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SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO

. . DIVISION DE NUEVAS CREACIONES
Industria y Comercio TARJETA ARCHIVO PROPIETARIOS
SUPERINTENDENCIA PATENTE DEINVENCION __ PCT X MODELODE UTILIDAD ___ DISENOINDUSTRIAL

(21) N° de solicitud: (22) Fecha de soficitud:
(61) Clasificacion Internacional: CO7D 487/04; AG1K 31/4188; AG1P 35/00

{71)Solicitante(s): BRISTOL-MYERS SQUIBB COMPANY

(72) Inventor{es): FINK, Brian; CHEN, Libing; GAVA!, Ashvinikumar; HE, Ligi; KIM, Soong-Hoon; NATION, Andrew;- ZHAQ, Yufen; ZHANG, Litai

(30} Prioridad {31) No. Prioridad 32) Fecha (33) Pais
- 61/104,045 09-10-2008 us

(85} Fecha inicio fase nacienal: 09-05-2011 (87) Publicacion internacional

(86) Datos relativos a la presentacion de la solicitud PCT Fecha, 15-04-2010
Fecha de presentacion de 1a solicitud: 08-10-2009 N° publicacitn: W02010/042699
No. de solicitud: __ PCT/US2009/059968

(54) Titlo:  IMIDAZOPIRIDAZINACARBONITRILOS UTILES COMO INHIBIDORES DE QUINASA




SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO

] . DIVISION DE NUEVAS CREACIONES
Industria y Comercio TARJETA ARCHIVO TEMATICO i
SUFERINTENDENC A PATENTE DE INVENCION PCT _ X MODELODEUTILIDAD __  DISENOINDUSTRIAL _

(21) N° de solicitud: {22) Fecha de soicitud:
(51) Clasificacion nternacional: CO7D 487/04; AG1K 31/4188; AG1P 35/00
(71)Solicitante(s) BRISTOL-MYERS SQUIBB COMPANY Ry Rs
(72) Inventor(es) FINK, Brian; CHEN, Libing; GAVAI, Ashvinikumar; HE, Ligi; KIM, Soong-Hoon; N

NATION, Andrew; ZHAQ, Yufen; ZHANG, Litai N
(74) Apoderado: ALVARO CORREA ORDONEZ R 1&‘
(30) Prioridad (31) No. Prioridad 32) Fecha (33) Pais

61/104,045 09-10-2008 us NC

(85) Fecha limite inicio fase nacional: 09-05-2011 (87) Publicacion internacional: @
(86) Datos relativos a la presentacion de la solic. PCT Fecha: 15-04-2010
Fecha de presentacion de la solicitud: 08-10-2009 No. Publicacidn; WO2010/042699
No. de solicitud ~ PCT/US2009/059968

(54) Titulo: “IMIDAZOPIRIDAZINACARBONITRILOS UTILES COMO INHIBIDORES DE QUINASA

{57) Resumen: La invencion proporciona compuestos de Férmula ()

R{N/Ri
NS R

Ry \‘I/K,[ R

’ :}N‘N’ NiR:

]
y sales farmacéuticamente aceptables de los mismos. Las imidazopiridazinas de Formula (1) inhiben la actividad de proleina quinasas haciendolas
utiles como agentes contra et cancer.

CONTINUA AL RESPALDO




SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO
DIVISION DE NUEVAS CREACIONES

LO

Industria y Comercio EXTRACTO PARA PUBLICACION
SUPERINTENDENCIA SOLICITUD DE PATENTE DE INVENCION PCT
{21) N° de solicitud; {(51) Int Ct: CO7D 487/04; AG1K 31/4188; AG1P 35/00
22) Fecha de solicitud: (71)Solicitante(s)  BRISTOL-MYERS SQUIBB COMPANY
(30) Pricridad (31) No. 32) Fecha (33) Pais
61/104,045 09-10-2008 us
(72) Inventor{es)  FINK, Brian; CHEN, Libing; GAVAI,
Ashvinikumar; HE, Ligi; KIM, Soong-Hoon;
NATICN, -Andrew; ZHAQ, Yufen; ZHANG,
Litai
(74} Apoderado:  ALVARO CORREA ORDONEZ
{85) Fecha limite inicio fase nacional:  09-05-2011 (87)  Publicacion internacional
{86) Datos relativos a la presentacion de la solicitud PCT Fecha: 15-04-2010
Fecha de presentacion de la solicitud: ~ 08-10-2009 N® publicacién: W02010/042699
No. de solicitud  PCT/US2009/059968
{54) Tillo:  |MIDAZOPIRIDAZINACARBONITRILOS UTILES COMO INHIBIDORES DE QUINASA

Reivindicacién(es). 1.

Un compuesto de acuerdo con la Formula {1):

Rs R

o una sal farmacéuticamente aceptable del mismo, en el que

Ry se selecciona de H, F, Ci, Br, CN, y alquilo Cs-5;

Rzse selecciona de arilo sustituido con -5 Rza y heteroarilo sustituido con 0-5 Raa,

Rza, €n cada caso, se selecciona independientemente entre H, F, Cl, Br, =0, CN, NOz, -ORb, -S${O};Re, -C(=0)Ry, -NRaRs, -
{CR2tR2c)~C{=O)NR:Ra, -NRsC(=0)Ry, -NRaC{=0)ORs, -OC{=O)NRRa,
-NRaC{=0}NR:Rs, ~-{CR2tR2:) C{=0)ORb, -8{0):NRaRs, -NRaS{O}aNRaRa,
-NRaS{O)2R:, alquilo C1s sustituido con 0-5 Re, -(CRaRz)-carbocicllo Cas suslituido con 0-5 Re y -{CRxRz)-heterociclilo sustituido
con 0-5 Re;

Rav, en cada caso, se selecciona independientemente entre H y alquilo C1.¢ sustituido con 0-5 Re;

R, en cada caso, se selecciona independientemente entre H y alquilo C1s sustituido con -5 Re;

Rs se selecciona de H, F, ol Br, CN, -0ORs, -NRaRa, -C{=0O)NR&Ra,
-NRaS({O}:Re, -NR2C{=0)Ry, -NRaC{=0}ORs, ¥ alquilo‘ Cr.g sustituido con 0-5 Re;

R se selecciona de H, alquilo Cis sustituido £on 0-5 Re, -{CR4bRac)kORy,

-(CRabR4c)S(O)pRe, ~(CRavRa4c)C{=0)R, {CRa6R4c)INRaRa,

-(CRaRachC(=0O)NRaRa,
-(CRa4pR4c)iNR2C(=0)OR,
-{CR46R4ckNRaC{=O}NRzRs,
-(CRaRac)S(0)2NRaR,,

{CRaRac)NR:C(=O)Ry,
-{CRabRac)OC(=0)NRsRa,
~{CRaR4}C(=0)ORy,
-(CR4bR4chNRaS{O)2NRaRa,

-{CR4yRac)NRaS{O)2R;, -{CRaRac}-carbociclilo Ca sustituido con 0-5 Rda, -(CRavR4c)-heteraciclilo sustituido con 0-6 Raa, ...
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ML, MR, NE, SN, TD, TG).
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IMIDAZOPYRIDAZINECARBONITRILES USEFUL AS KINASE INHIBITORS

FIELD OF THE INVENTION
{0001]  The invention relates to novel substituted imidazopyridazine compounds
useful as protein kinase inhibitors. The invention also relates to methods of using the
compounds in the treatment of proliferative and other types of diseases and to

pharmaceutical compositions containing the compounds.

BACKGROUND OF THE INVENTION
[0002] The invention relates to fused heterocyclic compounds which inhibit
protein kinase enzymes, compositions which contain protein kinase inhibiting
compounds and methods of using inhibitors of protein kinase enzymes to treat
diseases which are characterized by an overexpression or upregulation of protein
kinases. Protein kinases mediate intracellular signal transduction. They do this by
effecting a phosphoryl transfer from a nucleoside triphosphate to a protein acceptor
that is involved in a signaling pathway. There are 2 number of kinases and pathways
through which extracellular and other stimuli cause a variety of cellular responses to
occur inside the cell. An extracellular stimulus may effect one or more cellular
responses related to cell growth, migration, differentiation, secretion of hormones,
activation of Haﬁscription factors, muscle contraction, glucose metabolism, control of
protein synthesis and regulation of cell cycle.
[0003]  Many diseases are associated with abnormal cellular responses triggered
by protein kinase-mediated events. These diseases include autoimmune diseases,
inflammatory diseases, neurological and neurodegenerative diseases, cancer,
cardiovascular diseases, allergies and asthma, Alzheimer’s disease or hormone-
related diseases. Accordingly, there has been a substantial effort in medicinal
chemistry to find protein kinase inhibitors that are effective as therapeutic agents.
[0004] Serine/threonine kinases are a class of protein kinases that are among the
most promising drug targets for future small molecule inhibitors. Inhibition of
serine/threonine kinases is likely to have relevance to the treatment of cancer,
diabetes and a variety of inflammatory disorders. The successful development of
GLEEVEC® as a Ber/Abl protein kinase inhibitor has provided further evidence that

-1-
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protein kinases including protein kinase CK2 are valid drug targets for potential
cancer therapies.

[0005]  Protein kinase CK2 (formerly known as casein kinase II) is a highly
conserved serine/threonine kinase. Protein kinase CK2 is ubiquitously distributed
and constitutively active in eukaryotes. In mammals, the enzyme exists in two
isozymic forms due to variations in the catalytic subunits of the enzyme. The CK2
holoenzyme is a heterotetrameric compiex composed of two catalytic (CK2A1)
subunits or a' (CK2A2) subunits and two regulatory B-subunits., The formation of
CK2 complexes containing the catalytic subunits requires dimerization of the
regulatory B-subunits. CK2 interacts with a variety of cellular proteins and has been
implicated in cell replication such as cell proliferation and differentiation, cellular
survival, and mmorigenesis. With respect to tumorigenesis, protein kinase CK?2 has
been implicated in kidney tumors (Stalter et al., “Asymmetric expression of protein
kinase CK2 subunits in human kidney tumors”, Biochem. Biophys. Res. Commun.,
202:141-147 (1994)), mammary gland tumors (Landesman-Bollag et al., “Protein
kinase CK2 in mammary gland tumorigenesis”, Oncology, 20:3247-3257 (2001)),
lung carcinoma (Daya-Makin et al., “Activation of a tumor-associated protein kinase
(p40TAK) and casein kinase II in human squamous cell carcinomas and
adenocarcinomas of the lung”, Cancer Res., 54:2262-2268 (1994)), head and neck
carcinoma (Faust et al., “Antisense oligonucleotides against protein kinase CK2-a
inhibit growth of squamous cell carcinoma of the head and neck in vitro”, Head Neck,
22:341-346 (2000)), and prostate cancer (Wang et al., “Role of protein kinase CK2 in
the regulation of tumor necrosis factor-related apoptosis inducing ligand-induced
apoptosis in prostate cancer cells”, Cancer Res., 66:2242-2249 (2006)).

[0006]  Inhibitors of protein kinases are widely sought and small molecule
compounds capable of modulating protein kinases have been reported. For example,
pyrazolotriazines as CK2 kinase inhibitors were reported in Nie et al. (Bioorganic &
Medicinal Chemistry Letters, 17:4191-4195 (2007); 18:619-623 (2008)) and
imidazopyridazines as IRAK kinase modulators were reported in PCT Publication
WO 2008/030579. In addition, certain imidazopyridazine compounds were disclosed
in WO 2007/038314, published April S, 2007, WO 2008/0045536, published
February 21, 2008, both assigned to the present assignee. The present invention
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relates to a new class of imidazopyridazine-carbonitriles found to be effective
inhibitors of protein kinases, particularly the CK2 kinase. These novel compounds
are provided to be useful as pharmaceuticals with desirable stability, bicavailability,

therapeutic index and toxicity values that are important to their drugability.

SUMMARY OF THE INVENTION
[0007] The invention is directed to fused heterocyclic compounds of Formulae
(ID-(X) or stereoisomers, tautomers, pharmaceutically acceptable salts, solvates or
prodrugs thereof, which inhibit protein kinase enzymes, especially protein kinase
CK2 for the treatment of cancer.
[0008]  The present invention also provides processes and intermediates for

making the compounds of the present invention or sterecisomers, tautomers,

" pharmaceutically acceptable salts, solvates, or prodrugs thereof,

[0009]  The present invention also provides pharmaceutical compositions
comprising a pharmaceutically acceptable carrier and at least one of the compounds
of the present invention or stereoisomers, tautomers, pharmaceutically acceptable
salts, solvates, or prodrugs thereof.

(0010] The present invention also provides methods for inhibiting the activity of
protein kinase CK2 comprising administering to a host in need of such treatment 2
therapeutically effective amount of at least one of the compounds of the present
invention or stereoisomers, tautomers, pharmaceutically acceptable salts, solvates, or
prodrugs thereof.

[0011]  The present invention also provides methods for inhibiting angiogenesis or
treating cancers comprising administering to a host in need of such treatment a
therapeutically effective amount of at least one of the compounds of the present

invention or stereoisomers, tautomers, pharmaceutically acceptable salts, solvates, or

- prodrugs thereof.

[0012]  The present invention also provides the compounds of the present
invention of stereoisomers, tautomers, pharmaceutically acceptable salts, solvates, or
prodrugs thereof, for use in therapy.

[0013] The present invention also provides the use of the compounds of the

present invention or sterecisomers, tautomers, pharmaceutically acceptable salts,
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solvates, or prodrugs thereof, in preparing a medicament for the treatment of cancer in
a human patient, particularly a cancer receptive to treatment via inhibition of the CK2
enzyme.

[0014]  These and other features of the invention will be set forth in the expanded

form as the disclosure continues.

DETAILED DESCRIPTION OF THE INVENTION
[0015] The invention provides for novel imidazopyridazine compounds useful as
therapeutic agents, pharmaceutical compositions employing such novel compounds
and for methods of using such compoundé.
[0016] In accordance with the invention, there are disclosed compounds of
Formula (I) including enantiomers, diastereomers, tautomers, pharmaceutically-

acceptable salts, prodrugs, hydrates, or solvates thereof,

Rs Rs
N
NﬁR3
R‘I.&N\ P /RZ
ne” N N
@

wherein

R, is selected from H, F, Cl, Br, CN, and C;_galkyl;

R is selected from aryl substituted with 0-5 Ry, and heteroaryl substituted
with (-5 Ra,;

Ra,, at each occurrence, is independently selected from H, F, Cl, Br, =0, CN,
NOgz, -ORy, -5{0)pR., -C(=O)R4, -NRgRq, -(CR26R2:)C(=0)NR R, -NR,C(=0)Ry, -

. NR.C(=0)ORs, -OC(=0)NRaRq, -NR.C(=0)NR.Rs, -(CRapR2:):C(=0)ORy, -

S(O)NR.R,, -NR.S(0);NRaR,, -NR,S(O):R., C1.6 alkyl substituted with 0-5 R, -
(CR2bR20)-Cs gcarbocyclyl substituted with 0-5 Re, and -(CR2sR0)-heterocyclyl
substituted with 0-5 R.;

Ras, at each occurrence, is independently selected from H and C; salkyl
substituted with 0-5 R.;

Ry, at each occurrence, is independently selected from H and Cy_alkyl
substituted with 0-5 R.;
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Rs is selected from H, F, C, Br, CN, -ORy, -NR R, -C(=0)NR,R,, -
NRoS(0)2Rc, -NR.C(=0)Ry, -NR,C(=0)ORs, and Cy.salkyl substituted with 0-5 R;

Ry is selected from H, Cy.galkyl substituted with 0-5 Re, (CRapRuc)ORy, -
(CR4bR4c)S(O)Re, (CRabRackC(=O)Ry, -(CR46R4)NRaRa, -(CRupRac)C(=O)NRR,,
“(CRapR4c)NRC(=0)Ry, -(CRepR4c)NRaC(=0)ORs, ~(CRapRc)OC(=0)NR,R,, -
(CRaR4c)NR.C(=O)NR,R;, -(CR46R4c):C(=O)ORy, -(CRapR4ckS(O)NR.R,, -
(CRapR4c)NR:S(0)2NRaRa, {CR4vRu4)NRoS(O)2Rs, -(CRapRac)-Cs.scarbocyclyl
substituted with 0-5 Ry, -(CRapRac)-heterocyclyl substituted with 0-5 Ryg;

Rus, at each occurrence, is independently selected from F, Cl, Br, Cy.¢alkyl
substituted with 0-5 Re, Cy.¢alkenyl, Casalkynyl, NO,, =0, CN, -SOs3H, -S(O)R., -
S(O)2NRaRa, -NRaS(O)Rs, -ORs, -NR;R,, -NR.C(=0)R4, -NR.C(=0)NR,R,, -
C(=0)ORy, -C(=0)Ry, -OC(=0)Ry, -C(=0)NR.R,, Ci.gcycloalkyl, heterocyclyl, and
aryl;

Ra, at each occurrence, is independently selected from H and Cisalkyl
substituted with 0-5 R;

Ry, at each occurrence, is independently selected from H and Ci.ealkyl
substituted with 0-5 Ry;

Rs is selected froni hydrogen and C,_ealkyl substituted with 0-5 Re;

Re is selected from hydrogen aﬁd Ci.salkyl substituted with 0-5 R.;

R., at each occurrence, is independently selected from H, CN, C,¢ alkyl
substituted with 0-5 R,, Cy.¢ alkenyl substituted with 0-5 R., Cos alkynyl substituted
with 0-5 R,, -(CHy)-Cs.10carbocyclyl substituted with 0-5 Re, and -
(CHa):-heterocycly! substituted with 0-5 R; or R, and R, together with the nitrogen
atom to which they are both attached form a heterocyclic ring substituted with 0-5 R;

Ry, at each occurrence, is independently selected from H, C ¢ alkyl
substituted with 0-5 R., Cz.¢ alkeny! substituted with 0-5 Re, Cy6 alkynyl substituted
with 0-5 Re, -(CHg)-Cs.iocarbocyclyl substituted with 0-5 Re, and -
(CHa)c-heterocyclyl substituted with 0-5 R

R., at each occurrence, is independently selected from Cyg alkyl substituted
with 0-5 R., Ca.¢alkenyl substituted with 0-5 Re, Cosalkynyl substituted with 0-5 R.,
Cs.gcarbocyclyl, and heterocyclyl;
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R4, at each occurrence, is independently selected from H, Ci.¢ alkyl
substituted with 0-5 RC,ACZ_Galkenyl substituted with 0-5 R, Cs.¢alkynyl! substituted
with 0-5 Re, -(CHa)-Cs_jocarbocyctyl substituted with 0-5 R, and -
(CHa):-heterocyclyl substituted with 0-5 R;

R., at each occurrence, is independently selected from Cy.¢ alkyl substituted
with 0-5 Ry, Cy.6 alkenyl, Cag alkynyl, -(CH;)-Cs.6 cycloalkyl, F, Cl, Br, CN, NO,,
=0, COzH, ~(CH2).0C.s alkyl, -(CH),OH, SH, and -(CH,).NR{Ry;

Ry, at each occurrence, is independently selected from H, Cy.s alkyl, Cs.6
cycloalkyl, and phenyl, or Ry and Ry together with the nitrogen atom to which they are
both attached form a heterocyclic ring;

p, at each occurrence, is independently selected from zero, 1, and 2; and

r, at each occurrence, is independently selected from zero, 1, 2, 3, and 4.

[0017]  Inanother aspect, there are disclosed compounds of Formula (II) including
enantiomers, diastereomers, tautomers, pharmaceutically-acceptable salts, prodrugs,

hydrates, or solvates thereof,

1)

wherein

R, is selected from aryl substituted with 0-4 Ry, and heteroaryl substituted
with 0-4 Ry,, wherein said heteroaryl comprises carbon atoms and 1-4.heteroatoms
selected from N, O, and S(O),;

Ras, at each occurrence, is independently selected from H, F, Cl, Br, =0, CN, -
ORs, -S(O)pRc, -C(=O)Rq, -NRaR, -(CR25R2c)C(=O)NR:Rq, -NR.C(=O)Ry, -
NR:C(=0)ORs, ~-OC(=0)NRaRq, -NR:C(=0)NR;Rq, -(CR2R2c)C(=O)OR,, -
S(0)2NRgRs, -NR:S(0)2NRGR,, -NR2S(O)R,, Ci.4 alkyl substituted with 0-3 R, -
{CRapRac)-Cascarbocyclyl substituted with 0-3 R, and -(CRypRe ) -heterocyclyl
substituted with 0-3 R,;

Ras, at each occurrence, is independently selected from H and C,_4alkyl;
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Ry, at each occurrence, is independently selected from H and Crualkyl;

Ry is selecied from H, Cy4alkyl substituted with 0-5 R, -(CR4R4c),OR., -
(CR46R4c)S(O)pRe, -(CRapR4c)C(=O)Ry, -(CRusRac)NRaRs, -(CRupR4c)C(=0INR.R,,
-(CR4pR4c)NRC(=0)Ry, -(CR46R4c):NR.C(=0)ORs, -(CR4Ru4c):OC(=0)NR.R,, -
(CRayRac)NR.C(=O)NRRs, (CRayR4c)C(=0)ORs, ~(CRupR 4k NRS(O)R., -
(CRapR4c)-Ca.scarbocyclyl substituted with 0-4 Ra,, -(CR4pR4c)-heterocyclyl
substituted with 0-4 Ry,;

Rua, at each occurrence, is independently selected from F, C, Br, Cisalkyl
substituted with 0-3 R., Cy.salkynyl substituted with 0-3 R, -SR, -S(O);R,, -

S(0)2NRR,, -NR,S(O)zR., -ORs, -NR,Ro, NRC(=O)Rs, NR.C(-O)NR.R., -

C(=0)ORs, -C(=0)Ry, -OC(=0)Ry, -C(=0)NR,R.,, Csscycloalkyl, heterocyclyl, and
aryl; |

Rap, at each occurrence, is independently selected from H and Crsalkyl;

Ry, at each occurrence, is independently selected from H and Ci4alkyl; and

r, at each occurrence, is independently selected from zero, 1, 2, and 3.

{0018] In another embodiment, there are disclosed compounds inciuding
enantiomers, diastereomers, tautomers, pharmaceutically-acceptable salts, prodrugs,
hydrates, or solvates thereof, wherein

R; is selected from 4- to 7-membered monocyclic or 8- to 12-membered
bicyclic ary! substituted with 1-4 Ry, and 4- to 7-membered monocyclic or 7- to 12-
membered bicyclic heteroaryl substituted with 0-4 Ro,; '

Ra,, at each occurrence, is independently selected from H, F, Cl, Br,=0, CN, -
ORs, -8(O)Re, -C(=0)R4, “NRaR,, -(CH2)C(=0)NR.R,, -NHC(=O)Ry, - |
NHC(=0)ORs, -OC(<0)NR.R,, -NHC(=0)NR,R,, (CH2) C(=0)ORy, -S(0);NR.R,, -
NHS(0);NR R, -NHS(O);R,, or C1.¢ alkyl substituted with 0-3 R,, -(CH2)-Cs.6
carbocyclyl substituted with 0-3 R, and -(CHg)r-heterocyclyl substituted with 0-3 R,

Ry is selected from H, Cy4alkyl substituted with 0-5 R., -(CH;),OR,, -
(CH2):S(0)R., -(CH2):.C(=O)Ry, -(CH2):NR,R,, ~(CH2).C(=O)NR,R,, -
(CH2NR,C(=0)Rq, ~(CH2)NRC(=0)ORs, -(CH20) OC(=0)NR,R,, -
(CH2)NR.C(=O)NRsRq, ~(CH2)C(=0)ORs, -(CH2).NR,S(O);R., (CHy);-Cy.

(3
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scycloalkyl substituted with 0-3 Ra,, -(CHa)-ary] substituted with 0-3 Rag, -(CHz),-
heterocyclyl substituted with 0-3 R;

Rua, at each occurrence, is independently selected from Cy.salkyl substituted
with 0-3 Re, -SR;, -S(O)2Rc, -S(0):NR:R,, -NHS(O)R., -ORy, -NR.R,, -
NHC(=O)R4, -NHC(=0)NRR,, -C(=0)ORy, -C(=0)Rg, -OC(=0)Ry, -C(=O)NR.R,,
Cs.ecycloalkyl, heterocyclyl, and aryl,

[0019] In another embodiment, there are disclosed compounds of formula (I11)
including enantiomers, diastereomers, tautomers, pharmaceutically-acceptable salts,

prodrugs, hydrates, or solvates thereof,

HN- R4

L e
T R2ajn
S\"N‘N/ N
H

NC

(1D
wherein

Rj., at each occurrence, is independently selected from H, F, Cl, Br, =0, CN, -
ORs, -S(O)pR¢, -C(=O)Ry, -NReRs, -(CH2).C(=0)NR.R,, -NHC(=O)Ry, -
NHC(=0)ORs, -OC(=O)NR.R,, -NHC(=0)NRR,, -(CH3),C(=0)ORs, -S(O)NR.R,, -
NHS(O);NRaR,, -NHS(O)R,, or Ci.4 alkyl substituted with 0-3 R, -(CH,)-Ci.g
carbocyclyl substituted with 0-3 R, and -{CH3),-heterocyclyl substituted with 0-3 R,;

R4 is selected from H, Cy.salkyl substituted with 0-5 R., -(CH;);ORw, -
(CH2)INR.R,, -(CH,)-Cs.scycloalkyl substituted with 0-3 Ry, -(CHz)-aryl substituted
with 0-3 Ra,, and -(CHy),-heterocyclyl substituted with 0-3 Ryy; _

Raa, at each occurrence, is independently selected from C, galky! substituted
with 0-3 R, -8R, -S(0)2NR.R,, -NHS(O)R,, -ORy, -NR,R,, -NHC(=0)R,, -
NHC(=0)NR.R,, -C(=0)ORs, -C(=0)Ry4, -OC(=0)R4, -C(=0)NRR,, Csscycloalkyl,
heterocyclyl, and aryl;

R., at each occurrence, is independently selected from H, CN, C, alkyl
substituted with 0-5 Re, -(CHy),-Ca.1ocarbocyclyl substituted with 0-5 R, and -
(CHy)r-heterocyclyl substituted with 0-5 R.; or R, and R, together with the nitrogen
atom to which they are both attached form a heterocyclic ring substituted with 0-5 R;
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Ry, at each occurrence, is independently selected from H, Cy.¢ alkyl
substitutéd with 0-5 R, -(CH3)-Cs.jocarbocycly! substituted with 0-5 R., and -
(CHy)-heterocyclyl substituted with 0-5 Re;

R., at each occurrence, is independently selected from Ci.¢ alkyl substituted
with 0-5 R., Cs.ecarbocyclyl, and heterocyclyl;

Ry, at each occurrence, is independently selected from H, Cy.6 alkyl
substituted with 0-5 Re, -(CHz)-Cs.1ocarbocyclyl substituted with 0-5 Re, and -
(CHz),-heterocyclyl substituted with 0-5 R;

R., at each occurrence, is independently selected from C,¢ alkyl substituted
with 0-5 Ry, -(CHz)-Ci.6 cycloalkyl, F, Cl, Br, CN, NO;, =0, COH, -(CH3),0C;.
salkyl, -(CHz).OH, SH, and -(CHz).NR{R;;

Ry, at each occurrence, is independently selected from H, Cy.5 alkyl, and
phenyl, or Ryand Ry together with the nitrogen atom to which they are both attached
form a heterocyclic ring; and

n, at each occurrence, is independently selected from zero, 1, 2, 3, and 4.

[0020] In another embodiment, there are disclosed compounds of Formula (I11)
including enantiomers, diastereomers, tautomers, pharmaceutically-acceptable salts,
prodrugs, hydrates, or solvates thereof, wherein

R4 is selected from H, Cysalkyl substituted with 0-3 R, -(CH3).ORy, -
(CH2):NR4R,,- Cascycloalkyl substituted with 0-3 R, aryl substituted with 0-3 Ry,

4-, 5-, or 6-membered non-aromatic monocyclic heterocyclyl substituted with 0-3 Raa,

and 5- or 6-membered heteroary! substituted with 0-3 Ry,

Rua, at each occurrence, is independently selected from Ci.galkyl substituted
with 0-3 R,, -S(0)2NRaR,, -NHS(O)R., -ORs, -NR R, -NHC(=O)Ry, -
NHC(=O)NR.R,, ~C(=0)ORs, -C(=0)R4, -OC(=0)Ry, -C(=0)NR,R,, Cs.scycloalkyl,
heterocyclyl, and aryl;

R, at each occurrence, is independently selected from H, CN, Ci4 alkyl
substituted with 0-3 R., -(CH,)-heterocyclyl substituted with 0-3 R.;orRyand R,
together with the nitrogen atom to which they are both attached form a monocyclic

heterocyclic ring substituted with 0-3 R;

PCT/US2009/059968
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Ry, at each occurrence, is independently selected from H and Cy.4 alkyl
substituted with 0-3 R., and heterocyclyl;

R, at each occurrence, is independently selected from C;4 alkyl substituted
with 0-3 R, and heterocyclyl;

Ry, at each occurrence, is independently selected from H, C,4 alkyl
substituted with 0-3 R., -(CHa).-Ci.jocarbocyclyl substituted with 0-3 R, and -
(CHz).-heterocyclyl substituted with 0-3 R.;

R, at each occurrence, is independently selected from Cy4 alkyl substituted
with 0-4 Ry, F, Cl, Br, CN, NO,, =0, CO,H, -(CH;)0C.5 alkyl, (CH,);OH, SH, and
-(CH2)NRRy;

Ry, at each occurrence, is independently selected from H and Cy.qalkyl or Ry
and Rytogether with the nitrogen atom to which they are both attached form a

heterocyclic ring.

[0021]) . In another embodiment, there are disclosed compounds of Formula (IIT)
including enantiomers, diastereomers, tautomers, pharmaceutically-acceptable salts,
prodrugs, hydrates, or solvates thereof, wherein

Rz, at each occurrence, is independently selected from H, F, Cl, Br, CN, =0,
O-Chr4alkyl substituted with 0-3 R, -O(CH3),NR,C14alkyl -O-(CH,),0C;.4alkyl, -
O(CHz)r-heterocyclyl, -S(0),Ci4alkyl, -C(=0)Cy.4alkyl, -NHy, -N(C; 4alkyl),, -
NHCN, -NR(CH):NR,C1.salkyl -NR,(CH;),OC;qalkyl, -NH(CH;),-heterocyclyl, -
(CH2).C(=0)NH,, -C(=0)NH-heterocyclyl, -C(=0)NH(CH,)N(Cj_qalkyl)s, ~C(=0)-
heterocyclyl, -NHC(=0)C, alkyl, -NHC(=0)OC, 4alky!, -NHC(=0)NHC 4alky],
C(=0)OC4alkyl, -(CHz)C(=0)OH, -S(0),NHa, -S(0);NH-heterocyclyl, -
S(0)NHC,4alkyl, -S(O)-heterocycly! substituted with 0-3 Re, -NH,S(0),NH,, -
NHS(0)2C1aalkyl, Ciaalkyl, CF3, -(CH,),0H, Cs.scarbocyclyl substituted with 0-3
R., non-aromatic heterocyclyl substituted with 0-3 R, and 5- or 6-membered
heteroaryl substituted with 0-3 R..

[0022]  Inanother embodiment, there are disclosed compounds of Formula (IT)
including enantiomers, diastereomers, tautomers, pharmaceutically-acceptable salts,

prodrugs, hydrates, or solvates thereof, wherein

-10-
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N Ny, N
m(RZa)m KIJ /@E}(Rza}m
YIS
Zab .
( Za)m N
TRaadm K N N
@ ) 7 "LLLL/ (Rza)m L?,LL| = (RZa)m

"Rzab , , , , and

13
1 (Rag)m
"L'Ll N’y .

---- represents an optional bond;
Raap, at each occumrence, is independently selected from Cy4 alkyl substituted
with 0-3 Re, -S(O)Rc, -C(=O)R4, C(=O)ORy; and

m, at each occurrence, is independently selected from zero, 1, 2, and 3.

{0023] In another embodiment, there are disclosed compounds of Formula (IT)
including enantiomers, diastereomers, tautomers, pharmaceutically-acceptable salts,
prodrugs, hydrates, or solvates thereof, wherein

Ry is selected from H, Cy_alkyl substituted with 0-5 R., -(CH,),ORy, -
(CH2):NR4R,, -(CHz),-Cs.ecycloalkyl substituted with 0-3 Ry, -(CHy),- aryl
substituted with 0-3 Ry, and -(CHy)-heterocyclyl substituted with 0-3 Ry,

[0024]  Inanother embodiment, there are disclosed compounds of Formula (II)
including enantiomers, diastereomers, tautomers, pharmaceutically-acceptable salts,
prodrugs, hydrates, or solvates thereof, wherein

R; is selected from phenyl substituted with 1-3 Ry, and heteroaryl substituted
with 0-3 Rz

- 11 -
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Raa, at each occurrence, is independently selected from H, F, Cl, Br, =0, CN, -
ORp, -S(O)R., -C(=0)Ry, -NR:R,, -(CHz),C(=O)NR,R,, -NHC(=O)Ry, -
NHC(=0)ORs, -NHC(=O)NRR,, -(CH2).C(=0)ORy, -S(0):NR,R,, -NHS(0);NR,R,,
-NHS(O)R., Ciaalkyl substituted with 0-3 Re, non-aromatic heterocycly! substituted
with 0-3 R,, and heteroaryl substituted with 0-3 R,;

R4 15 selected from H, Cy.galkyl substituted with 0-3 R., -(CHy);ORp, -Cs.
scycloalkyl substituted with 0-3 Ry, aryl substituted with 0-3 Ry,, -(CHz)~4- to 6-
membered saturated monocyclic heterocyclyl substituted with 0-3 Ry, and -(CHy),-5-
to 6-membered heteroaryl substituted with 0-3 Ry,;

Raa, at each occurrence, is independently selected from Ciualkyl substituted
with 0-3 Re, -ORy, and C(=O)NR,R,;

R,, at each occurrence, is independently selected from H, CN, C, 4 alkyl
substituted with 0-5 R, -(CH,)-heterocyclyl substituted with 0-3 R.; orR,and R,
together with the nitrogen atom to which they are both attached form a heterocyclic
ring, having 1 to 3 heteroatoms selected from N, O, S, and substituted with 0-3 R.;

Ry, at each occurrence, is independently selected from H, C,4 alkyl
substituted with 0-3 R, and heterocyblyl; '

R., at each occurrence, is independently C,.4 alkyl substituted with 0-3 Re;

Ry, at each occurrence, is independently selected from H and C)4 alkyl
substituted with 0-3 R.;

R., at each occurrence, is independently selected from C4 alkyl substituted
with 04 Ry, F, CI, Br, =0, -(CH3).0C;.s alkyl, -(CH,),OH, and -(CH,).NRRy; and

Ry, at each occurrence, is independently selected from H and Cy.3alkyl or Ry
and Ry together with the nitrogen atom to which they are both attached form a
heterocyclic ring;

1, at each occurrence, is independently selected from zero, 1, 2, and 3; and

m, at each occurrence, is independently selected from zero, 1, 2, and 3.
[0025] In another embodiment, there are disclosed compounds of Formulae (TV)

and (V) including enantiomers, diastereomers, tautomers, pharmaceutically-

acceptable salts, prodrugs, hydrates, or solvates thereof,
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HN NH2
A R &, - R
S’N‘N/ N2 Ne NoNZ SN2
NC H or H
(Iv) V).

