
5:1; 1H NMR (d6-DMSO, 200 MHz) δ 7.00 (d, 3J ) 8 Hz, 1H),
7.34 (s, 1H), 7.36 (t, 3J ) 8 Hz, 2H), 7.69 (bs, 1H), 7.71 (d, 3J
) 8 Hz, 2H), 7.89 (d, 3J ) 5 Hz, 1H), 8.40 (d, 3J ) 5 Hz, 1H),
8.75 (s, 1H), 9.88 (s, 1H); 13C NMR (d6-DMSO, 50 MHz) δ 103.7
(d), 106.4 (d, 2JCF ) 39 Hz), 119.0 (d, 4JCF ) 4 Hz), 120.1 (d),
122.9 (d), 128.8 (d), 139.3 (s), 148.5 (d, 3JCF ) 15 Hz), 150.3
(d, 3JCF ) 8 Hz), 157.5 (d, 4JCF ) 4 Hz), 158.6 (d), 161.1 (s),
163.9 (d, 1JCF ) 234 Hz). Anal. Calcd for C15H11FN4: C, 67.66;
H, 4.16; N, 21.04. Found: C, 67.44; H, 3.94; N, 20.77.

N-(3-Chlorophenyl)-6-(2-fluoropyridin-4-yl)-4-pyrim-
idinamine hydrochloride, 11b. Prepared via general pro-
cedure 2. Mp 203-205 °C; 85% (1.10 g, 3.26 mmol, yellow
crystals); 1H NMR (d6-DMSO, 200 MHz) δ 7.16 (d, 3J ) 8 Hz,
1H), 7.40 (t, 3J ) 8 Hz, 1H), 7.36 (s, 1H), 7.70 (s, 1H), 7.80-
7.98 (m, 2H), 8.05 (t, 4J ) 1 Hz, 1H), 8.48 (d, 3J ) 5 Hz, 1H),
8.91 (s, 1H), offset (1H); 13C NMR (d6-DMSO, 50 MHz) δ 105.0
(d), 107.0 (d, 2JCF ) 39 Hz), 118.8 (d), 119.3 (d, 4JCF ) 4 Hz),
119.8 (d), 123.1 (d), 130.4 (d), 133.1 (d), 140.3 (s), 147.9 (d,
3JCF ) 8 Hz), 148.8 (d, 3JCF ) 15 Hz), 154.8 (s), 156.9 (d), 161.1
(s), 163.8 (d, 1JCF ) 234 Hz). Anal. Calcd for C15H11Cl2FN4: C,
53.43; H, 3.29; N, 16.62. Found: C, 53.26; H, 3.35; N, 16.39.

N-(3-Trifluoromethylphenyl)-6-(2-fluoropyridin-4-yl)-
4-pyrimidinamine hydrochloride, 11c. Prepared via gen-
eral procedure 2. Mp 187-190 °C; 69% (0.66 g, 1.78 mmol,
yellow crystals); 1H NMR (d6-DMSO, 200 MHz) δ 7.43 (d, 3J
) 8 Hz, 1H), 7.59 (t, 3J ) 8 Hz, 1H), 7.60 (s, 1H), 7.70 (s, 1H),
7.88 (d, 3J ) 5 Hz, 1H), 8.01 (d, 3J ) 8 Hz, 1H), 8.28 (bs, 1H),
8.48 (d, 3J ) 5 Hz, 1H), 8.91 (s, 1H), offset (1H); 13C NMR (d6-
DMSO, 50 MHz) δ 105.0 (d), 106.9 (d, 2JCF ) 40 Hz), 116.3 (d,
3JCF ) 4 Hz), 119.2 (d, 4JCF ) 4 Hz), 119.6 (d, 4JCF ) 4 Hz),
123.8 (d), 124.1 (q, 1JCF ) 270 Hz), 129.4 (d, 2JCF ) 31 Hz),
130.0 (d), 139.7 (s), 148.1 (d, 3JCF ) 8 Hz), 148.8 (d, 3JCF ) 15
Hz), 155.2 (d, 4JCF ) 4 Hz), 157.1 (d), 161.2 (s), 163.8 (d, 1JCF

