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1. Documentos estudiados
Descripcion: Radicado No. 11-102097-00000-0000 11/Agosto/2011
Reivindicaciones: Radicado No. 11-102097-00006 -0000 10/Abril/2013
Prioridad EP09360013.8 13/Febrero/2009

2. Analisis de la prioridad.

Se acepta la reivindicacién de prioridad porque esta solicitud fue presentada dentro del plazo
establecido (Art. 9 D486) y su contenido técnico corresponde con el de la prioridad

reivindicada.

3. Objeto de la invencion

De acuerdo con lo establecido en el numeral 1.2.2.2 del capitulo primero del Titulo 10 de la
Circular Unica para efectos del examen de patentabilidad, se tendra 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 mas de diez (10) reivindicaciones y no
se haya pagado la tasa complementaria, sOlo se estudiaran las cubiertas por la tasa
pagada. En el presente caso se estudiaran las reivindicaciones 1 a 12 del capitulo

reivindicatorio (Fls. 9 -15).

Titulo de la solicitud: ““[1,2,4] Triazolo [1,5-A] piridinas como inhibidores de cinasa”.
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El problema planteado en esta solicitud consiste en la necesidad de proporcionar
compuestos Utiles para el tratamiento de trastornos oftalmicos, que involucran
desregularizacion de la tirosina cinasa, tal trastorno asociado con la permeabilidad vascular
incrementada o angiogenia.

Para resolver este problema técnico la solicitud en estudio proporciona un compuesto de la
férmula (I) y composiciones que lo contienen.

FA—N
Ri— et {l —};-:—HF!
= 5 .-MHH'::'{

El objeto de la presente solicitud se relaciona con la Clasificacion Internacional de Patentes
(CIP): CO7D 471/04; A62K31/437; A61P27/02

4. De la solicitud de patente
Reivindicaciones (Art 30 D 486, Art 22PCT)

El capitulo reivindicatorio no es claro ni conciso porque la definicion de la invencion en
término de sustituyentes “alquilo, heteroarilo, cicloalquilo, heterocicloalquilo, arilo,
heteroarilo, que corresponden a genero funcionales que no permiten distinguir la invencion
del estado de la técnica. Esto debido a que no especifican el nimero de atomos de carbono,
gue los conforman, motivo por el cual se obtienen un sin nimero de compuestos que no
encuentran soporte en la descripcion.

El capitulo reivindicatorio no es conciso, porque no hay suficientes ejemplos que
demuestren que se hayan obtenido los compuestos tal como se encuentran alli definidos.
Se encuentran que los compuestos obtenidos corresponden a los que comprenden
preferiblemente los siguientes sustituyentes.

Radical o Sustituyente Realizacion preferida

R1 Ph -
R9 vy ri10 Clo OH
R2 H
X -0-,-S02-,-CHOH-,-
N-,
R3 Pirrolidin etoxi,

dimetil-amino-
pirrolidin, pirrolidin,
OH, etoxi

Se requiere al solicitante hacer las aclaraciones necesarias.

5. Determinacién del Estado de la Técnica
El estado de la técnica se determind con base en la fecha de presentacion de la solicitud de
patente nacional: febrero 08 de 2011 y se encontraron los siguientes documentos que
anticipan el objeto de esta solicitud:

Expediente 11-102097- -7 (1er Art 45)
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Item Documento Titulo Fec_ha de
Publicacién
D1 W02008025821 “Triazole derivates as kinase inhibitors” 06/Marco72008
. . o “Aminoimidazo[1,2-a]pyridines as a new
Biorganic and medicinal .
. structural class of cyclin-dependent .
D2 chemistry Letters 14 ) L X . Junio 2004
kinase inhibitors. Part 1: Design,

(2004) 6095-6099 . . X -
synthesis, and biological evaluation

El documento D1 divulga compuestos de formula (1) utilizados como inhibidores de proteina
cinasa.