[0026] In another embodiment of the compounds of Formulae (I) and (II), R is
5  heteroaryl selected from pyridyl, pyrimidinyl, pyrazinyl, pyridazinyl, triazinyl, furyl,
quinolinyl, dihydroquinolinyl, tetrahydroquinolinyl, isoquinolinyl, thienyl,
imidazolyl, thiazolyl, indolyl, pyrrolyl, oxazolyl, benzofuryl, benzothienyl,
benzthiazolyl, benzoxazinyl, isoxazolyl, pyrazolyl, triazolyl, tetrazolyl, indazolyl,
1,2,4-thiadiazolyl, isothiazolyl, purinyl, carbazolyl, benzimidazolyl, indoliny],

10 benzodioxolanyl, and benzodioxane, each of which is substituted with 0-4 R,

[0027]  Inanother embodiment, there are disclosed compounds of Formula (VI) or
(VII), including enantiomers, diastercomers, tautomers, pharmaceutically-acceptable

salts, prodrugs, hydrates, or solvates thereof,

HN/A NH,
N A : Nowr " N
15 NC H or NC H
(VD) (VID)

wherein
Raz., at each occurrence, is independently selected from H, F, Cl, Br, =0, CN, -
ORy, -S(O)pRe, -C(=O)Ry, -NR.R,, -(CH).C(=0)NR,R,, -NR.C(=O)R,, -

20 NR,C(=0)ORy, -OC(=0)NR.R,, -NR,C(=0)NR,R;, -(CH;),C(=0)ORs, ~S(O);NR.R,,
-NRaS(0):NRR,, -NR.S(O):R., or Cy .6 alkyl substituted with 0-3 Ry, -(CH;);-Cs.
carbocyclyl substituted with 0-3 Re, and -(CHa)-heterocyclyl substituted with 0-3 Re;

R., at each occurrence, is independently selected from H, CN, C,4 alkyl
substituted with 0-3 Re, -(CH,)-heterocyclyl substituted with 0-3 R; or R, and R,
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together with the nitrogen atom to which they are both attached form a monocyclic
heterocyclic ring substituted with 0-3 R,

Ry, at each occurrence, is independently selected from H and Cy.4 alkyl
substituted with 0-3 R., and heterocyclyl:

R., at each occurrence, is independently selected from C; 4 alkyl substituted
with 0-3 R., Cz.4 alkeny! substituted with 0-3 R, and Cy.4 alkynyl substituted with 0-3
Re;

Rg, at each occurrence, is independently selected from H, Cy.4 alkyl
substituted with 0-3 R, -(CH2),-Cs.iocarbocyclyl substituted with 0-3 R, and -
{CHaz):-heterocyclyl substituted with 0-3 R.;

R, at each occurrence, is independently selected from C; 4 alky! substituted
with 0-4 Ry, F, CI, Br, CN, NO,, =0, CO,H, -(CH,),0C; 5 alkyl, -(CH,),OH, SH, and
-(CH2)NRRy;

Ry, at each occurrence, is independently selected from H and Cy_alkyl or R¢
and Ry together with the nitrogen atom to which they are both aﬂachéd form a
heterocyclic ring;

n, at each occurrence, is independently selected from zero, 1, 2, 3, and 4; and

1, at each occurrence is independently selected from zero, 1, 2, and 3.

[0028) In another embodiment of the compounds of Formulae (VI) and (VII), Ry,
at each occurrence, is independently selected from H, F, Cl, Br, CN, =0, 0-C,4alkyl
substituted with 0-3 R, -O(CH;)NR.Ciualkyl -O-(CH,),0C,_4alkyl, -O(CH,),-
heterocyclyl, -S(O).Cialkyl, -C(=0)C)qalkyl, -NH,, -N(C;4alkyl),, -NHCN, -
NR(CHp)NRCrsalkyl -NRo(CH;)OC;4alkyl, -NH(CH,),-heterocyclyl, -
(CH;),C(=0)NH,, -C(=O)NH-héterocyclyl, -C{(=0)NH(CH,).N(Ci4alkyl), -C(=0)-
heterocyclyl, -NHC(=0)C\.salkyl, -NHC(=0)OC; 4alkyl, -NHC(=O)NHC, 4alkyl,
C(=0)0Calkyl, -(CH,)%C(=0)0H, -S(0);NH;, -S(0},NH-heterocyclyl, -
S(0O)NHC1.alkyl, -S(O):-heterocyclyl substituted with 0-3 Re, -NHS(0),NH>, -
NHS(0):Cy4alkyl, Craalkyl, CFs3, -(CH,).OH, C;scarbocyclyl substituted with 0-3
R., non-aromatic heterocyclyl substituted with 0-3 R,, and 5- or 6-membered
heteroaryl substituted with 0-3 R..
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[0029]  Inanother embodiment of the compounds of Formula (I},

R, isH;

R; 1s selected from phenyl substituted with 1-4 R,, and heteroary! substituted
with 0-4 Ry,;

Ras, at each occurrence, is independently selected from H, F, Cl, Br, =0, CN, -
ORy, -S(O)pR:, -C(=0)Ry, -NRaRq, -(CH2)C(=O)NRaR,, -NR.C(=O)Ry, -
NR.C(=0)ORs, -OC(=O)NRaR,, -NR;C(=0)NR,R,, -(CH,).C(=0)ORs, -S(0),NRR,,
-NRaS(0):NRR,, -NR2S(0)2R., Cy_6 alkyl substituted with 0-3 R., -(CH3),-Cs.
scarbocyclyl substituted with 0-3 Re, and -(CH,)-heterocyclyl substituted with 0-3 R;

R; is selected from H and C, 4alkyl,

R4 1s selected from H, Cj.alkyl substituted with 0-5 R., ~(CR4bR4c)/ORy, -
(CRasR4)NR.R,, -(CR4pR4)-C.scycloalkyl substituted with 0-3 Ry, -(CRupRack-
aryl substituted with 0-3 Ry,, and -(CR4pR4c)-heterocyclyl substituted with 0-3 Ry,

Rua, at each occurrence, is independently selected from F, Cl, Br, CN, Ci.
salkyl substituted with 0-3 R, -ORy, and C(=O)NR.R,; |

Rap, at each occurrence, is independently selected from H and C_qalkyl;

Ry, at each occurrence, is independently selected from H and Cj.4alkyl;

| Rsis H;

Rg is H;

R,, at each occurrence, is independently selected from H, CN, C.5 alkyl
substituted with 0-5 R., -(CHy),-heterocyclyl substituted with 0-3 Re; or R, and R,
together with the nitrogen atom to which they are both attached form a heterocyclic
ring, having 1 to 3 heteroatoms selected from N, O, S, and substituted with 0-3 R.;

Ry, at each occurrence, is independently selected from H, Cy_s alkyl
substituted with 0-3 R., and heterocyclyl;

R, at each occurrence, is independently selected from C,.¢ alkyl substituted
with 0-3 R., Cy.¢ alkeny! substituted with 0-3 R,, and C,.¢ alkyny! substituted with 0-3
R.,

Ry, at each occurrence, is independently selected from H, C, alkyl

 substituted with 0-3 R., Cy.6 alkenyl substituted with 0-3 R., Cy. alkynyl substituted

with 0-3 R., -(CH,),-Cs.j¢carbocyclyl substituted with 0-3 R, and -
(CHp),-heterocyclyl substituted with 0-3 R;

=15 -
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R., at each occurrence, is independently selected from C;_4 alkyl substituted
with 0-4 Rg, F, Cl, Br, CN, NO,, =0, CO.H, (CHg)rO(Zl s alkyl, -(CH,),OH, SH, and
-(CH2)NRRy;
Ry, at each occurrence, is independently selected from H and Cr.salkyl or Ry
5 and Rytogether with the nitrogen atom to which they' are both attached form a

heterocyclic ring;

p, at each occurrence, is independently selected from zero, 1, and 2; and

1, at each occurrence, is independently selected from zero, 1, 2,and 3.

10 [0030]  Inanother embodiment of the compounds of Formula (1),
R; s selected from phenyl substituted with 1-3 Rs, and

(R a)m >
/@fn\ T~ Reale Q\/\ : %(Rza)m

Rzab , R2ab

( Rza)m
%j\/\ (Raahm %%J:/ (Raza)m I\/ (Raam N\ 9
@ ) — (Rza)m

Raap

, and

15 - represents an optional bond;
Rz, at each occurrence, is independently selected from H, F, Cl, Br, =0, CN, -
ORs, -S(O)R., -C(=O)Rq, -NRaRs, -(CH2ZC(=0)NR.R,, -NHC(=O)Ry, -
NHC(=0)ORs, -NHC(=0)NRaR,, -(CHz):.C(=0)ORs, -S(0)%:NR R., -NHS(O);NR.R.,
-NHS(O);R;, Cy4alkyl substituted with 0-3 R., non-aromatic heterocyclyl substituted
20 with 0-3 R, and heteroaryl substituted with 0-3 R;
Raap, at each occurrence, is independently selected from Cy4 alkyl substituted
with 0-3 R, -S(O)R., ~C(=0)Rq4, C(=O)ORy;
Ry is selected from H, Cygalkyl substituted with 0-3 R, -(CHy),ORy, -Cs.
ecycloalkyl substituted with 0-3 Ry, aryl substituted with 0-3 Ra,, -(CH,)~4- to 6-
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membered saturated monocyclic heterocyclyl substituted with 0-3 Ra,, and -(CHz),-5-

to 6-membered heteroaryl substituted with 0-3 Ry,;

Ry, at each occurrence, is independently selected from C;.4alkyl substituted
with 0-3 R., -ORs, and C(=0)NR.R.;

R, at éach occurrence, is independently selected from H, CN, Ci 4 alkyl
substituted with 0-5 R,, -(CH,)-heterocyclyl substitﬁted with 0-3 R; or R, and R,
together with the nitrogen atom to which they are both attached form a heterocyclic
ring, having 1 to 3 heteroatoms selected from N, O, S, and substituted with 0-3 R,;

Ry, at each occurrence, is independently selected from H, Cy.4 alkyl
substituted with 0-3 R., and heterocyclyl,

R, at each occurrence, is independently C,_4 alkyl substituted with 0-3 R,;

Ry, at each occurrence, is independently selected from H and Cy4 alkyl
substituted with 0-3 R;

R., at each occurrence, is independently selected from Cy4 alkyl substituted
with 0-4 Ry, F, Cl, Br, =0, -(CH;),0C,.s alkyl, -(CH,),0H, and -(CH,),;NR{Ry; and

' Ry, at each occurrence, is independently selected from H and Ci.salkyl or R¢
and Ry together with the nitrogen atom to which they are both attached form a
heterocyclic ring; | |

1, at each occurrence, is independently selected from zero, 1, 2, and 3; and

m, at each occurrence, is independently selected from zero, 1, 2, and 3.

[0031] In still another embodiment, R; is substituted with 1-5 Ry, and is selected
from phenyl and naphthyl.

{0032] In another embodiment, R; is substituted with 0-5 Ry, and is heteroaryl
selected from thiazolyl, oxazolyl, pyrazolyl, triazolyl, tetrazolyl, thiadiazolyl,
isoxazolyl, imidazolyl, pyridyl, pyrimidinyl, pyrazinyl, pyridazinyl, indolyl,
indazolyl, isoindolyl, indolinyl, isoindolinyl, benzimidazolyl, benzothiazolyl,
benzotriazolyl, quinolinyl, isoquinolinyl, tetrahydroquinolinyl, and
tetrahydroisoquinolinyl.

[0033] In another embodiment, R; is selected from
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[0034]  In another embodiment, R, at each occurrence, is independently selected
from F, Cl, Br, -OCF;3, -OCHF,, -CF3, CN, NO,, CHs, -OH, -OCHa, NH,, -
N(CH,CHy),, -NHC(=0)CH3, -NHS(0);CHj;, -NHC(=0)OCHs, -
NHC(=0)CH(CH3),, -NHC(=0)CH,CHj, -C(=0)OH, -C(=0)OCH3, C(=0)NH,, -
C(=0)NHCH3, -8(0),CHj, -S{0),;NHCHj3;, -N(CH3)C(=0)CHj3, -NHS(O),NH,, -
C(=0)-heterocyclyl substituted with 0-5 R, -(CH;),-5- to 6-membered heterocyclyl
comprising carbon atoms and 1-4 heteroatoms selected from N, O, and S(0),,
wherein said heterocyclyl is substituted with 0-5 R.. Non-limiting examples of the
heterocyclyl include pym)iidine, imidazole, pyrazole, oxazole, oxadiazole, thiazole,

triazole, tetrazole, piperazine, piperidine, and morpholine.

[0035]) In another embodiment, R, is substituted with 0-2 R, and is selected from:
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{0036} In another embodiment, R; is selected from H, F, Cl, Br, CN, -OR,, -
NR.R,, and Cygalky! substituted with 0-5 R...

[0037}  In another embodiment, R; is selected from H and C,galkyl substituted
with 0-5 R..

10038] In another embodiment, R; is H.

[0039] In another embodiment, Ry is selected from H, C;salkyl substituted with
0-5 Re, -(CRapR4c):ORs, (CR4uR4c)NRR,, -(CR4R4:)e-Cs.scycloalkyl substituted
with 0-3 R, -(CRapRac)-heterocyclyl substituted with 0-3 Ry,, and -(CR4pRuc )~ aryl
substituted with 0-3 Ry,;

[0040] _ In another embodiment, Ry is selected from —(CHz)ORyp, (CH2CH3)ORs,
—~(CH(CH;)CHz2)ORs, «(C(CH3,CH;)ORs,, H(CH2CH(CH3))ORy, ~(CH,C(CH;3),)ORo,
~(CH2)NR.R,, {CH,CHz) NRRa, <(CH(CH3)CH;)NRoR,, (C(CH3),CH;)NRR,,
(CH,CH(CH3))NR.R,, and {CHC(CH1),)NR.R,, wherein R,, at each occurrence, is
independently selected from H and Cy¢ alkyl substituted with 0-3 R.; or R, and R,
together with the nitrogen atom to which they are attached form a heterocyclic ring
selected from imidazolidinyl, imidazolinyl, imidazolyl, indazolyl, indolinyl,
indolizinyl, indoly], isoquinolinyl, isoxazolyl, morpholinyl, oxadiazolyl, oxazolyl,
pyrimidinyl, piperazinyl, pyrazinyl, pyrazolyl, pyridaziny], pyridinyl, pyrimidinyl,
pyrrolidinyl, pyrrolinyl, pyrrolyl, quinazolinyl, quinolinyl, tetrazolyl, thiazolyl,
triazinyl, and triazolyl.

[0041]  In another embodiment, Ry is substituted with 0-3 Ry, and is selected from
phenyl, naphthyl, biphenyl, cyclopropyl, cyclobutyl, cyclopentyl, cyciohexyl, and
cycloheptyl.
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(0042} In another embodiment, R, is (CHy)oo-heterocyclyl substituted with 0-3
Rua, wherein said heterocyclyl is selected from azetidinyl, thiazolyl, oxazoly],
pyrazolyl, triazolyl, tetrazolyl, thiadiazolyl, isoxazolyl, imidazolyl, pyridyl,
pyrimidinyl, pyrazinyl, pyridazinyl, indolyl, indazolyl, isoindolyl, indolinyl,
isoindolinyl, benzimidazolyl, benzothiazolyl, benzotriazolyl, quinolinyl,
isoquinolinyl, tetrahydroquinolinyl, and tetrahydroisoquinolinyl.,

[0043] In another embodiment, Ry, at each occurrence, is independently selected
from F, Cl, Br, Ci.¢alkyl substituted with 0-5 Re, Ca.salkenyl, Cy calkynyl, NO,, OH,
CN, -SO3H, -S(O)pRc, -5(0)2NRaR,, -NR:S(O):R:, -ORs, -NRR,, -NR.C(=0)Ry, -
NR,C(=0)NR:Rs, -C(=0)ORs, -C(=0)Rg, -OC(=0)Rg, -C(=0)NR.R,, Cs.scycloalkyl,
heterocyclyl, and aryl. |
[0044]  All aspects of the compounds, including individua! variable definitions,
may be combined with other aspects to form additional compounds. For example, in
one embodiment of Formula (I), R, is hydrogen and Rs is hydrogen or C;4alkyl
substituted with 0-5 R.. In another embodiment, R, can be hydrogen and R; can be
ORs, -NRaR., -C(=O)NRgRq, -NHS(O)R., -NHC(=0)R4, or -NHC(=0)ORp. In still
another embodiment, R, is hydrogen, and R;, Rs, and R are 21l hydrogen.

[0045]  In certain embodiments, the present invention includes compounds of
Formula (I), or stereoisomers, tautomers, pharmaceutically acceptable salts, solvates,
or prodrugs thereof, wherein:

R,is H;

R; is substituted with 0-5 Ry, and is selected from pheny! and naphthyl;

Ry, at each occurrence, is independently selected from F, Cl, Br, -OCF3, -
OCHF,, -CF3, CN, NO;, CHj, -OH, -OCH3;, NH,, -N(CH,CHj3);, -NHC(=0)CHs, -
NHS(0),CHj;, -NHC(=0)OCH3, -NHC(=0)CH(CHjs),, -NHC(=0)CH,CH, -
C(=0)OH, -C(=0)OCHjs, C(=0)NHS,, -C(=0)NHCH3, -8(0),CHj, -S(0),NHCHj, -
N(CH3)C(=0)CHz, -NHS(Q),NH,, -C{(=0)-heterocycly! substituted with 0-5 R, -
(CHa).-5- to 6-membered heterocyclyl comprising carbon atoms and 1-4 heteroatoms
selected from N, O, and S(O),, wherein said heterocyclyl is substituted with 0-5 R..
Non-limiting examples of the heterocyclyl include pyrrolidine, imidazole, pyrazole,
oxazole, oxadiazole, thiazole, triazole, tetrazole, piperazine, piperidine, and

morpholine;
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Ry is selected from H, Cy.¢alkyl substituted with 0-5 R., -(CR4pR4c):ORy, -
(CRupR4:)NRaR,, -(CRapR4c)-Cagcycloalkyl substituted with 0-3 Raa, -(CR4pR 4 )
heterocyclyl substituted with 0-3 Ry, and -(CRypR4c)- aryl substituted with 0-3 Ry,

Raa, at each occurrence, is independently selected from F, Cl, Br, Cj_galkyl
substituted with 0-5 R., C;.alkenyl, Ca.¢alkynyl, NO,, =0, CN, -SO:H, -S(O).R., -
S(O)NR.R,, -NR,S(0)2R., -ORs, -NRiR,, -NR.C(=0)R4, -NR.C(=O)NRR,, -
C(=0)ORy, -C(=0)R4, -OC(=0)Rq4, -C(=0O)NR.R,, Csscycloalkyl, heterocyclyl, and
aryl;

Rs is selected from hydrogen and C,.¢alkyl substituted with 0-5 R.;

Rs is selected from hydrogen and Cisalkyl substituted with 0-5 Re.

[0046]  In certain.embodiments, the present invention includes compounds of
Formula (I), or stereoisomers, tautomers, pharmaceutically acceptable salts, solvates,
or prodrugs thereof, wherein:

R; s H; _

R; is substituted with 0-5 Rz, and is heteroaryl selected from thiazolyl,
oxazolyl, pyrazolyl, triazolyl, tetrazolyl, thiadiazolyl, isoxazolyl, imidazotyl, pyridyl,
pyrimidinyl, pyrazinyl, pyridazinyl, indolyl, indazolyl, isoindolyl, benzimidﬁzolyl,
benzothiazolyl, benzotriazolyl, quinolinyl, and isoquinolinyl; '

Ras, at each occurrence, is independently selected from F, Cl, Br, -OCF,, -
OCHF,, -CF3, CN, NO,, CHj3, -OH, -OCH;, NH,, -N(CH,CH3),;, -NHC(=0)CHs, -
NHS(0),CHj3, -NHC(=0)OCH3, -NHC(=0)CH(CH,);, -NHC(=0)CH,CHa,
C(=0)OH, -C(=0)OCH,, -C(=0)NH,, -C(=0)NHCHj3, -S(0),CHs, -S(0),NHCHj, -
N(CH3)C(=0)CHjs, -NHS(0),NH,, -C(=0)-heterocyclyl substituted with 0-5 R., -
(CHz),-5- to 6-membered heterocyclyl comprising carbon atoms and 1-4 heteroatoms
selected from N, O, and S(O)p, wherein said heterocyclyl is substituted with 0-5 R;

Rj is selected from H, F, Cl, Br, CN, -OR}, -NR.R,, and Ci-salkyl substituted
with 0-5 R,;

Ry is selected from H, C.calkyl substituted with 0-5 R, -(CResRac)OR, -
(CR4pR4c):NRaRs, -(CRapR4:)-Ci.gcycloalky! substituted with 0-3 Ryg, ~(CRypRac)-
heterocyclyl substituted with 0-3 Ry, and -(CR4pRuc)- aryl substituted with 0-3 Ry;
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Rua, at each occurrence, is independently selected from F, Cl, Br, Ci.galkyl
substituted with 0-5 Re, Cz6alkenyl, C;salkynyl, NO,, =0, CN, -SO;H, -S(O)pR., -
S(0):NR.R,, -NR:S(O)Re, -ORs, -NRaRa, -NR,C(=0)Rq, -NR,C(=0)NR,R,, -
C(=0)ORy, -C(=0)Ry, -OC(=O)Rq, -C(=0)NR.Ra, Cs-scycloalkyl, heterocyelyl, and
aryl;

Rs is selected from hydrogen and Cj.¢alkyl substituted with 0-5 R,;

Rs is selected from hydrogen and Ci.salkyl substituted with 0-5 R..

[0047] In certain embodiments, the present invention includes compounds of
Formula (I), or stereoisomers, tautomers, pharmaceutically acceptable salts, solvates,
or prodrugs thereof, wherein;

Riis H;

R; is selected from aryl substituted with 0-4 R,, and heteroaryl substituted
with 0-4 Ry;;

Rz,, at each occurrence and when valence allows, is indéependently selected
from F, CI, Br, -CF3, CN, NO,, CHjs, -OH, -OCHs, NH,, -N(CH;CHz),, -
NHC(=0)CHs, -NHS(0),CHjs, -NHC(=0)OCH,, -NHC(=0)CH(CH3),, -
NHC(=0)CH;CHj, -C(=0)OH, -C(=0)OCHs, -C(=0)NH,, -C(=0)NHCH;, -
S(0%CHs, -S(0):NHCH;, -N(CH3)C(=0)CHj, -NHS(0),NH,, -C(=0)-heterocyclyl
substituted with 0-5 R., -(CH,)-5- to 6-membered heterocyclyl comprising carbon
atoms and 1-4 heteroatoms selected from N, O, and S(O),, wherein said heterocyclyl
is substituted with 0-5 R;

Ry is selected from —(CH;)ORy, (CH2CH;)ORs, CH(CH;3)CH2)ORy, —
(C(CH:),CH2)ORs, «(CH2CH(CH3)OR, ~(CH,C(CH3)2)ORs, ~(CH2)NR,R,, —
(CH2CHz) NRuRs, ~(CH(CH;3)CH2)NR,R,, <(C(CH;3),CH;)NR,R,, ~
(CH:CH(CH3y)NR.R,, and (CH,C(CH;);)NR:R,, wherein R, at each occurrence, is
independently selected from H and Cy ¢ alkyl substituted with 0-3 R; or R, and R,
together with the nitrogen atom to which they are attached form a heterocyclic ring
selected from imidazolidinyl, imidazolinyl, imidazolyl, indazolyl, indolinyl,
indolizinyl, indolyl, isoquinolinyl, isoxazolyl, morpholinyl, oxadiazolyl, oxazolyl,

pyrimidinyl, piperazinyl, pyrazinyl, pyrazolyl, pyridazinyl, pyridinyl, pyrimidinyl,
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pyrrolidinyl, pyrrolinyl, pyrrolyl, quinazolinyl, quinolinyl, tetrazolyl, thiazolyl,
triazinyl, and triazolyl;

Rua, at each occurrence, is independently selected from F, Cl, Br, Cpsalkyl
substituted with 0-5 R., C,¢alkenyl, C;.alkynyl, NO,, OH, CN, -SO3H, -S(O}R., -
S(0)2NRaR, -NR.S(O):Rc, -ORs, -NRaRq, -NR.C(=0)Ry, -NR.C(=0)NR.R,, -
C(=0)ORy, -C(=0O)R4, -OC(=O)Ry, -C(=0)NR.R,, Cs.scycloalkyl, heterocyclyl, and
aryl;

Rs is selected from hydrogen and C, galkyl substituted with 0-5 R.;

Rs is selected from hydrogen and Csalkyl substituted with 0-5 R..

[0048] In certain embodiments, the present invention includes compounds of
Formula (), or stereoisbmers, tautomers, pharmaceutically acceptable salts, solvates,
or prodrugs thereof, wherein:

R; is H;

R; is selected from ary! substituted with 0-4 Ry, and heteroaryl substituted
with 04 Ry,;

Rgs, at each occurrence and when valence allows, is independently selected
from F, Cl, Br, -CF3, CN, NO;, CHs, -OH, -OCHj3, NH,, -N(CH,CHa),, -
NHC(=0)CHj3, -NHS(0),CHs, -NHC(=0)OCHj, -NHC(=0)CH(CH;),, -
NHC(=0)CH,CHj, -C(=0)OH, -C(=0)OCHs, -C(=0)NH3, -C(=0)NHCHs, -
S(0).CHs, -5(0);NHCH3, -N(CH3)C(=0)CHj, -NHS(0),NH,, -C(=0)-heterocyclyl
substituted with 0-5 Re, -(CH,)-5- to 6-membered heterocycly! comprising carbon
atoms and 1-4 heteroatoms selected from N, O, and S(O),, wherein said heterocyclyl
1s substituted with 0-5 R,;

| Ry is substituted with 0-3 Ry, and is selected from phenyl, naphthyl, biphenyl,
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, and cycloheptyl;

' Rua, at each occurrence, is independently selected from F, Cl, Br, Cy.¢alkyl
substituted with 0-5 R, Cz.galkenyl, Caalkynyl, NO,, =0, CN, -SO;H, -S(O)pR., -
S(0)2NRaRs, -NR:S(O)R., -ORs, -NRaR,, -NR,C(=0)Ry, -NR,C(=0)NR,R,, -
C(=0)ORy, -C(=0)Rg, -OC(=0)Ry, -C(=O)NR,R., Cs.scycloalkyl, heterocyclyl, and
aryl; ,

Rs is selected from hydrogen and C, salkyl substituted with 0-5 R.;
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R is selected from hydrogen and Ci.galkyl substituted with 0-5 R..

[0049]  In other embodiments, the present invention includes compounds of
Formula (), or stereoisomers, tautomers, pharmaceutically acceptable salts, solvates,
or prodrugs thereof, wherein:

R; is selected from aryl substituted with 0-4 Ry, and heteroaryl substituted
with 0-4 Ry,;

Rz, at each occurrence and when valence allows, is independently selected
from F, CI, Br, -CF3, CN, NO,, CH;, -OH, -OCHj, NHy, -N(CH,CHs),, -
NHC(=0)CH3, -NHS(0),CHj3, -NHC(=0)OCH3, -NHC(=0)CH(CHs),, -
NHC(=0)CH,CHj3, -C(=0)OH, -C(=0)OCHj, -C(=0)NH,, -C(=0)NHCHa, -
S(0).CHs, -8(0)NHCHj, -N(CH3)C(=0)CHj, -NHS(Q);NH,, -C(=0)-heterocyclyl
substituted with 0-5 Re, -(CHz):-5- to 6-membered heterccycly! comprising carbon
atorns and 1-4 heteroatoms selected from N, O, and S(O),, wherein said heterocyclyl
15 substituted with 0-5 R.;

Ry is -(CH2)o-2-heterocyclyl substituted with 0-3 Ry, wherein said
heterocyclyl is selected from azetidinyl, thiazolyl, oxazolyl, pyrazoly!, triazolyl,
tetrazolyl, thiadiazolyl, isoxazolyl, imidazolyl, pyridyl, pyrimidiny!, pyrazinyl,
pyridazinyl, indolyl, indazolyl, isoindolyl, indolinyl, isoindoliny!, benzimidazolyl,
benzothiazolyi, benzotriazolyl, quinolinyl, isoquinolinyl, tetrahydroquinolinyl, and
tetrahydroisoquinolinyl;

Ry, at each occurrence, is independently selected from F, Cl, Br, Cigalkyl
substituted with 0-5 R., Cz.¢alkenyl, Cy salkynyl, NO,, OH, CN, -SOsH, -S(O),R, -
S(0)2NRaRs, -NR3S(O):R, -ORs, -NRaRa, -NR,C(=0)Ry, -NR,C(=O)NR,R,, -
C(=0)ORys, -C(=0)Rg, -OC(=0)Ry, -C(=0O)NR.R,, Cs.scycloalkyl, heterocyelyl, and
aryl; ' _

R;s is selected from hydrogen and C,salkyl substituted with 0-5 R,;

Rs 15 selected from hydrogen and Cy_salkyl substituted with 0-5 R..

[0050]  Further embodiments of the invention relate to compounds of Formulae
(VIID), (IX), and (X), below, wherein the variables R, and Ra,, where they appear,

can be selected from any of the embodiments as set forth above for compounds of
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Formula (I}, (ID), (TD), (XV), (V), (VI) and/or (VII) (including as recited in any of the

further embodiments).
HN'R4 HN
&N\ P NA &,m . R
NC N ]N{ \(RZa)'l 3 NC N ﬁ (Rzah13
(VIID) (IX)
5
NH,
N ™
\ N‘ - /Rz-.
NT N (R2a)1-a
NC H
(X)
[0051) Compounds of the invention include, without limitation, the following:
10 6-((3-cyano-4-methylphenyl)amino)-8-(2-pyridinylamino)imidazo[1,2-

b]pyridazine-3-carbonitrile. _
N-(5-((3-cyano-8-(cyclopropylamino)imidazo[ 1,2-b]pyridazin-6-yl)amino)-2-
(trifluoromethoxy)phenyl)acetamide,
3-cyano-5-((3-cyano-8-(cyclopropylamino)imidazo[ 1,2-b)pyridazin-6-
15 ylamino)benzenesulfonamide,
N-(3-cyano-5-((3 -cyano-8-(cyclopropylamino)imidazo( 1,2-b]pyridazin-6-
yDamino)phenyl)acetamide, _
6-((5-cyano-2-methoxyphenyl)amino)—S-(cyclopropylamino)imidazo[ 1,2-
blpyridazine-3-carbonitrile,
20 methyl (5-((3-cyano-8-(cyclopropylamine)imidazo[1 ,2-b]pyridazin-6-
yl)amino)-2-methylphenyl)carbamate,
3-((6-((3 -acetamido-4-methylphenyl)amino)-3-cyancimidazo[1 ,2-b]pyridazin-
8-yl)amino)-N-(2-(dimethylamino)ethylbenzamide,
8-(cyclobutylamino)-6-((3-methoxy-5-(4H-1,2,4-triazol-4-
25 yDphenyl)amino)imidazo[1,2-b]pyridazine-3-carbonitrile,
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6-((1-acetyl-2,3-dihydro-1H-indol-6-y1)amino)-8-
{cyclopropylamino)imidazo[1,2-b]pyridazine-3-carbonitrile,
6~((3-cyano-5-((4-methyl-1-piperazinyl)sulfonyl)phenylamino)-8-
{cyclopropylamino)imidazo[1,2-bpyridazine-3-carbonitrile,
5 6-((2-chloro-5-cyano-4-methylphenyl)amino)-8-(2-
pytidinylamino)imidazo[1,2-b]pyridazine-3-carbonitrile,
8-(cyclopropylamino)-6-({1,4-dimethyl-2-oxo-1,2-dihydro-7-

quinolinyl)amino)imidazo[1,2-b]pyridazine-3-carbonitrile,
3-cyano-5-((3-cyano-8-(cyclopropylamino)imidazo[1,2-b]pyridazin-6-
10 yDamino)-N-ethylbenzenesulfonamide,
8-(cyclopropylamine)-6-((3-(4-(2-hydroxyethyl)-1-piperazinyl)-5-(4H-1,2 4-
triazol-4-yl)phenyl)amino)imidazd[ 1,2-bIpyridazine-3-carbonitrile,
8-((5-methoxy-2-pyridinyl)amino)-6-((3-methoxy-5-(4H-1,2,4-triazol 4-
yl)phenyl)amino)imidazof 1,2-b]pyridazine-3-carbonitrile,
15 6-((2-chloro-5-cyanophenyl)amino)-8-(cyclopropylamino)imidazo{1,2-
b]pyridazine-3-carbonitrile,
methyl (3-((3-cyano-8-(cyclopropylamino)imidazo{ 1,2-b]pyridazin-6-
yDamino)-5-(methylsulfonyl)phenyl)carbamate,
6-((5-cyano-2-methoxyphenyl)amino)-8-(cyclobutylamino)imidazo[1,2-
20  b]pyridazine-3-carbonitrile,

6-((5-cyano-2-methylphenyl)amino)-8-(cyclopropylamino)imidazo[1,2-
bjpyridazine-3-carbonitrile,
8-{cyclopropylamino)-6-((3-(2-(dimethylaminc)ethoxy)-5-(4H-1,2,4-triazol-4-
yhphenyl)amino)imidazo[1,2-blpyridazine-3-carbonitrile,
25 6-((2-chloro-5-cyano-4-methylphenyl)amino)-8-
(cyclopropylamino)imidazo[1,2-b]pyridazine-3-carbonitrile,
8-amino—6-((5—cyano—Z-methoxyphenyI)amino)imidazo[1,2-b]pyridazine-3-
carbonitrile,
8-amino-6-((3-cyano-4-methylphenyl)amino)imidazo[1,2-b]pyridazine-3-
30  carbonitrile,
N-(5-((3-cyano-8-(cyclopropylamino)imidazo{ 1,2-b]pyridazin-6-yl)amino)-2-
methylphenyl)acetamide,
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6-((2-chloro-5-cyanophenyl)amino)-8-(cyclobutylamino)imidazo[1,2-
b]pyridazine-3-carbonitrile,
N-(5-((3-cyano-8-(cyclopropylamino)imidazo[1,2-bIpyridazin-6-yl)amino)-
2,4-difluorophenyl)acetamide,
6-((4-fluoro-3-(4H-1,2,4-triazol-4-yD)phenyl)amino)-8-((5-methoxy-2-
pyridinylyamino)imidazo[1,2-b]pyridazine-3-carbonitrile, ‘
_ N-(5-((3-cyano-8-({5-(2-hydroxyethoxy)-2-pyridinyl)amino)imidazo[1,2-
b]pyridazin-6-yl)amino)-2-methylphenyl)acetamide,
N-(5-((3-cyano-8-((5-methoxy-2-pyridinyl)amino)imidazo[1,2-b]pyridazin-6-
yl)amino)—2-methylpheny])acetamide,

8-(cyclopropylamino)-6-((4-(2-(methylamino)ethoxy)-3-(4H-1,2,4-triazol-4-

ybphenyl)amino)imidazo[1,2-b]pyridazine-3-carbonitrile,
N-(5-((3-cyano-8-(cyclopropylamino)imidazo{1,2-b]pyridazin-6-yl)amino)-2-
methoxyphenyl)acetamide,
6-((5-cyano-2-(2-(4-morpholinyl)ethoxy)phenyl)amino)-8-
(cyciopropylamino)imidazo{1,2-blpyridazine-3-carbonitrile,
8-((2-methoxyethyl)amino)-6-((3-methoxy-5-(4H-1,2,4-triazol-4-
yDphenylamino)imidazo[1,2-b]pyridazine-3-carbonitrile,
6-((3-cyano-4-(4-morpholinyl)phenyl)amino)-8-
(cyclopropylamino)imidazo[1,2-b]pyridazine-3-carbonitrile,
methyl (5-((8-amino-3-cyanoimidazo[ 1,2-b]pyridazin-6-yl)amino)-2-
methylphenyl)carbamate,
8-(cyclopropylamino)-6-((3-methoxy-5-(4H-1,2,4-triazol-4-
yl)phenyl)amino)imidazo[1,2-blpyridazine-3-carbonitrile,
methy! (5-((3-cyano-8-(cyclopropylemino)imidazo[1,2-b]pyridazin-6-
yl)amino)-2,4-difluorophenyl)carbamate,
methyl (5-((3-cyano-8-(cyclopropylamino)imidazo[1,2-blpyridazin-6-
yhamino)-2-fluorophenyl)carbamate,
6-((5-cyano-2-(trifluoromethoxy)phenyl)amino)-8-
(cyclopropylamino)imidazo{1,2-b]pyridazine-3-carbonitrile,
N-(3-cyano-5-((3 -cyano-3-(cyclopropylamino)imidazof 1,2-b}pyridazin-6-
yl)amino)phenyl)methanesulfonamide,
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N-(2-chioro-5-((3-cyano-8-(cyclopropylamino)imidazof 1 ,2-b]pyridazin-6-
yDamino)phenyl)acetamide,
8-(cyclopropylamine)-6-((4-fluoro-3-(4H-1,2,4-triazol-4-
yDphenyl)amino)imidazo[1,2-b]pyridazine-3-carbonitrile,
8-(cyclopropylamino)-6-((4-(4-morpholiny})-3-(4H-1,2,4-triazol -4-
ylphenyl)amino)imidazo[1,2-b]pyridazine-3-carbonitrile,
8-(cyclopropylamino)-6-((3-methyl-5-(1H-1,2,4-triazol-1-
yDphenyl)amino)imidazo[1,2-b]pyridazine-3-carbonitrile,
8-(cyclopropylamino)-6-((4-(3-(dimethylamino)propoxy)-3-(4H-1,2,4-triazol-
4-yDphenyl)amino)imidazo(1,2-b]pyridazine-3-carbonitrile,
6-({4-cyano-2-pyridinyl)amino)-8-(cyclopropylamino)imidazo[1,2-
blpyridazine-3-carbonitrile,
3-cyano-5-((3-cyano-8-(cyclopropylamino)imidazo[ 1,2-blpyridazin-6-
yDamino)-N-(tetrahydro-2H-pyran-4-yl)benzenesulfonamide,
8-(cyclopropylamino)-6-((2-fluoro-5-(1H-1,2 4-triazol-1-
yDphenyl)amino)imidazo[1,2-blpyridazine-3-carbonitrile, and
N-(3-((3-cyano-8-(cyclopropylamino)imidazo[ 1,2-b]pyridazin-6-y)amino)-4-
methylphenyl)acetamide.