) 234 Hz)
3-[[4-[6-(Phenylamino)pyrimidin-4-yl]pyridin-2-yl]ami-

no]-propanol, 12a. Prepared via general procedure 3. Mp
200-202 °C; 87% (0.47 g, 1.46 mmol, pale yellow crystals); FCC
EtOAc; 1H NMR (d6-DMSO, 200 MHz) δ 1.71 (quin, 3J ) 7
Hz, 2H), 3.32 (q, 3J ) 7 Hz, 2H), 3.50 (q, 3J ) 7 Hz, 2H), 4.55
(t, 3J ) 7 Hz, 1H), 6.74 (t, 1H, 3J ) 7 Hz), 6.97 (dd, 3J ) 5 Hz,
4J ) 1 Hz, 1H), 7.05 (t, 3J ) 8 Hz, 1H), 7.12 (s, 1H), 7.20 (s,
1H), 7.35 (t, 3J ) 8 Hz, 2H), 7.71 (d, 3J ) 8 Hz, 2H), 8.09 (d,
3J ) 5 Hz, 1H), 8.71 (s, 1H), 9.77 (s, 1H); 13C NMR (d6-DMSO,
50 MHz) δ 32.4 (t), 38.1 (t), 58.7 (t), 102.7 (d), 105.1 (d), 108.2
(d), 120.0 (d), 122.7 (d), 128.9 (d), 139.7 (s), 144.8 (s), 148.5
(d), 158.4 (d), 159.8 (s), 159.9 (s), 161.1 (s). Anal. Calcd for

C18H19N5O: C, 67.27; H, 5.96; N, 21.79. Found: C, 67.56; H,
5.86; N, 21.66.

3-[[4-[6-[(3-Chlorophenyl)amino]pyrimidin-4-yl]pyri-
din-2-yl]amino]-propanol, 12b. Prepared via general pro-
cedure 3. Mp 180-183 °C; 97% (0.43 g, 1.21 mmol, colorless
crystals); FCC PE/EtOAc 10:1; 1H NMR (d6-DMSO, 200 MHz)
δ 1.72 (quin, 3J ) 7 Hz, 2H), 3.35 (q, 3J ) 7 Hz, 2H), 3.50 (t,
3J ) 7 Hz, 2H), 4.55 (bs, 1H), 6.77 (t, 3J ) 7 Hz, 1H), 6.98 (d,
3J ) 5 Hz, 1H), 7.08 (d, 3J ) 8 Hz, 1H), 7.14 (s, 1H), 7.22 (s,
1H), 7.36 (t, 3J ) 8 Hz, 1H), 7.56 (d, 3J ) 8 Hz, 1H), 8.04 (bs,
1H), 8.10 (d, 3J ) 5 Hz, 1H), 8.79 (s, 1H), 9.94 (bs, 1H); 13C
NMR (d6-DMSO, 50 MHz) δ 32.4 (t), 38.1 (t), 58.7 (t), 103.4
(d), 105.1 (d), 108.2 (d), 117.9 (d), 119.0 (d), 121.9 (d), 130.3
(d), 133.2 (s), 141.3 (s), 144.6 (s), 148.5 (d), 158.3 (d), 159.8 (s),
160.1 (s), 160.8 (s). Anal. Calcd for C18H18ClN5O: C, 60.76; H,
5.10; N, 19.68. Found: C, 60.47; H, 4.94; N, 19.44.