El documento D2 divulga compuestos con actividad inhibitoria sobre ciclinas dependientes
de quinasa, que presentan en su estructura aminoimidazo[1,2-a] piridinas.
6. Examen de Patentabilidad (Art 14 D486)

Nivel inventivo (Art18 D486)

La reivindicacién 1 consiste en: “Compuestos que tienen en la estructura................ " (FI. 9).

Comparacion de las caracteristicas técnicas esenciales, con las del estado de la técnica:

Caracteristicas esenciales D1 D2
Com puestos con estiuctura Estructuras (Pag.1), X esN con sustitucidn de R6 que
esun H Rewindicacion 4y 5)

i~ i N
R1 NN | —1x—R3 L AN ik
A?'N N/l‘\/ b i o ) i 0 N
R2 H Ay NRCZET BN .
S PP F o Y
g

Al=NoC A2=NoC Verestrctura posicionesposeenN o C
1 L 9 10 Rl puede serfenib (Pag.13 Lheas 29-30) sustituido
R esun fenib sustitiido porR” yR™ donde pueden serClo OH _ . R} Y3
porCloOH (P&g.14 Lineas 1-14)

Ph 0

2,6-Di-F-Ph o

2-MeO-Ph &)

_ B 2-Thienyl &)

R40R5H 0CH3 (P4g.13 Lhea 10),com puestoscon CN 4-Cl_Ph )

R2 eshidmgeno, akquib,CN ,Halégeno CF300R4dondeR4H, | en laposicion R 4 de la estuctura Reivindicacidn 1) f:‘g‘l“('] o 8
akuibdeClacC4 donde R4CN ,Hal,OH ,M etoxi, hetoxi (Reiindicacién 2-Cl-6-F-Ph o

2,6-Di-F-4-MeO-Ph )

1) Ph s

2,6-Di-F-Ph s

2,6-Di-MeO-Ph S

S

2,6-Di-F-4-MeO-Ph

R 3 hidmogeno,alquib C1 -2, arb ,heterarib,
hetemcicbaluib,arib,X=0 YW =S02

El documento D1 divulga compuestos de formula (1) utilizados como inhibidores de proteina
cinasa.

El documento D2 divulga compuestos con actividad inhibitoria sobre ciclinas dependientes
de quinasa, que presentan en su estructura aminoimidazo[1,2-a] piridinas.

La diferencia entre la invencion, definida en la reivindicacién 1y los compuestos divulgados
en D1 corresponde a las sustituciones en R3.

La diferencia entre la invencion, definida en la reivindicacion 1 y los compuestos divulgados
Expediente 11-102097- -7 (1er Art 45)
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en D2 corresponde a que en las posiciones R1 y R2 de la invencién, el documento D2
divulga compuestos con el sustituyente en esta posicion y un anillo de dos

nitrogenos .

Segun la solicitud el efecto que se logra con las sustituciones es aumentar la solubilidad,
mejorar la actividad sobre la proteina cinasa y aumentar la penetrabilidad sobre
membranas. (Fls. 12)

Por lo tanto, el problema técnico objetivo que pretende resolver esta invencion se puede
formular asi: “Como proporciones compuestos con actividad inhibitoria sobre la proteina
cinasa que posea buena penetracion de membrana y solubilidad mejorada .

Sin embargo, de acuerdo a las ensefianzas del documento D1 la presencia del nucleo

N
estructural , conllevara actividadad sobre la proteina cinasa dado que
corresponde alnpucleo farmacoforo; por tanto la presencia de este conllevara actividad
sobre la proteina cinasa. Por otra parte, una modificacion estructural a moléculas con
caracteristicas estructurales cercanas a las de la invencidon como las divulgadas en el
documento D2 da como resultado una mayor actividad sobre la proteina cinasa. Por lo
anterior cambios estructurales a a moleculas conocidas por D1,dado por ensefianzas del
documento D2 permitira obtener compuestos con actividad sobre la proteina cinasa y un

cambios en las propiedades farmacocineticas y fisicoquimicas de las moléculas.