[0052] The compounds of Formulae (I)-(X) may form salts with alkali metals
such as sodium, potassium and lithium, with alkaline earth metals such as calcium
and magnesium, with organic bases such as dicyclohexylamine, tributylamine,
pyridine and amino acids such as arginine, lysine and the like. Such salts can be
formed as known to those skilled in the art.

[0053] The compounds for Formulae (I)-(X) may form salts with a variety of
organic and inorganic acids. Such salts include those formed with hydrogen chloride,
hydrogen bromide, methanesulfonic acid, sulfuric acid, acetic acid, trifluoroacetic
acid, oxalic acid, maleic acid, benzenesulfonic acid, toluenesulfonic acid and various
others (e.g., nitrates, phosphates, borates, tartrates, citrates, succinates, benzoates,
ascorbates, salicylates and the like). Such salts can be formed as known to those
skilled in the art.

[0054] In addition, zwitterions (“inner salts”) may be formed.
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[0055] The present invention is also intended to include all isotopes of atoms
occurring in the present compounds. Isotopes include those atoms having the same
atomic number but different mass numbers. By way of general example and without
limitation, isotopes of hydrogen include deuterium and tritium. Isotopes of carbon
include C and "C. Isotopically-labeled compounds of the invention can generally
be prepared by conventional techniques known to those skilled in the art or by
processes analogous to those described herein, using an appropriate isotopically-
labeled reagent in place of the non-labeled reagent otherwise employed.
[0056] Compounds of the Formulae (I)-(X) may also have prodrug forms. Since
prodrugs are known to enhance numerous desirable qualities of pharmaceuticals (e.g.,
solubility, bioavailability, manufacturing, etc.) the compounds of the present
invention may be delivered in prodrug form. Thus, the present invention is intended
to cover prodrugs of the presently claimed compounds, methods of delivering the
same and compositions containing the same. “Prodrugs” are intended to include any
covalently bonded carriers that release an active parent drug of the present invention
in vivo when such prodrug is administered to a mammalian subject. Prodrugs of the
present invention are prepared by modifying functional groups present in the
compound in such a way that the modifications are cleaved, either in routine
manipulation or in vivo, to the parent compound. Prodrugs include compounds of the
present invention wherein a hydroxy, amino, or sulfhydryl group is bonded to any
group that, when the prodrug of the present invention is administered to 2 mammalian
subject, it cleaves to form a free hydroxyl, free amino, or free sulfhydryl group,
respectively. Examples of prodrugs include, but are not limited to, acetate, formate,
and benzoate derivatives of alcohol and amine functional groups in the compounds of
the present invention.
[0057]  Various forms of prodrugs are well known in the art. For examples of such
prodrug derivatives, see:

a) Design of Prodrugs, H. Bundgaard, ed., Elsevier (1985), and Methods
in Enzymology, 112:309-396, K. Widder et al., eds., Academic Press (1985);

b) Bundgaard, H., Chapter 5, “Design and Application of Prodrugs,” 4
Textbook of Drug Design and Development, pp. 113-191, P, Krosgaard-Larsen et al.,
eds., Harwood Academic Publishers (1991); and
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c) Bundgaard, H., Adv. Drug Deliv. Rev., 8:1-38 (1992).

[0058] Tt should further be understood that solvates (e.g., hydrates) of the
compounds of Formulae (I)-(X) are also within the scope of the invention. Methods
of solvation are generally known in the art. The inventive compounds may either be
in the free or hydrate form.

[0059] Compounds of this invention may have one or more asymmetric centers.
Unless otherwise indicated, all chiral (enantiomeric and diastereomeric) and racemic
forms-of compounds of the present invention are included in the present invention.
Many geometric isomers of olefins, C=N double bonds, and the like can also be
present in the compounds, and all such stable isomers are contemplated in the present
invention. Cis and trans geometric isomers of the compounds of the present invention
are described and may be isolated as a mixture of isomers or as separated isomeric
forms. The present compounds can be isolated in optically active or racemic forms.

It is well kmown in the art how to prepare optically active forms, such as by resolution
of racemic forms or by synthesis from optically active starting materials. All chiral,
(enantiomeric and diastereomeric) and racemic forms and all geometric isomeric
forms of a structure are intended, unless the specific stereochemistry or isomer form
is specifically indicated. When no specific mention is made of the configuration (cis,
trans ot R or S) of a compound (or of an asymmetric carbon), then any one of the
isomers or a mixture of more than one isomer is intended. The processes for
preparation can use racemates, enantiomers, or diastereomers as starting materials.
All processes used to prepare compounds of the present invention and intermediates
made therein are considered to be part of the present invention. When enantiomeric
or diastereomeric products are prepared, they can be separated by conventional
methods, for example, by chromatography or fractional crystallization. Compounds
of the present invention, and salts thereof, may exist in multiple tautomeric forms, in
which hydrogen atoms are transposed to other parts of the molecules and the chemical
bonds between the atoms of the molecules are consequently rearranged. It should be
understood that all tautomeric forms, insofar as they may exist, are included within

the invention.
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DEFINITIONS
{0060]  The following are definitions of terms used in this specification and
appended claims. The initial definition provided for a group or term herein applies to
that group or term throughout the specification and claims, individually or as part of

another group, unless otherwise indicated.

[0061]  Inaccordance with a convention used in the art, g— is used in
structural formulas herein to depict the bond that is the point of attachment of the
moiety or substituent to the core or backbone structure,

[0062] A dash “-” that is not between two letters or symbols is used to indicate a
point of attachment for a substituent. For example, -CONH, is attacﬁed through the
carbon atom.,

[0063]  As used herein, the term “alkyl” or “aliylene” is intended to include both
branched and straight-chain saturated aliphatic hydrocarbon groups having the
specified number of carbon atoms. For example, “Cy.10 alkyl” (or alkylene), is
intended to include C,, C,, Cs, Cq, Cs, Cs, Cs, Cs, Co, and Cyo alkyl groups.
Additionally, for example, “C,-Cs alkyl” denotes alkyl having 1 to 6 carbon atoms.
Alkyl groups can be unsubstituted or substituted so that one or more of its hydrogens
are replaced by another chemical group. Example alkyl groups include, but are not
limited to, methyl (Me), ethyl (Et), propyl (e.g., n-propyl and isopropyl), butyl (e.g.,
n-butyl, isobutyl, +-butyl), pentyl (e.g., n-pentyl, isopenty], neopentyl), and the like.
[0064] “Haloalkyi” is intended to include both branched and straight-chain
saturated aliphatic hydrocarbon groups having the specified number of carbon atoms,
substituted with 1 or more halogen. Examples of haloalkyl include, but are not
limited to, fluoromethyl, difluoromethyl, triftuoromethyl, trichloromethyl,
pentafluoroethyl, pentachloroethyl, 2,2,2-trifluoroethyl, heptafluoropropyl, and
heptachloropropyl. Examples of haloalkyl also include “flucroaliyl” which is
intended to include both branched and straight-chain saturated aliphatic hydrocarbon
groups having the specified number of carbon atoms, substituted with 1 or more
fluorine atoms.

[0065] The term “halogen” or “halo” refers to fluorine (F), chlorine (Cl), bromine
(Br) and iodine.
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[00666] “Haloalkoxy” or “haloalkyloxy™ represents a haloalkyl group as defined
above with the indicated number of carbon atoms attached through an oxygen bridge.
For example, “Cy. haloalkoxy”, is intended to include C,, Cy, C3, C4, Cs, and Cg
haloalkoxy groups. Examples of haloalkoxy include, but are not limited to,
trifluoromethoxy, 2,2,2-trifluoroethoxy, pentafluorothoxy, and the like. Similarly,
“haloalkylthio” or “thiohaloalkoxy” represents a haloalkyl group as defined above
with the indicated number of carbon atoms attached through a sulphur bridge; for
example trifluoromethyl-S-, pentaflucroethyl-S-, and the like.

[0067] As used herein, “carbocycle,” “carbocyclic residue,” or “carbocyclyl” is
intended to mean any stable 3-, 4-, 5-, 6+, or 7-membered monocyclic or bicyelic or 7-
, 8-, 9-, 10-, 11-, 12-, or 13-membered bicyclic or tricyclic ring, any of which may be
saturated, partially unsaturated, unsaturated or aromatic. Examples of such
carbocycles include, but are not limited to, cyclopropyl, cyclobutyl, cyclobutenyl,
cyclopentyl, cyclopentenyl, cyclohexyl, cycloheptenyl, cycloheptyl, cycloheptenyl,
adamantyl, cyclooctyl, cyclooctenyl, cyclooctadienyl, [3.3.0]bicyclooctane,
[4.3.0]bicyclononane, [4.4.0]bicyclodecane, [2.2.2)bicyclooctane, fluorenyl, phenyl,
naphthyl, indanyl, adamantyl, anthracenyl, and tetrahydronaphthyl (tetralin). As
shown above, bridged rings are also included in the definition of carbocycle (e.g.,
[2.2.2]bicyclooctane). Preferred carbocycles, unless otherwise specified, are
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, phenyl, and indanyl. When the

ELIN1{Y

term “carbocycle,” “carbocyclic residue,” or “carbocyclyl” is used, it is intended to

include “aryl”. A bridged ring occurs when one or more carbon atoms link two non-
adjacent carbon atoms. Preferred bridges are one or two carbon atoms. Tt is noted
that a bridge always converts a monocyclic ring into a tricyclic ring. When a ring is
bridged, the substituents recited for the ring may also be present on the bridge.

[0668]  The term “aryl” refers to monocyclic, bicyclic, tricyclic aromatic -
hydrocarbon groups having 6 to 15 carbon atoms in the ring portion, such as phenyl,
naphthyl, biphenyl and diphenyl groups, each of which may be substituted, Ary!
groups which are bicyclic or tricyclic must include at least one fully aromatic ring but
the other fused ring or rings may be aromatic or non-aromatic. When an aryl is

substituted with a further heterocyclic ring, said ring may be attached to the aryl
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through a carbon atom or a heteroatom and said ring in turn is optionally substituted
with one to two substituents as valence allows.

” o« ” &

[0069]  The terms “aryloxy”, “arylamino”, “arylalkylamino”, “arylthio™,
“arylalkanoylamino”, “arylsulfonyl”, “arylalkoxy”, “arylsulfinyl”, “arylheteroaryl”,
“arylalkylthio”, “arylcarbonyl”, “arylalkenyl”, or “arylalkylsulfonyl” refer to an aryl
or substituted aryl bonded to an oxygen; an amino; an alkylamino; a thio; an
alkanoylamine; a sulfonyl; an alkoxy; a sulfinyl; a heteroary] or substituted
heteroaryl; an alkylthio; a carbonyl; an alkenyl; or an alkylsulfonyl, respectively.
[0070]  The term “alkenyl” refers to straight or branched chain hydrocarbon
groups of 2 to 20 carbon atoms, preferably 2 to 15 carbon atoms, and most preferably
2 to 8 carbon atoms, having one to four double bonds.

[0071]  The term “alkynyl” refers to straight or branched chain hydrocarbon
groups of 2 to 20 carbon atoms, preferably 2 to 15 carbon atoms, and most preferably
2 to 8§ carbon atoms, having one to four triple bonds.

[0072]  An “alkylidene” group refers to an alkyiene group consisting of at least
two carbon atoms and at least one carbon--carbon double bond. Substituents on this
group include those in the definition of “substituted allkyl”.

[0073] The ferm “cycloalkyl” refers to an optionally substituted, saturated cyclic
hydrocarbon ring systems, preferably containing 1 to 3 rings and 3 to 7 carbons per
ring. Exemplary groups include cyclopropyl, cyclobutyl, cyciopentyl, cyclohexyl,
cycloheptyl, cyclooctyl, cyclodecyl, eyclododecyl, and adamantyl. Exemplary
substituents include one or more alkyl groups as described above, or one or more
groups described above as alkyl substituents,

[0074] As used herein, the term “heterocycle,” “heterocyclyl,” “heterocyclic ring”
or “heterocyclic group” is intended to mean a stable 4-, 5-, 6-, or 7-membered
monocyclic or bicyclic or 7-, 8-, 9-, 10-, 11-, 12-, 13-, or 14-membered bicyclic
heterocyclic ring which is saturated, partially unsaturated or fully unsaturated or
aromatic, and which consists of carbon atoms and 1, 2, 3 or 4 heteroatoms
independently selected from N, O and S; and including any bicyclic group in which
any of the above-defined heterocyclic rings is fused to a benzene ring. The nitrogen
and sulfur heteroatoms may optionally be oxidized (i.e., N—O and S(0)p). The

nitrogen atom may be substituted or unsubstituted (i.e., N or NR wherein R is H or
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another substituent, if defined). The heterocyclic ring may be attached to its pendant
group at any heteroatom or carbon atom that results in a stable structure. The
heterocyclic rings described herein may be substituted on carbon or on a nitrogen
atom if the resulting compound is stable. A nitrogen in the heterocycle may
optionally be quaternized. It is preferred that when the total number of S and O atoms
in the heterocycle exceeds 1, then these heteroatoms are not adjacent to one another,
It is preferred that the total number of S and O atoms in the heterocycle is not more
than 1. When the term “heterocycle,” “heterocyclyl,” “heterocyclic ring” or
“heterocyclic group™ is used, it is intended to include heteroaryl,

[0075] Examples of heterocycles include, but are not limited to, acridinyl,
azocinyl, benzimidazolyl, benzofuranyl, benzothiofuranyl, benzoxazolyl,
benzoxazolinyl, benzthiazolyl, benztriazolyl, benztetrazolyl, benzisoxazolyl,
benzisothiazolyl, benzimidazolinyl, carbazolyl, 4aH-carbazoly), carbolinyl,
chromanyl, chromenyl, cinnolinyl, decahydroquinolinyl, 2H,6H-1,5,2-dithiazinyl,
dihydrofuro[2,3-b]tetrahydrofuran, furanyl, furazanyl, imidazolidinyl, imidazolinyl,
imidazolyl, 1H-indazolyl, indolenyl, indolinyl, indolizinyl, indolyl, 3H-indolyl,
isatinoyl, isobenzofuranyl, isochromanyl, isoindazolyl, iscindolinyl, 1soindolyl,
isoquinolinyl, isothiazolyl, isothiazolopyridinyl, isoxazolyl, isoxazolopyridinyl,
methylenedioxyphenyl, morpholinyl, naphthyridinyl, octahydroisoquinolinyl,
oxadiazolyl, 1,2,3-oxadiazoly), 1,2,4-oxadiazolyl, 1,2,5-oxadiazoly), 1,3,4-
oxadrazolyl, oxazolidinyl, oxazolyl, oxindolyl, pyrimidinyl, phenanthridiny!,
phenanthrolinyl, phenazinyl, phenothiazinyl, phenoxathinyl, phenoxazinyl,
phthalazinyl, piperazinyl, piperidinyl, piperidonyl, 4-piperidony}, piperonyl,
pteridinyl, purinyl, pyranyl, pyrazinyl, pyrazolidinyl, pyrazolinyl, pyrazolyl,
pyridazinyl, pyridooxazole, pyridoimidazole, pyridothiazole, pyridinyl, pyrimidinyl,
pyrrolidinyl, pyrrolinyl, 2-pyrrolidonyl, 2H-pyrrolyl, pyrrolyl, quinazolinyl,
quinolinyl, 4H-quinolizinyl, quinoxalinyl, quinuclidinyl, tetrahydrofuranyl,
tetrahydroisoquinolinyl, tetrahydroquinolinyl, tetrazolyl, 6H-1,2,5-thiadiazinyl, 1,2,3-
thiadiazolyl, 1,2,4-thiadiazolyl, 1,2,5-thiadiazolyl, 1,3,4-thiadiazoly], thianthrenyl,
thiazolyl, thienyl, thienothiazolyl, thienooxazolyl, thienoimidazolyl, thiophenyl,
triazinyl, 1,2,3-triazolyl, 1,2 4-triazolyl, 1,2,5-triazolyl, 1,3,4-triazolyl, and xanthenyl.
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Also included are fused ring and spiro compounds containing, for example, the above
heterocycies.

[0076] Preferred 5- to 10-membered heterocycles include, but are not limited to,
pyridiny), furanyl, thienyl, pyrrolyl, pyrazolyl, pyrazinyl, piperazinyl, piperidinyl,
imidazolyl, imidazolidinyl, indolyl, tetrazolyl, isoxazolyl, morpholinyl, oxazolyl,
oxadiazolyl, oxazolidinyl, tetrahydrofuranyl, thiadiazinyl, thiadiazolyl, thiazolyl,
triazinyl, triazolyl, benzimidazolyl, 1 H-indazolyl, benzofuranyl, benzothiofurany!,
benztetrazolyl, benzotriazolyl, benzisoxazolyl, benzoxazolyl, oxindolyl,
benzoxazolinyl, benzthiazolyl, benzisothiazolyl, isatinoyl, isoquinoliny],
octahydroisoquinolinyl, tetrahydroisoquinolinyl, tetrahydroquinolinyl,
isoxazolopyridinyl, quinazolinyl, quinolinyl, isothiazotopyridinyl, thiazolopyridinyl,
oxazolopyridinyl, imidazolopyridinyl, and pyrazolopyridinyl.

[0077] Preferred 5- to 6-membered heterocycles include, but are not limited to,
pyridinyl, furanyl, thieny!, pyrrolyl, pyrazolyl, pyrazinyl, piperazinyl, piperidinyl,
imidazolyl, imidazolidinyl, indolyl, tetrazolyl, isoxazolyl, morpholinyl, oxazolyt,
oxadiazolyl, oxazolidinyl, tetrahydrofuranyl, thiadiazinyl, thiadiazolyl, thiazolyl,
triazinyl, and triazolyl. Also included are fused ring and spiro compounds comaining_,
for example, the above heterocycles. |

[0078]  Bridged rings are also included in the definition of heterocyclg. A bridged
ring occurs when one or more atoms (i.e., C, O, N, or S) link two non-adjacent carbon
or nitrogen atoms. Preferred bridgés include, but are not limited to, one carbon atom,
two carbon atoms, one nitrogen atom, two nitrogen atoms, and a carbon-nitrogen
group. Itis noted that a bridge always converts a monocyclic ring into a tricyclic
ring. When a ring is bridged, the substituents recited for the ring may also be present
on the bridge.

[0079] The term “heteroaryl” refers to substituted and unsubstituted aromatic 5-
or 6-membered monocyclic groups, 9- or 10-membered bicyclic groups, and 11- to
14-membered tricyclic groups which have at least one heteroatom (O, SorN) in at
least one of the rings, said heteroatom-containing ring preferably having 1, 2, or 3
heteroatoms selected from O, S, and N. Each ring of the heteroaryl group containing
a heteroatom can contain one or two oxygen or sulfur atoms and/or from one to four

nitrogen atoms provided that the total number of heteroatoms in each ring is four or
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less and each ring has at least one carbon atom. Heteroaryl groups can be substituted
or unsubstituted. The nitrogen atom may be substituted or unsubstituted (i.e., N or
NR wherein R is H or another substituent, if defined). The nitrogen and sulfur
heteroatoms may optionally be oxidized (i.e., N—O and S(O)p) and the nitrogen

5  atoms may optionally be quaternized.
[0080] Heteroaryl groups which are bicyclic or tricyclic must include at least one

fully aromatic ring but the other fused ring or rings may be aromatic or non-aromatic.

The heteroaryl group may be attached at any available nitrogen or carbon atom of any
ring. The heteroaryl ring system may contain zero, one, two or three substituents.

10 [0081]  Exemplary monocyclic heteroaryl groups include pyrrolyl, pyrazolyl,
pyrazolinyl, imidazolyl, oxazolyl, isoxazolyl, thiazolyl, thiadiazolyl, isothiazolyl,
furanyl, thienyl, oxadiazolyl, pyridyl, pyrazinyl, pyrimidinyl, pyridaziny}, triaziny}
and the like.

(0082]  Exemplary bicyclic heteroaryl groups include indolyl, benzothiazolyl,

15  benzodioxolyl, benzoxazolyl, benzothienyl, quinolinyl, dihydroisoquinolinyl,
tetrahydroquinolinyl, isoquinolinyl, benzimidazoly], benzopyranyl, benzoxazinyl,
indolizinyl, benzofuranyl, chromonyl, coumarinyl, benzopyranyl, cinnolinyl,
quinoxalinyl, indazolyl, pyrrolopyridyl, furopyridyl, dihydroisoindoly], and the like.
[0083]  Exemplary tricyclic heteroaryl groups include carbazolyl, benzidolyl,

20 phenanthroilinyl, acridinyl, phenanthridinyl, xanthenyl and the like.
[0084] The term “heteroatoms” shall include oxygen, sulfur and nitrogen.
[0085] As referred to herein, the term “substituted” means that one or more
hydrogen atoms 1s replaced with a non-hydrogen group, provided that normal
valencies are maintained and that the substitution results in a stable compound. When
25 asubstituent is keto (i.e., =O), then 2 hydrogens on the atom are replaced. Keto
substituents are not present on aromatic moieties, When 2 ring system (e.g.,
carbocyclic or heterocyclic) is said to be substituted with a carbonyl group or a
double bond, it is intended that the carbonyl group or double bond be part (i.e.,
within) of the ring. Ring double bonds, as used herein, are double bonds that are
30  formed between two adjacent ring atoms (e.g., C=C, C=N, or N=N),
[0086)  When any variable occurs more than one time in any constituent ot

formula for a compound, its definition at each occurrence is independent of its
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definition at every other occurrence. Thus, for example, if a group is shown to be
substituted with 0-3 R, then said group may optionally be substituted with up to three
R. groups and R, at each occurrence is selected independently from the definition of
R.. Also, combinations of substituents and/or variables are permissible only if such

combinations result in stable compounds.

UTILITY
[0087] The compounds of the invention may be used to modulate kinase
activities. Types of kinases include, but are not limited to, AAK1, ABL, ACK,
ACTR2, ACTR2B, ADCK3, ADCK4, AKTI, AKT2, AKT3, ALK, ALK, ALK?,
ALK4, AMPKAIL, AMPKA2, ARG, AURA, AURB, AURC, AXL, BCR-ABL,
BIKE, BLK, BMPRIA, BMX, BRAF, BRSK2, BRK, BTK, CAMKIA, CAMK2A,
CAMK2B, CAMKID, CAMK2D, CAMK1G, CAMK2G, CAMKK 1, CAMKK?2,
CDK1, CDK2, CDKS5, CHK2, CK1A2, CK1D, CKI1E, CK1Gl, CK1G2, CK2A1,
CK2A2, CLK1, CLK2, CLK3, CLK4, CSK, DAPK?2, DAPK3, DCAMKL3, DDR2,
DMPK], DRAK1, DRAK2, DYRKI, DYRK?2, EGFR, EPHA1, EPHA?, EPHA3,
EPHA4, EPHAS, EPHAG, EPHA7, EPHAS, EPHBI, EPHB2, EPHRB3, EPHB4,
ERK]I, ERK2, FAK, FER, FES, FGFR1, FGFR2, FGFR3, FGFR4, FGR, FLT]1,
FLT3, FLT4, FMS, FRK, FYN, FUSED, GAK, GCN2, GPRK4, GPRKS, GPRKSG,
GSK3A, GSK3B, HCK, HPK 1, HER2/ERBB2, HER4/ERBB4, HH493, IGFIR,
IKKa, IKKB, INSR, IRR, IRAK4, ITK, JAK1, JAK2, JAK3, INK1, JNK2, INK3,
KDR, KHS!, KHS2, KIT, LCK, LIMK 1, LIMK2, LKB1, LOK, LTK,LYN,
MAP3K4, MAP3KS5, MAPK1, MAPKAP-K2, MARK 1, MARK?2, MARK4, MEK ],
MER, MET, MKK4, MKK6, MLK3, MNK2, MPSK, MRCKA, MSK1, MSK2,
MST1, MST2, MST3, MST4, MUSK, MYT1, NDR2, NEK2, NEK6, NEK7, NEK9,
NLK, P38A, P38B, P38G, PAK], PAK2, PAK3, PAK4, PAKS, PAK6, PCTAIRE],
PDGFRA, PDGFRB, PDK1, PHKG1, PHKG2, PIMI, PIM2, PKA, PKACA,
PKACB, PKCA, PKCD, PKCH, PKCI, PKCT, PKCZ, PKD2, PKGI, PKG2, PKN2,
PLK1, PLK3, PLK4, PRKX, PYK?2, QIK, RAFI, RET, RIPK2, ROCK-I, ROCK-I],
RON, ROS, RSK1, RSK?, RSK4, SAPK2a, SAPK2b, SAPK3, SAPK4, SGK, SIK,
SLK, SKMLCK, SRC, SRPK 1, STK33, SYK, TESK1, TGFBRI, TIE2, TLK],
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TLK2, TNKI, TRKA, TRKB, TRKC, TTK, TXK, TYKZ, TYRO3, ULK3, WNK3,
YANK2, YANK3, YES, YSK1, ZAP70, ZC1/HGK, ZC2/TNIK, and mutants thereof.
[0088] Applicants have discovered that compounds of Formulae (I)-(X) have
particular utility in treating proliferative conditions associated with the modulation of
kinase activity, and particularly the inhibition of serine/threonine kinase activities.
The compounds of the present invention can be used to treat pfoliferative disorders
associated with abnormal kinase activity. As used herein, the terms “treating” and
“treatment” encompass either or both responsive and prophylaxis measures, e.g.,
measures designed to inhibit or delay the onset of the disease or disorder, achieve a
full or partial reduction of the symptoms or disease state, and/or to alleviate,
ameliorate, lessen, or cure the disease or disorder and/or its symptoms.

[0089] Accordingly, one aspect of the invention is the use of a compound of the
Formulae (I)<(X), or a pharmaceutically acceptable salt thereof in the manufacture of
a medicament for use in the production of an antiproliferative effect in 2 warm-
blooded animal such as a human being.

[0090]  According to a further feature of the invention there is provided a method
for producing an antiproliferative effect in a warm-blooded animal, such as 2 human
being, in need of such treatment which comprises administering to said animal an
effective amount of 2 compound of Formulae (1)-(X) or a pharmaceutically acceptable
salt thereof as defined herein before.

[0091] The anti-proliferative treatment defined herein before may be applied as a
sole therapy or may involve, in addition to a compound of the invention, one or more
other substances and/or treatments. Such treatment may be achieved by way of the
simultaneous, sequential or separate administration of the individual components of
the treatment, The compounds of this invention may also be useful in combination
with known anti-cancer and cytotoxic agents and treatments, including radiation.
Compounds of Formulae (I)-(X) may be used sequentially with known anticancer or
cytotoxic agents and treatment, including radiation when a combination formulation
is inappropriate.

[0092]  The term “anti-cancer” agent includes any known agent that is useful for
the treatment of cancer including the following: 17a-ethinylestradiol,

diethylstilbestrol, testosterone, prednisone, fluoxymesterone, dromostanolone
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propionate, testolactone, megestrolacetate, methylprednisolone, methyl-testosterone,
prednisolone, triamcinolone, chlorotrianisene, hydroxyprogesterone,
aminoglutethimide, estramustine, medroxyprogesteroneacetate, leuprolide, flutamide,
toremifene, ZOLADEX®; matrix metalloproteinase inhibitors; VEGF inhibitors, such
as anti-VEGF antibodies (AVASTIN®) and small molecules such as ZD6474 and
SU6668; Vatalanib, BAY-43-9006, SU11248, CP-547632, and CEP-7055; HER 1
and HER 2 inhibitors including anti- HER2 antibodies (HERCEPTIN®); EGFR
inhibitors including gefitinib, erlotinib, ABX-EGF, EMD72000, 11F8, and
cetuximab; Eg$ inhibitors, such as SB-715992, SB-743921, and MKI-833; pan Her
inhibitors, such as canertinib, EKB-569, CI-1033, AEE-788, XL-647, mAb 2C4, and
GW-572016; Src inhibitors, e.g., GLEEVEC® and dasatinib; CASODEX®
(bicalutamide, Astra Zeneca), Tamoxifen; MEK-1 kinase inhibitors, MAPK kinase
inhibitors, PI3 kinase inhibitors; PDGF inhibitors, such as imatinib; anti-angiogenic
and antivascular agents which, by interrupting blood flow to solid tumors, render
cancer cells quiescent by depriving them of nutrition; castration, which ren&ers
androgen dependent carcinomas non-proliferative; inhibitars of non-receptor and
receptor tyrosine kinases; inhibitors of integrin signaling; tubulin acting agents such
a§ vinblastine, vincristine, vinorelbine, vinflunine, paclitaxel, docetaxel, 7-O-
methylthiomethylpaclitaxel, 4-desacetyl-4-methylcarbonatepaclitaxel, 3'-zers-butyl-3'-
N-tert-butyloxycarbonyl-4-deacetyl-3'-dephenyl-3'-N-debenzoyl-4-O-
methoxycarbonyl-paclitaxel, C-4 methyl carbonate paclitaxel, epothilone A,
epothilone B, epothilone C, epothilone D, [1S-

[IR*,3R*(E),7R*,108* 1 1R*,12R*,165*]]-7-11-dihydroxy-8,8,10,12,16-
pentamethyl-3-[1-methyl-2-(2-methyl-4-thiazolyl)ethenyl]-4-aza-17 oxabicyclo
[14.1.0]heptadecane-5,9-dione (ixabepilone), [1S-

[1R*3R*(E),7R*,108*1IR*,12R* 16$*]]-3-[2-[2-(aminomethyl)-4-thiazolyl]-1-
methylethenyl]-7,11-dihydroxy-8,8,10,12,16-pentamethyl-4-1 7-dioxabicyclo[14.1.0]-
heptadecane-5,9-dione, and derivatives thereof; other CDK inhibitors,
antiproliferative cell cycle inhibitors, epidophyllotoxin, etoposide, VM-26;
antineoplastic enzymes, e.g., topoisomerase I inhibitors, camptothecin, topotecan,
SN-38; procarbazine; mitoxantrone; platinum coordination complexes such as

cisplatin, carboplatin and oxaliplatin; biological response modifiers; growth
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inhibitors; antihormonal therapeutic agents; leucovorin; tegafur; antimetabolites such
as purine antagonists (e.g., 6-thioguanine and 6-mercaptopurine; glutamine
antagonists, e.g., DON (AT-125; d-oxo-norleucine); ribonucleotide reductase
inhibitors; mTOR inhibitors; and haematopoietic growth factors,

[0093]  Additional cytotoxic agents include, cyclophosphamide, doxorubicin,
daunorubicin, mitoxanthrone, melphalan, hexamethyl melamine, thiotepa, cytarabin,
idatrexate, trimetrexate, dacarbazine, L-asparaginase, bicalutamide, leuprolide,
pyridobenzoindole derivatives, interferons, and interleukins.

[0094] In the field of medical oncology it is normal practice to use a combination
of different forms of treatment to treat each patient with cancer. In medical oncology
the other component(s) of such treatment in addition to the antiproliferative treatment
defined herein may be surgery, radiotherapy or chemotherapy. Such chemotherapy
may cover three main categories of therapeutic agent:

(1) antiangiogenic agents that work by different mechanisms from those
defined herein before (for example, linomide, inhibitors of integrin avp3 function,
angiostatin, razoxane);

(i)  cytostatic agents such as antiestrogens (for example, tamoxifen,
toremifene, raloxifene, droloxifene, iodoxifene), progestogens (for example,
megestrol acetate), aromatase inhibitors (for example, anastrozole, letrozole,
borazole, exemestane), antihormones, antiprogestogens, antiandrogens (for example,
flutamide, nilutamide, bicalutamide, cyproterone acetate), LHRH agonists and
antagonists (for example, gosereline acetate, leuprolide), inhibitors of testosterone Sa-
dihydroreductase (for example, finasteride), farnesyltransferase inhibitors; anti-
invasion agents (for example, metalloproteinase inhibitors such as marimastat and
inhibitors of urokinase plasminogen activator receptor function) and inhibitors of
growth factor function, (such growth factors include for example, EGF, FGF, platelet
derived growth factor and hepatocyte growth factor, such inhibitors include growth
factor antibodies, growth factor receptor antibodies such as AVASTIN®
(bevacizumab) and ERBITUX® (cetuximab); tyrosine kinase inhibitors and
serine/threonine kinase inhibitors); and

(iif)  antiproliferative/antineoplastic drugs and combinations thereof, as

used in medical oncology, such as antimetabolites (for example, antifolates such as
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methotrexate, fluoropyrimidines such as 5-flucrouracil, purine and adenosine
analogues, cytosine arabinoside); intercalating antitumour antibiotics (for example,
anthracyclines such as doxorubicin, daunomycin, epirubicin and idarubicin,
mitomycin-C, dactinomycin, mithramycin); platinum derivatives (for example,
cisplatin, carboplatin); alkylating agents (for example, nitrogen mustard, melphalan,
chlorambucil, busulphan, cyclophosphamide, ifosfamide, nitrosoureas, thiotepa;
antimitotic agents (for example, vinca alkaloids like vincristine, vinorelbine,
vinblastine and vinflunine) and taxoids such as TAXOL® (paclitaxel), Taxotere
(docetaxel) and newer microbtubule agents such as epothilone analogs (ixabepilone),
discodermolide analogs, and eleutherobin analogs; topoisomerase inhibitors (for
example, epipodophyllotoxins such as etoposide and teniposide, amsacrine,
topotecan, irinotecan); cell cycle inhibitors (for example, flavopyridols); biological

response modifiers and proteasome inhibitors such as VELCADE® (bortczomib).

[0095]  As stated above, the Formulae (I)-(X) compounds of the invention are of
interest for their antiproliferative effects. Such compounds of the invention are

expected to be useful in a wide range of disease states including cancer, pscriasis, and

rheumatoid arthritis.

[0096]  More specifically, the compounds of Formulae (I)-(X) are useful in the
treatment of a variety of cancers, including (but not limited to) the following:

— carcinoma, including that of the prostate, pancreatic ductal adenocarcinoma,
breast, colon, lung, ovary, pancreas, and thyroid;

— tumors of the central and peripheral nervous system, including
neurcblastoma, glioblastoma, and medulloblastoma; and

— other tumors, including melanoma and multiple myeloma.

[0097] Due to the key role of kinases in the regulation of cellular proliferation in
general, inhibitors could act as reversible cytostatic agents which may be useful in the
treatment of any disease process which features abnormal cellular proliferation, e.g.,
benign prostate hyperplasia, familial adenomatosis polyposis, neurofibromatosis,

pulmonary fibrosis, arthritis, psoriasis, glomerulonephritis, restenosis following
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angioplasty or vascular surgery, hypertrophic scar formation and inflammatory bowel
disease.