3-[[4-[6-[(3-Trifluoromethylphenyl)amino]pyrimidin-
4-yl]pyridin-2-yl]amino]-propanol, 12c. Prepared via gen-
eral procedure 3. Mp 212-214 °C; 92% (0.36 g, 0.92 mmol,
yellow crystals); FCC PE/EtOAc 10:1; 1H NMR (d6-DMSO, 200
MHz) δ 1.72 (quin, 3J ) 7 Hz, 2H), 3.33 (q, 3J ) 7 Hz, 2H),
3.49 (t, 3J ) 7 Hz, 2H), 4.58 (bs, 1H), 6.75 (t, 3J ) 7 Hz, 1H),
6.98 (d, 3J ) 5 Hz, 1H), 7.14 (s, 1H), 7.24 (s, 1H), 7.35 (d, 3J )
8 Hz, 1H), 7.59 (t, 3J ) 8 Hz, 1H), 7.92 (d, 3J ) 8 Hz, 1H), 8.10
(d, 3J ) 5 Hz, 1H), 8.26 (bs, 1H), 8.80 (s, 1H), 10.12 (bs, 1H);
13C NMR (d6-DMSO, 50 MHz) δ 32.4 (t), 38.2 (t), 58.8 (t), 103.5
(d), 105.2 (d), 108.2 (d), 115.5 (d), 118.5 (d), 123.1 (d), 124.3
(q, 1JCF ) 271 Hz), 129.7 (d, 2JCF ) 31 Hz), 130.0 (d), 140.7 (s),
144.6 (s), 148.6 (d), 158.3 (d), 159.9 (s), 160.3 (s), 160.9 (s).
Anal. Calcd for C19H18F3N5O: C, 58.61; H, 4.66; N, 17.99.
Found: C, 58.40; H, 4.57; N, 17.82.

N‘-[4-[6-(3-Chlorophenylamino)pyrimidin-4-yl]pyridin-
2-yl]-N,N-dimethylpropan-1,3-diamine, 12d. Compound
11b (0.43 g, 1.28 mmol) was refluxed for 4 h in 10 mL of N,N-
dimethyl-1,3-propandiamine. The reaction mixture was cooled
to room temperature and water was added. The product was
extracted with EtOAc, and the organic layer was washed with
brine, dried over Na2SO4, filtered, and evaporated. Recrystal-
lization from DIPE gave 12d. Yield 84% (0.41 g, 1.07 mmol,
yellow crystals); mp 185-187 °C; 1H NMR (d6-DMSO, 200
MHz) δ 1.69 (quin, 3J ) 7 Hz, 2H), 2.12 (s, 6H), 2.30 (t, 3J )
7 Hz, 2H), 3.30 (q, 3J ) 7 Hz, 2H), 6.79 (t, 3J ) 7 Hz, 1H), 6.98
(d, 3J ) 5 Hz, 1H), 7.08 (d, 3J ) 8 Hz, 1H), 7.12 (s, 1H), 7.20
(s, 1H), 7.37 (t, 3J ) 8 Hz, 1H), 7.56 (d, 3J ) 8 Hz, 1H), 8.04
(bs, 1H), 8.11 (d, 3J ) 5 Hz, 1H), 8.80 (s, 1H), 9.95 (bs, 1H);
13C NMR (d6-DMSO, 50 MHz) δ 27.0 (t), 39.2 (t), 45.2 (q), 57.0
(t), 103.3 (d), 105.0 (d), 108.0 (d), 117.9 (d), 118.9 (d), 121.9
(d), 130.3 (d), 133.1 (s), 141.3 (s), 144.4 (s), 148.6 (d), 158.2
(d), 159.7 (s), 160.1 (s), 160.8 (s). Anal. Calcd for C20H23ClN6:
C, 62.74; H, 6.05; N, 21.95. Found: C, 62.55; H, 5.95; N, 21.70.