Sumado a esto los compuestos divulgados en el documento D2, muestran valores de IC50
entre 29-238nM valores iguales o mejores a los de la invencion. A continuacion se presenta
una tabla de comparacion respecto a los valores IC 50 entre los compuestos divulgados en
D2 respecto a los de la invencion:

Compuestos IC 50 (nM) Documento D2 IC 50 (n M)
Invencion
Compuesto 9 150 Compuesto 38 68
Compuesto 28 300 Compuesto 16 91
Compuesto 38 >300nM Compuesto 21 52

Respecto a los compuestos citados en la tabla es claro que un cambio en el sustituyente,
por radicales de mayor caracter lipofilo como es el caso de anillos aromaticos mejora la
actividad inhibitoria y a su vez modifica caracteristicas fisicoquimicas que conlleva a
cambios en las propiedades farmacocinéticas de las moléculas, conllevando aumento de
actividad y cambios en las propiedades fisicoquimicas de las moléculas.

En consecuencia, la persona del oficio normalmente versada en la materia, tendria la
suficiente motivacion para realizar sustituciones en la estructura divulgada en D1 de
acuerdo a las ensefianzas de D2 para obtener compuestos con actividad sobre la proteina
cinasa realizando modificaciones estructurales con radicales de mayor caracter lipofilo y de
esta forma favorecer la penetracién de membrana dada su mayor lipoficidad para llegar asi
al objeto de la reivindicacion 1 de la solicitud. Por lo cual se considera obvia al objeto de la
reivindicacion 1 de la solicitud.

Conclusion:
Las reivindicaciones 1 — 12 no cumplen con el requisito de nivel inventivo (Art. 18).

Expediente 11-102097- -7 (1er Art 45)
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7. Conclusion
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p

Los requisitos de Patentabilidad de la presente solicitud estan afectados asi:

d

item Documento Reivindicaciones afectadas Requisito que afecta

D1 “Triazole derivates as kinase 1-12 Nivel Inventivo
inhibitors”

D2 “Aminoimidazo[1,2-a]pyridines as a 1-12 Nivel Inventivo

new structural class of cyclin-
dependent kinase inhibitors. Part 1:
Design, synthesis, and biological
evaluation”
Expediente 11-102097- -7 (1er Art 45)
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En cumplimiento del articulo 45 de la Decision 486 de la Comision de la Comunidad
Andina, se le indica que debe dar respuesta dentro del término de sesenta (60) dias
contados a partir del dia siguiente de la fecha de notificacion de la presente comunicacion.
En caso de no dar respuesta al presente requerimiento, 0 si a pesar de la respuesta
subsistieran los impedimentos para la concesion, se denegara la patente.

Se invita al solicitante se sirva indicar, si asi lo considera, su renuncia al término faltante de
sesenta (60) dias para dar respuesta a este requerimiento y presentarla por escrito.

Finalmente, se le recuerda al solicitante que si como respuesta a este requerimiento llegara
a modificar el capitulo reivindicatorio y éste contenga mas de diez (10) reivindicaciones, no
pagard la tasa de modificacidbn voluntaria pero si la correspondiente al pago por
reivindicacion adicional.

Notifiquese el presente oficio conforme a lo dispuesto en el numeral 5.2, literal e), del
capitulo quinto del titulo primero de la Circular Unica No. 10 de 2001.

_—

—

JOSE LUIS SALAZAR LOPEZ
Diractor de Nuevas Craaciones (c)

El anterior requerimiento fue notificado por fijacion en lista, de fecha 2013-11-26

Elabord: Diego Armando Galvis Sanchez
Reviso: Consuelo Leguizamon Leguizamon
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Abstract—We have identified a novel structural class of protein serine/threonine kinase inhibitors comprised of an aminoimid-
azo[1,2-a]pyridine nucleus. Compounds from this family are shown to potently inhibit cyclin-dependent kinases by competing with
ATP for binding to a catalytic subunit of the protein. Structure-based design approach was used to direct this chemical scaffold
toward generating potent and selective CDK2 inhibitors. The discovery of this new class of ATP-site directed protein kinase inhibi-
tors, aminoimidazo[1,2-a]pyridines, provides the basis of new medicinal chemistry tool in search for an effective treatment of cancer

and other diseases that involve protein kinase signaling pathways.