[0098) The compounds of Formula (D-(X) are especially useful in treatment of
tumors having a high incidence of serine /threonine kinase activity, such as prostate,
colon, brain, thyroid and pancreatic tumors. Additionally, the compounds of the
invention may be useful in treatment of sarcomas and pediatric sarcomas. By the
administration of a composition (or a combination) of the compounds of this
invention, development of tumors in 2 mammalian host is reduced,

[0099] Compounds of Formula (T)-(X) may also be useful in the treatment of
other cancerous diseases (such as acute myelogenous leukemia) that may be
associated with signal transduction pathways operating through kinases such as
DYRK1a, CDK, and GSK3p. The inventive compositions may contain other
therapeutic agents as described above and may be formulated, for example, by
employing conventional solid or liquid vehicles or diluents, as well as pharmaceutical
additives of a type appropriate to the mode of desired administration (e.g., excipients,
binders, preservatives, stabilizers, flavors, etc.) according to techniques such as those
well known in the art of pharmaceutical formulation.

[60100]  Accordingly, the present invention further includes compositions
comprising one or more compounds of Formula (I)-(X) and a pharmaceutically
acceptable carrier,

[00161] A “pharmaceutically acceptable carrier” refers to media generally
accepted in the art for the delivery of biologically active agents to animals, in
particular, mammals. Pharmaceutically acceptable carriers are formulated according
to a number of factors well within the purview of those of ordinary skill in the art.
These include, without limitation: the type and nature of the active agent being
formulated; the subject to which the agent-containing composition is to be
administered; the intended route of administration of the composition; and, the
therapeutic indication being targeted. Pharmaceutically acceptable carriers include
both aqueous and non-aqueous liquid media, as well as a variety of solid and semi-
solid dosage forms. Such carriers can include a2 number of different ingredients and
additives in addition to the active agent, such ﬁdditional ingredients being included in

the formulation for a variety of reasons, e.g., stabilization of the active agent, binders,
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etc., well known to those of ordinary skill in the art. Descriptions of suitable
pharmaceutically acceptable carriers, and factors involved in their selection, are found
in a variety of readily available sources such as, for example, Remington's
Pharmaceutical Sciences, 17th ed. (1985), which is incorporated herein by reference
in its entirety.

[00102] The pharmaceutical compositions of the invention containing the active
ingredient may be in a form suitable for oral use, for example, as tablets, troches,
lozenges, aqueous or oily suspensions, dispersible powders or granules, emulsions,
hard or soft capsules, or syrups or elixirs. Compositions intended for oral use may be
prepared according to any method known to the art for the manufacture of
pharmaceutical compositions and such compositions may contain one or more agents
selected from the group consisting of sweetening agents, flavoring agents, coloring
agents and preserving agents in order to provide pharmaceutically elegant and
palatable preparations.

[00103] Formulations for oral use may also be presented as hard gelatin capsules

wherein the active ingredient is mixed with an inert solid diluent, for example,

calcium carbonate, calcium phosphate or kaolin, or as soft gelatin capsules wherein

the active ingredient is mixed with water soluble carrier such as polyethyleneglycol or
an oil medium, for example peanut oil, liquid paraffin, or olive oil.

[00104]  The pharmaceutical compositions may be in the form of sterile injectable
aqueous solutions. Among the acceptable vehicles and solvents that may be employed
are water, Ringer’s solution and isotonic sodium chloride solution. The sterile
injectable preparation may also be a sterile injectable oil-in-water microemulsion
whére the active ingredient is dissolved in the oily phase. For example, the active
ingredient may be first dissolved in a mixture of soybean oil and lecithin. The oil
solution then introduced into a water and glycerol mixture and processed to form a
microemulation.

[00105]  The injectable solutions or microemulsions may be introduced into a
patient’s blood-stream by local bolus injection. Alternatively, it may be advantageous
to administer the solution or microemulsion in such a way as to maintain a constant
circulating concentration of the instant compound. In order to maintain such a

constant concentration, a continuous intravenous delivery device may be utilized. An

-43 -

33



WO 2010/042699 PCT/US2009/059968

10

15

20

25

30

example of such a device is the Deltec CADD-PLUS® Model 5400 intravenous
pump.

[00106] The pharmaceutical compositions may be in the form of a sterile injectable
aqueous or oleagenous suspension for intramuscular and subcutaneous administration.
This suspension may be formulated according to the known art using those suitable
dispersing or wetting agents and suspending agents which have been mentioned
above.

[00107]  The compounds of Formulae (I)-(X) may be administered by any means
suitable for the condition to be treated, which may depend on the need for site-
specific treatment or quantity of drug to be delivered. Topical administration is
generally preferred for skin-related diseases, and systernatic treatment preferred for
cancerous or pre-cancerous conditions, aithough other modes of delivery are
contemplated. For example, the compounds may be delivered orally, such as in the
form of tablets, capsules, granules, powders, or liquid formulations including syrups:
topically, such as in the form of solutions, suspensions, gels or ointments;
sublingually; bucally; parenterally, such as by subcutaneous, intravenous,
intramuscular or intrasternal injection or infusion techniques (e.g., as sterile injectable
aq. or non-aq. solutions or suspensions); nasally such as by inhalation spray;
topically, such as in the form of a cream or ointment; rectally such as in the form of
suppositories; or liposomally. Dosage unit formulations containing non-toxic,
pharmaceutically acceptable vehicles or diluents may be administered. The
compounds may be administered in a form suitable for immediate release or extended
release. Immediate release or extended release may be achieved with suitable
pharmaceutical compositions or, particularly in the case of extended release, with
devices such as subcutaneous implants or osmotic pumps.

{00108] Exemplary compositions for topical administration include a topical
carrier such as Plastibase (mineral oil gelled with polyethyiene).

{00109] Exemplary compositions for oral administration include suspensions
which may contain, for example, microcrystalline cellulose for imparting bulk, alginic
acid or sodium alginate as a suspending agent, methylcellulose as a viscosity
enhancer, and sweeteners or flavoring agents such as those known in the art; and

immediate release tablets which may contain, for example, microcrystalline cellulose,
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dicalcium phosphate, starch, magnesium stearate and/or lactose and/or other
excipients, binders, extenders, disintegrants, diluents and lubricants such as those
known in the art. The inventive compounds may also be orally delivered by
sublingual and/or buccal administration, e.g., with molded, compressed, or freeze-
dried tablets. Exemplary compositions may include fast-dissolving diluents such as
mannitol, lactose, sucrose, and/or cyclodextrins. Also included in such formulations
may be high molecular weight excipients such as celluloses (AVICEL®) or
polyethylene glycols (PEG); an excipient to aid mucosal adhesion such as
hydroxypropyl cellulose (HPC), hydroxypropyl methyl cellulose (HPMC), sodium
carboxymethy! cellulose (SCMC), and/or maleic anhydride copolymer (e.g.,
Gantrez); and agents to control release such as polyacrylic copolymer (e.g., Carbopol
934). Lubricants, glidants, flavors, coloring agents and stabilizers may also be added
for ease of fabrication and use.

[00110] Exemplary compositions for nasal aerosol or inhalation administration
include solutions which may contain, for example, benzyl alcohol or other suitable
preservatives, absorption promoters to enhance absorption and/or bicavailability,
and/or other solubilizing or dispersing agents such as those known in the art.

(00111} Erxemplary compositions for parenteral administration include injectable
solutions or suspensions which may contain, for example, suitable non-toxic,
parenterally acceptable diluents or solvents, such as mannitol, 1,3-bufanediol, water,
Ringer’s solution, an isotonic sodium chloride solution, or other suitable dispersing or
wetting and suspending agents, including synthetic mono- or diglycerides, and fatty
acids, including oleic acid.

[00112]  Exemplary compositions for rectal administration include suppositories
which may contain, for example, suitable non-irritating excipients, such as cocoa
butter, synthetic glyceride esters or polyethylene glycols, which are solid at ordinary
temperatures but liquefy and/or dissolve in the rectal cavity to release the drug.
[00113]  When a compound according to this invention is administered into a
human subject, the daily dosage will normally be determined by the prescribing
physician with the dosage generally varying according to the age, weight, sex and
response of the individual patient, as well as the severity of the patient’s symptoms.

Exemplary dosage amounts for a mammal may include from about 0.05 to 1000
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mg/kg; 1-1000 meg/kg; 1-50 mg/kg; 5-250 mg/kg; 250-1000 mg/kg of body weight of
active compound per day, which may be administered in a single dose or in the form
of individual divided doses, such as from 1 to 4 times per day. It will be understood
that the specific dose level and frequency of dosage for any particular subject may be
varied and will depend upon a variety of factors, including the activity of the specific
compound employed, the metabolic stability and length of action of that compound,
the species, age, body weight, general health, sex and diet of the subject, the mode
and time of administration, rate of excretion, drug combination, and severity of the
particular condition. Preferred subjects for treatment include animals, most
preferably mammalian species such as humans, and domestic animals such as dogs,
cats, horses, and the like. Thus, when the term “patient” is used herein, this term is
intended to include all subjects, most preferably mammalian species, that are affected
by mediation of protein kinase enzyme levels.

[00114] If formulated as a fixed dose, a combination product can, for example,
utilize a dosage of the compound of Formulae (I)-(X) within the dosage range
described above and the dosage of another anti-cancer agent/treatment within the
approved dosage range for such known anti-cancer agent/treatment. If a combination
product is inappropriate, the compounds of Formulae (I)-(X) and the other anti-cancer
agent/treatment can, for example, be administered simultaneously or sequentially. If
administered sequentially, the present invention is not limited to any particular
sequence of administration. For example, compounds of Formulas (I)-G() can be
administered either prior to, or after, administration of the known anti-cancer agent or

treatment,

BIOLOGICAL ASSAYS
A. CK2 Kinase Assay
[00115]  The effectiveness of compounds of the present invention as inhibitors of
protein kinases can be readily tested by assays known to those skilled in the art. For
example, in vitro protein kinase assays may be conducted with a relevant purified
protein kinase and an appropriate synthetic substrate to determine the inhibitory
activity of the compounds. Assays for inhibition of CK2 by the instant compounds

were performed in 384-well plates with reaction mixtures containing 10 uM of
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peptide substrate (RRRADDSDDDDD-NH?2), [y-*PJATP (10 uCi) at 25 uM
(CK2A1) or 5 uM (CK2A2), 20 mM Hepes (pH 7.4), 100 mM NaCl, 10 mM MgCls,
0.25 mM dithiothreitol, Brij-35 at 0.015%, and recombinant CK2A1 (10 nM,
Invitrogen) or CK2A2 (5 nM, Upstate Biotechnology). Reaction mixtires were
incubated at 30 °C for 1 hour, and reaction products were captured by binding to
phosphocellulose (P81) filter plates. Incorporation of radicactive phosphate into the
peptide substrate was determined by liquid scintillation counting. The potency of
compounds in inhibiting CK2 1s expressed as ICsp, defined as the concentrations of
compounds required to inhibit the enzymatic activity by 50%.

[00116] The inhibitory activity of the instant compounds may also be measured by
recombinant CK2 holoenzyme kinase assays. The assays were performed in U-
bottom 384-well plates. The final assay volume was 30 ul prepared from 15 pl
additions of enzyme and substrates (fluoresceinated peptide FL-RRRADDSDDDDD-
NH2 and ATP) and test compounds in assay buffer (20 mM HEPES pH 7.4, 10 mM
MgCl,, 100 mM NaCl, 0.015% Brij35 and 0.25 mM DTT). The reaction was initiated
by the combination of bacterially expressed, CK2 o/B or CK2 «'/B holoenzyme with

substrates and test compounds. The reaction was incubated at room temperature for

60 minutes and terminated by adding 30 pul of 35 mM‘ EDTA to each sample, The
reaction mixture was analyzed on the Caliper LABCHIP® 3000 (Caliper, Hopkinton,
MA) by electrophoretic separation of the fluorescent substrate and phosphorylated
product. Inhibition data were calculated by comparison to no enzyme control
reactions for 100% inhibition and vehicle-only reactions for 0% inhibition. The final
concentration of reagents in the CK2 «/B assay was 25 uM ATP, 1.5 uM FL-
RRRADDSDDDDD-NH2, 50 pM CK2 o/ holoenzyme, and 1.6% DMSQ. The final
concentration of reagents in the CK2 ¢/B assay was 10 uM ATP, 1.5 uM FL-
RRRADDSDDDDD-NH?2, 100 pM CK2 a'/8 holoenzyme, and 1.6% DMSOQ. Dose
response curves were generated to determine the concentration required inhibiting
50% of kinase activity (ICsg). Compounds were dissolvéd at 10 mM in
dimethylsulfoxide (DMSO) and evaluated at eleven concentrations. ICsp values were

derived by non-linear regression analysis.

B. Cell Proliferation Inhibition Assay
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[00117]  Compounds were evaluated for their ability to inhibit cell proliferation,
using an assay that measures mitochondrial metabolic activity, that is directly
correlated with cell numbers. Cells were plated at 2000 cells/well in 96-well plates
and were cultured for 24 h in RPMI-1640 supplemented with 2% fetal bovine serum,
before test compounds were added. Compounds were diluted in culture medium such
that the final concentration of dimethyl sulfoxide never exceeded 1%. Following the
addition of compounds, the cells were cultured for an additional 72 h before cell
viability was determined by measuring the conversion of 3-(4,5-dimethylthiazol-2-
yD)-2,5-diphenyltetrazolium bromide (MTT) dye using the CellTiter96 kit (Promega)
of by measuring the conversion of [3-(4,5-dimethylthiazol-2-y1)-5-(3-
carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium (MTS) dye vsing the
CELLTITER 96® AQueous (Promega).

[00118] The following compounds were found to have the ICs, described in Table

1 when measured in the assays described above.

 TABLEI

Example No. | CKZAI (CK2a/B) | CKZAZ (CK2«/f) | HCT116
(ICs0, pM) (ICso, uM) (ICs0, 1M)

1 00060 0.0075 0.030

31 T 0.1429 0.0257 0.460

37 00110 0.0045 0.163

a4 13110 0.0351 >1.00

36 T 0.0043 0.0024 0.150

47 T 0.0074 0.0052 0.041

48 04167 0.1058 0.460

56 T~ 0.1548 00350 | 0482

57 ~ 0.3097 0.0582 0.521

58 0.0122 0.0022 0.093

64 T 00120 0.0010 0.048

66 T 6.0640 0.7784 >2.50
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Example No. | CK2A1 (CK2w/B) | CK2A2 (CK2a/p) | HCT116
| (ICs0, UM) (ICso, kM) (ICs0, M)
71 0.2612 0.0156 0.945
73 4.6040 0.'_!379 2.243
80 4.6580 1.4930 >1.00
81 0.5125 (0.1149 >1.00
82 0.4792 0.1258 0.127
89 © 6.6690 0.9400 >1.00
93 0.7120 0.0634 >1.00
95 0.0065 0.0030 0.022
111 0.1164 0.0240 0.034
160 0.0197 0.0046 . 0.045
167 0.1031 0.0125 >1.00
168 0.0119 0.0049 0.128
196 0.0122 0.0034 0.065
214 0.5957 0.11%9 >10.00
<224 0.7938 0.1261 >10.00
225 0.0082 0.0011 0.035
228 0.0090 0.0017 0.327
233 0.0071 0.0023 0.128
235 0.0250 0.0064 0.433
244 0.1023 0.0228 1.111

[00119] Compounds of the present invention exhibit enhancéd CK2 inhibitory
activity over the compounds disclosed in U.S. Publication No. 2008/0045536.
Comparing the data in Table 1 and Table 2, compounds of the invention herein, e.g.,

5 compounds of Formula (I) (including Formulae (ID), (II0), (IV), (V), (V), (VID), (VIID),
(IX), and (X)), are surprisingly advantageous for their CK2 enzyme inhibition activity
and/or other drugability properties.
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TABLE 2

Example No. Structure CK2A1 CK2A2
in US 2008/0045536 ICso (MM) | ICso (UM)

I(1) /@/(’E‘ >50 10.35
Page 27 HN
&N-. = rO
NN
H

I{NQ
Q\/N\ < \\\O
NT TN
H
(i6) fj/c*‘a >50 31.77
Page 46 P

soVon
&/N ~ N/ N\\\
H

XXV(1) /@ 2.69 8.09
Page 70 HN
N_ﬁ/ﬁcrh ANBE;
L
N N
NC H

I7)
Page 29

>50 >50

METHODS OF PREPARATION
[00120] The compounds of the present invention may be prepared by methods such
5  as those illustrated in the following schemes. Solvents, temperatures, pressures, and
other reaction conditions may readily be selected by one of ordinary skill in the art.
Starting materials are commercially available or readily prepared by one of ordinary
skill in the art. These schemes are illustrative and are not meant to limit the possible
techniques one skilled in the art may use to manufacture compounds disclosed herein.
10  Different methods may be evident to those skilled in the art. Additionally, the various
steps in the synthesis may be performed in an alternate sequence or order to give the
desired compound(s). All documents cited herein are incorporated herein by

reference in their entirety,
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[00121] In general, the time taken to complete a reaction procedure will be judged
by the person performing the procedure, preferably with the aid of information
obtained by monitoring the reaction by methods such as HPLC or TLC. A reaction
does not have to go to completion to be useful to this invention. The methods for the
preparation of various heterocycles used to this invention can be found in standard
organic reference books, for example, Katritzky, AR, et al, eds., Comprehensive
Heterocyclic Chemistry, The Structure, Reactions, Synthesis and Uses, of
Heterocyclic Compounds, First Edition, Pergamon Press, New York (1984), and
Katritzky, A.R. etal,, eds., Comprehensive Heterocyclic Chemistry I, A Review of
the Literature 1982-1995: The Structure, Reactions, Synthesis and Uses, of
Heterocyclic Compounds, Pergamon Press, New York (1996).

[00122]  Unless otherwise specified, the various substituents of the compounds are

defined in the same manner as the Formula (I} compound of the invention,

-51-

3%



WO 2010/042699 PCT/US2009/059968

Scheme 1
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Step 1

5 [00123] The first step in Scheme 1 is accomplished by treating an appropriately
substituted a-haloester (ii, A = Ci4 lower alkyl, Hal,-Hals = Cl, Br, |, F) with a
formate ester (i) such as ethyl formate in the presence of a base such as sodium

ethoxide in a suitable solvent such as ethanol to afford a compound of Formula iii.

10 Step2
[00124] Halogenation of a suitably substituted pyridazine-3-amine (iv) such as 6-
chloropyridazine-3-amine using a reagent such as bromine in an appropriate solvent

such as ethanol or methanol provides compounds of Formula v,

15  Step3
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[00125]  The reaction of compounds iii and v at elevated temperature, for example
above 80 °C, in an appropriate solvent such as ethanol, results in formation of a
mixture of esters vi and vii (Haly = Hal; or Hals) that may be used in subsequent steps

without separation.

Step 4
[00126]  The acid catalyzed hydrolysis of vi/vii using, for example, aqueous HCl in
a solvent such as methanol at elevated temperature affords compounds of Formula

viii.

Step 5
[00127]  Alternatively, compounds of Formula iv may be reacted with an q-
haloaldehyde at elevated temperature, for example above 80 °C, in an appropriate

solvent such as ethanol to afford compounds of Formula x.

Step 6
[00128]  Treatment of compounds with general Formula x with a base such as
lithium diisopropylamide in an aprotic solvent, such as tetrahydrofuran, followed by

quenching with carbon dioxide may also afford compounds of general Formula vii,
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Scheme 2
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Step 1

5 [00129] Further modifications may be made according to Scheme 2. Activation of

the carboxylic acid of compound viit through, for example, formation of the acid
chloride with thionyl chloride in a suitable solvent such as dichloromethane affords

compounds of Forrula xi.

10 Step2
[00130] Reaction of xi with ammonia or a suitable equivalent in a solvent such as
1, 4-dioxane or THF affords amides of Formula xii. Alternatively, steps 1-2 may be
accomplished in a single step through use of a coupling reagent such as BOP or DCC

in the presence of ammonia or a suitable equivalent in an appropriate solvent such as
15 DMF. '

Step 3
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[00131] Dehydration of compounds of Formula xii may be accomplished through
reaction with a suitable dehydrating reagent such as POCI; in an appropriate solvent

such as chloroform to afford compounds of Formula xiii.

Step 4

{00132]  Treatment of compound xiii with an amine (R4RsNH) such as N-(4-
methoxybenzyl)cyclopropanamine or N-(4-methoxybenzyl)pyridin-2-amine in the
presence of a base such as diisopropylethylamine or sodium zerz-butoxide in an

aprotic solvent such as THF or DMF affords compounds of Formula ivx.

Step 5

[00133] Compounds of Formula xv may be formed through the direct displacement
of Hal; with a suitable amine at elevated temperature, for example above 100 °C, in
an appropriate solvent such as NMP. Alternatively, treatment of ivx with a
palladium catalyst, such as Pdy(dba)s, in the presence of a ligand, such as 4,5-
bis(diphenyl-phosphino)-9,9-dimethylxanthene (Xantphos) (Guari, Y. et al.,, Chem,
Eur. J., 7:475-482 (2001)"), and a base, such as cesium carbonate, and an additive,
such as copper (I) iodide, may be used with an appropriately substituted amine with a
suitable solvent such as NMP to afford compounds of general Formula'xy.
Alternatively, treatment of ivx with a palladium catalyst, such as allyl palladium {II)
chloride dimer, in the presence of a ligand, such as di-tert-butyl(1-methyl-2,2-
diphenylcyclopropyl)phosphine (Suzuki, K. et al., Adv. Synth. Catal., 350:652
(2008)), and a base, such as sodium ¢-butoxide, may be used with an appropriately
substituted amine with a suitable solvent such as toluene to afford compeounds of

general Formula xv.

Step 6

[00134] 1In cases where Rs is an amine protecting group, such as p-methoxybenzyl,
removal of the protecting group can be effected through known methods. For
example, treatment with trifluoroacetic acid with or without an appropriate solvent,
such as dichloromethane in the presence of a cation trap such as triethylsilane affords

compounds of Formula xvi.
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Scheme 3
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Step 1

[00135] Alternatively, compounds of Formula xv may be prepared according to
Scheme 3. Treatment of compounds of Formula ivx with an amine (RgNH,) at
elevated temperatures, for example above 100 °C, in an appropriate solvent such as
DMF or DMA may afford compounds of Formula xvii. Alternatively, treatment of
ivx with a palladium catalyst, such as Pd;(dba)s, in the presence of a ligand, such as
4,5-bis(diphenyl-phosphino)-9,9-dimethylxanthene (Xantphos) (Guari, Y. et al.,
Chem. Eur. J., 7:475-482 (2001)), and a base, such as cesium carbonate, and an
additive, such as copper (I) iodide, may be used with an appropriately substituted
amine with a suitable solvent such as NMP to afford compounds of general Formula
xvii. Alternatively, treatment of ivx with a palladium catalyst, such as allyl palladium
(I) chloride dimer, in the presence of a ligand, such as di- terr—butyl(l -methyl-2,2-
diphenyleyclopropyl)phosphine (Suzuki, K. et al. Adv Synth. Catal,, 350:652
(2008)), and a base, such as sodium z-butoxide, may be used with an appropriately
substituted amine with a suitable solvent such as toluene to afford compounds of

general Formula xvii.

Step 2

[00136] Cormpounds of Formula xvii may then be further modified through
reactions known to one skilled in art to afford compounds of Formula xv. Such
reactions may include treatment of xvii with an aryl halide in the presence of a
palladium catalyst, such as Pd;(dba); with an appropriate ligand, such as Xantphos,
and a base, such as cesium carbonate or sodium ¢-butoxide, and an additive, such as

copper (1) iodide.
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5 [00137]  An alternative route towards intermediates of general Formula ivx is
shown in Scheme 4. Compounds of Formula x may be treated with an alcohol or
phenol (A = C,_4 alkyl or Ph) in the presence of a base, such as K,CO; or NaH, in an

appropriate solvent, such as THF to afford compou-nds of Forrmula xviii.

10 Step2
[00138]  Treatment of xviii with a suitable halogenating reagent such as N-
bromosuccinimide or N-chlorosuccinimide in an appropriate solvent such as

chloroform affords compounds of Formula ixx.

15 Step3
[00139] A cyano group may be introduced either directly through displacement of

Hal, with a reagent such as sodium cyanide in an appropriate solvent such as DMSO

or alternatively, through palladium mediated coupling with a reagent such as Zn(CN),
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in the presence of PA(PPhs), in a solvent such as toluene or DMF to afford

compounds of Formula xx.

Step 4
[00140] Direct displacement of the alkoxy group (-OA) of compound xx with an
amine (RsRsNH) at elevated temperatures, for example above 100 °C, with or without

an appropriate solvent such as DMF or DMA may afford compounds of Formula ivx.

Step 5
[00141]  Alternatively, treatment of xx with an acid, such as aqueous HCI affords

compounds of Formula xxi.

Step 6
(00142] Compounds of Formula xxi may be converted to compounds of Formula
xiii by treatment with a halogenating reagent such as POBr; or POCls, either neat or

in an appropriate solvent such as toluene.

[00143] Tt is anticipated that, where possible, the products of the reaction schemes
described above may be further elaborated by one of ordinary skill in the art. For
exafnp]e, in instances where R; contains suitable functional groups, such as amino or
carboxy groups, further modifications may be made according to methods well known
to those skilled in the art (See e.g., March, J., Advanced Organic Chemistry:
Reactions, Mechanisms and Structure, 4th Ed., John Wiley and Sons, New York
(1992).)

EXAMPLES
[00144] The invention is further defined in the following Examples. It should be
understood that these Examples are given by way of illustration only. From the above
discussion and these Examples, one skilled in the art can ascertain the essential
characteristics of this invention, and without departing from the spirit and scope
thereof, can make various changes and modifications to the invention to adapt the

invention to various uses and conditions. As a result, the present invention is not
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limited by the illustrative examples set forth herein below, but rather defined by the
claims appended hereto.

[00145]  For ease of reference, the following abbreviations are used herein:
BOC = fert-butoxycarbonyl

bp = boiling point

BOP = (Benzotriazol-1-yloxy)tris(dimethylamino)phosphonium hexafluorophosphate
DMAP = 4-dimethylaminopyridine

DCC = Dicyclohexyl carbodiimide

DCM = Dichloromethane

DIPEA or DIEA = N,N-diisopropylethylamine

DMA = dimethyl acetamide

DME = 1,2-dimethoxyethane

DMF = dimethyl formamide

EDCT = N-(3-Dimethylaminopropyl)-N'-ethylcarbodiimide hydrochloride
Et = ethyl

Et,0 = diethyl ether

HOBT = I-hydroxybenzotriazole

EtOAc = ethyl acetate

EtOH = ethanol

g = gram(s)

h =ht(s) = hour(s)

H = hydrogen

1= liter

mCPBA — meta chloro perbenzoic acid

Me = methyl

MeCN = acetonitrile

MeOH = methanol

min(s) = minute(s)

NMP = l-methyl-2-pyrrolidinone

Pd,(dba); = Pd,dba; = Tris(dibenzylineneacetone)dipalladium(Q)

Pd/C = palladium on carbon

Rt =retention time
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THF = tetrahydrofuran
TEA =triethylamine

TFA = trifluoroacetic acid
Xantphos = 4,5-bis(diphenyl-phosphino)-9,9-dimethylxanthene
mg = milligram(s)

ml or mL = milliliter

pl = microliter

mmol = millimole

umol = micromole

mol = mole

PSI = los/in®

SYNTHESIS OF INTERMEDIATES

INTERMEDIATE 1
3-(1H-1,2,4-Triazol-1-y1)-5-(trifluoromethyl)aniline
CF;

BTSN
N=/

{(00146]  3-Bromo-5-(trifluoromethyl)aniline (3.5 g, 14.6 mmol), copper(l) iodide
(1.39g, 7.3 mmol), potassium carbonate (6.0 g, 43.7 mmol) and 1H-1,2 4-triazole (3.0
g, 43.7 mmol) in NMP (10 mL) were heated at 195 °C for 2 hours. The reaction
mixture was filtered through a plug of silica gel, washed with ethyl acetate, and
concentrated. The crude residue was purified by silica gel column chromatography
{stepwise gradient, from hexanes to 75% ethyl acetate/hexanes). The fractions were
concentrated, dissolved in diethyl ether (150 mL), washed with water (4 x 50 mL),
dried over Na;SO,, filtered and concentrated to afford Intermediate 1 (1.95 g, 58.6 %
yield) as a tan solid. HPLC: Rt = 1.193 min. (PHENOMENEX® Luna 5 micron C18
4.6 x 30 mm, 10-90% aqueous methanol containing 0.1% TFA, 2 min. gradient, flow
rate = 5 mL/min., detection at 254 nm). MS (ES): m/z = 229.01 [M+H]". '"H NMR
(500 MHz, DMSO-dg) & ppm 8.27 (1 H, ), 7.34 (1L H, 5), 647 (2H, d, ] =2.29), 6.14
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(1 H, s). Intermediate 1 was used in the synthesis of Examples 13, 104, 165, 169, and
175,

INTERMEDIATE 2
3-Methoxy-5-(1H-1,2,4-triazol-1-yl)aniline

OMe

HN

0

Intermediate 2A: Preparation of 1-(3-methoxy-5-nitrophenyl)-1H-1,2 4-triazole.
OMe

O,N Ny
N=/

[00147]  1-Bromo-3-methoxy-5-nitrobenzene (500 mg, 2.16 mmol), copper(l)
iodide (205 mg, 1.08 mmol), potassium carbonate (893 mg, 6.5 mmol) and 1H-1,2 4-
triazole (446 mg, 6.5 mmol) in NMP (2 mL) were heated at 100 °C for 12 hours. The
reaction mixture was diluted with DCM, filtered through a plug of silica gel and
washed with ethyl acetate. The filtrate was concentrated, and the residue was purified
by reverse phase HPLC to obtain Intermediate 2 (251 mg, 52.9 % yield) as a yellow
solid. HPLC: Rt = 1.235 min. (PHENOMENEX® Luna 5 micron C18 4.6 x 30 mmn,
10-90% aqueous methanol containing 0.1% TFA, 2 min. gradient, flow rate = 5
mL/min., detection at 254 nm). MS (ES): m/z =221.0 [M+H]".

Preparation of 3-methoxy-5-(1H-1,2,4-triazol-1-yl)aniline
OMe

HzN NSy
N=/

[00148] A solution of Intermediate 2A (197 mg, 0.895 mmol} in ethyl acetate (30
m) was passed through a 10% Pd/C éartridge of a H-Cube hydrogenator (ThalesNano

3

20 bar of hydrogen at 25 °C). After a second passage, the reaction mixture was
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concentrated to give Intermediate 2 (131 mg, 77 % yield) as a light yellow solid.
HPLC: Rt = 0.298 min. (PHENOMENEX® Luna 5 micron C18 4.6 x 30 mm, 10-
90% aqueous methanol containing 0.1% TFA, 2 min. gradient, flow rate = 5 mL/min.,

detection at 254 nm). MS (ES): m/z = 191.09 [M+H]". Intermediate 2 was used in
5 the synthesis of Example 2.

[00149]  The following intermediates in Table 3 were prepared using the

procedures described-in the preparation of Intermediate 1 and Intermediate 2.

10 TABLE 3
Inter- Structure Used for Name [M+H]| HPLC
mediate Example Retention
“No. Time
| (min)*
3 CF, 103 [3-(1H-Pyrazol-1-yl)- |228.17]| 1.38°

/@\ 5-(trifluoromethyl}
HoN N

\§ aniline
N--.

4 QOCFa 137 |3-(1H-1,2,4-Triazol- {245.02| 101°
HoN N 1-yl)-4-

N
N=/ (trifluoromethoxy)
aniline
5 N 145  |5-(1H-1,2,4-Triazol- |162.09( 0.17°
| o :
H,N ™ P{‘/\\N I-yl)pyridin-3-amine
N=/
6 Me 155 |3-Methyl-5-(1H- 175.20| 0.63°
,@L 1,2,4-triazol-1-
HoN N yl)aniline
N=/
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WO 2010/042699
Inter- Structure Used for Name [M+H]| HPLC
mediate Example Retention
No. Time
(min,)*
7 OH 159 [3-Amino-5-(1H-1,2,4-}1191.17] 0.27°
,I:fgl\ triazol-1-yl)pheny!)
H,N h‘l"\\N methanol
N=/
8 Oy, NH2 192 3-Amino-5-(1H-1,2,4-| 2039 | 041°
% triazol-1-yl}
H,N N,Q§N benzamide
N=/
9 Fj@\ 170  [2-Fluoro-5-(1H-1,2.4-1179.25| 0.78°
H,N h\',{\N triazol-1-yl)aniline
N=/
10 Me]@\ 162 [2-Methyl-5-(1H- 175.14| 1.01°
H,N ‘ ]\\]/\\‘“N 1 ,2,4-t1’i3.201-1 -
N=/ yDaniline
11 /@F 163 |4-Fluoro-3-(1H-1,24-]179.07| 0.21°
HoN h\l’*‘N triazol- 1-y1)aniline
N=/
12 F300:©\ 167 |5-(1H-1,2,4-Triazol- |245.11| 2.5°¢
HgN h\‘/%N 1 —yl)-2_
N=/ (triftuoromethoxy)
aniline
13 Me0:©\ 160 [2-Methoxy-5-(1H- | 191.14| 0.66°
H,N "\‘/\}N 1,2,4-triazol-1-y1)
N=/ aniline
14 O,_.NHMe 194 13-Amino-N-methyl-5-| 218.17| 0.15°
& ' (1H-1,2,4-triazol-1-yl)
H,N N,<§N benzamide
N=/
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Inter- Structure Used for Name [M+H]| HPLC
mediate Example Retention
No. Time

(min. )*
15 Ci 156  [3-Chloro-5-(1H-1,2,4-| 195,12 1.03°
triazol-1-yl)aniline
H,N Ny
N=/

* HPLC conditions

* PHENOMENEX® Luna 5 micron C18 4.6 x 30 mm, 0 to 100 B in 2 min. with 1
min. hold time, flow rate = 5 mL/min., detection at 254 nm, Solvent A: 10%

methanol/ 90%water / 0.1% TFA: Solvent B: 10% water / 90% methanol / 0.1 % TFA

S * CHROMOLITH® column 4.6 x 50 mm eluting with 10-90% aqueous methanol

over 4 min. containing 0.1% TFA, 4 mL/min, monitoring at 220 nm.

® Waters Sunfire C18 4.6 x 150mm 5 micron. 1 mL/min., 0-100% Water-Methanol
0.2% H;PO,, gradient over 4 min.

10 INTERMEDIATE 16
3-(2-(Dimethylamino)ethoxy)-5-(1H-1,2,4-triazol-1-y1)aniline
Me

"

_N
0

Me
HN" t N

1+ N
N=/

Intermediate 16A: Preparation of 2-(3-bromo-5-nitrophenoxy)-N,N-

15 dimethylethanamine
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[00150]  1-Bromo-3,5-dinitrobenzene (1 g, 4.1 mmol), 2-(dimethylamino)ethanol
(0.54 g, 6.1 mmol), potassium hydroxide (0.45 g, 8.1 mmol), and water (0.5 mL}in
DMF (5 mL) were heated at 80 °C. After 20 hours, the reaction mixture was diluted
with cold water and extracted with dichloromethane (2 x 100 mL). The organic phase
was washed with brine, dried over sodium sulfate, filtered and concentrated. The
crude product was purified by silica gel chromatography (stepwise gradient, 2% ethyl
acetate in hexanes to ethyl acetate) to give 2-(3-bromo-5-nitrophenoxy)-N, N-
dimethylethanamine (669 mg, 57.2 % yield) as a brown oil. HPLC: Rt = 1.04 min.
(PHENOMENEX® Luna 5 micron C18 4.6 x 30 mm, 10-90% aqueous methanol
containing 0.1% TFA, 2 min. gradient, flow rate = 5 mL/min., detection at 254 nm).
MS (ES): m/z =290.93 [M+H]".

Intermediate 16B: Preparation of N,N-dimethyl-2-(3-nitro-5-(1H-1,2,4-triazol-1-
yhphenoxy)ethanamine
Me

"

~N
O

Me'
N
O,N” t NN
sy

[00151] Intermediate 16A (200 mg, 0.69 mmol), copper(I) iodide (65.9 mg, 0.35
mmol), potassium carbonate (287 mg, 2.1 mmol) and 14-1,2,4-triazole (143 mg,
2.075 mmol) in NMP (2 mL) were heated at 120 °C for 6 hours. The reaction mixture
was diluted with dichloromethane, and filtered through a plug of silica gel and
washed with ethyl acetate. The filtrate was concentrated, and the residue was purified
by reverse phase HPLC to obtain Intermediate 16B (109 mg, 56.8 % yield) as a
yellow solid. HPLC: Rt =0.74 min. (PHENOMENEX® Luna 5 micron C18 4.6 x 30
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mm, 10-90% aqueous methanol containing 0.1% TFA, 2 min. gradient, flow rate = 5

mL/min, detection at 254 nm). MS (ES): m/z = 278.08 [M+H]".