4-[6-(Phenylamino)pyrimidin-4-yl]pyridin-2(1H)-
one, 13. Mp 284-286 °C; 15% (0.11 g, 0.42 mmol, pale yellow
crystals) as byproduct during the formation of 11a; FCC PE/
EtOAc 5:1; 1H NMR (d6-DMSO, 200 MHz) δ 6.71 (dd, 3J ) 5
Hz, 4J ) 1 Hz, 1H), 6.92 (d, 4J ) 1 Hz, 1H), 7.04 (t, 3J ) 8 Hz,
1H), 7.21 (s, 1H), 7.35 (t, 3J ) 8 Hz, 2H), 7.52 (d, 3J ) 5 Hz,
1H), 7.70 (d, 3J ) 8 Hz, 2H), 8.70 (s, 1H), 9.79 (s, 1H), offset
(1H); 13C NMR (d6-DMSO, 50 MHz) δ 102.6 (d), 103.6 (d), 117.0
(d), 120.0 (d), 122.8 (d), 128.8 (d), 136.1 (d), 139.5 (s), 148.7
(s), 158.4 (d), 158.7 (s), 161.0 (s), 162.7 (s). Anal. Calcd for
C15H12N4O: C, 65.49; H, 4.84; N, 20.37. Found: C, 65.69; H,
4.76; N, 20.38.
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Abstract—Trisubstituted pyridazines were synthesized and evaluated as in vitro inhibitors of p38 MAPK. The most active isomers
were those possessing an aryl group a and a heteroaryl group b relative to the nitrogen atom in the 2-position of the central pyr-
idazine. Additionally, substitution in the 6-position of the central pyridazine with a variety of dialkylamino substituents afforded a
set of inhibitors having good (p38 IC50 1–20 nM) in vitro activity. # 2002 Elsevier Science Ltd. All rights reserved.

The discovery of new agents for the treatment of cyto-
kine mediated inflammatory diseases such as rheuma-
toid arthritis (RA) or Crohn’s disease has been the
driving force behind our search for novel, selective,
small molecule inhibitors of p38 mitogen-activated
protein kinase (p38 MAPK).1 By inhibiting p38MAPK,
the intracellular signaling cascade leading to excessive
production of the pro-inflammatory cytokine, tumor
necrosis factor a (TNF-a), is suppressed.2 Reduction of
TNF-a levels by treatment with either anti-TNF-a anti-
bodies (Remicade1) or a soluble TNF-a receptor pro-
tein (Enbrel1) has proved to be disease modifying in RA
therapy.3

Many small molecule inhibitors of p38 MAPK have
been reported that contain a central trisubstituted p-
electron excessive aromatic heterocycle such as pyra-
zole, pyrrole, furan, or imidazole.4 Additionally, potent
inhibitors of p38MAPK were developed that were
based on the tetrasubstituted imidazole heterocycle, 1
(Fig. 1).1

A common feature of tetrasubstituted imidazole inhibi-
tors (1, p38 IC50 0.11 nM; 2, p38 IC50 12,000 nM) is the
presence of both pendant aryl and heteroaryl function-
alities which are positioned distal to a 4-substituted
piperidine. An important element of imidazole contain-
ing inhibitors is that the isomer (1) having the greatest
intrinsic activity is that which has an aromatic ring in

the a-position and the attached nitrogen containing
aromatic heterocycle located b to the unsubstituted
nitrogen in the imidazole ring.1,5 Furthermore, X-ray
crystallography has demonstrated the necessity of a
hydrogen bond acceptor on the central ring in order to
achieve high affinity for the ATP-binding pocket of
p38 MAPK.6

Unlike the five-membered p-electron excessive hetero-
cycles, there are limited reports of p38 MAPK inhibitors
that possess a p-electron deficient central ring.7 In an
effort to better delineate the nature of small molecule
inhibitors of p38MAPK, pyridazine based inhibitors
analogous to the tetrasubstituted imidazole class were
prepared (Schemes 1–3). In each case an amine con-
taining substituent was installed distal to the aryl and
heteroaryl functionalities. Like the tetrasubstitued imi-
dazoles, the nitrogen atoms of pyridazine based inhibi-
tors possess the ability to function as a hydrogen bond
acceptor in the ATP-binding pocket of p38 MAPK.