© 2004 Elsevier Ltd. All rights reserved.

The primary function of the cell cycle is to manage
the process of replication of DNA.!"# Alterations
in the key regulatory elements that control the phases
of the cell cycle often result in uncontrolled prolifera-
tion, the basis of neoplastic disease.’> The basic cell cycle
is divided into four phases, known as Gy, S, G,, and M.
When cells cease proliferation, they exit the cycle and
enter a nondividing, quiescent state known as Gy.

Cyclin-dependent kinases (CDKs) are the key players in
the control of this complex process. Family members of
this class of serine/threonine kinases include at least nine
CDKs and over 12 different cyclin families. The most
relevant enzymes for cell cycle control are CDK4 and
CDKG6 (involved in early G;), CDK2 (required to com-
plete G1 and initiate S phase), and CDK1 (controls the
G, checkpoint and regulates entry into mitosis).

Keywords: Cyclin-dependent kinase; CDK; Imidazopyridine; Kinase.
* Corresponding author. Tel.: +34 916633408; fax: +34 916233591;
e-mail: c.jaramillo@lilly.com

0960-894X/$ - see front matter © 2004 Elsevier Ltd. All rights reserved.

doi:10.1016/j.bmcl.2004.09.053

Because of the CDKs critical role in the regulation of
cell cycle and the observed expression/activity pattern
in most human cancers, considerable effort has been
focused on the development of small molecule inhibi-
tors®” that block CDK activity.®!” However, the num-
ber of structural classes that act as CDKs inhibitors is
limited and most of them derive from relatively nonspe-
cific protein kinase inhibitor scaffolds that also inhibit
CDKs such as staurosporins,'® flavonoids, ! indigoids,?°
paullones,?' and purines.?? Flavopiridol,?* a flavonoid
derived from an indigenous plant from India, was the
first CDK modulator tested in clinical trials. Early-
phase trials have shown activity in some patients with
non-Hodgkin’s lymphoma, renal, prostate, colon, and
gastric carcinomas.”*

We have recently showed?’ that 2-aminoimidazo[1,2-a]-
pyridine scaffold 1 represents a new structural class of
protein serine/threonine kinase inhibitors. These kind
of compounds potently inhibit cyclin-dependent kinases
by competing with ATP for binding to a catalytic
subunit of the protein. The initial lead identification,


mailto:c.jaramillo@lilly.com 

6096 C. Jaramillo et al. | Bioorg. Med. Chem. Lett. 14 (2004) 6095-6099

structure-based analog design, kinase inhibition data,
and X-ray crystallographic structures of CDK?2/inhibi-
tor complexes were reported. We now disclose a detailed
SAR study of 2-aminoimidazo[l,2-a]pyridines around
substituents 3 and 6 of the aromatic bicyclic nucleus.

= N
NH
Re\ : = N\/g\ 2
X
Lo

N
X3
Y
R3/
1

Our initial research effort was directed to create a diver-
sity of substituents at positions 3 and 6 of the imid-
azo[l,2-aJpyridine nucleus. The approaches for the
synthesis of molecules described in this letter are based
on two different routes: one makes use® of the reaction
of 2-chloropyridines 2 with cyanamide 3 and o-bromo-
acetophenones 4 (route A, Scheme 1), while the other
focuses on the selective and sequential functionaliza-
tion?’ of 2-trifluoroamido-6-iodoimidazo[1,2-alpyridine
5%8 (route B, Scheme 2).