Preparation of 3-(2-(dimethylamino)ethoxy)-5-(1H-1,2,4-triazol-1-yl)aniline
Me

"

~N
9]

Me
/ij\ N
H,N N7
.

[00152] Intermediate 16 B (97 mg, 0.35 mmol) and 10% Pd/C (22.3 mg, 0.21

mmol) in MeOH (10 mL) were stirred under 2 hydrogen atmosphere (balloon) for 8
hours. The reaction mixture was filtered though a pad of silica gel. The filtrate was
concentrated to give Intermediate 16 (81 mg, 94 % yield) as a yellow solid. HPLC: Rt
10 =0.26 min. (PHENOMENEX® Luna 5 micron C18 4.6 x 30 mm, 10-90% aqueous
methanol containing 0.1% TFA 2 min. gradient, flow rate = 5 mL/min., detection at

254 nm). MS (ES): m/z = 248.15 [M+H]". Intermediate 16 was used in the synthesis
of Examples 146 and 147,

15 [00153] The following intermediates in Table 4 were prepared using the

procedures described in the preparation of Intermediate 16.

TABLE 4 _

Inter- Structure Used for Name [M+H]| HPLC
mediate Example Retention
No. Time

{min)*
17 CF3 157 |3-(1H-1,2,4-Triazol-1- |259.15( 1.10°
k0 y1)-5-(2,2,2-
/@\ trifluoroethoxy)aniline
HzN Ny
N=/
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Inter- Structure Used for Name (M+H]| HPLC
mediate Example Retention
No. Time

(min)*
18 Me 174 |tert-Butyl 2-(3-amino-5-[ 334,15 1.35°
J/ NBoc (1H-1,2,4-triazol-1-y1)
o phenoxy)ethyl{methyl)
,@L carbaimate
H,N '\'/\\N
N=/

* =HPLC conditions

a=PHENOMENEX® Luna 5 micron C18 4.6 x 30 mm, 0 to 100 B in 2 min. with 1
min. hold time, flow rate = 5 mL/min., detection at 254 nm, Solvent A: 10% methanol
/ 90%water / 0.1% TFA; Solvent B: 10% water / 90% methanol / 0.1 % TFA..

_ INTERMEDIATE 19
Nl-(2-Morpholinoethy1)—2-(1H-l ,2,4-triazol-1-yl)benzene-1,4-diamine

Intermediate 19A: Preparation of 2-bromo-N-(2-morpholinoethyl)-4-nitroaniline
N
L0
02N 8r K/o

[00154]  2-Bromo-1-fluoro-4-nitrobenzene (1.0 g, 4.5 mmol), 2-
morpholinoethanamine (0.77 g, 5.9 mmol) and potassium carbonate (1.571g,11.4
mmol) in DMSO (5 mL) were stirred at room temperature for 1.5 hours. The mixture
was triturated with water, and 2-bromo-N-(2-morpholinoethyl)-4-nitroaniline (1.1 g,
72.8 % yield) was collected via filtration. HPLC: Rt = 0.61 min. (PHENOMENEX®
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Luna 5 micron C18 4.6 x 30 mm, 10-90% aqueous methanol containing 0.1% TFA, 2
min. gradient, flow rate = 5 mL/min., detection at 254 nm). MS (ES): m/z = 332.06
[M+H]".

Preparation of N‘-(2-morpholinoethyl)-2-(1H-I ,2,4-triazol-1-yl)benzene-1,4-diamine
N
L O
s Lyn, b
N=/
[00155] Intermediate 19 was prepared from Intermediate 19A following the
procedure in Intermediate 2. HPLC: Rt = 0.10 min. (PHENOMENEX® Luna 5
micron C18 4.6 x 30 mm, 10-90% aqueous methanol containing 0.1% TFA, 2 min.
gradient, flow rate = 5 mL/min., detection at 254 nm). MS (ES): m/z = 289.12
[M+H]". Intermediate 19 was used in the synthesis of Example 148,

INTERMEDIATE 20
N'-(T etrahydro-2H-pyran-4-yl)-2-(1H-1,2,4-triazol-1-y])benzene-1,4-diamine
O

e
HoN Ny

N=/
[00156] Intermediate 20 was prepared from 2-bromo-1-fluoro-4-nitrobenzene
following the procedure in Intermediate 16. HPLC: Rt = 0.63 min.
(PHENOMENEX® Luna 5 micron C18 4.6 x 30 mm, 10-90% aqueous methanol
containing 0.1% TFA, 2 min. gradient, flow rate = 5 mL/min., detection at 254 nm).
MS (ES): m/z = 260.08 [M+H]". Intermediate 20 was used in the synthesis of
Example 158.

INTERMEDIATE 21
3-Fluore-5-(1H-1,2,4-triazol-1-yl)aniline and 3,5-di(1H-1,2,4-triazol-1-yl)aniline
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00157}  1,3-Difluoro-5-nitrobenzene (1g, 6.29 mmol), 1H-1,2,4-triazole (0.43 g,
6.29 mmol), and potassium carbonate (2.17 g, 15.7 mmol) in DMSO (5 mL) were
stirred at room temperature for 15 hours. The reaction mixture was triturated with
water, and the solid was collected via filtration. The solid was dissolved in methanol
(40 mL), and treated with 10% Pd/C (100 mg, 0.94 mmol) and stirred under a
hydrogen atmosphere at room temperature for 8 hours, The reaction mixture was
filtered though a pad of silica gel. The filtrate was concentrated to give Interme.diate
21 as a mixture of 3-fluoro-5-(1H-1,2,4-triazol-1-yl)aniline and 3,5-di(1H-1,2,4-
triazol-1-yl)aniline (825 mg, 65% yield).

[00158] HPLC: Rt=0.78 min. (PHENOMENEX® Luna § micron C18 4.6 x 30
mm, 10-30% aqueous methanol containing 0.1% TFA_ 2 min. gradient, flow rate = 5
mL/min., detection at 254 nm). MS (ES): m/z = 179.07 [M+H]". HPLC: Rt =0.82
min. (PHENOMENEX® Luna 5 micron C18 4.6 x 30 mm, 10-90% aqueous methanol
contamning 0.1% TFA, 2 min. gradient, flow rate = 5 mL/min., detection at 254 nm).
MS (ES): m/z =228.10 [M+H]". Intermediate 21 was used in the synthesis of the
compounds of Examples 172, 173 and 207.

INTERMEDIATE 22
3-Amino-N-(tetrahydro-2H-pyran-4-y1)-5-(1H-1,2 4-triazol-1-yl)benzamide

0

0. __NH

H,N

>

Intermediate 22A: Preparation of 3-nitro-5-(1H-1,2,4-triazol-1-yl)benzoic acid
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N
y N
N=/

0N

{00159]  3-Nitro-5-(1H-1,2,4-triazol-1-yl)benzoic acid was prepared from 3-bromo-
S-nitrobenzoic acid following the procedure in Intermediate 2A. HPLC: Rt =1.12
min. (PHENOMENEX® Luna 5 micron C18 4.6 x 30 mm, 10-90% aqueous methanol
containing 0.1% TFA, 2 min. gradient, flow rate = 5 mL/min., detection at 254 nm).
MS (ES): m/z = 235.07 [M+H]".

Preparation of 3-amino-N-(tetrahydro-2H-pyran-4-y1)-5-(1H-1,2,4-triazol-1-
yl)benzamide
0

L

0. . NH

[00160] To a solution of Intermediate 22A (400 mg, 1.71 mmol), tetrahydro-2H-
pyran-4-amine (207 mg, 2.05 mmol) and TEA (0.36 mL, 2.56 mmol} in DMF (4 mL)
was added BOP (1133 mg, 2.56 mmol), and the reaction solution was stirred af room
temperature for 2 hours. The reaction mixture was filtered though a pad of silica gel.
The filtrate was concentrated and purified with reverse phase HPLC. The fractions
were concentrated, dissolved in methanol (30 mL), and treated with 10% Pd/C (27.3
mg, 0.26 mmel) and stirred under a hydrogen atmosphere at room temperature for 8
hours. The reaction mixture was filtered though a pad of silica gel. The filtrate was
concentrated to give Intermediate 22 (276 mg, 56.2 % yield) as a yellow solid. HPLC:
Rt=0.75 min. (PHENOMENEX® Luna 5 micron C18 4.6 x 30 mm, 10-90%
aqueous methanol containing 0.1% TFA 2 min. gradient, flow rate =5 mL/min.,
detection at 254 nm). MS (ES): m/z = 288.09 [M+H]". Intermediate 22 was used in
the synthesis of Example 171.
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INTERMEDIATE 23
3-Amino-N-(2-(diethylamino)ethyl)-5-(1H-1,2,4-triazol-1-yl)benzamide
Ep“ -Et
0. __NH
H,N n\l’i\N
N=/
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[00161] Intermediate 23 was prepared from Intermediate 22A and N, N'-
diethylethane-1,2-diamine following the procedure in Intermediate 22. HPLC: Rt =
0.65 min. (PHENOMENEX® S5 4.6 x 30 mm, 10-90% aqueous methanol containing
0.1% TFA, 4 min. gradient, flow rate = 5 mL/min., detection at 254 nm). MS (ES):
m/z = 303.15 [M+H]". Intermediate 23 was used in the synthesis of Example 183.

INTERMEDIATE 24
3-Amino-4-(trifluoromethyl)benzonitrile

H;N CN

Intermediate 24A: Preparation of 3-(4-methoxybenzylamino)-4-

Fgc: :
HN CN
MeQ :

[00162]  3-Fluoro-4(triftucromethyl)benzonitrile (1g, 5.29 mmol), (4-
methoxyphenyl)methanamine (0.73 g, 5.29 mmol) and potassium carbonate (1.46 g,

(trifluoromethyl)benzonitrile

10.6 mmol) in DMSO (2 mL) were heated at 75 °C for 6 hours. The reaction mixture
was triturated with water, and the solid was collected via filtration to isolate 24A
(1.14 g, 70.6 % yield) as a yellow solid. HPLC: Rt = 2.64 min. (PHENOMENEX®
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S5 4.6 x 30 mm, 10-90% aqueous methanol containing 0.1% TFA 4 min. gradient,
flow rate = 5 mL/min,, detection at 254 nm). MS (ES): m/z = 329.09 [M+H]".

Preparation of 3-amino-4-(trifluoromethyl)benzonitrile

F,C

HZNJQ\CN
[00163] A solution of 3-(4-methoxybenzylamino)-4-(trifluoromethyl)benzonitrile
(500 mg, 1.63 mmol) and triethylsilane (0.2 mL) in dichloroethane (2 mL) was
treated with TFA (1 mL) and stirred at room temperature for 30 min. The reaction
mixture was concentrated to obtain Intermediate 24 (284 mg, 93 % yield) as an
orange solid. HPLC: Rt = 1.24 min. (PHENOMENEX® S5 4.6 x 30 mm, 10-90%
aqueous methanol containing 0.1% TFA, 4 min. gradient, flow rate = 5§ mL/min.,

detection at 254 nm). MS (ES). m/z = 187.1 [M+H]". Intermediate 24 was used in
the synthesis Examples 229, 230 and 241,

INTERMEDIATE 25

3-Amino-5-fluoro-4-methoxybenzonitrile

[00164]  5-Bromo-1-fluoro-2-methoxy-3-nitrobenzene (1.0 g, 4.0 mmol), zinc (2.62
g, 40.0 mmol) and ammonium chloride (2.14 g, 40.0 mmof) in EtOH (20 mL) and
water (12 mL) were heated at 80 °C for 10 minutes and then stirred at room
temperature for 2 hours. The reaction mixture was diluted with dichloromethane (100
mL) and water (60 mL), and filtered through CELITE®. The organic phase was dried

over sodium sulfate and filtered and then concentrated to afford Intermediate 25A
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(723 mg, 82 % yield) as a gray solid, HPLC: Rt = 1.3 min, (PHENOMENEX® Luna
5 micron C18 4.6 x 30 mm, 10-90% aqueous methanol containing 0.1% TFA 2 min.
gradient, flow rate = 5 mL/min., detection at 254 nm). MS (ES): m/z = 222.0

[M+H]".

Preparation of 3-amino-5-fluoro-4-methoxybenzonitrile

[00165] A mixture of 5-bromo-3-fluoro-2-methoxyaniline (500 mg, 2.27 mmol),
potassium ferrocyanide (II) hydrate (240 mg, 0.57 mmol), sodium carbonate (241 mg,
2.27 mmol) and palladium(IT) acetate (25.5 mg, 0.11 mmol) in DMA (2 mL) was
purged with nitrogen and heated at 120 °C for 6 hours. The reaction mixture was
diluted with ethyl acetate (20 mL) and filtered through CELITE®. The filtrate was
washed with water (20 mL), 5% NH,OH (10 mL), dried over MgSQL, filtered and
concentrated to isolate Intermediate 25 (213 mg, 56.4 % yield). HPLC: Rt = 0.73 min.
(PHENOMENEX® Luna 5 micron C18 4.6 x 30 mm, 10-90% aqueous methanol .
containing 0.1% TFA, 2 min. gradient, flow rate = 5§ mL/min., detection at 254 nm).
MS (ES): m/z = 167.2 [M+H]". Intermediate 25 was used in the synthesis of
Examples 234 and 239.

INTERMEDIATE 26

3-Amino-4-(trifluoromethoxy)benzonitrile
F,CO
HZN:©\CN
[00166]  3-Amino-4-(triflucromethoxy)benzonitrile was prepared from 4-bromo-2-
nitro-1-(trifluoromethoxy)benzene following the procedure in Intermediate 25.
HPLC: Rt =1.29 min (PHENOMENEX® S5 4.6 x 30 mm, 10-90% aqueous
methanol containing 0.1% TFA, 4 min. gradient, flow rate = 5 mL/min., detection at

254 nm). MS (ES): m/z = 203.1 [M+H]". Intermediate 26 was used in the synthesis
of Example 237,
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INTERMEDIATE 27
3-Amino-4-(2-morpholinoethoxy)benzonitrile

o I l
H:N CN

Intermediate 27A: Preparation of 4-(2-morpholinoethoxy)-3-nitrobenzonitrile

G B

° O,N CN
[00167]  4-Fluoro-3-nitrobenzonitrile (0.5 g, 3.0 mmol), 2-morpholinoethanol (0.37
mL, 3.0 mmol), and potassium carbonate (0.42 g, 3.0 mmol) in DMSO (2 mL) were
heated at 50 °C for 16 hours. Water (10 mL) was added to the reaction mixture, and
the solid was collected via filtration. The solid was washed with water (3 x 2 mL) to
afford Intermediate 27A (422 mg, 50.6 % yield) as a tan solid. HPLC: Rt = 0.78 min.
(PHENOMENEX® S5 4.6 x 30 mm, 10-90% aqueous methanol containing 0.1%

TFA, 4 min. gradient, flow rate = S mL/min., detection at 254 nm). MS (ES): m/z =
278.16 [M+HT".

Preparation of 3-amino-4-(2-morpholinoethoxy)benzonitrile

ShPel
© HoN CN

[00168] To 4-(2-morpholinoethoxy)-3-nitrobenzonitrile (422 mg, 1.52 mmol)
suspended in MeOH (20 mL) was added 10% Pd/C (100 mg), and the reaction
mixture stirred under hydrogen atmosphere (balloon). After 30 min., the reaction
mixture was filtered through CELITE®, The filtrate was concentrated to give
Intermediate 27 (322 mg, 86 % yield) as a tan solid. HPLC: Rt=0.5 min.
(PHENOMENEX® S5 4.6 x 30 mm, 10-90% aqueous methanol containing 0.1%
TFA, 4 min. gradient, flow rate = 5 mL/min., detection at 254 nm)., MS (ES): m/z=
248.18 [M+H]". Intermediate 27 was used in the synthesis of Example 238.

INTERMEDIATE 28
4-Fluoro-3-(4H-1,2,4-triazol-4-yl)aniline
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Intermediate 28A: Preparation of 4-(2-fluoro-5-nitrophenyl)-4H-1,2,4-triazole

X
O,N N

—

N
[00169] A solution of 2-fluoro-5-nitroaniline (415 mg, 2.7 mmol) in pyridine (15
mL) was treated with N'-formylformohydrazide (703 mg, 7.98 mmol), and TMS-CI
(5.10 mL, 39.9 mmol) was then added dropwise. After the addition, Et;N (2.60 mL,
18.6 mmol) was added, and the reaction mixture was heated to 100 °C for 4 hours.
The reaction mixture was then cooled to room temperature and concentrated to
dryness. The resulting solid was suspended in H,O (25 mL) and filtered. The filtrate
was extracted with EtOAc (4 x 20 mL), and the organics were dried (Na,SO,), filtered
and concentrated. The crude product was dissolved in a small amount of DCM and
purified by flash chromatography (Si0;, hexanes to 100% EtOAc, 40 g column, 40
min. gradient) to afford Intermediate 28A (210 mg, 37.9 %). HPLC: Rt = 1.497 min.
(YMC S5 ODS 4.6 x 50 mm, 10-90% aqueous methanol containing 0.2% H3PO,, 4
min. gradient, monitored at 220 nm). MS (ES): m/z = 209.1 [M+H]". '"HNMR (400
MHz, DMSO-ds) 3 ppm 9.05 (1 H, s), 9.05 (1 H,' 5), 8.72(1 H, dd, = 6.55, 2.77 Hz),
8.39-8.45 (1 H, m), 7.85(1 H, 1, J = 9.57 Hz).

Preparation of 4-fluoro-3-(4H-1,2,4-triazol-4-yDaniline

Cr
HoN

N

-

[00170] A solution of 4-(2-fluoro-5-nitrophenyl)-4H-1,2 4-triazole (210 mg, 1.009
mmol} in MeOH (4 mL) was treated with 10% Pd/C (20 mg, 0.19 mmol) and stirred
under a hydrogen atmosphere at room temperature for 16 hours. The reaction mixture

was filtered, and the filtrate was concentrated to dryness to afford Intermediate 28
(155 mg, 86 %). HPLC: Rt =0.343 min. (YMC S5 ODS 4.6 x 50 mm, 10-90%
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aqueous methanol containing 0.2% H;PQO4, 4 min. gradient, monitored at 220 nm).
MS (ES): m/z=179.1 [M+H]". '"HNMR (400 MHz, DMSO-ds) 8 ppm 8.85 (1 H, s),
8.85(1H,s),7.15(1 H, dd, J = 10.45, 8.94 Hz), 6.68 (1 H, dd, J = 6.55, 2.77 Hz),
6.61 - 6.66 (1 H, m), 5.35 (2 H, s). Intermediate 28 was used in the synthesis of
Examples 46 and 114.

(00171]

The following intermediates in Table 5 were prepared using the

procedures described in the preparation of Intermediate 28,

TABLE 5
Inter- Structure Used for Name [M+H]| HPLC
mediate Example Retention
No. Time
(min.)*
29 /@Me 106 |4-Methyl-3-(4H-1,2,4- 175.1 0.28*
triazol-4-yhaniline
HoN PL/‘\‘\,N 1220l-4-yl)an
=N
30 /@:OC Fs | 17,52, |3-(4H-1,2,4-Triazol-4- 245.1 2.20°
111 1)-4-(trifl th
HN '”\':%N y)” (trifluoromethoxy)
=N aniline
31 CF, 169, 236 |3-(4H-1,2,4-Triazol-4- 229 1.28°
y1}-5-(trifluoromethyl)
H.N N/\\N aniline
s

* = HPLC conditions

a=YMC S5 ODS 4.6 x 50 mm, 10-90% aqueous methanol containing 0.2% H3POy, 4

min. gradient, monitored at 220 nm

-76 -




- WO 2010/042699 PCT/US2009/059968

10

15

20

b=CHROMOLITH® column 4.6 x 50 mm eluting with 10-90% aqueous methanol

over 4 inin. containing 0.1% TFA, 4 mL/min, monitoring at 220 nm.

INTERMEDIATE 32
1-(3-Amino-5-(4H-1,2,4-triazol-4-yl)phenyl)piperidin-4-ol
OH

[00172] A mixture of 4-(3-fluoro-5-nitrophenyl)-4H-1,2 4-triazole (200 mg, 0.96
mmol) and piperidin-4-ol (486 mg, 4.80 mmol) in DMSO (1 mL) was heated at 100
°C overnight. The reaction mixture was extracted with EtQOAc five times. The
combined extracts were washed with brine, dried and concentrated to give an orange
solid. The solid was dissolved in MeOH (25 mL), and 10% Pd/C (55 mg) was added.
The mixture was degassed and stirred under a hydrogen atmosphere for 1 hour. The
c'atalyst was filtered off, and the filtrate was concentrated to give Intermediate 32
(233 mg, 84%) as a brown solid. HPLC: Rt = 0.227 min. (CHROMOLITH® column
4.6 x 50 mm eluting with 10-90% aqueous methanol over 4 min. containing 0.1%
TFA, 4 mL/min., monitoring at 220 nm). MS (ES): m/z = 260 [M+H]". Intermediate

32 was used in the synthesis of Example 141.

INTERMEDIATE 33
tert-Butyl (3R,4S)-1-(3-amino-5-(4H-1,2 4-triazol-4-yl)phenyl)-3-hydroxypiperidin-
4-ylcarbamate
l':slHBoc

N
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Intermediate 33A. Preparation of (3R,48)-4-azido-1-(3-nitro-5-(4H-1,2,4-triazol-4-
yDphenyl)piperidin-3-o}
N3

SN

N
O,N” i >

[00173] A mixture of 4-(3-fluoro-5-nitrophenyl)-4H-1,2,4-triazole (200 mg, 0.96
mmol), 4-azidopiperidin-3-ol (164 mg, 1.15 mmol) and K3COs (199 mg, 1.44 mmol)

N
.
=N

in DMSO was heated at 100 °C for 4 hours. The reaction mixture was poured into
water and extracted with EtOAc (two times). The combined extracts were washed
with water and brine, dried over MgSQ,, filtered and concentrated. The crude
material was purified by flash chromatography, (SiO;, 24 g column, 0-12%
MeOH/DCM) to give Intermediate 33A (135 mg, 43%) as a yellow solid. HPLC: Rt =
1.722 min. (CHROMOLITH® column 4.6 x 50 mm eluting with 10-90% aqueous
rnethanol.over 4 min. containing 0.1% TFA, 4 mL/min., monitoring at 220 nm). MS
(ES): m/z =331 [M+H]".

Preparation of zerr-butyl (3R,48)-1-(3-amino-5-(4H-1,2,4-triazol-4-yD)phenyl)-3-
hydroxypiperidin-4-ylcarbamate
l';lHBoc

SN

N
HN” t -

[00174]  To a solution of Intermediate 33A (135 mg, 0.41 mmol) in THF (5 mL)
was added trimethylphosphine (1.0 M solution in toluene, 3 mL, 3.00 mmol). The

N"\\N
&N'

reaction mixture was stirred for 1 hour, and MeOH (2 mL) and IN NaOH (2 mL)

were added and stirred for an additional 30 min. The reaction mixture was extracted
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with EtOAc (three times). The combined extracts were dried over MgSQ., filtered
and concentrated. The residue was dissolved in THF (30 mL) with TEA (0.171 mL,
1.23 mmol) and Boc,O (0.190 mL, 0.82 mmol) and stirred at room temperature for 2
hours. The reaction mixture was diluted with water and extracted with EtOAc (three
times). The combined organic layers were washed with brine, dried over MgSQ,,
filtered and concentrated. The crude was purified by flash chromatography, (SiO,,
12g ¢column, MeOH/DCM=0-8%) to give a yellow solid. The solid was dissolved in
MeOH (20 mL), and 10% Pd/C (50 mg) was added. The mixture was stirred under
hydrogen atmosphere overnight. The reaction mixture was filtered and concentrated
to give Intermediate 33A (84 mg, 19%). HPLC: Rt = 1.573 min. (CHROMOLITH®
column 4.6 x 50 mm eluting with 10-90% aqueous methanol over 4 min. containing
0.1% TFA, 4 mL/min., monitoring at 220 nm). MS (ES): m/z = 375 [M+H]".

Intermediate 33 was used in the synthesis of Example 142,

INTERMEDIATE 34
4-Morpholino-3-(4H-1,2,4-triazol-4-yl)aniline

o

N
O
=y
[00175] To a solution containing 4-(2-fluoro-5-nitrophenyl)-4H-1,2,4-triazole
(0.500 g, 2.402 mmol) and morpholine (0.251 g, 2.88 mmol) in DMSO (6 mL) at
room temperature was added potassium carbonate (0.498 g, 3.60 mmol). The dark
brown mixture was stirred for 30 min. The solution was then diluted with water, and
a precipitate formed. Filtration of the suspension afforded a brown solid. The solid
was then suspended in MeOH (15 mL), and 10% Pd/C (0.051 g, 0.480 mmol) was
added. An atmosphere of H, (balloon) was introduced, and the black suspension was
stirred for 30 minutes at ambient temperature. The catalyst was removed via
filtration, The filtrate was concentrated and dried overnight to afford Intermediate 34
(0.250 g, 42.4 % yield) as an orange solid. HPLC: Rt = 0.327 min. (YMC S5 ODS
4.6 x 50 mm, 10-90% aqueous methanol containing 0.2% H3PO,, 4 min. gradient,
monitored at 220 nm). MS (ES): m/z = 246.1 [M+H]*. 'H NMR (400 MHz, DMSO-
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ds) ppm 8.79 2 H, 8), 7.06 (1 H, d, J = 8.81 Hz),6.64 (1 H, dd,J = 8.56, 2.52 Hz),
6.55(1 H,d,J=2.52 Hz), 5.25 (2 H, br. 8.),3.43-3.54 (4 H, m), 2.51 - 2.57 (4 H,
m). Intermediate 34 was used in the synthesis of Examples 116, 118 and 119.

5 [00176)

The following intermediates in Table 6 were prepared using the

procedures described in the preparation of Intermediate 34.

TABLE 6
Inter- Structure Used for Name M+H! HPLC
mediate Example Retention
No. Time
(min,)*
35 (\N-MB 121 [4-(4-Methylpiperazin- [259.2| 0.160°
::N 1-y1)-3-(4H-1,2 4-
HN N triazol-4-yl)aniline
2 L N
=N
36 Me. -Me [ 47122 [N1-(2- 247.2] 0.152°
H
@[N\) 166 |(Dimethylamino)
HoN N™ ethyl)-2-(4H-1,2,4-
N
N triazol-4-yl)benzene-
1,4-diamine
37 oMe | 123 [NI-(2-Methoxyethyl)- | 234.1| 0.173°
H
/@N\) 2-(4H-1,2 4-triazol-4-
H.N N yl)benzene-1,4-
2 \;— ’N
N diamine
38 Me. .Me | 127 [4-(2-(Dimethylamino) [248.1] 0.27°
/©:0\) ethoxy)-3-(4H-1,2,4-
HoN N triazol-4-yl)aniline
2 L ’N
=N
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Inter- Structure Used for Name M+H| HPLC
mediate Example Retention
No. Time

(min, y*
39 Me 129 |N1-(3- 261.2] 0.158*
Me N (Dimethylamino)
propyl)-2-(4H-1,2 4-
@:NH triazol-4-yl)benzene-
HoN EN 1,4-diamine
N
40 Me. -Me 132 |NI-(2- 261.2| 0.175°
H (Dimethylamino)
/@[ N. Me ethyD)-N1-methyl-2-
HN SN, (4H-1,2,4-triazol-4-y1)
=N benzene-1,4-diamine
41 OMe 135  IN1-(2-Methoxyethyl)- | 243.2| 0.663 ®
(I N1-methyl-2-(4H-
/C[N'Me 1,2,4-triazol-4-yl)
H,N L’K‘-’N benzene-1,4-diamine
N
42 /@;} \/\'D 139 |[N1-(2-(Pyrrolidin-1- |273.1] 0.158°
HN Ny yl) ethyl)-2-(4H-1,2 4-
N triazol-4-yl)benzene-
1,4-diamine
43 WO 149 [2-(4-(4-Amino-2-(4H- | 289.1| 0.157°
Q" 1,2,4-triazol-4-y1)
G L/:“ phenyD)piperazin-1-y1)
ethanol
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Inter- Structure Used for Name M+H | HPLC
mediate Example Retention
No. Time

, (min,)*
44 /@0\/\”/\ 150 {4-(2-Morpholino- 290.11 0.163°
HaN 'L/:'” o cthoxy)-3-(4H-1,2 4-

triazol-4-ylaniline

45 Me 130, 152 {3-(4-Methylpiperazin- | 259 [ 0.233°
E”j 1-y1)-5-(4H-1,2,4-
N triazol-4-yl)aniline
=N
46 OH 133 [2-(4-(3-Amino-5-(4H- | 289 | 0.215°
H 1,2 4-triazol-4-yl)
[Nj phenyl)piperazin-1-yl)
N ethanol
e
N
47 i} Oj 151  [ters-Butyl 3-((4- 375.2] 3.260°
/@N\/[N amino-2-(4H-1,2,4-
Boc
H,N N triazol-4-
E 'N
N yDphenylamino)

methyl)morpholine-4-

carboxylate
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Inter- Structure Used for Name M+H| HPLC
mediate Example Retention
No. Time
(min.)*
48 NHBoc | 144  lrert-Butyl 1-(4-amino- [259.1| 2.527%
@[O 2-(4H-1,2,4-triazol-4-
HaN '*{:_:,N yl)phenyl) piperidin-4-
ylcarbamate

10

15

20

* HPLC conditions

* YMC S5 ODS 4.6 x 50 mm, 10-90% aqueous methanol containing 0.2% HiPOs, 4

min. gradient, monitored at 220 nm

® CHROMOLITH® column 4.6 x 50 mm eluting with 10-90% aqueous methanol

over 4 min. containing 0.1% TFA, 4 mL/min, monitoring at 220 nm.

INTERMEDIATE 49

4-(Trifluoromethoxy)benzene-1,3-diamine

H,N NH;

[00177] A mixture of 3-nitro-4-(triftluoromethoxy)aniline (500 mg, 2.25 mmol) and
10% Pd/C (240 mg, 0.225 mmol) in ethy! acetate (20 mL) was degassed with
nitrogen. The mixture was stirred under a hydrogen atmosphere overnight. The
catalyst was filtered off, and the filtrate was concentrated to give Intermediate 49 (433
mg, 100%) as a brown solid. HPLC: Rt =0.707 min. (YMC S5 ODS 4.6 x 50 mm,
10-90% aqueous methanol containing 0.2% H3PO4, 4 min. gradient, monitored at 220
nm). MS (ES): m/z = 193.1 [M+H]". 'H NMR (400 MHz, DMSO-ds) 5 ppm 6.69 (1
H, dd, J=8.56, 1.26 Hz), 5.95 (1 H, d, J=2.52 Hz), 5.75 (1 H, dd, /= 8.69, 2.64
Hz), 491 (2 H, 5), 4.89 (2 H, 5). Intermediate 49 was used in the synthesis of Examples
90 and 91.

INTERMEDIATE 50

-83-
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4-(2-Methoxyethoxy)-3-(4H-1,2,4-triazol-4-yhaniline
OMe

o)

N"\\N
sy

[00178]  To a solution containing 2-methoxyethanol (0.136 mL, 1.730 mmol) in
anhydrous DMF (15 mL) at 0 °C was added NaH (0.063 g, 1.585 mmol) as a 60%
dispersion in mineral oil. A solution of 4-(2-fluoro-5-nitrophenyl)-4H-1,2,4-triazole
(0.300 g, 1.441 mmol) in DMF (2.0 mL) was added via syringe. After 30 minutes,
the reaction mixture was quenched with water. A brown precipitate was collected by
filtration and washed with water. The solid was suspended in MeOH (10 mL) and
treated with Pd/C (0.031 g, 0.29 mmol), and the reaction was stirred under a hydrogen
atmosphere. The dark suspension was stirred for 1 hour at ambient temperature. The
catalyst was removed via filtration, and the filtrate was concentrated to dryness to
give Intermediate 50 (0.073 g, 21.4 % yield) as a brown oil. HPLC: Rt = 0.187 min.
(YMC S5 ODS 4.6 x 50 mm, 10-90% aqueous methanol containing 0.2% H3PQ., 4
min. gradient, monitored at 220 nm). MS (ES): m/z = 235.1 [M+H]". '"H NMR (400
MHz, DMSO-de) 4 ppm 8.75 (2 H, 5), 7.01 (1 H, d, J = 9.57 Hz), 6.59 - 6.66 (2 H,
m), 5.04 (2 H, ), 3.98 - 4.06 (2 H, m), 3.50 - 3.57 (2 H, m), 3.22 (3 H, s).

Intermediate 50 was used in the synthesis of Example 126.

INTERMEDIATE 51
4-(1-Methylpiperidin-4-yloxy)-3-(4H-1,2,4-triazol-4-y1)aniline

I\'Ae

N

¥
e

N’i\N
ey

[00179]  To a solution of 4-(2-fluoro-5-nitrophenyl)-4H-1,2,4-triazole (0.150 g,
0.721 mmol) in anhydrous DMF (0.721 mL) at room temperature was added cesium
carbonate (0.49 g, 1.5 mmol) and 1-methylpiperidin-4-ol (0.108 g, 0.94 mmol). The
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resulting solution was heated to 75 °C, After 2 hours, the reaction was cooled and
diluted with water. The solution was extracted three times with 20 mL DCM, and the
organics were combined, washed with water and brine, and dried over anhydrous
sodium sulfate. The reaction mixture was filtered and concentrated, and the solid
was suspended in MeOH (10 mL) at ambient temperature. To the mixture was added
10% Pd/C (0.015 g, 0.144 mmol), and the reaction was stirred under a hydrogen
atmosphere. The dark suspension was stirred for 1 hour. The catalyst was removed
via filtration, and the filtrate was concentrated to give Intermediate 51 (0.064 g,
0.222 mmol, 30.9 % yield) as a beige solid. HPLC: Rt =0.160 min. (YMC S5 ODS
4.6 x 50 mm, 10-90% aqueous methanol containing 0.2% H3PO,, 4 min. gradient,
monitored at 220 nm). MS (ES): m/z = 274.1 [M+H]". '"H NMR (400 MHz, DMSO-
de) 6 ppm 8.70 (2 H, 5), 7.01 (1 H, d,.J= 8.81 Hz), 6.57 - 6.66 (2 H, m), 5.04 - 5.12 (2
H, m), 4.04 (1 H, br.s.),2.20 - 2.36 (2 H, m), 2.07 (3 H, 5), 1.66 - 1.78 (2 H, m), 1.39
- 1.50 (2 H, m). Intermediate 51 was used in the synthesis of Example 128.

[00180] The following intermediates in Table 7 were prepared using the

procedures described in the preparation of Intermediate 50 and Intermediate 51.

TABLE 7

Inter- Structure Used for Name M+H| HPLC
mediate Example Retention

No. Time
(min.)*

52 Me 140 [4-(3-(Dimethylamino) | 262.1| 0.173°

O ~N.
,@ Me propoxy)-3-(4H-1,2.4-
HoN N

\;-.N

triazol4-yl) aniline

N
53 /@:O\/\D 143 14-(2-(Pyrrolidin-1- 274.1( 0.162°
H;N N7y ylethoxy)-3-(4H-

by

1,2,4-triazol-4-yI)

antline
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54 Boen-Me | 153 \rert-Butyl 2-(4-amino- | 334.1] 2.158°
/@:O\) 2-(4H-1,2 4-triazol4- |
H N N’\\N y1) phenoxy)ethyl
=\ (methyl)carbamate

* HPLC conditions

* YMC S5 ODS 4.6 x 50 mm, 10-90% aqueous methanol containing 0.2% H3PQ., 4

min, gradient, monitored at 220 nm.