0960-894X/02/$ - see front matter # 2002 Elsevier Science Ltd. All rights reserved.
PI I : S0960-894X(01 )00834-4
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The preparation of the required 3,4,6-trisubstituted
pyridazines was accomplished using a classical synthetic
approach, which relied on the reaction of hydrazine with
either a 1,4-diketone or a 1,4-keto acid.8 Subsequent
aromatization of the heterocycle followed by pendant
group modifications gave the compounds desired for
testing. Schemes 1–3 summarize three strategies that
were used for the preparation of 3,4,6-trisubstituted
pyridazine analogues.9

The synthesis of 97c is illustrated in Scheme 1. Alkyl-
ation of the enolate of 31 with the Cbz protected 4-(2-
chloroacetyl)piperidine (47c) gave the 1,4-diketone, 5.
Cyclization with hydrazine in ethanol gave the 3,4-
dihydropyridazine, which was aromatized with 2,3-
dichloro-5,6-dicyano-1,4-benzoquinone (DDQ)10 in tol-
uene to give 6. Selective oxidation of the sulfide (6) to
the sulfone (7) was accomplished by heating at reflux a

solution of 6, 30% hydrogen peroxide, sodium tung-
state, methanol and ethyl acetate.11 Nucleophilic dis-
placement1 with neat (S)-(�)-a-methylbenzylamine gave
8, which was deprotected using 30% hydrogen bromide
in acetic acid to furnish, after conversion to the dihy-
drochloride salt, the desired pyridazine, 9.

Scheme 2 shows the preparation of pyridazine 16,7c

which is, due to the transposition of the aryl and het-
eroaryl substituents, isomeric with pyridazine 9. Inter-
mediate 12 was prepared by reacting the Grignard
reagent12 derived from 3-trifluoromethylbenzyl chloride
(10) with Weinreb amide 11. The remaining steps in the
synthesis of 16 were carried out in a manner similar to
that described for the preparation of 9 (Scheme 1).

Scheme 3 illustrates a complementary synthetic pathway
which provided analogues with an amine directly

Scheme 1. Reagents and conditions: (i) 95% NaH, DMSO, rt, 1 h then 4, rt, 18 h, 71%; (ii) N2H4, EtOH, 24 h, rt; (iii) DDQ, toluene, rt 24 h, 82%;
(iv) 30% H2O2, Na2WO4

.2H2O, MeOH, EtOAc, reflux, 24 h, 72%; (v) (S)-(�)-a-methylbenzylamine, 125 �C, 3 h, 86%; (vi) 30% HBr–HOAc, rt, 1
h, 67%; (vii) HCl–Et2O (1N), 0.5 h rt, 41%.

Scheme 2. Reagents and conditions: (i) Mg, Et2O, I2 (cat), reflux, 0.5 h, then 11, reflux, 4 h, 15%; (ii) 95% NaH, DMSO, rt, 0.25 h then 4, rt, 18 h,
21%; (iii) N2H4, EtOH, 5 h, rt; (iv) DDQ, toluene, rt 0.5 h, 81%; (v) 30% H2O2, Na2WO4

.2H2O, MeOH, EtOAc, reflux, 18 h, 49%; (vi) (S)-(�)-a-
methylbenzylamine, 125 �C, 3 h, 94%; (vii) 30% HBr–HOAc, rt, 1 h, 30%; (viii) HCl–Et2O (1N), 0.5 h rt, 22%.
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attached to the pyridazine heterocycle in the 6-position.
Addition of methyl bromoacetate to the previously
employed enolate of ketone 3 gave the alkylated pro-
duct, 17. Hydrolysis of the ester and cyclization with
hydrazine in ethanol provided pyridazinone 19. Inter-
mediate 22 was subsequently synthesized from 19 using
an approach similar to those described in Schemes 1 and
2. Further elaboration to the key chloropyridazine, 23,
was effected using phosphorus oxychloride.13 Treatment
of 23 with primary or secondary amines14 gave a series
of pyridazines possessing a nitrogen-linked substituent
in the 6-position.

The trend observed for the tetrasubstituted imidazole
series1 of p38MAPK inhibitors, regarding the arrange-
ment of substituents around the central heterocycle, was
found to be true for the analogous 3,4,6-trisubstituted
pyridazines 9 and 16. In each case a piperidine sub-
stituent was positioned distal to the pendant aryl and
heteroaryl groups. Similarly, the pyridazine with the
aryl ring a and the heteroaryl ring b to the pyridazine
nitrogen in the 2-position showed greater in vitro inhi-
bitory activity for p38MAPK (9, p38 IC50 0.15 nM)
than the isomeric compound where the aryl and hetero-
aryl rings were interchanged (16, p38 IC50 4.81%@1000
nM).15 Table 1 summarizes p38 MAPK inhibition data
for the two isomeric tetrasubstituted imidazoles and
their trisubstituted pyridazine counterparts.