Route A started (Scheme 1) from 2-chloronicotinic
acid’s Weinreb amide 2a,>® which was provided with
the adequate functionality at R® by treatment with the
appropriate aryl lithium reagent, to give ketones 2b.
Targets 6-29 were directly prepared from 2b using our
one-pot procedure?® for the formation of the 2-amino-
imidazo[1,2-a]pyridine nucleus, by effecting chloride
atom displacement with cyanamide, followed by N-alkyl-
ation with bromoacetophenone, and final ring-closure to
target compounds.

On the other hand, route B was based (Scheme 2) on the
stepwise introduction of substituents at positions 6 and

(e}
2a

-

F
7 2 \=N
NH
s NH, F N / 2
R N / NN AN
F NH,
o) (o] N F o) (6]
YB
F F o) o
6-12

13-20

Scheme 1. Synthesis of 2-aminoimidazo[1,2-a]pyridines (route A).

cl c 3 4 F
OMe = R®M, THF 7
rll |N R? |N
s NS NS )l(e
o) F Y
2b

3. Halogen—metal exchange of 5,27 followed by reaction
with the appropriate aryl aldehyde, gave alcohols 29,
bearing the desired R® functionality. Further protection
of alcohol functional group, and then metalation at
position 3, afforded, by reaction of the required electro-
phile, 3,6-disubstituted 2-aminoimidazo[l,2-a]pyridines,
which were transformed into targets 30-41 by subse-
quent deprotection of the silyl ether, oxidation of the
resulting alcohol, and final trifluoroacetamide removal.

Our initial lead (14) proved to be quite potent as CDK?2
inhibitor, and it was proved that its inhibitory activity
was effected to competing with ATP for binding to cata-
lytic subunit of the protein.?> Initial SAR studies around
R® (Table 1) were focused to determine the best aryl sub-
stitution pattern, and it was found that the presence of
at least one substituent at position 2 was necessary to
keep the potency below 1 uM. Disubstitution with elec-
tron-withdrawing functional groups at positions 2 and
6 provided the most active molecules and, among them,
fluorine and chlorine (compounds 14, 12, and 31)
proved to be the best. The use of other functional
groups, or substitution at other positions of the aryl
ring, led to a significant loss in activity.

We next studied position 6 (Table 2) to map the optimal
spacer X°-Y® between phenyl and imidazopyridine
rings. The presence of an sp? was shown to be critical
to maintain activity. Carbonyl, vinyl, or Z-configurated
cyanovinyl substituents, were equally efficient, but activ-
ity was partially lost when either E-configurated olefins
(27) or bulkier Y® such as tetrazole (28) substituents
were introduced.

SAR around R*-Y? (Table 3) was performed taking into
consideration that the presence of a Y* substituent bear-
ing a lone pair might lead to a conformational change in
the molecule, by the formation of a hydrogen acceptor

N Br
I kﬁ
NH, R®
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Scheme 2. Synthesis of 2-aminoimidazo[l,2-a]pyridines (route B).

Table 1. Enz. assay (ICso) CDK2%

Z =N
R® N Y
(¢]
Compound R® ICsp (nM)
14 2,6-Di-F-Ph 122
6 Ph 1927
7 2-Cl-Ph 428
8 2-CFs;-Ph 1068
9 2-Me-Ph 1294
10 2-MeO-Ph 603
11 2-CF;0-Ph 2171
12 2,6-Di-Cl-Ph 53
31 2-Cl-6-F-Ph 33

with one of the hydrogen atoms at N-2.3° On the other
hand, according to our modeling and X-ray studies,?’
this part of the molecule would need to fit in a narrow,
hydrophobic pocket, and, therefore, a profound effect
on activity should be expected in this region. It was
found that substitution at positions 2 with electron-
donating methoxy (38), or at positions 2 and 6 elec-
tron-withdrawing fluorine and chlorine (14, 42, and
15) functional groups, provided the most active mole-
cules. In this regard, we also found that, when X was
a sulfur atom, a fivefold improvement in activity
was obtained with respect to the oxygenated analog,
but only when a 2,6-disubstitution pattern containing

33- 37

Table 2. Enz. assay (ICs;) CDK2%

F
2NN
xe\N/
F

Compound X0-y° 1Cso (nM)
14 C=0 122
25 C=CH, 63
26 (Z2)-C=CHCN 160
27 (E)-C=CHCN 896
28 (E,Z)-C=CH(1 H-tetrazol-5-yl) 1691

electron-withdrawing groups (18 and 20) was present.
On the other hand, it was also discovered that subtle
changes in R® had a profound effect in the activity of
the molecule. In this case, the presence of an electron-
donating group at position 4 was well tolerated (16
and 20). We took advantage of this to introduce poten-
tially solubilizing groups in the molecule.