INTERMEDIATE 55
4-Chloro-3-(oxazol-5-yl)aniline

Cl

o N/

{00181]  To a solution of 2-chloro-5-nitrobenzaldehyde (2.5 g, 13.5 mmol) in DME

(27 mL) at room temperature was added tosylmethy] isocyanide (2.76 g, 14.15 mmol)
and potassium carbonate (3.72 g, 26.9 mmol). The mixture was heated to reflux
overnight. The mixture was cooled and poured into EtOAc. The resulting suspension
was washed with H,O (2 x 100 mL) and brine (2 x 100 mL). The organics were
combined, dried over anhydrous magnesium sulfate, filtered, and concentrated in
vacuo. The crude intermediate was dissolved in DCM and charged to a 80 g silica gel
cartridge which was eluted at 60 mL/min. with a 25 min. gradient from 100% hexanes
to 40% EtOAc/hexanes (monitoring at 254 nm). The appropriate fractions were
concentrated, and the resulting solid was dissolved in THF (40 mL). Acetic acid
(54.0 mL, 943 mmol) and iron powder (1.88 g, 33.7 mmol) were then added, and the
resulting mixture was heated overnight at 50 °C. The reaction mixture was cooled
and poured into 500 mL of saturated aqueous sodium carbonate and extracted with
ethyl acetate (3 x 100 mL). The organics were combined, washed with water and
brine, and dried over anhydrous magnesium sulfate, and concentrated. The crude
product was dissolved in a small amount of DCM and charged to a 80 g silica gel
cartridge which was eluted at 60 mI/min. with a 25 min, gradient from 100% hexanes

to 50% EtOAc/hexanes (monitoring at 254 nm). The appropriate fractions were
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concentrated to afford Intermediate 55 (0.40 g, 15 % yield) as a light yellow solid.
HPLC: Rt =1.837 min. (YMC S5 ODS 4.6 x 50 mm, 10-90% aqueous methanol
containing 0.2% H3PO,, 4 min. gradient, monitored at 220 nm). MS (ES): m/z =
195.1 [M+H]". 'H NMR (400 MHz, DMSO-d) 5 ppm 8.49 (1 H, 5), 7.67 (1 H, s),
7.18(1 H,d,/=8.56Hz), 7.01 (1 H,d,J =2.77 Hz), 6.58 (1 H, dd, J = 8.56, 2.77
Hz), 5.49 (2 H, s). Intermediate 55 was used in the synthesis of Example 79.

INTERMEDIATE 56
4-Chloro-3-(oxazol-2-yl)aniline

cl
Hzn’@o\'}

0

Intermediate 56A: Preparation of 2-(2-Chloro-S-nitrophenyl)oxazole
Cl
N
N
[00182] To a cloudy suspension of 2-chloro—5~nitrobenzoic acid (1.0 g, 4.96 mmol)
and DMF (0.019 mL, 0.25 mmol) in DCM (12.4 mL) at 0 °C was added a 2M
solution of oxalyl chicride in DCM (2.98 mL, 5.95 mmol). The resulting suspension
was stirred for 1 hour at room temperature. The reaction mixture was concentrated in
vacuo and azeotroped with toluene to remove HCl and oxalyl chloride. The residue
was dissolved in tetramethylenesulfone (12.4 mL), to which potassium carbonate
(1.37 g, 9.92 minol) and 1H-1,2,3-triazole (0.29 mL, 4.96 mmol) were added. The
mixture was heated to 150 °C under nitrogen for 1 hour. The mixture was cooled and
diluted with EtOAc and water. The layers were separated, and the aqueous phase
extracted three times with EtOAc (50 mL). The organics were combined, washed
with water and brine, and then dried over anhydrous magnesium sulfate. Filtration
and concentration afforded a dark brown oil which was dissolved in 2 small amount
of DCM and charged to a 80g silica gel cartridge which was eluted at 65 mL/min.
with a 25 min. gradient from 100% to 50% EtOAc/hexanes (monitoring at 254 nm).

Concentration of the appropriate fractions afforded Intermediate 56A (0.431¢,39%
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yield) as a light yellow solid. HPLC: Rt = 3.246 min. (YMC S5 ODS 4.6 x 50 mm,
10-90% aqueous methanol containing 0.2% H;PO,, 4 min. gradient, monitored at 220
nm). MS (ES): m/z = 225.0 [M+H]". "H NMR (400 MHz, DMSO-ds) 8 ppm 8.71 (1
H,d,J=2.77Hz),842 (1 H,s),8.33 (1 H,dd, /= 8.81,2.77 Hz), 795 (1 H,d, J =
8.81 Hz), 7.56 (1 H, s).

Preparation of 4-chloro-3-(oxazol-2-yl)aniline
Cli
N
e
[00183] To a solution of Intermediate 56A (0.431 g, 1.92 mmol) and acetic acid
(7.69 mL, 134 mmol) in THF (15.2 mL) was added iron powder (0.268 g, 4.80
mmol). The mixture was heated to 50 °C overnight. The reaction mixture was cooled
and poured into 300 mL of saturated aqueous Na,COs and extracted with EtOAc (3 x
75 mL), and washed with water and brine. The organic phase was dried over
anhydrous magnesium sulfate, filtered, and concentrated. The dark brown oil was
dissolved in a small amount of DCM and charged to a 40g silica gel cartridge which
was eluted at 40 mL/min. with a 25 min. gradient from 100% hexanes to 70%
EtOAc/hexanes. Concentration of the appropriate fractions afforded Intermediate 56
(0.301 g, 80 % yield) as an orange oil. HPLC: Rt = 1.923 min. (YMC S5 ODS 4.6 x
50 mm, 10-90% aqueous methanol containing 0.2% H3PQ,, 4 min. gradient,
monitored at 220 nm). MS (ES): m/z = 195.1 [M+H]". '"H NMR (400 MHz, DMSO-
ds) Sppm 824 (1 H,5), 738 (1 H,8), 719 (1 H, d,/=8.56 Hz), 7.13 (1 H, d, J =
2.77 Hz), 6.67 (1 H, dd, J = 8.56, 2.77 Hz), 5.53 (2 H, s). Intermediate 56 was used in
the synthesis of Example 81.

INTERMEDIATE 57
3-(Thiazol-2-ylaniline

S
“Z”O\U
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Intermediate 57A: Preparation of 2-(3-Nitrophenyl)thiazole

O

N
[00184] A yellow suspension of 3-nitrobenzothicamide (2.0 g, 10.98 mmol), 2-
chloroacetaldehyde (45% in H,0) (2.01 g, 11.53 mmol), and acetic acid (7.32 mL)
was heated to reflux for 1 hour. The mixture was cooled to room temperature, poured
into ice water, and rendered alkaline using 30 mL of 12 N NaOH solution. Ethyl
acetate was then added, and the resulting emulsion was filtered through CELITE®,
The aqueous layer was extracted twice with ethyl acetate, and the combined organic
layers were dried over magnesium sulfate. Filtration and concentration under reduced
pressure afforded Intermediate 57A (2.107 g, 91 % yield) as a brown solid. HPLC: Rt
=3.331 min. (YMC S5 ODS 4.6 x 50 mm, 10-90% aqueous methanol containing
0.2% H3PO4, 4 min. gradient, monitored at 220 nm). MS (ES): m/z = 207.0
[M+H]". "H NMR (400 MHz, DMSO-ds) & ppm 8.68 (1 H, t, J = 1.89 Hz), 8.34 -
8.41 (1 H, m), 8.28 - 8.34 (1 H, m), 8.00 - 8.05 (1H,m), 794 (1 H,d,J=3.27Hz),
7.80 (1 H, t, J=8.06 Hz).

Preparation of 3-(thiazol-2-y1) aniline

O

N
[00185]  To a suspension of Intermediate 57A (500 mg, 2.425 mmol) in absolute
ethanol (12 mL) at ambient temperature was added Raney nickel (60 mg, 2.425
mmol). An atmosphere of hydrogen was then introduced, and the mixture was stirred
for 5 hours at ambient temperature. The suspension was filtered through CELITE®,
concentrated under reduced pressure and dried iz vacuo, furnishing Intermediate 57
(0.32 g, 73.0 % yield) as a yellow oil. HPLC: Rt = 1.433 min. (YMC S50DS 4.6 x
50 mm, 10-90% aqueous methanol containing 0.2% H3POy, 4 min. gradient,
monitored at 220 nm). MS (ES): mv/z = 177.1 [M+H]". 'H NMR (400 MHz, DMSO-
ds) dppm 7.85 (1 H, d,J =3.02 Hz), 7.70 (1 H, t, J = 3.40 Hz), 7.17 (1H,t,J=189
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Hz), 7.02 - 7.15 (2 H, m), 6.60 - 6.67 (1 H, m), 5.34 (2 H, s). Intermediate 57 was
used in the synthesis of Example 107.

INTERMEDIATE 58

5 Methyl 6-aminoindoline-1-carboxylate

HoN” : N

O%OME

[00186] A suspension of methyl 6-nitroindoline-1-carboxylate (187 mg, 0.84
munol) in MeOH (15 mL) was purged with nitrogen and treated with 10% Pd/C (20
mg, 0.19 mmol). The reaction mixture was stirred at room temperature under a

10 hydrogen atmosphere for 5 hours. The suspension was then purged with nitrogen,
filtered and concentrated to dryness to afford Intermediate 58 (93 mg, 57.5 %).
HPLC: Rt = 1.54 min. (YMC S5 ODS 4.6 x 50 mm, 10-90% aqueous methanol
containing 0.2% H3PQ,, 4 min. gradient, monitored at 220 nm). MS (ES): m/z =
193.1 [M+H]". '"HNMR (400 MHz, DMSO-de) § ppm 7.08 (1 H, 5), 6.80 (1 H, d, J

15 =781Hz),6.15(1 H,dd, J=7.93,2.14 Hz), 497 (2 H, 5), 3.81 -3.91 (2 H, m), 3.70
(3 H,s), 2.88 (2 H, t, J = 8.44 Hz). Intermediate 58 was used in the synthesis of
Example 43.

INTERMEDIATE 59
20 Methyl 5-amino-2-fluorophenylcarbamate

Intermediate 59A: Preparation of methyl 2-fluoro-5-nitrophenylcarbamate

je@t
o:N N OMG

H
25 [00187] A solution of 2-fluoro-5-nitroaniline (500 mg, 3.20 mmol) in THF (20 mL)
was treated with DIEA (0.84 mL, 4.8 mmol} followed by methy! chloroformate (0.25
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mL, 3.20mmol). The reaction mixture was stirred at room temperature overnight and
concentrated to dryness. The crude product was dissolved in a smail amount of DCM
and purified by flash chromatography (SiO,, 20% ethy! acetate/hexanes to 50% ethyl
acetate/hexanes, 40 g column, 30 min. gradient) to afford Intermediate 59A (450 mg,

5 65.6%). HPLC: Rt = 2,868 min. (YMC S5 ODS 4.6 x 50 mm, 10-90% aqueous
methanol containing 0.2% H3;POs, 4 min. gradient, monitored at 220 nm). 'H NMR
(400 MHz, BPMSO-d¢) 8 ppm 9.94 (1 H, s), 8.72 (1 H, dd, J = 6.80, 2.77 Hz), 7.87 -
809(1H,m),752(1H,1),3.72(3H, s).

10 Preparation of methyl 5-amino-2-fluorophenylcarbamate

e
H,N NJ\OMe

H

[00188] A solution of Intermediate 59A (450 mg, 2.10 mmol) in MeOH (20 mL)
was treated with 10% Pd/C-(ciO mg, 0.38 mmol) and stirred at room temperature under
a hydrogen atmosphere for 3 hours. The reaction mixture was filtered and

15 concentrated to a white solid to afford Intermediate 59 (375 mg, 97 %). HPLC: Rt =
0.403 min. (YMC S5 ODS 4.6 x 50 mm, 10-90% aqueous methanol containing 0.2%
H3POy, 4 min. gradient, monitored at 220 nm). MS (ES): m/z = 185.0[M+H]". 'H
NMR (400 MHz, DMSO-d¢) 3 ppm 8.97 (1 H, 5), 6.76 - 6.86 (2 H, m), 6.20 - 6.29 (1
H, m), 4.94 (2 H, s), 3.62 (3 H, s). Intermediate 59 was used in the synthesis of

20  Examples 8, 68, and 39.

INTERMEDIATE 60
Methyl 6-amino-3,3-dimethylindoline- 1-carboxylate
Me

jgoy
H,N N

o)"OMe

25

Intermediate 60A: Preparation of methyl 2-brorno—S-nitrophenylcarbam.ate
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Br

0}‘ OMe
[00189] A solution of 2-bromo-5-nitroaniline (500 mg, 2.30 mmot) in THF (40
mL) was treated with pyridine (0.19 mL, 2.3 mmol) and methy! chloroformate (0.27
mL, 3.5 mmol) at room temperature. After 4 hours, additional methy] chloroformate
(0.27 mL, 3.5 mmol) was added, and the reaction mixture was stirred at room
temperature for an additional 3 hours. The reaction mixture was concentrated to
dryness and then taken up in EtOAc (30 mL) and washed with 1 N HCI (3 x 25 mL),
dried (N2;SO4), filtered and concentrated. The crude product was dissolved in a small
amount of DCM and purified by flash chromatography (SiO,, 0% ethyl
acetate/hexanes to 30% ethyl acetate/hexanes, 40 g column, 30 min. gradient) to
afford Intermediate 60A (390 mg, 61.5 %). HPLC: Rt = 3.215 min. (YMC S5 ODS
4.6 x 50 mm, 10-50% aqueous methanol containing 0.2% H;PQy, 4 min gradient,
monitored at 220 nm). MS (ES): m/z =274.9 [M+H]". 'H NMR (400 MHz,
DMSO-ds) 3 ppm 9.39 (1 H, s), 8.44 (1 H, d, 7= 2.52 Hz), 7.92 - 7.96 (1 H, m), 7.88
-7.92(1H,m),3.71 3H,s).

Intermediate 60B: Preparation of methyl 2-bromo-5-nitrophenyl(2-

O.N N” “OMe
'

[00190] A solution of Intermediate 60B (250 mg, 0.91 mmol) in DMF (25 mL) was
treated with sodium hydride (43.6 mg, 1.1 mmol) at 0 °C. The mixture was warmed

methylallyl)carbamate

to room temperature for 10 min. and then cooled back to 0 °C. The mixture was
treated with 3-bromo-2-methylpropene (0.092 mL, 0.91 mmol), and the reaction was
wammed to room temperature for 4 hours. The mixture was poured into EtOAc (50
mL) and washed with 10% aq. LiCl (3 x 25 mL). The organics were dried (N2,SO.),
filtered and concentrated to dryness. The crude product was dissolved in a small

amount of DCM and purified by flash chromatography (Si0,, hexanes to 30% ethyl

.92 .




WO 2010/042699 PCT/US2009/059968 58

10

15

20

25

acetate/hexanes, 40 g column, 30 min. gradient) to afford Intermediate 60A (248 mg
83%). HPLC: Rt =3.835 min. (YMC S5 ODS 4.6 x 50 mm, 10-90% aqueous
methanol containing 0.2% H3yPO4, 4 min. gradient, monitored at 220 nm). MS (ES):
m/z =331.0 [M+H]". 'HNMR (400 MHz, DMSO-de) 5 ppm 8.14 (1 H, d, J = 2.52
Hz}, 8.06 - 8.11 (1 H, m), 8.00 - 8.05 (1 H, m), 4.70-4.88 (1 H, m), 441 (1 H,d, J =
15.36 Hz), 3.88 (1 H, d, /= 15.36 Hz), 3.57 (3 H, s), 1.75 3 H, ).

Intermediate 60C: Preparation of methyl 3,3-dimethyl-6-nitroindoline-1-carboxylate
Me

s
O,N N

o)'“OMe

[00191] A solution of Intermediate 60B (248 mg, 0.75 mmol) in degassed DMF (3
mL) was treated with palladium(II) acetate (16.9 mg, 0.075 mmol), sodium formate
(64.6 mg, 0.95 mmol), sodium acetate (161 mg, 1.96 mmol), and tetragthylammonium
chloride (0.146 mL, 0.95 mmol). The reaction mixture was purged with argon and
heated to 90 °C for one hour, then cooled to room temperature. The reaction mixture
was filtered and diluted with EtOAc (25 mL). The solution was washed with 10% aq.
LiCI (3 x 25 mL}), dried (NazSQ,), filtered and concentrated to dryness. The crude
product was dissolved in a small amount of DCM and purified by flash
chromatography (SiO,, 0% ethy! acetate/hexanes to 30% ethyl acetate/hexanes, 40 g
column, 30 min. gradient) to afford 60C (196.1 mg, 99 %). HPLC: Rt =3.831 min.
(YMC S5 ODS 4.6 x 50 mm, 10-90% aqueous methano! containing 0.2% H3PO., 4
min. gradient, monitored at 220 nm). MS (ES): m/z=251.]1 [M+H]". '"H NMR (400
MHz, DMSO-ds) § ppm 8.43 (1 H, 5), 7.90 (1 H, dd, J = 8.31, 2.27 Hz), 7.52 (1 H, d,
J=1831Hz),3.82(2H,s),3.78(3H,s), .32 (6 H, s).

Preparation of methyl 6-amino-3,3-dimethylindoline-1-carboxylate
Me

jgey
H.N N

o)‘OMe
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[00152] A suspension of Intermediate 60C (196 mg, 0.783 mmol) in MeOH (10
mL) was treated with 10% Pd/C (20 mg, 0.19 mmol) and stirred at room temperature
under a hydrogen atmosphere for three hours, then filtered and concentrated to
dryness. The crude product was dissolved in a small amount of DCM and purified by
fiash chromatography (SiO,, hexanes to 40% ethyl acetate/hexanes, 40 g column, 30
min. gradient} to afford Intermediate 60 (112 mg, 64.9 %). HPLC: Rt = 2.308 min.
(YMC S5 ODS 4.6 x 50 mm, 10-90% aqueous methanol containing 0.2% H;PO,, 4
min. gradient, monitored at 220 nm). MS (ES): m/z = 221.1 [M+H]". 'H NMR (400
MHz, DMSO-d¢) 6 ppm 7.01 (1 H, s), 6.81 (1 H, d, J = 8.06 Hz), 6.17 (1 H, dd, J =
7.93,2.14 Hz),4.98 (2 H,5),3.70 3 H, 5), 3.61 (2 H, 5), 1.18 (6 H, 5). Intermediate
60 was used in the synthesis of Example 45.

INTERMEDIATE 61
7-Amino-1,4-dimethylquinolin-2(1H)-one
Me '

[00193] A solution of 7-amino-4-methylquinolin-2(1H)-one (530 mg, 3.04 mmol)
in DMF (40 mL) was treated with sodium hydride (146 mg, 3.65 mmol), followed by
methyl iodide (0.23 mL, 3.65 mmol). The reaction was stirred at room temperature
for 2 hours. The reaction was quenched with water (60 mL), and extracted with
EtOAc (3 x 50 mL). The combined organics were washed with 10% aq LiC! solution,
dried (Na,SOy), filtered and concentrated to dryness, The crude product was
dissolved in a small amount of DCM and purified by flash chromatography (SiQ,, 0-
10% MeOH/CH,Cl;, 24 g column, 30 min. gradient) to afford Intermediate 61 (124
mg, 21.7 %). HPLC: Rt = 1.93 min. (YMC S5 ODS 4.6 x 50 mm, 10-90% aqueous
methanol containing 0.2% H3PO,, 4 min. gradient, monitored at 220 nm). MS (ES):
m/z = 189.1 [M+H]". '"HNMR (400 MHz, DMSO-d¢) 6 ppm 7.42 (1 H, d, 7 = 9.03
Hz), 6.53 (1 H,d, J = 6.27 Hz), 6.52 (1 H, 5), 6.09 (1 H, d, J = 1.00 Hz), 5.87 (2 H,
$),345(3 H,s),230(3 H, d,J=0.75 Hz). Intermediate 61 was used in the synthesis
of Example 164. '
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INTERMEDIATE 62
N-(4-Aminopyridin-2-yl)acetamide

Intermediate 62A: Preparation of methyl 2-acetamidoisonicotinate
“Z N
MeO,C”7 I NH
Me™ ~O

[00194]  To a solution of methyl 2-aminoisonicotinate (0.5 g, 3.29 mmol) in AcOH

(6.6 mL) at room temperature was added acetic anhydride (0.37 mL, 3.94 mmoti), and
10 the mixture was refluxed for 1 hour. The mixture was cooled and transferred to a 100

mL round-bottom, where the product was precipitated out of solution by slowly

adding water (~6 mL). The suspension was then filtered and washed with water. The

solid was dried in vacuo overnight, furnishing Intermediate 62A (0.491 g, 76 % yield)

as a light yellow solid. HPLC: Rt =1.927 min. (YMC S5 ODS 4.6 x 50 mm, 10-90%
15 aqueous methanol containing 0.2% H3PO4, 4 min. gradient, monitored at 220 nm).

MS (ES): m/z = 195.1 [M+H]". '"H NMR (400 MHz, DMSO-dg) & ppm 10.76 (1 H, s),

8.57(1H,s), 843 (1 H,d, J=5.04 Hz), 7.51 (1 H, dd, J = 5.04, 1.51 Hz), 3.88 (3 H,

5),2.11 (3H,s).

20 Intermediate 62B: Preparation of 2-acetamidoisonicotinoyl azide
“ N

| i
O "“pH

N3 Me” O
[00195]  To a suspension of Intermediate 62A (0.250 g, 1.29 mmol) in MeOH 2
mL) at room temperature was added anhydrous hydrazine (0.048 mL, 1.55 minol),
and the mixture was heated to reflux for 1 hour. The suspension was cooled and
25  filtered, washing the solid with MeOH. The solid was dried i vacuo and used

immediately. The acyl hydrazide was suspended in 2N HCI (5 mL) and cooled to 0
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°C, whereupon sodium nitrite (0.533 g, 7.72 mmol) was added slowly in portions with
vigorous stirring. The resulting solution stirred for 1 hour at 0 °C. The reaction was
then quenched by carefully adding solid sodium bicarbonate to pH 6, whereupon a
precipitate formed. The solid was filtered, washed with cold water, and dried in
vacuo overnight to provide Intermediate 62B (0.182 g, 68 % yield) as a white solid.
HPLC: Rt =2.345 min. (YMC 85 ODS 4.6 x 50 mm, 10-90% aqueous methanol
containing 0.2% H3PO,, 4 min. gradient, monitored at 220 nm). ' NMR (400 MHz,
DMSO-ds) 8 ppm 10.82 (1 H, 5), 8.58 (1 H, 5), 8.52 (1 H, d, J = 5.29 Hz), 7.51 (1 H,
dd,J =5.16, 1.64 Hz), 2.11 (3 H, s).

Preparation of N-(4-Aminopyridin-2-ylacetamide
“ "N
AN ‘ NH

Me”™ O
[00196] A suspension of 2-acetamidoisonicotinoy! azide (0.180 g, 0.877 mmol) in
AcOH (2 mL) and water (2 mL) was heated to 100 °C for 30 min. The mixture was
cooled and azeotroped multiple times with toluene to remove water and AcOH. The
resulting white solid was dried in vacuo overnight, furnishing Intermediate 62 (0.178
g, 134 % yield - residual toluene, acetic acid by NMR) as a light tan solid. HPLC: Rt
=0.183 min. (YMC S5 ODS 4.6 x 50 mm, 10-90% aqueous methanol containing
0.2% HsPOy, 4 min. gradient, monitored at 220 nm). MS (ES): m/z = 152.1 [M+H]".
'H NMR (400 MHz, DMSO-dg) 8 ppm 9.94 (1 H, s), 7.69 (1 H,d,J=5.79 Hz), 7.28
(1H,s),6.18 (1 H, dd,J=5.67,2.14 Hz), 6.03 (2 H, s), 1.90 (3 H, s). Intermediate
62 was used in the synthesis of Example 69.

INTERMEDIATE 63
1-(3-Aminophenyl)pyrrolidin-2-one

O\é

[00197] A 25 mL round-bottomed flask was charged with cesium carbonate (1.38
g, 4.2 mmol), copper(T) bromide (0.029 g, 0.20 mmol), and ethyl 2-
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oxocyclohexanecarboxylate (0.064 mL, 0.40 mmol). The mixture was pump/purged
with argon three times, and then DMSO (1.0 mL) was added. The mixture was stirred
30 min. at room temperature under argon. A solution of 1-iodo-3-nitrobenzene (0.5 g,
2.0 mmol) and pyrrolidin-2-one (0.20 g, 2.4 mmol) in DMSO (1.0 mL) was then
added, and the mixture was stirred for 2 days at room temperature. The blue
suspension was filtered through CELITE®, and the filter cake was washed with
EtOAc. The filtrate was washed with brine, dried over Na,SQy, and then filtered and
concentrated. The solid was dissolved in a small amount of DCM and charged to a 40
g silica gel cartridge which was eluted at 40 mL/min. with a 20 min. gradient from
100% to 30% EtOAc/DCM, monitoring at 254 nm. The appropriate fractions were
collected and concentrated to provide 0.22 g of product as a light yellow solid. The
material was dissolved in EtOAc and charged with 10% Pd/C (0.043 g, 0.402 mmol),
and a hydrogen balloon was introduced at room temperature. The dark suspension
was stirred for 1 hour. The catalyst was removed via filtration and the filtrate was
concentrated in vacuo, affording Intermediate 63 (0.190 g, 53 % yield) as a light
yél]ow viscous oil. HPLC: Rt = 0.543 min. (YMC S5 ODS 4.6 x 50 mm, 10-90%
aqueous methanol containing 0.2% H3PO,, 4 min. gradient, monitored at 220 nm).
MS (ES): m/z = 177.1 [M+H]". '"HNMR (400 MHz, DMSO-dg) 8 ppm 6.89 - 7.00 (2
H, m), 6.70 (1 H, dd, /= 8.06, 1.26 Hz), 6.31 (1 H, dd, J = 8.06, 1.26 Hz), 5.08 (2 H,
$),3.72(2H,t,J=6.92 Hz), 2.39 - 2.47 (2 H, m), 1.95 - 2.07 (2 H, m). Intermediate

63 was used in the synthesis of Example 73.

INTERMEDIATE 64
1-(Methylsulfonyl)-1H-indol-6-amine

20
HoN N

0,,‘5\”0
Me

Intermediate 64A: Preparation of 1-(methylsulfony!)-6-nitro-1H-indole

\S”O
o0*%
Me
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[00198]  To a solution of 6-nitro-1H-indole (0.250 g, 1.54 mmol) in dry THF (154
mL) at -78 °C under nitrogen was added sodium bis(trimethylsilyl)amide (1.850 mL,
1.850 mmol) dropwise via syringe. The resulting solution was stirred for 20 minutes
at -78 °C, followed by addition of methanesulfonyl chloride (0.14 mL, 1.85 mmol)
dropwise via syringe. Following the addition, the cooling bath was removed, and the
mixture was allowed to warm to room temperature. After 1 hour, the suspension was
filtered, and the resulting solid was taken up in 10 mL of aqueous MeOH and heated
to reflux. The hot mixture was filtered to afford a light yellow solid which was dried
in vacuo, furnishing Intermediate 64A (0.208 g, 56 % yield) as a light yellow solid.
HPLC: Rt = 3.160 min. (YMC S5 ODS 4.6 x 50 mm, 10-90% aqueous methanol
containing 0.2% H;POy, 4 min. gradient, monitored at 220 nm). MS (ES): m/z =
241.0 [M+H]". "H NMR (400 MHz, DMSO-dg) 8 ppm 8.70 (1 H, d, / = 2.01 Hz),
8.13 (1 H,dd, J=881,2.01 Hz), 798 (1 H, d,J=3.78 Hz), 792 (1 H, d, J = 8.81
Hz), 7.05 (1 H,d, J = 3.78 Hz), 3.55 - 3.66 (3 H, m).

Preparation of 1-(Methylsulfonyl)-1H-indol-6-amine

0
H,N N

[00199] A suspension of Intermediate 64A (0.100 g, 0.42 mmol) and platinum(IV)
oxide (4.73 mg, 0.021 mmol) in MeOH (4.16 mL) was hydrogenated at 40 PSI in a
hydrogenation pressure vessel at room temperature for 1 hour. The suspension was
filtered, concentrated in vacuo, and dried to give Intermediate 64 (0.095 g, 103 %
yield) as a light yellow solid. HPLC: Rt=1.167 min. {YMC S5 ODS 4.6 x 50 mm,
10-90% aqueous methanol containing 0.2% H3POy, 4 min. gradient, monitored at 220
nm). MS (ES): m/z=211.0 [M+H]". '"H NMR (400 MHz, DMSO-dg) 5 ppm 7.27 (1
H,d,J=831Hz),7.16 (1 H,d,J=3.53 Hz), 7.03 (1 H, 8), 6.54 - 6.63 (2 H, m), 5.26
(2 H,s), 3.24 (3 H, s). Intermediate 64 was used in the synthesis of Ekample 64.

INTERMEDIATE 65
N-(5-Amino-2,4-difluorophenyl)acetamide
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HZN:@NH
Me/J%O
[00200] Hydrogen was introduced via a balloon to a suspension of N-(2,4-difluoro-
S-nitrophenyl)acetamide (0.300 g, 1.39 mmol) and 10% Pd/C (0.052 g, 0.49 mmol) in
ethyl acetate (5 mL) at room temperature. The suspension was stirred for 1.5 hours.
The catalyst was removed via filtration, and the filtrate was concentrated in vacuo to
give Intermediate 65 (0.240 g, 93 % yield) as an off-white solid. HPLC: Rt =0.442
min. (YMC S5 ODS 4.6 x 50 mm, 10-90% aqueous methanol containing 0.2%
H3PO,, 4 min. gradient, monitored at 220 nm). MS (ES): m/z = 187.1 [M+H]". 'H
NMR (400 MHz, DMSO-de) & ppm 9.45 (1 H, 5), 7.23 (1 H, dd, J = 9.44, 8.44 Hz),
7.04 (1 H,t,J=10.83 Hz), 5.02 (2 H, s), 1.96 - 2.07 (3 H, m). Intermediate 65 was
used in the synthesis of Example 76.

INTERMEDIATE 66

Methyl 3-amino-4-fluorophenylcarbamate

HN N” “OMe
H

[00201}  To a solution of 4-fluoro-3-nitroaniline (0.500 g, 3.20 mmol) in THF (30
ml.) was added DIEA (0.839 mL, 4.80 mmol) and methy] chioroformate (0.248 mL,
3.20 mmol). The brown solution was stirred overnight at room temperature. The
solution was diluted with water and EtOAc, and the layers were separated. The
aqueous phase was extracted twice with EtOAc, and the organics were combined,
washed with water and brine, and then dried over anhydrous sodium sulfate.
Filtration and concentration afforded a light tan solid, which was taken up in EtOAc
(30 mL) and treated with 10% Pd/C (0.102 g, 0.961 mmol) and hydrogen (balloon)

~was introduced. The resulting black suspension was stirred vigorously for 2 hours at

room temperature. The mixture was then filtered and subjected to the same reaction
conditions. After 1.5 hours, the suspension was filtered, and the brown filtrate
concentrated in vacuo and azeotroped with toluene to remove residual MeOH. The

crude residue was dissolved in a small amount of DCM and charged to a 24 g silica
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gel cartridge which was eluted at 30 mL/min. with a 20 min. gradient from 100% 1o
30% EtOAc/DCM (monitoring at 254 nm). Appropriate fractions were concentrated,
affording Intermediate 66 (0.44 g, 74 % yield) as a light yellow solid, HPLC: Rt =
185.1min. (YMC S5 ODS 4.6 x 50 mm, 10-90% aqueous methanol containing 0.2%

5 HsPOy, 4 min. gradient, monitored at 220 nm). MS (ES): m/z = 0.837 [M+H]". 'H
NMR (400 MHz, CDCl3) 8 ppm 7.02 (1 H, 5), 6.87 (1 H, dd, J = 10.58, 8.81 Hz),
6.47-6.53 (1 H, m), 6.41 - 6.47 (1 H, m), 3.67 - 3.81 (3 H, m). Intermediate 66 was
used in the synthesis of Example 78.

10 INTERMEDIATE 67
Methyl 3-amino-5-(tetrahydro-2H-pyran-4-ylcarbamoyl)phenylcarbamate

[00202] To asolution of BOP (0.911 g, 2.06 mmol) and 3-amino-5-nitrobenzoic
acid (0.25 g, 1.37 mmol) in DMF (6.5 mL) at room temperature was added

15 tetrahydro-2H-pyran-4-amine (0.17 g, 1.65 mmol). The solution was stirred
overnight at ambient temperature and then concentrated. The crude coupling product
was suspended in DCM (6.50 mL) and treated with pyridine (0.22 mL, 2.75 mmol),
and methy! chloroformate (0.128 mL, 1.647 mmol). The solid was isolated via

filtration and dried overnight. To a suspension of methyl 3-nitro-5-(tetrahydro-2H-

20  pyran-4-ylcarbamoyl)phenylcarbamate (0.140 g, 0.433 mmol) in MeOH (5 mlL) at
room temperature was added 10% Pd/C (9 mg, 0.085 mmol). An atmosphere of
hydrogen was introduced. The reaction mixture was stirred for 30 minutes. The
catalyst was removed via filtration, and the filtrate was concentrated under reduced
pressure to give Intermediate 67 (0.134 g, 104 % yield) as a light gray solid. HPLC:

25  Rt=1.583 min. (YMC S5 ODS 4.6 x 50 mm, 10-90% aqueous methanol containing
0.2% H3PO,, 4 min. gradient, monitored at 220 nm). MS (ES): m/z = 294.] [M+H]".
Intermediate 67 was used in the synthesis of Example 177.

INTERMEDIATE 68
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Methyl 3-amino-5-(methylsulfonyl)phenylcarbamate
SOZME

o

X

H,N N” ~OMe
H

[00203] To a suspension of 3-(methylsulfonyl)-5-nitroaniline (0.026 g, 0.120
mmol) and pyridine (0.016 mL, 0.192 mmol) in DCM (3.00 mL) at room temperature
was added methyl chloroformate (0.010 mL, 0.129 mmol). The reaction mixture was
stirred at room temperature for 30 min.. The reaction mixture was quenched with
water, and the layers were separated. The aqueous phase was washed once with 5 mL
DCM. The organics were combined, washed with water and brine, then dried over
anhydrous sodium sulfate. Filtration and concentration afforded a dark yellow solid.
The crude solid was dissolved in MeOH (3 mL) at ambient temperature, and 10%
Pd/C (2.56 mg, 0.024 mmol) was added. An atmosphere of hydrogen (balloon) was
introduced, and the suspension stirred for 1 hour. The catalyst was removed via
filtration, and the filtrate was concentrated under reduced pressure and dried to afford
Intermediate 68 (0.025 g, 85 % yield) as a light green solid. HPLC: Rt = 1.370 min.
(YMC S5 ODS 4.6 x 50 mm, 10-90% aqueous methanol containing 0.2% H3P04, 4
min, gradient, monitored at 220 nm). MS (ES): m/z = 245.0 [M-+H]". "H NMR (400
MHz, DMSO-ds) 8 ppm 9.73 (1 H, 5), 7.14 (1 H,t, ] = 1.76 Hz), 6.98 (1 H, t, ] = 1.88
Hz), 6.70 (1 H,t, J=1.88 Hz), 5.70 (2 H, ), 3.65 (3 H, 5), 3.06 (3 H, 5). Intermediate
68 was used in the synthesis of Example 182.

INTERMEDIATE 69
(2,4-Diaminophenyl)(4-methylpiperazin-1-yl)methanone

l"ne
@)

N
Kf °
H,N NHAc

Intermediate 69A: Preparation of 2-Amino-4-nitrobenzoyl chloride
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[00204]  2-Amino-4-nitrobenzoic acid (15 g, 82 mmol) was refluxed with sulfurous
dichloride (40 mL, 82 mmol) for 2.5 hours. The reaction mixture was cooled to room
temperature and concentrated to give Intermediate 69A (19.7 g, 119 %) as a brown
0il. HPLC: Rt =2.323(as methy! ester) min. (CHROMOLITH® column 4.6 x 50 mm
eluting with 10-90% aqueous methanol over 4 min. containing 0.1% TFA, 4 mL/min,,
monitoring at 220 nm.). MS (ES): m/z = 197 (as methyl ester) [M+H]".