The 3-trifluoromethylphenyl and the 2-substituted pyr-
imidine substituents were previously optimized in the

tetrasubsituted imidazole series of inhibitors. These
substituents were found to impart both activity and
selectivity for p38MAPK over other protein kinases
such as c-Raf.1 While retaining these two key elements
of the tetrasubstituted imidazoles and using the pyrid-
azine scaffold, we sought a rapid and flexible approach
that would allow for the preparation of final products
having a variety of nitrogen-linked substituents in the 6-
position (see Scheme 3). Table 2 shows a set of second-
ary amines that were thus installed on the pyridazine
framework. This strategy allowed for the quick assess-
ment of the requisite structural and electronic attributes
of the pendant group in the 6-position of the central
pyridazine.

The introduction of nitrogen-linked amine substituents
in the 6-position of the central pyridazine afforded a set
of compounds which, like the carbon-linked piperidine,
9, were potent in vitro inhibitors of p38 MAPK. The
maintenance of inhibitory activity in going from a car-
bon-linked to a nitrogen-linked functionality suggests a

Table 1. Summary of p38MAPK inhibition data

Compd p38 IC50 (nM)

1 0.11
2 12,000
9 0.15
16 4.81%@1000

Table 2. Amine derivatives of 24

Compd Amine p38 IC50 (nM)

24a 2.5

24b 1.4

24c 20.1

24d 7.4

24e 2.6

24f 0.6

24g 1.9

Scheme 3. Reagents and conditions: (i) 60% NaH, DMSO, then methyl bromoacetate, rt, 2 h, 86%; (ii) dioxane, 6N hydrochloric acid, rt, 24 h,
78%; (iii) N2H4, EtOH, reflux, 4 h, 41%; (iv) 30% H2O2, Na2WO4

.2H2O, MeOH, EtOAc, reflux, 24 h, 92%; (v) (S)-(�)-a-methylbenzylamine,
reflux, 24 h, 91%; (vi) DDQ, MeCN, rt, 24 h, 92%; (vii) POCl3, 125�C, 24 h, 83%; (viii) amine, 90 �C, 24 h.
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remarkable tolerance in the 6-position for a range of
substituents, each possessing distinctive structural and
electronic features. One of the first compounds prepared
in this series, the morpholine derivative 24e, was tested
to evaluate its selectivity for p38MAPK over several
other protein kinases. These results are illustrated in
Table 3.16

In addition to the kinase selectivity experiments, 24e
was assessed in two cell-based assays of TNF-a release.
A substantial decrease in activity (human monocyte17

IC50 292 nM, human whole blood1 IC50 1200 nM) ver-
sus the value for p38 MAPK inhibition (IC50 2.6 nM)
was observed which suggests this pyridazine derivative
was not effectively penetrating cells.

In summary, although 24e showed favorable in vitro
potency and selectivity versus p38MAPK, additional
SAR studies directed towards increasing activity in the
cell-based assays would be required before a trisubstituted
pyridazine could advance as a small molecule drug can-
didate for intervention in TNF-a mediated disorders.
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G.; Kühl, U. G. U.S. 4,755,520; Chem. Abstr. 1987, 106,
156761.
13. Aldous, D. L.; Castle, R. N. In Pyridazines; Castle, R. N.,
Ed.; John Wiley and Sons: New York, 1973; p 221.
14. Nagagome, T. In Pyridazines; Castle, R. N., Ed.; John
Wiley and Sons: New York, 1973; p 468.
15. The inhibition of p38 kinase was determined according to
a published method18 using an enzyme concentration of 0.5 nM.
16. All enzyme inhibition assays were carried out using meth-
ods described in ref 1 and the references cited therein.
17. Chin, J.; Kostura, M. J. J. Immunol. 1993, 151, 5574.
18. LoGrasso, P. V.; Frantz, B.; Rolando, A. M.; O’Keefe,
S. J.; Hermes, J. D.; O’Neill, E. A. Biochemistry 1997, 36,
10422.