For the introduction of potentially solubilizing side
chains at 4-position of R* (Table 4), 2,6-dichlorophenyl
substitution was used as R”. It was found, as we had
expected, that only small substltuents (21, 36, and 37)
would fit in the molecule without losing activity; bulkier
functional groups showed reduced activity (22 and 23).
On the other hand, the nature of the substituent seemed
to have little effect on the activity.
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Table 3. Enz. assay (ICsp) CDK2%

NH,

F
>\ =N
b i
F o g
R3

3

Compound R? Y I1Cso (nM)
13 Ph (0] 324
14 2,6-Di-F-Ph (0] 122
38 2-MeO-Ph (0] 68
39 2-Thienyl (0] 547
40 4-Cl-Ph (0] 1711
41 4-Piridyl (0] 2538
42 2,6-Di-Cl-Ph (0] 121
15 2-Cl-6-F-Ph (0] 102
16 2,6-Di-F-4-MeO-Ph (0] 91
17 Ph S 214
18 2,6-Di-F-Ph S 26
19 2,6-Di-MeO-Ph S 462
20 2,6-Di-F-4-MeO-Ph S 29
Table 4. Enz. assay (ICs,) CDK2%
Cl
NN
NH
P
F
Cl (0] (0]
F

R
Compound R ICs5y (nM)
21 OH 52
22 OCH,CH,NEt, 984
23 OCH,CH,(4-methylpiperazine) 812
36 CO,H 95
37 CONH, 46

Table 5. Selectivity enz. assay (ICs) with different kinases>’

Compound CDK2 CDK4 CDK1
IC50 (HM) IC50 (HM) IC50 (HM)
14 122 1081 57
31 33 810 104
32 53 693 106
25 63 1033 93
26 160 1553 53
28 1691 1703 96
13 324 5053 326
38 68 1973 475
42 121 359 209
15 102 827 239
16 91 838 132
17 214 1894 165
18 26 786 105
20 29 464 143
33 52 455 81
36 95 2589 328
37 46 1144 154

We finally studied the selectivity profile of selected com-
pounds against a variety of kinases. The results are sum-
marized in Table 5. Most compounds proved to be
selective for CDKs versus PKA, CAMKII, and GSK-
3B, with selectivity ranging from 4 to >400-fold. Among
the CDKs, all compounds showed less activity against
CDK4 than against either CDK1 or CDKZ2; the best
selectivity for CDK1 versus CDK?2 was observed for
14, 26, and 28 (2-18-fold), while CDK2 versus CDK1
selectivity was achieved with 38, 31, 18, 20, and 37 (3-
7-fold). In this sense, 20 was >5-fold selective for
CDK2 versus CDK1 and CDK4, and >100-fold selec-
tive for CDK2 versus PKA, CAMKII, and GSK-3.
Overall, these results provided us with useful tools for
the preparation of either selective or dual CDK
inhibitors.

In summary, we have found a new structural class of
protein serine/threonine kinase inhibitors based on the
novel 2-aminoimidazo[1,2-a]pyridine core. Compounds
from this family are shown to potently inhibit either
CDKI1 or CDK2 by competing with ATP for binding
to catalytic subunit of the protein. The discovery of this
new class of ATP-site directed protein kinase inhibitors,
aminoimidazo[1,2-a]pyridines, provides a new medicinal
chemistry tool in the search for an effective treatment of
cancer and other diseases that involve protein kinase
signaling pathways.
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