Intermediate 69B: Preparation of (2-amine-4-nitropheny!)(4-methylpiperazin-1-

yDmethanone

Ji\f °
0N’ NH,

[00205]  To a solution of 1-methylpiperazine (2.5 g, 24.96 mmol) in DCM (30 mL)
at 0 °C was added a solution of Intermediate 69A (1.13 g, 5.63 mmol) in DCM (10
mL) slowly. The reaction was stirred at room temperature for 1 hour. The reaction
mixture was washed with saturated aqueous NaHCO;, dried over MgSO., filtered and
concentrated. The crude material was purified by flash chromatography, (SiO,, 24 g,
0-10% MeOH/DCM) to give Intermediate 69B (0.77 g, 52%) as a yellow oil. HPLC:
Rt=0.360 min. (CHROMOLITH® column 4.6 x 50 mm eluting with 10-90%
aqueous methanol over 4 min. containing 0.1% TFA, 4 mL/min., monitoring at 220
nm). MS (ES). m/z = 265 [M+H]".

Intermediate 69C: Preparation of methyl 2-(4-methylpiperazine- 1-carbonyl)-5-

nitrophenylcarbamate
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O,N" NH
OA\Me

[00206] To a solution of Intermediate 69B (540 mg, 2.04 mmol) in DCM (20 mL)
wag added TEA (0.570 mL, 4.09 mmol), acetic anhydride (0.289 mL, 3.06 mmol), and
DMAP (2 mg, 0.016 mmol). The reaction mixture was stirred overnight, then washed
with saturated aqueous NaHCO;, dried, and concentrated. The reaction mixture was
purified by flash chromatography, (SiQ,, 24 g, 0-10% MeOH/DCM) to give
Intermediate 69C (600 mg, 96%) as a yellow solid. HPLC: Rt =0.517 min.
(CHROMOLITH® column 4.6 x 50 mm eluting with 10-90% aqueous methanol over

4 min. containing 0.1% TFA, 4 mL/min., monitoring at 220 nm). MS (ES): m/z =
307 [M+HY".

Preparation of N-(5-amino-2-(4-methylpiperazine-1 carbonyl)phenyl)acetamide
. \ e
N
)
oo
HyN NHAc

[00207]  To a solution of Intermediate 69C (600 mg, 1.96 mmol) in EtOAc (25 mL)
and MeOH (5.0 mL) was added 10% Pd/C (208 meg, 0.196 mmol). The mixture was
degassed and stirred under a hydrogen atmosphere (balloon) overnight. The catalyst
was filtered off, and the filtrate was concentrated to give Intermediate 69 (505 mg,
93%) as white solid. HPLC: Rt = 0.243 min. (CHROMOLITH® column 4.6 x 50 mm
eluting with 10-90% aqueous methanol over 4 min, containing 0.1% TFA, 4 mL/min.
monitoring at 220 nm). MS (ES): m/z =277 [M+H]". Intermediate 69 was used in

E

the synthesis of Example 93 and Example 89.

INTERMEDIATE 70
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1-(3-Aminophenyl)piperidin-4-ol
o L
OH

[00208] A solution of 1-fluoro-3-nitrobenzene (200 mg, 1.42 mmol), and
piperidin-4-ol (430 mg, 4.25 mmol) in DMSO (1 mL) was heated at 80 °C for two
days. The reaction mixture was diluted with water, extracted with EtOAc (two
times), and the combined extracts were washed with brine, dried and concentrated.
The residue was purified by flash chromatography (Si0,,12g column, 0-100%
EtOAc/DCM) to give an 0il. The residue was dissolved in MeOH, and 10% Pd/C
was added. The mixture was stirred under a hydrogen atmosphere (balloon)
overnight. The catalyst was filtered off, and the filtrate was concentrated to give
Intermediate 70 (400 mg, 146%) as a yellow oil. HPLC: Rt = 0.228 min.
(CHROMOLITH® column 4.6 x 50 mm eluting with 10-90% aqueous methanol over
4 min. containing 0.1% TFA, 4 mL/min., monitoring at 220 nm). MS (ES): m/z =
193 [M+H]". Intermediate 70 was used in the synthesis of Example 154.

INTERMEDIATE 71
3-Amino-5-cyano-N-methylbenzenesulfonamide
H
0]
O:“S’N‘Me

H N i N

Intermediate 71A: Preparation of 3-amino-5-nitrobenzonitrile

CN

N

O,N NH,
[00209] To a suspension of 3,5-dinitrobenzonitrile (4.5 g, 23.30 mmol) in MeOH
(100 mL) was added concentrated HCI (15 mL), followed by iron powder (3.90 g,
69.9 mmol). The mixture was stirred at room temperature for 30 min. and then

concentrated. The residue was treated with water and the resulting solid product was
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collected by filtration to give Intermediate 71A (2.3 g, 61%). HPLC: Rt = 1.245 min.

(CHROMOLITH® column 4.6 x 50 mm eluting with 10-90% aqueous methanol over
4 min. containing 0.1% TFA, 4 mL/min., monitoring at 220 nm). '"H NMR (500 MHz,
DMS0-ds) 6 ppm 7.68 (1 H, 5), 7.64 (1 H, 5), 7.24 (1 H, 5), 6.33 (2 H, 8).

Intermediate 71B: Preparation of 3-cyano-5-nitrobenzene-1-sulfony! chloride
CN

O,N S0,CI
[00210]  To a solution of acetic acid (7.5 mL) and hydrochloric acid, 37% (1.5 mL)
was added Intermediate 71A (1.49g, 9.13 mmol). The suspension was cooled to -5 °C.
A solution of sodium nitrite (0.882 g, 12.79 mmol) in water (2 mL) was added
dropwise. The resulting mixture was stirred at 0 °C for 2 hours. A mixture of copper
(II) chloride (0.31 g, 2.28 mmol) in acetic acid (15 mL) was saturated with sulfur
dioxide by bubbling for 40 min. The reaction mixture containing the diazonium salt
was slowly poured into the copper (II) chloride-SO, mixture. The resulting mixture
was stirred at 0_°C for 30 minutes, diluted with ice-water, and extracted with DCM
(three times). The combined organic layers were dried over MgSQs, filtered and
concentrated to give Intermediate 71B (1.9 g, 84%) as yellow oil. HPLC: Rt = 1.622
min. (CHROMOLITH® column 4.6 x 50 mm eluting with 10-90% aqueous methanol

over 4 min. containing 0.1% TFA, 4 mL/min., monitoring at 220 nm).

Intermediate 71C: Preparation of 3-cyano-N-methyl-5-nitrobenzenesulfonamide
CN

O;N S0,NHMe
(00211]  To a solution of Intermediate 71B (150 mg, 0.61 mmol) in DCM (4 mL)
was added methylamine (2.0 M solution in THF, 1.5 mL, 3.0 mmol) and TEA (0.424
mL, 3.04 mmol). The reaction mixture was stirred at room temperature for 1 hour,
diluted with DCM, washed with water, dried over MgSO, and concentrated. The
residue was purified by silica gel chromatography (flash chromatography, 12 g,
EtOAC/hexane = 0-100%) to give Intermediate 71C (45 mg, 31%) as a white solid.
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HPLC: Rt =1.112 min. (CHROMOLITH® column 4.6 x 50 mm eluting with 10-90%
aqueous methanol over 4 min. containing 0.1% TFA, 4 mL/min., monitoring at 220
nm). 'H NMR (500 MHz, CDCl3) 8 ppm 8.90 (1 H, 5), 8.7t (1 H, 5), 8.46 (1 H, 5),
476 (1 H,br.s.),2.81 (3H,d, J=4.95Hz).

Preparation of 3-amino-5-cyano-N-methylbenzenesulfonamide
CN

H,N SO,NHMe
[00212] Intermediate 71 was prepared from Intermediate 71C following
hydrogenation condition employed in the preparation of Intermediate 70. HPLC:; Rt =
0.84 min. (CHROMOLITH® column 4.6 x 50 mm eluting with 10-90% aquéous
methanol over 4 minutes containing 0.1% TFA, 4 mL/min., monitoring at 220 nm),
MS (ES): m/z =212 [M+H]". Intermediate 71 was used in the synthesis of Example
178.

INTERMEDIATE 72

3-Amino-5-cyano-N-(4-methoxybenzyl)benzenesulfonamide
OMe

NH
0=85=0

HoN Sy

[00213] Intermediate 72 was prepared from Intermediate 71B and (4-
methoxyphenyl)methanamine following the procedure described in the preparation of
Intermediate 71. HPLC: Rt =1.932 min. (CHROMOLITH® column 4.6 x 50 mm
eluting with 10-90% aqueous methanol over 4 min. containing 0.1% TFA, 4 mL/min.,
monitoring at 220 nm). 'H NMR (500 MHz, DMSO-ds) 5 ppm 8.13 (1 H, br. s.),
722(1H,s),7.08-716(3H,m),7.01 (1H,5s),6.83 (2H,d,J=8.80Hz),6.12(2 H,
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8),3.93 (2 H,s),3.72 3 H, 5). Intermediate 72 was used in the synthesis of Example
187.

INTERMEDIATE 73
5 3-Amino-5-cyano-N-(tetrahydro-2H-pyran-4-yl)benzenesulfonamide

HZN Ny

[00214]  Intermediate 73 was prepared from Intermediate 71B and tetrahydro-2H-
pyran-4-amine following a procedure employed for the preparation of Intermediate
71. HPLC: Rt =1.180 min. (CHROMOLITH® column 4.6 x 50 mm eluting with 10-
10 90% aqueous methanol over 4 min. containing 0.1% TFA, 4 mL/min., monitoring at
220 nm), 'H NMR (500 MHz, DMSO-dg) & ppm 7.86 (1 H, br. 5.), 7.26 (1 H, s), 7.22
(1H,s),7.03 (1 H,s),6.15(2H,s),3.73 2 H,d,J = 11.55 Hz), 3.06 - 3.28 (3 H, m),
1.53 (2 H, d,J = 10.45 Hz), 1.25 - 1.42 (2 H, m). Intermediate 73 was used in the
synthesis of Example 185.
15
[00215]  The following intermediates in Table § were prepared using the

procedures described in the preparation of Intermediate 71.

TABLE 8
Inter- Structure Used for Name M+H| HPLC
mediate Example Retention

No. Time
(min,)*

74 O;?‘S—NHEt 180  |3-Amino-5-cyano-N- 226 1.1°

ethylbenzenesulfonamide
HoN \\:N
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75 Me 186 |3-Amino-5-(4- 281 | 0.83°
N
E j methylpiperazin-1-
N ylsulfonyl)benzonitrile
0=5=0
HzN :\\N

* HPLC conditions

* CHROMOLITH® column 4.6 x 50 mm ehiting with 10-90% aqueous methanol

over 4 min. containing 0.1% TFA, 4 mL/min, monitoring at 220 nm.

5 INTERMEDIATE 76
N-(3-Amino-5-cyanophenyl)-N-(methylsulfonyl)methanesulfonamide
o 0
Me .- Me
o”é‘n’g“o

H,N Sy

Intermediate 76A: Preparation of N-(3-cyano-5-nitrophenyl)-N-

10 (methylsulfonyl)methanesulfonamide

0”""N" S0
O,N Sy

[00216] To a suspension of 3-amino-5-nitrobenzonitrile (161 mg, 0.987 mmol) in
DCM (8 mL) was added TEA (0.55 mL, 3.95 mmol), followed by methanesulfonyl
chloride (0.165 mL, 2.12 mmol). The reaction mixture was stirred at room

15  temperature for 60 min., then diluted with DCM, washed with H,0, dried over
Na;8Qq, and concentrated. The crude solid was triturated with DCM and isolated by
filtration to give Intermediate 76A (242 mg, 76%) as a white solid. HPLC: Rt =1.198
min. (CHROMOLITH® column 4.6 x 50 mm eluting with 10-90% aqueous methanol
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over 4 min. containing 0.1% TFA, 4 mL/min, monitoring at 220 nm). 'H NMR (500
MHz, CDCl3) 3 ppm 8.65 (1 H, 5), 8.45 (1 H, 5), 7.98 (1 H, 5), 3.48 (6 H, 5).

Intermediate 76: Preparation of N-(3-Amino-5-cyanophenyl)-N-

5  (methylsulfonyl)methanesulfonamide

Me-./'g &Me
o N0

HaN [

[00217] A suspension of Intermediate 76A (240 mg, 0.752 mmo}) and 10% Pd/C
(105 mg, 0.099 mmol) in MeOH (30 mL) and EtOAc (15 mL) was degassed and then
stirred under a hydrogen atmosphere (balloon) for 1.5 hours. The catalyst was filtered

10 off, and the filtrate was concentrated to give Intermediate 76 (215 mg, 99%). HPLC:
Rt =0.847 min. (CHROMOLITH® column 4.6 x 50 mm eluting with 10-90%
aqueous methanol over 4 min. containing 0.1% TFA, 4 mL/min., monitoring at 220
nm). 'H NMR (400 MHz, DMSO-de) § ppm 8,93 (1 H, s), 8.82 (1 H, d, J = 1.76 Hz),
743 (1 H,t,J=1.63Hz),7.23 (1 H,5), 7.14 (1 H, t, J = 2.01 Hz), 3.55 (6 H, 5).

15 Intermediate 76 was used in the synthesis of Example 179.

INTERMEDIATE 77

3-Amino-5-(methylsulfonyl)benzoic acid

OH

20

Intermediate 77A: Preparation of 3-(methylsulfonyl)-5-nitrobenzoic acid

l\lne

0=5=0

OH
O,N
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[00218] A mixture of 3-(methylsulfonyl)benzonitrile (1.2 g, 6.62 mmol) in 30 %
oleum (fuming H,S0,, 6 mL) was cooled to 0 °C, and fuming HNOj; acid (5 mL) was
added dropwise. The resulting mixture was heated at 70 °C for 30 min.. The reaction
mixture was poured over ice water. The solid was collected by filtration, rinsed with
water, and dried to give Intermediate 77A (832 mg, 51%) as a yellow solid. HPLC: Rt
= 1.088 min. (CHROMOLITH® column 4.6 x 50 mm eluting with 10-90% aqueous
methanol over 4 min. containing 0.1% TFA, 4 mL/min., monitoring at 220 nm). 'H
NMR (500 MHz, DMSO-de) 8 ppm 14.24 (1 H, br. 5.), 8.85 (1 H, 5), 8.82 (1 H, s},
8.84 (1H,d,7=1155Hz),8.73 (1H,s),3.41 (3H, s).

Intermediate 77: Preparation of 3-amino-5-(methylsulfonylbenzoic acid

nllle

0=8=0

HyN OH
O
[00219] Intermediate 77 was prepared from Intermediate 77A following
hydrogenation conditions employed in the preparation of Intermediate 70. HPLC: Rt
=0.465 min. (CHROMOLITH® colimn 4.6 x 50 mm eluting with 10-90% aqueous
methanol over 4 min. containing 0.1% TFA, 4 mL/min., monitoring at 220 nm). MS

(ES): m/z =216 [M+H]". Intermediate 77 was used in the synthesis of Example 188.

INTERMEDIATE 78
N-(5-Amino-2-ethylphenyl)methanesulfonamide
Eto
S0
HoN ﬁ Me

Intermediate 78A: Preparation of N-(2-ethyl-5-nitrophenyl)methanesulfonamide

Et
J@: “°
O;N N

HMe
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[00220]  To a solution of 2-ethyl-5-nitroaniline (200 mg, 1.20 mmol) in DCM (5
mL) was added pyridine (0.195 mL, 2.41 mmol) and methanesulfonyl chloride (0.11
mL, 1.44 mmol). The reaction mixture was stirred at room temperature overnight,
The mixture was diluted with DCM, washed with water and brine and dried to pive
Intermediate 78A (290 mg, 99 %) as a yellow solid. 'H NMR (400 MHz, CDCly) 8
ppm 835 (1 H, d, /=226 Hz), 8.04 (1 H, dd, J = 8.53, 2.26 Hz), 7.44 (1 H,d, J =
8.53 Hz), 6.59 (1 H, br.s.),3.15 (3 H,s),276 2 H,q,J=7.53 Hz), 1.32 G H, t,J =
7.53 Hz).

Intermediate 78: Preparation of N-(5-amino-2-ethylphenyl)methanesulfonamide

[00221]  Intermediate 78 was prepared from Intermediate 78A following
hydrogenation conditions employed in the preparation of Intermediate 70. HPLC: Rt
= 0.230 min. (CHROMOLITH® column 4.6 x 50 mm eluting with 10-90% aqueous
methanol over 4 min. containing 0.1% TFA, 4 mL/min., monitoring at 220 nm). MS

(ES): m/z =215 [M+H]". Intermediate 78 was used in the synthesis of Example 235.

INTERMEDIATE 79
N-(5-Amino-4-chloro-2-methylphenyl)mcthanesuifonamide

Cl Me
jﬁ %0
H,N -

||':1| Me

Intermediate 79A: Preparation of N-{4-chloro-2-methyl-5-

nitrophenyl)methanesulfonamide
Cl Me
ek,
.S,
O:N ﬁ Me
[00222] Intermediate 79A was prepared from 4-chloro-2-methyl-5-nitroaniline

following the procedure employed in the preparation of Intermediate 78A. HPLC: Rt
= 1.618 min. (CHROMOLITH® column 4.6 x 50 mm eluting with 10-90% aqueous
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methanol over 4 min. containing 0.1% TFA, 4 mL/min., monitoring at 220 nm). MS
(ES): m/z =265 [M+H]".

Intermediate 79: Preparation of N-(5-amino-4-chloro-2-

5 methylphenyl)methanesulfonamide

Cl Me
T
HyN N~

H \Me

[00223] A mixture of Intermediate 79A (175 mg, 0.66 mmol), zinc (432 mg, 6.61
mmol), ammonium chioride (354 mg, 6.61 mmol) in ethanol (10 mL) and water (5.0
mL) was heated to reflux for 30 min.. The reaction mixture was concentrated,

10 suspended in ethyl acetate and filtered. The filtrate was washed with water, aqueous
NaHCO; and brine, dried over MgSO, and concentrated to give Intermediate 79 (149
mg, 96%) as a white solid. HPLC: Rt = 0.453 min. (CHROMOLITH® colurmn 4.6 x
50 mm eluting with 10-90% aqueous methanol over 4 min. containing 0.1% TFA, 4
mL/min., monitoring at 220 nm). MS (ES): m/z = 235 [M+H]". Intermediate 79 was

15 used in the synthesis of Example 243.

INTERMEDIATE 80
2-(5-Amino-2-methylphenylacetic acid

H,N o)

Intermediate 80A: Preparation of 2-(2-methyl-5-nitrophenyl)acetic acid

Iee
cO
O,N 2H

[00224] A solution of 2-o-tolylacetic acid (3.54 g, 23.6 mmol) in DCM (12 mL)

20

was added to a pre-cooled mixture of concentrated sulfuric acid (10 mL, 188 mmol)
25 and 90% nitric acid (1 mL, 22.4 mmol) at - 20 °C. The reactipn mixture was stirred at

~ 20 °C for 30 minutes, then slowly warmed to room temperature and stirred

overnight. The reaction mixture was poured into ice-water. The white solid was

collected by filtration, rinsed with water, and concentrated. The solid was triturated
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with ether and filtered to obtain Intermediate 30A (2.4 g, 42%) as a white solid. 'H
NMR (400 MHz, DMSO-ds) § ppm 12.62 (1 H, br.s.), 8.13 (1 H, d, /= 2.51 Hz),
8.04(1H,dd, /=828,2.51 Hz), 747 (1 H,d, /=853 Hz), 3.80 (2 H, 5), 2.34 (3 H,
8).

Intermediate 80: Preparation of 2-(5-amino-2-methylphenylacetic acid

HzN O

[00225] Intermediate 80 was prepared from Intermediate 80A following the
hydrogenation conditions employed in the preparation of Intermediate 70. HPLC: Rt
= 0.705 min. (CHROMOLITH® column 4.6 x 50 mm eluting with 10-90% aqueous
methanol over 4 min. containing 0.1% TFA, 4 mL/min., monitoring at 220 nm), MS
(ES): m/z = 166 [M+H]". Intermediate 80 was used in the synthesis of Example 224,

INTERMEDIATE 81
4-(4-Methylpiperazin-1-yl)benzene-1,3-diamine

HoN” : :NHz

Intermediate 81A: 1-(2,4-Dinitropheny!)-4-methylpiperazine
(’\ N.Me

o
O,N NO,

-[00226]  To I-fluoro-2,4-dinitrobenzene (1 g, 5.37 mmol) was added 1-

methylpiperazine (1.615 g, 16.12 mmol) slowly. Dilute aqueous NaHCO; was added,
and the mixture was extracted with EtQAc. The combined extracts were dried,
concentrated and purified by ISCO silica gel chromatography (24 g, stepwise gradient
from DCM to 10% MeOH/DCM) to give Intermediate 81 (1.4 g, 98%) as a yellow oil.
HPLC: Rt=1.032 min. (CHROMOLITH® column 4.6 x 50 mm eluting with 10-90%
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aqueous methanol over 4 min. containing 0.1% TFA, 4 mL/min., monitoring at 220
nm). MS (ES): m/z=267 [M+H]".

Intermediate 81: 4-(4-Methylpiperazin-1-yl)benzene-1,3-diamine
' Me

N
e g
HoN NH,
[00227] Compound 81 was prepared from 81A in a similar way as Intermediate 70.
HPLC: Rt = 0.228 min. (CHROMOLITH® column 4.6 x 50 mm eluting with 10-90%
aqueous methanol over 4 min. containing 0.1% TFA, 4 mL/min., monitoring at 220

nm). MS (ES): m/z =207 [M+H]". Intermediate 81 was used in the synthesis of
Examples 92 and 94.

EXAMPLE 1
N-(5-((3-Cyano-8-(cyclopropylamino)imidazo[1,2-b]pyridazin-6-ylyamino)-2-
methylphenyl)acetamide

A

NH
sOUeE:
N\
>’N‘N’ N N/U\Me
i H H
N

~ 1A: Preparation of 4-bromo-6-chloropyridazin-3-amine

Cl
~N
| 7

Br =N

NH,

1A
[00228] To a 250 mL round-bottomed flask was added 6-chloropyridazin-3-amine
(3.92 g, 30.3 mmol), sodium bicarbonate (5.08 g, 60.5 mmol) and ethanol (20 mL).

To the resulting solution, bromine (1.559 mL, 30.3 mmol) was added dropwise. The

resulting mixture was stirred at room temperature for 16 hours. The solution was
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filtered and then concentrated in vacuo. The residue was dissolved in water, and the
product extracted with ethyl acetate (3 times). The organic layers were combined,
dried over anhydrous sodium sulfate and concentrated in vacuo to give 1A (4.5 g,
71.3 % yield). HPLC: Rt = 1.25 min (Waters Sunfire C18 cotumn (4.6 x 50 mm). 10-
90% aqueous methanol containing 0.1% TFA, 4 min gradient, flow rate = 4 mL/min,
detection at 254 nm). MS (ES): m/z = 207.88 [M+H]".

1B: Preparation of ethyl 2-chloro-3-oxopropanoate
o]

EtO)‘ICl

H "0

1B
[00229]  To a flask was added sodium (4.45 g, 194 mmol) and ethancl (56.5 mL,
968 mmol) and ﬂ;e mixture was stirred at room temperature for 4 hours until all of the
metal had dissolved. Diethyl ether (100 mL) was added, followed by the slow
addition of ethyl formate (17.2 mL, 213 mmol) and ethy! chloroacetate (22,79 mL,
213 mmol) as a solution in diethyl ether (100 mL). The reaction solution was stirred
at room temperature for 16 hours. The resulting precipitate that formed was filtered
and washed with ether, and dissolved in water. The aqueous layer was acidified with
HCI (IN) to pH 4, and the product was extracted with diethyl ether (3 times). The
organic layers were combined, dried over anhydrous sodium sulfate and concentrated
to give 1B (4.5 g, 15.4 % yield).

1C:  Preparation of ethyl 8-bromo-6-chloroimidazo[1,2-b]pyridazine-3-carboxylate
and ethyl 6,8-dichloroimidazo[ 1,2-b]pyridazine-3-carboxylate

Cl Br
\ and \ N.
Nov® e N> e
EtO o EtO o
1C-1 1C-2

[00230] To a 250 mL round-bottomed flask was added 1B (4.33 g, 28.8 mmol) and
1A (5 g, 24.0 mmol). The solution was heated to 90 °C for 16 hours. The solution
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was quenched with ethyl acetate and washed with water. The organic layer was dried
over anhydrous sodium sulfate and concentrated in vacuo. The crude was purified by
flash chromatography (Si0,,10 % ethyl acetate / DCM; 80 g column) to give a
mixture of 1C-1and 1C-2 (2.1 g, 29 % yield).

[00231] 1C-1: HPLC: Rt = 2.54 min (Waters Sunfire C18 column (4.6 x 50 mm),
10-90% aqueous methanol containing 0.1% TFA 4 min gradient, flow rate = 4
mL/min, detection at 254 nm). MS (ES): m/z = 256.96 [M+H]".

(00232]  1C-2: HPLC: Rt =2.63 min (Waters Sunfire C18 column (4.6 x 50 mm).
10-90% aqueous methanol containing 0.1% TFA 4 min gradient, flow rate = 4

mL/min, detection at 254 nm). MS (ES): m/z = 303.92 [M+H]".

1D: Preparation of 8-bromo-6-chloroimidazo([1,2-b] pyridazine-3-carboxylic acid

and 6,8-dichloroimidazo[1,2-b)pyridazine -3-carboxylic acid

cl Br
N*\‘H\j\ and \Nﬁ
i’”‘n’ cl ‘%N“N/ Ci
O™ HO™Y,
1D-1 1D-2

[00233] To a vial was added the mixture of 1C (300 mg, 0.98 mmol) in methanol
(10 mL). To this mixture was added 6 N HCI (1.64 mL, 9.85 mmol). The solution
was heated at 90 °C for 16 hours. The solution was diluted with ethyl acetate, and the
product extracted with saturated aqueous sodium bicarbonate solution, The combined
aqueous layer was acidified with HCI (1N) to pH 4 and extracted with ethy] acetate (3
times). The ethyl acetate extracts were combined, dried over anhydrous sodium
sulfate and concentrated in vacuo to give a mixture of 1D-1 and 1D-2 (150 mg, 55%).
{00234] 1D-1: HPLC: Rt = 1.67 min (Waters Sunfire C18 column (4.6 x 50 mm).
10-90% aqueous methanol containing 0.1% TFA, 4 min gradient, flow rate = 4
mL/min, detection at 254 nm). MS (ES): m/z = 231.87 [M+H]".

[00235] 1D-2: HPLC: Rt=1.81 min (Waters Sunfire C18 column (4.6 x 50 mm).
10-90% aqueous methanol containing 0.1% TFA 4 min gradient, flow rate = 4

mL/min, detection at 254 nm). MS (ES): m/z =275.79 [M+H]".
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1E: Preparation of 8-bromo-6-chloroimidazo[1,2-b]pyridazine-3-carboxamide and

6,8-dichloroimidazo[1,2-b]pyridazine-3-carboxamide

cl gr
Nar ™S and NS
‘%N" “ Cl EN‘ “c
H,N o H:N o
1E-1 1E-2

(00236] A 1L flask was charged with a mixture of 1D-1 and 1D-2 (10 g, 36.2
mmol) and DCM (100 mL). DMF (0.280 mL, 3.62 mmol) was added, followed by
the dropwise addition of oxalyl chloride (72.3 mL, 145 mmol). The resulting reaction
was heated to 45 °C for 2 hours and then concentrated to dryness. The crude acid
chloride was taken up in 1,4-dioxane (100 mL) and treated with ammonia (0.5 N
ammonia in THF) in THF (72.3 mL, 36.2 mmol). The reaction mixture was stirred at
room temperature for 1 hour, and more ammonia in THF (72.3 mL, 36.2 mmol) was
added. The resulting suspension was stirred for 1 hour and then concentrated to
dryness. The crude material was suspended in water (100 mL) and stirred for 2 hours.
The solid was collected by filtration, and dried under reduced pressure to afford a
mixture of 1E-1 and 1E-2 (8.7 g, 87 %).

[00237] 1E-1: HPLC: Rt=2.08 min. (YMC S5 ODS 4.6 x 50 mm, 10-90%
aqueous methanol containing 0.2% H3;PO4, 4 min gradient, monitored at 220 nm); MS
(ES): m/z =231 [M+H]". '

[00238] [E-2: HPLC: Rt =220 min. (YMC S5 ODS 4.6 x 50 mm, 10-90%
aqueous methanol containing 0.2% H;PQ,, 4 min gradient, monitored at 220 nm); MS
(ES): m/z =275 [M+H]",

IF: Preparation of 8-bromo-6-chloroimidazo[1,2-b]pyridazine-3-carbonitrile and 6,8-
dichloroimidazo[1,2-b]pyridazine-3-carbonitrile

o] Br

an
™ =
>\"N*N’ ci >"N“N ci
i fif
N N

1F-1 1F-2
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[00239] A suspension of 1D-1 and 1D-2 (8.7 g, 31.6 mmol) in CHCl; (500 mL)
was treated with POCl3 (35.3 mL, 380 mmol) and heated to reflux for 3 days. The
resulting solution was cooled to room temperature and poured into cold saturated
aqueous NaHCOs (1 L). Solid Na;CO; was added until neutral pH was achieved.
The resulting layers were separated and the aqueous layer was extracted with CHCl;
(1 L). The combined organics were dried with Na,SQ,, filtered and concentrated to
dryness to afford a mixture of 1F-1 and 1F-2 as a yellow powder (5.6 g, 68.9 %).
[00240]  iF-1: HPLC: Rt=2.53 min. (YMC S5 ODS 4.6 x 50 mm, 10-90%
aqueous methanol containing 0.2% H;POs, 4 min gradient, monitored at 220 nm); MS
(ES): m/z =213 [M+HT".

{00241] 1F-2: HPLC: Rt=2.67 min. (YMC S5 ODS 4.6 x 50 mm, 10-90%
aqueous methanol containing 0.2% H3PO,, 4 min gradient, monitored at 220 nm); MS
(ES): m/z=258.9 [M+H]".

1G: Preparation of 6-chloro-8-(cyclopropyl(4-methoxybenzyl)amino) imidazo[1,2-
b]pyridazine-3-carbonitrile

1G
[00242] To asolution of 1F-1 and 1F-2 and N-(4-
methoxybenzylcyclopropanamine (1, 4.13 g, 23.30 mmol) in THF (155 mL) at room
temperature was added DIEA (4.1 mL, 23.3 mmol). The resulting solution was heated
to reflux for 5 hours, and then cooled to room temperature and concentrated, The
crude solid was dried under reduced pressure overnight. The crude solid was stirred
in MeOH for | hour at room temperature, filtered, and washed with MeOH. The solid
was dried under reduced pressure to afford 1G (5.17 g, 14.03 mmol, 90 % yield) as an
off-white solid. HPLC: Rt=4.26 min (YMC S5 ODS 4.6 x 50 mm, 10-90% aqueous
methanol containing 0.2% HiPO4, 4 min gradient, monitored at 220 nm). MS (ES):
m/z = 354.0 [M+H]".
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Example 1: Preparation of N-(5-((3-cyano-8-(cyclopropylamino)imidazo[1,2-
bjpynidazin-6-yl)amino)-2-methyiphenyl)acetamide

NH
spUeE
\
}N\Nx A
i
N

[00243] DMA (1.5 mL) was placed in a 1-dram vial with a teflon-lined septum
cap, and the solvent was degassed by bubbling argon through it for 10 minutes. 1G
(0.15 g, 0.42 mmol), N-(5-amino-2-methylphenyl)acetamide (0.104 g, 0.636 mmol)
copper(I) iodide (0.040 g, 0.212 mmot), xantphos (0.049 g, 0.085 mmol), and

Pdy(dba); (0.039 g, 0.042 mmol) were added in one portion, and the suspension was

>

pump/purged three times with argon. The vessel was then heated to 125 °C for 45
min. and then cooled to room temperature, The solids were removed via filtration
through CELITE®, washing with THF, The filtrate was then diluted with water and
EtOAc. The layers were separated, and the aqueous phase extracted EtOAc (3 x 10
mL). The organics were combined, washed with water and brine, and dried over
anhydrous sodium sulfate. Filtration and concentration afforded a tan solid, which
was triturated in DCM and cooled to 0 °C. The resulting precipitate was filtered and
washed with cold DCM. The filtrate was dissolved in a small amount of DCM and
purified by flash chrbmatography (8i0,, 0% EtOAC/DCM to 60% EtOAc/DCM, 24 ¢
column, 30 mL/min, 20 min gradient, monitoring at 254 nm). The appropriate
fractions were pooled and concentrated under reduced pressure. The material isolated
from chromatography, and the solid were combined, suspended in DCM (3 mL) and
treated with triethylsilane (0.68 mL, 4.24 mmol) and TFA (0.3 mL). After 30
minutes, the suspension was cooled in an ice bath and filtered. The solid was
suspended in EtOAc (20 mL) and stirred with saturated aqueous sodium bicarbonate
(15mL). After 30 minutes, the solid was isolated via filtration, washed with water
and EtOAc,- and dried overnight in vacuo to afford Example 1 (0.154g, 0.422 mmol,
100 %) as a white solid. HPLC: Rt = 3.496 min (YMC S5 ODS 4.6 x 50 mm, 10-90%

aqueous methanol containing 0.2% H3;POy, 4 min gradient, monitored at 220 nm),
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MS (ES): m/z = 362.0 (M+H]". "H NMR (400 MHz, DMSO-ds) 8 ppm 9.24 (1 H, s),
9.21(1H,s), 810 (1 H,s), 7.81 (1 H,s), 7.64 (2 H,5), 7.11 (1 H, d, J = 8.03 Hz),
6.25 (1 H, s), 2.52 -2.55 (1 H, m), 2.15 3 H, 5), 2.06 (3 H, 5), 0.75 - 0.82 (2 H, m),
0.61 - 0.68 (2 H, m).

5
EXAMPLE 2
N-(6-(3-Cyano-8-(cyclopropylamino)imidazo[1,2 -blpyridazin-6-ylamino)pyridin-2-
ylacetamide
HN
soUeN
N
>’N‘N/ NN NJ\ME
H H
i
N
10

2A: Preparation of 6-(6-aminopyridin-2-ylamino)-8-(cyclopropyl(4-
methoxybenzyl)amino)imidazo[1,2-b]pyridazine-3-carbonitrile

e

oM
N/A
N =
>,N\ P x> |
N N° N NH,
fh H
N

2A
15 [00244] A sealed tube was charged with DME (1.5 mL) and purged with argon.
The vessel was then charged with 1G (0.050 g, 0.14 mmol), pyridine-2,6-diamine
(0.039 g, 0.35 mmol), cesium carbonate (0.184 g, 0.57 mmol), copper(T) iodide (0.013
g, 0.071 mmol), Xantphos (0.016 g, 0.028 mmol), and Pdx(dba); (0.013 g, 0.014
mmol), in one portion. The resulting suspension was pump/purged with argon three
20 times. The cap was placed on the vessel, and the suspension heated to 125 °C
overnight. The solids were filtered off, and the filtrate was concentrated in vacuo.

The crude product was dissolved in a small amount of DCM and chargedto a 24 g
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silica gel cartridge which was eluted at 30 mL/min with a 20 min gradient from 100%
DCM to 60% EtOAc/DCM, monitosing at 254 nm, affording 2A (0.014 g, 23 %
yield) as a tan solid. HPLC: Rt = 3.62 min (YMC S5 ODS 4.6 x 50 mm, 10-90%
aqueous methanol containing 0.2% H3;PO,, 4 min gradient, monitored at 220 nm).
MS (ES): m/z=427.1 [M+H]J*. 'H NMR (400 MHz, DMSO-dg) & ppm 8.19 - 8.28 (1
H,m),7.41 (1 H,s),7.03-7.12(3 H, m), 6.96-7.03 (1 H, m), 6.79 - 6.86 (2 H, m),
6.13(1 H,s),549(2H,s),3.68 3H,s),3.49-365(3H,m),245(1 H,d, J=3.78
Hz), 0.91 - 0.98 (2 H, m), 0.74 (2 H, m).