Table 3. Kinase selectivity for compound 24e

Kinase p38 c-Raf JNK2a1 JNK2a2 LCK

IC50 2.6 nM 29%@5000 nM 820 nM 1400 nM 22%@15,000 nM

692 C. J. McIntyre et al. / Bioorg. Med. Chem. Lett. 12 (2002) 689–692



1

Suzuki Cross-Coupling

November 8 2008
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The Overall Reaction

Reported in 1979 by Akira Suzuki and N. Miyaura
Commonly referred to as the Suzuki cross-coupling
Palladium catalyzed cross-coupling between 
organoboron compounds and organic halides leading 
to the formation of carbon-carbon bonds.

(Kurti L. and Czako B., 2005)
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The Overall Reaction Cont’d

I
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O
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OH
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(Bower et al., 1998)
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The Reaction Mechanism

(Kurti L. and Czako B., 2005)
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Oxidative Addition
The rate determining step of the catalytic cycle
Couples the palladium catalyst to the alkyl halide 
which gives rise to the organopalladium complex
The complex is initially in the cis conformation but 
isomerizes to the trans conformation 
Stereochemistry with vinyl halides are retained but 
inversion of stereochemistry occurs with allylic or 
benzylic halides

(Kurti L. and Czako B., 2005)
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Transmetalation
The role of base is to activate the boron-containing 
reagent, and also facilitate the formation of R1Pd-
OR from R1Pd-X.
Reaction does not occur in the absence of base.
Exact mechanism is unclear.

(Figure modified 
from Dhillon 2007)
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Reductive Elimination

This final step gives the desired product and it also 
regenerates the palladium catalyst so that it can 
participate again in the catalytic cycle (ie. making 
more products).
Require the complex to revert back to the cis
conformation before reductive elimination can occur

(Kurti L. and Czako B., 2005)
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The Catalyst

Typically, triphenylphosphine is the ligand used to activate the
palladium  
Can also be ligandless such as Pd/C

Easier to handle (other ligands may be air-sensitive)
Remove by simple filtration (recover, purify, and reuse)

Other types of ligand 
Carbohydrate derivatives – increase solubility of the metal-
ligand complex

Figures modified from 
(Franzén and Xu 2005)



Variations

Asymmetrical Suzuki cross coupling
Employ chiral binaphthalene derivatives

Solid-phase synthesis (Frenette and Friesen 1994)

Figure modified from 
(Franzén and Xu 2005)

Figures modified from (Franzén
2000)
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Variations Cont’d

Preparation of Polymers
Possibility of synthesizing chiral polymers in solid 
phase!

Figures modified from 
(Franzén and Xu 2005)
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Advantages
Mild Reaction Conditions
Availability of common boronic acids
Inorganic by-products are easily removed from reaction 
mixture.
Stereoselective
Less toxic than other competitive methods, (ie. Boronic acids 
are environmentally safer and less toxic than 
organostannanes)
Reaction will take place in the presence of other functional 
groups (ie. protecting group is not always necessary)
Relatively cheap reagents, easy to prepare, and GREEN!
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Stille Cross Coupling

(Kurti L. and Czako B., 2005)



13

Kumada Coupling

(Kurti L. and Czako B., 2005)



14

Sonogashira Coupling

(Kurti L. and Czako B., 2005)
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The Heck Reaction

(Clayden J., 2001)
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Disadvantages

Aryl chlorides react sluggishly 
sp3-hybridized alkyl halides sometimes 
show no reactivity
Beta hydride elimination is observed 
with alkyl bromides that possess beta 
hydrogen atoms
In the absence of base, multiple side 
reactions are possible
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Aryl Chlorides

Aryl chlorides react sluggishly when using 
phosphine ligands with the Pd(0) catalyst. Often 
requires heat.
But using the phosphine-free Pd(OAc)2/Guanidine 
catalyst solves this problem.
The reaction occurs in room temperature.
The reaction is phosphine-free.

(Li et al., 2007)



18

Catalysts for sp3-hybridized 
Alkyl Halides

Using Pd(Ph3)4 the cross-coupling of boronic acids with 
unactivated alkyl electrophiles (alkyl halide) is very hard to 
achieve. 
The alkyl halide doesn’t easily oxidatively add to Pd(0).
Pd(P(t-Bu)2Me and the alkyl halide undergo oxidative addition 
in mild conditions (r.t.) and the resulting adduct is stable 
toward b-hydrogen elimination.
Pd(P(t-Bu)2Me is more sterically favoured than Pd(PPh3)4

(Kirchhoff et al. 2002)
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Additional Catalysts

PdCl2{PR2(Ph-R')}2 catalyzes Suzuki 
coupling reactions of a variety of 
heteroatom-substituted heteroaryl chlorides 
with a diverse range of aryl/heteroaryl
boronic acids

(Guram et al., 2007)
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Additional Catalysts

When using Pd(PPh3)4 as catalyst, the heteroatom 
on the heteroaryl chloride can bind to the metal 
centre and deactivate the catalyst.
The electron-rich nature of  phosphine ligands, 
{PR2(Ph-R')}2, promotes the oxidative addition of 
the C-Cl bond, while the steric properties of the 
phosphine ligands are particularly favorable for the 
coupling reactions of heteroatom-containing 
substrates.

(Guram et al., 2007)
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Variations on the Reactants

Enol tosylates are stable, crystalline 
compounds that undergo smooth and 
effective Suzuki coupling with a variety of 
aryl boronic acids.

(Baxter et al. 2005)
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Variations on Reagents Cont’d

The enol tosylate was used instead of the enol
triflate because in the reaction conditions, the 
triflate decomposes resulting in a low yield of the 
product.
The nonaflate equivalents (CF3CF2CF2CF2SO3

–) 
could have been used the process involves a 
transmetalation step or requires Stille coupling 
conditions, which were avoided.

(Baxter et al. 2005)
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Synthetic Applications

The last step in the 
synthesis of 
Myxalamide A
Polyene antibiotic
Isolated from the 
bacterium Myxococcus 
xanthus
Observed to have 
antibiotic and 
antifungal activity

O

CH3

CH3

CH3

CH3

CH3

CH3

CH3
NH CH3

OH

Myxalamide A

(Mapp et al., 1999)
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Myxalamide A
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Synthesis of Oximidine II

Oximidines were first 
isolated in 1999 from 
Pseudomonas sp. 
Q52002.
Highly biologically 
active
Affect the cell cycle at 
the G1 Phase
Coupling used in the 
synthesis of the 
macro-cyclic ring

NH

O
N

OMe

OOH

O

OH

(Molander et al., 2004)
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Intermediates in Oximidine II 
Synthesis

OOH

O

OMOM

BnO

Pd(PPh3)4 (10 mol%)
Cs2CO3 (5 eq)

THF:H2O (10:1)
reflux, 20h

OOH

O

BF3K

OMOM

BnO

Br

(Molander et al., 2004)
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Synthesis of KDR Kinase
Inhibitor

KDR kinase inhibitors, inhibit the activity of specific tyrosine 
kinase enzymes in the body. 
Tyrosine kinases catalyze the phosphorylation of –OH groups 
on tyrosine residues. 
The pyrrol ring is the group binds to the active site inhibiting 
the enzyme while bound. 

N N
H

N
HO

N

Ms

.HCl

(Fang et al., 2006)
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Key Step in KDR Kinase
Inhibitor Synthesis

(Fang et al., 2006)
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Synthesis of Compound “A”

(Fang et al., 2006)
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Synthesis of Compound “B”

(Fang et al., 2006)
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Final Steps in Synthesis

(Fang et al., 2006)
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