Example 2: Preparation of N-(6-(3-cyano-8-(cyclopropylamino)imidazo[1,2-
b]pyridazin-6-ylamine)pyridin-2-yl)acetamide

A

HN
so U
N
>’N‘N/ N7 N NJ\Me
1l H H
N

[00245]  2A (0.014 g, 0.033 mmol) was suspended in acetic acid (3 mL) at room
temperature, and acetic anhydride (3;72 uL, 0.039 mmol) was added. The resulting
clear yellow solution was refluxed for 30 min. The solution was cooled to room

temperature, and water was added slowly until a precipitate formed. The resulting

solid was filtered a‘nd washed with water, then dissolved in THF and azeotroped three -

times with toluene to remove residual ACOH/H,O. The resulting intermediate was
dried in vacuo for 1 hour, and then dissolved in TFA (0.4 mL) and triethylsilane
(0.021 mL, 0.13 mmol) was added immediately. The mixture was stirred for 30 min.
at room temperature. The volatiles were removed via a stream of nitrogen, and the
solid was dissolved in DMF and purified via preparatory HPLC using a YMC ODS
C-18 column (30 x 250 mm), 0%-100% B. Solvent B: (90% MeOH, 10% H,0, 0.1%
TFA). Solvent A: (10% MeOH, 90% H,0, 0.1% TFA). Gradient, start % B = 0,
final % B = 100, gradient time 30 min (total run time: 37 min), flow rate 25 mL/min,
monitoring at 254 nm. Rt=27.582 min. Fractions were concentrated and Iyophilized
overnight, affording Example 2 (0.005 g, 32 % yield) as a white solid. HPLC: Rt =
3.14 min (YMC S5 ODS 4.6 x 50 mm, 10-90% aqueous methanol containing 0.2%
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H;PO4, 4 min gradient, monitored at 220 nm). MS (ES): m/z = 349.1 IM+H]". 'H
NMR (400 MHz, DMSO-de) & ppm 10.00 (1 H, 5), 9.65 (1 H, 5), 8.16 (1 H, 8), 7.96 (1
H,d,J=1.51Hz),7.68 (1H,d,J=781Hz), 758 2H,d,J=28.06 Hz), 6.93 (1 H,
§),2.55-2.64 (1 H, m), 2.10 (3 H, s), 0.74 - 0.82 (2 H, m), 0.60 - 0.70 (2 H, m).

5
EXAMPLE 3
N-(3-(3-Cyano-8-(cyclopropylamine)imidazo[1,2-b)pyridazin-6-
ylamino)phenyl)methanesulfonamide
HN
LS
\ 1
NN N’E‘Me
N
10

3A: Preparation of 6-(3-aminophenylamine)-8-(cyclopropyl(4-

methoxybenzyl)almno) imidazo[1,2-b]pyridazine-3-carbonitrile

*)
fﬁ@
¢

3A
15 [00246] A 1-dram vial was charged with 1-methoxy-2-(2-methoxyethoxy)ethane
(1.5 mL) and purged for 10 min with argon. The vessel was then charged with 1G
(0.100 g, 0.28 mmol), benzene-1,3-diamine (0.037 g, 0.34 mmol), cesium carbonate
(0.368 g, 1.13 mmol), copper(I) iodide (0.027 g, 0.14 mmol), Xantphos (0.033 g,
0.057 mmol), and Pda(dba); (0.026 g, 0.028 mmol) in one portion. The resulting
20 . suspension was heated to 125 °C overnight. The suspension was filtered through a
medium-porosity frit, and the solid was washed with THF. The filtrate was diluted

with EtOAc and water, and the layers were separated. The aqueous phase was
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extracted three times with EtOAc. The organics were then combined, dried over
anhydrous sodium sulfate, filtered and concentrated in vacuo. The crude residue was
dissolved in DMF and purified via preparatory HPLC using a YMC ODS C-18
column (30 x 250 mm), 0%-100% B. Solvent B: (90% MeOH, 10% H,0, 0.1%
TFA). Solvent A: (10% MeOH, 90% H,0, 0.1% TFA). Gradient, start% B =0,
final % B = 100, gradient time 60 min, flow rate 25 mL/min, monitoring at 220 nm,
Rt =53.697 min.. The appropriate fractions were concentrated and lyophilized to
dryness, affording 3A (11 mg, 9 % yield). HPLC: Rt = 3.68 min (YMC S5 ODS 4.6 x
50 mm, 10-90% aqueous methanol containing 0.2% HPOy, 4 min gradient,
monitored at 220 nm). MS (ES): m/z = 426.0 [M+H]".

Example 3: Preparation of N-(3 -(3-cyano-S—(cyc]opropylamiho)imidazo[1,2-

b]pyridazin-6-ylamino)phenyl)methanesulfonamide.

A

HN
\ P 13
>’N‘N H N’ﬁ‘Me
I

N

HO

[00247]  To a solution of 3A (0.011 g, 0.026 mmol) in THF (0.5 mL) at 0 °C was
added pyridine (6.27 uL, 0.078 mmol) and methanesulfonyi chloride (2.2 uL, 0.028
mmol). The reaction was stirred overnight at room temperature. The reaction mixture
was diluted with water and EtOAc, and the aqueous layer was extracted twice with
EtOAc. The organic extracts were combined, dried over anhydrous sodium sulfate,
filtered, and concentrated in vacuo. The crude material was dissolved in TFA (0.5
mL) and triethylsilane (0.041 mL, 0.26 mmol) was added. The reaction was stirred
for 30 min. at room temperature. The volatiles were removed under a stream of
nitrogen, and the crude material was dissolved in DCM/EtOAc (1:1) and chargedtoa-
12 g silica gel cartridge which was eluted at 30 mL/min with a 15 min gradient from
100% DCM to 40% EtOAc/DCM. Example 3 was isolated as a light vellow solid (5
mg, 52% yield). HPLC: Rt = 3.52 min (YMC S5 ODS 4.6 x 50 mm, 10-90% aqueous
methanol containing 0.2% H;POy, 4 min gradient, monitored at 220 nm). MS (ES):

- m/z =383.9 [M+H]". '"H NMR (400 MHz, DMSO-dg) § pprm 9.71 (1 H, 5), 9.35 (1 H,
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s),8.12(1H,s), 7.86 (1 H,d,J = 1.76 Hz), 7.69 (1 H, dd, J = 8.18, 1.38 Hz), 7.33 (1
H,t,J=201Hz),724 (1 H,1,J=8.06Hz),6.77 (L H, dd, J = 7.55, 1.76 Hz), 6.26

(1H,s),3.00 (3H,s),2.51-2.56(1 H,m), 0.75 - 0.83 (2 H, m), 0.62 ~ 0.68 (2H,
m).

EXAMPLE 4

8-(Cyclobutylamino)-6-((4-((2-(dimethylamino)ethyl)amino)-3-(4H-1,2,4-triazol-4-
yDphenyl)amino)imidazo[1,2-b]pyridazine-3-carbonitrile

HN
LT
\ I
>VN,N/ H /% Me
M ]

N

21

rd

N
\-\‘N
10

4A: Preparation of N-(4-methoxybenzyl)cyclobutanamine

QN

4A
[00248]  4-Methoxybenzaldehyde (5.63 mL, 46.4 mmol) and cyclobutanamine (3.3
15 g, 46.4 mmol) in dichloromethane (40 mL) were stirred at room temperature. After

e

45 min., magnesium perchlorate (0.231 g, 2.320 mmol) was added, and the reaction
mixture was stirred at room temperature. After 16 hours, the reaction mixture was
treated with Na;SO, (2g) and stirred at room temperature for 2 hours, filtered and
concentrated to dryness. The reaction mixture was dissolved in methanol (40 mL),
20 cooled to 0 °C, and NaBH, (1.6g, 69.6 mmol) was added. After 15 min., the reaction
mixture was warmed to room temperature. After 2 hours, the reaction mixture was
diluted with IN NaOH (100 mL) and extracted with ethyl acetate (3 x 100 mL). The
combined organic layers were dried over Na;SQy, filtered and concentrated to isolate
4A (8.5 g, 82 % yield) as a clear oil. HPLC: Rt = 0.82 min (PHENOMENEX® Luna
25 5 micron C18 4.6 x 30 mm, 10-90% aqueous methanol containing 0.1% TFA_2 min

- 124 -



WO 2010/042699 PCT/US2009/059968

10

15

20

25

gradient, flow rate = 5 mL/min, detection at 254 nm). MS (ES): m/z=192.6
[M+H]".

4B: Preparation of 6-chloro-8-(cyclobutyl(4-methoxybenzyl)amino) imidazo{1,2-

blpyridazine-3-carbonitrile
L
Nﬁ OMe
\
S’N‘N/ cl
NC

4B
[00249] A mixture of 1F (500 mg, 1.94 mmol), 4A (464 mg, 2.43 mmol), and
DIEA (0.509 mL, 2.91 mmol) in DMF (0.5 mL) was heated to 80 °C. After 1 hour,
the reaction mixture was concentrated to dryness, and triturated with methanol to
isolate 4B (582 mg, 77 % yield) as a yellow solid. HPLC: Rt = 2.02 min
(PHENOMENEX® Luna 5 micron C18 4.6 x 30 mm, 10-90% aqueous methanol
containing 0.1% TFA 2 min gradient, flow rate = 5 mL/min, detection at 254 nm).
MS (ES): m/z = 367.98 (M+H]".

Example 4: Preparation of 8-(cyclobutylamino)-6-((4-((2-
(dimethylamino)ethyl)amino)-3-(4H- 1,2,4-triazol-4-yl)phenyl)amino)imidazo[1,2-
blpyridazine-3-carbonitrile

N
H i N

/

N/ N

[00250] - A suspension of 4B (79 mg, 0.22 mmol), Intermediate 36 (50 mg, 0.20
mmol}) and di-fert-butyl( I-methyl-2,2-diphenylcyclopropylphosphine (14.3 mg,
0.041 mmol) in toluene (1 mL) were purged with nitrogen, and allylpalladium (II)
chloride dimer (7.4 mg, 0.020 mmol) and sodium zert-butoxide (23.4 mg, 0.244
minol) were added. The reaction mixture was heated at 100 °C for 45 min.. The

reaction mixture was concentrated, and then taken up in water (50 mL) and extracted
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with DCM (3 x 25 mL), dried over Na;SOs, filtered and concentrated. The reaction
mixture was dissolved in dichloroethane (4 mL) and treated with triethylsilane (0.5
ml) and TFA (1 mL). After 15 min., the reaction mixture was concentrated, and then
purified using reverse phase HPLC and lyophilized from 1IN HCl to isolate Example 4
(8 mg, 7.1 % yield) as a yellow solid. HPLC: Rt = 1.38 min (PHENOMENEX® Luna
5 micron C18 4.6 x 30 mm, 10-90% aqueous methanol containing 0.1% TFA 2 min
gradient, flow rate = 5 mL/min, detection at 254 nm). MS (ES): m/z = 458.17
[M+H]". "H NMR (500 MHz, CD;0OD) § ppm 9.77 (2H,s),826 (1 H,d,J=2,75
Hz), 8.10 (1 H, s), 7.56 (1 H, dd, J = 8.94,2.52 Hz), 7.10 (1 H, d, J = 8.71 Hz), 5.91
(1H,s),4.11 (1 H,t,J=7.79 Hz), 3.58 2 H, 1, J = 5.96 Hz), 3.41 (2 H, 1, J = 5.96
Hz), 2.87-3.01 (6 H, m), 2.39-2.65 (2 H, m), 2.02-2.21 2 H, m), 1.84 - 2.00 (2 H,

m).

EXAMPLE 5
N-(5-(3-Cyano-8-(5-methoxypyridin-2-ylamino)imidazo[ 1,2-bpyridazin-6-ylamino)-
2-methylphenyl)acetamide

5 Ole
|
HN™ *N
'oUeE
N\
S’N‘N/ N N’lLMe
NG H H

SA: Preparation of 5-methoxy-N-(4-methoxybenzyl)pyridine-2-amine.

- OMe

o
N N
o
MeO

SA
[00251]  5A was prepared from 4-methoxybenzaldehyde and 5-methoxypyridin-2-
amine following the procedure employed for the preparation of 4A. HPLC: Rt=1.30
min (PHENOMENEX® Luna C18 4.6x30mm 3u, A10-90% aqueous methanol
containing 0.1% TFA in 2 min; 4 mL/min flow). MS (ES): m/z = 244.9 [M+H]".
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SB: Preparation of 6-chloro-8-((5-methoxypyridin-2-yI)(4-
methoxybenzyl)amino)imidazo[ 1,2-b]pyridazine-3-carbonitrile.
OMe

5B
[00252]  To a mixture of 1F (100 mg, 0.47 mmol) and 5A (138 mg, 0.56 mmol) in
DMF (3 mL} was added KHMDS (1.13 mL, 0.5 molar solution) dropwise at 0 °C.
After 10 minutes, the reaction was quenched with saturated aqueous ammonia
chloride, extracted with ethyl acetate (3 x 15 mL), dried over Na,SO,_filtered and
concentrated. The resulting residue was dissolved in DCM and purified by silica
chromatography (gradient = 0% to 100%, hexanes to ethyl acetate in 12 min.) to give
5B (156 mg, 63.2 % yield). HPLC: Rt = 1.13min (PHENOMENEX® Luna C18
4.6x30mm 3u, 10-90% aqucous methanol containing 0.1% TFA in 2 min; 4mL/min
flow). MS (ES): m/z = 421.0 [M+H]".

5C: Preparation of N-(5-(3-cyano-8-((5-methoxypyridin-2-y1)(4-
methoxybenzyl)amino)imidazo[1,2-b}pyridazin-6-ylamino)-2-

methylphenyl)acetamide

@ Z OMe

o |
N“N

N“?‘H\j Me

Y

&N‘N/ N N)LMe
NC H H

5C
[00253] A mixture of 5B (60mg, 0.14 mmol), N-(5-amino-2-
methylphenyl)acetamide (46.8 mg, 0.29 mmol), Pda(dba); (13.1 mg, 0.014 mmol),
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Xantphos(18.2 mg, 0.031 mmol), copper(l) iodide (13.6 mg, 0.071 mmol} and Cs,COs
(186 mg, 0.57 mmol) in DMA (1 mL) was purged with nitrogen and heated at 125 °C.
After 1.5 hours, the reaction mixture was diluted with ethy! acetate, washed with 15%
NH,4OH, dried over Na;SO, and concentrated to dryness under reduced pressure. The
resulting oil was purified by silica column chromatography (gradient = 0%-100%
hexanes to ethyl acetate in 12 min.) to isolate SC (47.5 mg, 60.7 % yield). HPLC: Rt =
3.805 min (YMC S5 ODS 4.6 x 50 mm, 10-90% aqueous methanol containing 0.2%
H3PO,, 4 min gradient, monitored at 220 nm). MS (ES): m/z = 549.2 [M+H]",

Example 5: Preparation of N-(5-(3-cyano-8-(5-methoxypyridin-2-
ylamino)imidazo[1,2-b]pyridazin-6-ylamino)-2-methylphenyl)acetamide

/ OMe
|
HN N
N\
S’N‘N/ N N e
NC H H

[00254] A solution of 5C (60 mg, 0.11 mmol) in DCM (0.5 mL) was treated with
triethylsilane (0.03 mL, 0.19 ‘mmol) followed by TFA (0.06 mL, 0.78 mmol). The
reaction mixture was stirred at 45 °C for 1.5 hours, concentrated, purified with reverse
phase HPLC, and lyophilized with 1.0 N HCl to yield Example 5 (21.9 mg, 37.1%
yield). MS (ES): m/z = 429.1 [IM+H]". 'H NMR (400 MHz, DMSO-ds) & ppm 9.88
(1H,s),942(1H,s),9.22 (1 H,s),8.19(1 H,s5),8.04 (1H,s),802 (1 H,dd, J =
2.33,1.13 Hz), 7.60 - 7.69 (2 H, m), 7.44 - 7.47 2 H, m), 7.10 (1 H, d, J = 8.28 Hz),
3803 H,s),2.12(3H,s),2.03(3H, s).

EXAMPLE 6

N-(5-((8-(3-Azetidinylamino)-3-cyanoimidazo[1,2-b]pyridazin-6-yl)amino)-2-
methylphenyl)acetamide

o
HN
N\
S’N‘N’ N N/U\Me
NC H H
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6A: Preparation of fert-butyl 3-(4-methoxybenzylamino)azetidine- 1 -carboxylate.

0 MeMe
LNJ\OXMe
Ioh
H
MeO

6A
[00255] 6A was prepared from 4-methoxybenzaldehyde and ters-butyl 3-
aminoazetidine- 1-carboxylate following the procedure employed for the preparation
of 4A. HPLC: Rt = 3.0 min (PHENOMENEX® Luna C18 4.6x30mm 3u, 10-90%
aqueous methanol containing 0.1% TFA in 2 min; 4mL/min flow). MS (ES): m/z =
293.9 [M+H]".

6B: Preparation of fert-butyl 3-((6-chloro-3-cyanoimidazo[},2-b]pyridazin-8-yl)(4-

methoxybenzyl)amino)azetidine-1-carboxylate

OMe
8] MeMe
/CINJ\O)(Me
N
vH!
N\
&N‘N/ cl
NC

{00256] A solution of IF (100 mg, 0.47 mmol) in THF (5 mL) was treated with 6A
(274 mg, 0.94 mmol) and DIEA (0.246 mL, 1.41 mmol) and heated at 70 °C. After
18 hours, the reaction mixture was diluted with water, extracted with ethyl acetate (3 x
15mL), dried over Na;8O,, filtered and concentrated. The residue was purified by
flash chromatography, silica column (12 g, gradient = 12 min, 100% hexanes to 70%
cthy! acetate/hexanes) to provide 6B (142.8 mg, 0.305 mmol, 64.9.0 % yield) as a tan
solid. HPLC: Rt = 4.55 min (PHENOMENEX® Luna C18 4.6x30mm 3u, 10-90%
aqueous methanol containing 0.1% TFA ip 5 min; 4mL/min flow). MS (ES): m/z =
469.0 [M+H]".
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Example 6: Preparation of N-(5-(8-(azetidin-3 -ylamino-3-cyanoimidazo{1,2-
b)pyridazin-6-ylamino)-2- methylphenyl)acetamide
/C/NH
HN
2,
S\’N“N/ /U\Me

N
NC H

Iz

[00257] A mixture of 6B (50 mg, 0.11 mmol), N-(5-amino-2-
methylphenyl)acetamide (35.0 mg, 0.213 mmol), Pdx(dba); (9.76 mg, 10.7 pmol),
xantphos (13.6 mg, 0.023 mmel), copper (I) iodide (10.2 mg, 0.053 mmol) and
Cs,CO;3 (139 mg, 0.43 mmol) in DMA (1 mL) was purged with nitrogen and heated at
125 °C. After 2 hours, the reaction mixture was diluted with ethyl acetate, washed
with 15% NH4OH, dried over Na;SQ, filtered and concentrated. The resulting oil
was dissolved in DCM (1 mL), treated with Et;SiH (0.1 mL) and TFA (0.1 mL), and
heated at 60 °C. After 10 min., the reaction mixture was concentrated, purified by
reverse phase HPLC, lyophilized with 1.0 N HCl to isolate Example 6 (18.0 mg,
37.6%). HPLC: Rt = 9.610 min (YMC S5 ODS 4.6 x 50 mm, 10-90% aqueous
methanol containing 0.2% H3;POy, 15 min gradient, monitored at 220 nm). MS (ES):
m/z =377.1 [M+H]". '"H NMR (500 MHz, DMSO-dg) & ppm 9.25 (1 H, 5), 9.24 (1 H,
$), 9.10 (1 H, br. 5.), 8.89 (1 H, br.5.), 8.17 (1 H, 8), 7.57 - 7.63 (2 H, m), 7.11 (1 H,
d), 591 (1 4H,s),4.56 (1 H,br.s5.),4.19-427 (2H, m), 4.09-4.18 2 H, m), 2.14 (3
H,s),2.05(3H,s).

EXAMPLE 7
N-(3-(3-Cyano-8-(phenylamino)imidazo[ 1,2-b]pyridazin-6-ylamino)phenyl)acetamide

N O
>’N‘N/ N NH
4 N
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7A: Preparation of 6-chloro-8-((4-methoxybenzyl)(phenyl)amino)imidazo[1,2-

b]pyridazine-3-carbonitrile

TA
[00258] A solution of 1F (0.200 g, 0.94 mmol) and N-(4-methoxybenzyl)aniline
(0.210 g, 0.99 mmol) in THF (9.4 mL) was cooled to 0 °C. Potassium zert-butoxide
(1.0 M solution, 1.03 mL, 1.03 mmol) was then added dropwise via syringe. The
resulting solution was stirred for 10 min. at 0 °C, and then warmed to room
temperature. The reaction was quenched with water and diluted with EtQOA¢. The
aqueous phase was extracted twice with EtOAc, and the organics were combined,
dried over sodium sulfate, filtered, and concentrated. The crude product was
dissolved in 2 small amount of DCM and charged to a 24 g silica gel flash
chromatography (Si0z) which was eluted at 30 mL/min. with a 20 min. gradient from
100% hexanes to 15% EtOAc/hexanes (monitoring at 254 nm). Concentration of the
appropriate fractions afforded 7A (0.13 g, 33 % yield) as a light brown solid. HPLC:
Rt=4.5 min. (YMC S5 ODS 4.6 x 50 mm, 10-90% aqueous methanol containing
0.2% H3POq, 4 min. gradient, monitored at 220 nm). MS (ES): m/z = 390.0 [M-+HT".
'H NMR (400 MHz, DMSO-dg) 8 ppm 8.41 (1 H, 5), 7.45 (2 H, t, J = 7.68 Hz), 7.36
(1 H,1,J=743Hz),7.22-7.30 2H, m), 7.17(2 H, d, J = 8.81 Hz), 6.77 - 6.84 (2
H, m), 5.91 (1 H, s), 5.78 (2 H, 5), 3.68 (3 H, s).

Example 7: Preparation of N-(3-(3 -cyano-8-(phenylamino)imidazo[1,2-b]pyridazin-

6-ylamino)phenyl)acetamide
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HN’O
!
YO Ul
}’N‘N/ N NH
rﬂ/ MEAO

[00259] A scaled tube was charged with DME (1.5 mL) and purged with argon for
10 min. 7A (0.046 g, 0.31 mmol), cesium carbonate (0.209 g, 0.641 mmol), copper(l)
iodide (0.012 g, 0.064 mmol), Xantphos (0.015 g, 0.026 mmol), and Pd,(dba) (0.012
g, 0.013 mmol) were all added in one portion, and the vessel was pump/purged three
times with argon. The vessel was then sealed and heated to 125 °C overnight, The
solids were filtered off, and the filtrate was concentrated in vacwo. The crude product
was dissolved in a small amount of DCM and charged to a 12 g silica gel cartridge
which was eluted at 30 mL/min. with a 15 min. gradient from 100% DCM to 50%
EtOA¢/DCM (monitoring at 254 nm). The fractions were concentrated, dissolved in
TFA (0.4 mL), and triethylsilane (0.082 mL, 0.513 mmol) was immediately added.
The mixture was stirred for 20 min. at room temperature. A gray precipitate formed
after 20 minutes, and the reaction was filtered, affording Example 7 (0.047 g, 73 %
yield) as a gray solid. HPLC: Rt = 3.928 min. (YMC S5 ODS 4.6 x 50 mm, 10-90%
aqueous methanol containing 0.2% H;PO,, 4 min. gradient, monitored at 220 nm).
MS (ES): m/z = 384.0 [M+H]". '"H NMR (400 MHz, DMSO-de} & ppm 9.88 (1 H, 5)
9.49(1H,s),928(1H,s),823(1H,s),7.81 (1 H,d,J =629 Hz), 7.73 (1 H, s),
740-747(4H, m),7.15-725(2H,m), 6.97 (1 H, ), 6.57 (1 H, 5), 2.04 (3 H, s).

¥

EXAMPLE 8
Methyl (5-((3-cyano-8-(2-pyridinylamino)imidazo[ 1,2-b]pyridazin-6-yl)amino)-2-

fluorophenyl)carbamate

-
|
HN” SN

Nao ™ Fo

N

}'N‘N/ N N/‘LOME
H H

if

N
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8A: Preparation of 6-chloro-8-((4-methoxybenzyl)(2-pyridinyl)amino)imidazo[1,2-

g
W ] N/\©\
NQ(%\ OMe
§’N‘N/ ci
NC
5 SA
[00260] BA was prepared from a mixture of 1F and N-(4-methoxybenzyl)pyridin-

b)pyridazine-3-carbonitrile

2-amune following the procedure employed for the preparation of 5B. HPLC: Rt =
3.881min. (YMC S5 ODS 4.6 x 50 mm, 10-90% aqueous methanol containing 0.2%
H;PO., 4 min gradient, monitored at 220 nm). MS (ES): m/z =391.0 [M+H]",
10
8B: Preparation of 6-(3-amino-4-fluorophenylamino)-8-((4-methoxybenzyl)(pyridin-
2-yl)amino)imidazo[1,2-b]pyridazine-3-carbonitrile
OMe

as

NTN
N\ -

}'N‘N N NH,
i H

N

8B
15 [00261] A solution of Intermediate 59 (70.7 mg, 0.384 mmol) in degassed DME (5
mL} was treated with 8A (75 mg, 0.192 mmol), Xantphos (24.4 mg, 0.042 mmol),
bis(dibenzylideneacetone)palladium (11.03 mg, 0.019 mmol), cesium carbonate (250
mg, 0.768 mmol), and copper (I) iodide (18.3 mg, 0.096 mmol). The reaction mixture
was purged with argon and heated in a sealed tube to 125 °C for 8 hours. The
20  reaction was cooled to room temperature and filtered. The filtrate was concentrated to

dryness. The crude product was dissolved in a small amount of DCM and purified by
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flash chromatography (SiO,, DCM to 50% ethyl acetate/DCM, 40 g column, 40 min.
gradient) to afford 8B (82 mg, 89 % yield).

[00262] HPLC: Rt=3.71 min. (YMC S5 ODS 4.6 x 50 mm, 10-90% aqueous
methanol containing 0.2% H3PO,, 4 min. gradient, monitored at 220 nm); MS (ES):
nvz =481.1 [M+H]".

8C: Preparation of methyl 5-(3 ~cyano-8-((4-methoxybenzy!)(pyridin-2-

yDamino)imidazo[1,2-b] yndazm 6-ylamm0) -2-fluorophenylcarbamate

9l QF"
N\ P
}«N,N \ N)L
” H H
N

8C
[00263] A solution of 8B (82 mg, 0.17 mmol) in THF (3 mL) was treated with
DIEA (0.039 mL, 0.22 mmol), followed by methyl chloroformate (0.048 mL, 0.62
mmol). The resulting solution was stirred ai room temperature for 12 hours and then
concentrated to dryness. The crude product was dissolved in a small amount of DCM
and purified by flash chromatography (Si0,, DCM to 20% ethyl acetate/DCM, 24 g
column, 40 min. gradient) to afford 8C (15 mg, 16.3 %). HPLC: Rt = 3.98 min. (YMC
S35 ODS 4.6 x 50 mun, 10-90% aqueous methanol containing 0.2% H;POy, 4 min.
gradient, monitored at 220 nm). MS (ES): m/z = 539.2 [M+H]".

Example 8: Preparation of methyl 5-(3-cyano-8-(pyridin-2-ylamino)imidazo[1,2-

b]pyridazin-6-ylamino)-2-fluorophenylcarbamate

—
|
HN” SN
voBe
N
}’N‘N/ N u)Lonne
i
N
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[00264] A solution of 8C (15 mg, 0.028 mmol) in triethylsilane (0.044 mL, 0.279
mmol) and TFA (0.5 mL, 0.028 mmol) was heated at 45 °C for 2 hours. The reaction
mixture was concentrated to dryness. The crude reaction product was dissolved in a
small amount of MeOH and purified by reversed phase HPLC (YMC ODS-A 5 um 30
5 x250 mm, 10-90% aqueous methanol containing 0.1% TFA, 25 mL/min., 40 min.
gradient, monitored at 254 nm) to afford Example 8 (3.2 mg, 20.3 %).HPLC: Rt =
4.04 min. (YMC S5 ODS 4.6 x 50 mm, 10-90% aqueous methanol containing 0.2%
H3PO,, 4 min, gradient, monitored at 220 nm); MS (ES): m/z = 419.1 [M+H]".

10 | EXAMPLE 9
6-((5-Cyano-2-methoxyphenyl)amino)-8-((2,2,2-trifluoroethyl)amino)imidazof1,2-
b]pyridazine-3-carbonitrile
CF,

HN I\Ine
00
N\ =
>’N"N ﬁ CN

I
N .

15 9A: Preparation of 6-chloro-8-((2,2,2-trifluoroethyl)amino)imidazo[1,2-b]pyridazine-
3-carbonitrile
CFs3

NH
N ™
N\
S’N‘N’ cl
NC
9A
[00265) 9A was prepared from a mixture of 1F and 2,2,2-trifluoroethanamine
20 following the procedure employed for the preparation of 4A. HPLC: Rt = 0.88 min.
(BEH C18 2.1 x 50mm, 1.7u, 0 to 100 B in 1 min. with 0.5 min. hold time, flow rate

=1 mL/min., detection at 254 nm, Solvent A: 100% water / 0.1% TFA; Solvent B:
100% ACNi/ 0.1 % TFA). MS (ES): m/z = 276.1 [M+H]".
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Example 9: Preparation of 6-((5-cyano-2-methoxyphenyl)amino)-8-((2,2,2-
triflucroethyl)amino)imidazo[1,2-b]pyridazine-3-carbonitrile

CF,

HN I\|Ile
N\ _N :©\
>’ ‘N N CN
I/
N

[00266] A mixture of 9A (100 mg, 0.36 mmol), 3-amino-4-methoxybenzonitrile

5 (108 mg, 0.73 mmol) and di-terz-butyl(1-methyl-2,2-diphenylcyclopropyl)phosphine
(25.6 mg, 0.073 mmol) in toluene (1 mL) was purged with nitrogen. Allylpalladium
(1) chloride dimer (13.3 mg, 0.036 mmol) and sodium zert-butoxide (41.8 mg, 0.435
mmol) were added, and the reaction mixture was purged with nitrogen and heated at
100 °C. After 20 minutes, the reaction mixture was cooled to room temperature,

10 diluted with DCM, and filtered through CELITE®. The filtrate was concentrated
under reduced pressure, dissolved in DMSO/methanol, and purified by reverse phase
HPLC (PHENOMENEX® Luna Axia 5 micron 30 x 250mm) 20% B (Solvent B =
90% MeOH - 10% H,0 - 0.1% TFA) to 100% B in (Solvent A = 10% MeOH - 90%
H,0 - 0.1% TFA) in 15 min.) to obtain Example 9, (9.9 mg, 0.020 mmo], 5.4 %

15 yield) as a light yellow solid. HPLC: Rt =0.95 min, (BEH C18 2.1 x 50mm, 1.7u, 0
to 100 B in 1 min. with 0.5 min. hold time, flow rate = | mL/min., detection at 254

nm, Solvent A: 100% water / 0.1% TFA; Solvent B: 100% ACNI1/0.1 % TFA). MS

(ES): m/z = 388.3 [M+H]". 'H NMR (500 MHz, DMSO-de) 8 ppm 8.76 (1 H, d, J =

1.94 Hz), 8.67 (1 H, s), 8.23 (1 H,5),8.03-8.12 (1 H, m), 7.41 - 7.55 (1 H, m), 7.24
20 (1H,4,J=832Hz),6.75(1 H,s),4.06-4.17 (2 H, m), 4.00 (3 H, s).

EXAMPLE 10

6-(3-Cyano-5-(trifluoromethyl)phenylamino)-8-(isopropylamino)imidazo[1,2-

blpyridazine-3-carbonitrile
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;‘QNQCN
Il H

10A: Preparation of 6-chloro-8-(isopropyl(4-methoxybenzyl)amino)imidazo[1,2-

blpyridazine-3-carbonitrile

Me
Me)\N/O\
N*-lﬁ OMe
S\/N‘N/ cl
NC
10A

[00267]  10A was prepared from a mixture of 1F and N-(4-methoxybenzyl)propan-
2-amine following the procedure employed for the preparation of 1G. HPLC: Rt =

4.27 min. (YMC S5 ODS 4.6 x 50 mm, 10-90% aqueous methanol containing 0.2%
H3PO4, 4 min. gradient, monitored at 220 nm). MS (ES): m/z = 356.1 [M+H]".

Example 10: Preparation of 6-(3-cyano-5-(trifluoromethyl)phenylamino)-8-

(isopropylamino)imidazo[1,2-b]pyridazine-3-carbonitrile

Me
Me/J\ N/\©\
Nﬁ/i OMe
%’N‘N/ cl
NC

(00268] A solution of 3-amino-5-(trifluoromethy!)benzonitrile (0.078 g, 0.42
mmol) in DMA (1 niL) was placed in a 1-dram vial with a teflon-lined septum cap,
and the solvent was purged with argon. 10A (0.100 g, 0.281 minol), cesium
carbonate (0.366 g, 1.124 mmol), copper(T) iodide (0.027 g, 0.141 mmol), Xantphos
(0.033 g, 0.056 mmol), and Pd;(dba); (0.026 g, 0.028 mmol} were added in one

portion, and the suspension was pump/purged three times with argon. The vessel was

then heated to 125 °C for 45 min.. The solids were removed via filtration through
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CELITE® and washed with THF. The dark brown filtrate was concentrated under
reduced pressure and then diluted with water and ethyl acetate. The layers were
separated, and the aqueous phase extracted with ethyl acetate (2 x 10 mL). The
organics were combined, washed with water and brine, dried over sodium sulfate,
filtered, concentrated, and the residue was punified by flash chromatography (SiOs,
hexanes to 40% EtOAc/hexanes, 12 g column, 30 mL/min., 20 min. gradient,
monitoring at 254 nm). The fractions were concentrated, dissolved in DCM (1 mL),
and treated with triethylsilane (0.45 mL, 2.8 mmol), and TFA (0.3 mL) at room
temperature. After 20 min., the volatiles were removed via a stream of nitrogen. The
residue was triturated with MeOH, forming a white precipitate. The solid was
isolated via filtration, washed with MeOH, and suspended in 1:1 IN HC!/ MeCN and
lyophilized, affording Example 10, (0.081 g, 68.3 % yield) as a white solid. HPLC:
Rt=4.35 min. (YMC S5 ODS 4.6 x 50 mm, 10-90% aqueous methanol containing
0.2% H3PO4, 4 min. gradient, monitored at 220 nm). MS (ES): m/z = 336.0 [M+H]".
'H NMR (400 MHz, DMSO-dg)  ppm 9.98 (1 H, 5), 8.52 (1 H, s), 8.24 (1 H, 5), 8.19
(1H,s),7.82 (1 H,s),7.48 (1 H,d, J=8.03 Hz), 5.94 (1 H, 5), 2.52 - 2.55 (1 H, m),
1.28 (6 H, d, J = 6.27 Hz).

EXAMPLE 11
N-(5-(3-Cyano-8-(2-hydroxyethylamino)imidazo[1,2-b]pyridazin-6-ylamino)-2-
methylphenyl)acetamide

\
g’N‘N/ N NJ\
NC H H

11A: Preparation of 6-chloro-8-((2-hydroxyethyl)(4-

methoxybenzyl)amino)imidazo{1,2-blpyridazine-3-carbonitrile

- 138 -




WO 2010/042699 PCT/US2009/059968

10

15

20

25

11A
[00269]  11A was prepared from 2-((4-methoxybenzyl)amino)ethanol and a
mixture of IF following the procedure employed in the preparation of 4A. HPLC: Rt
= 3.64 min. (YMC 85 ODS 4.6 x 50 mm, 10-90% aqueous methanol containing 0.2%
HsPO,, 4 min. gradient, monitored at 220 nm). MS (ES): m/z = 358.0 [M+H]".

Example 11: Preparation of N-(5-(3-cyano-8-(2-hydroxyethylamino)imidazo[1,2-
b]pyridazin-6-ylamino)-2-methylphenyl)acetamide
HN/\/OH

N\
s’N“N/ N N
NC H H

[00270] A mixture of 11A (50 mg, 0.14 mmol), N~(5-amino-2-
methylphenyl)acetamide (45.9 mg, 0.28 mmol), Pdy(dba); (12.80 mg, 0.014 mmol),
Xantphos (17.5‘9 mg, 0.031 mmol), copper (1) iodide (13.31 mg, 0.070 mmol) and
cestum carbonate (182 mg, 0.56 mmol) in DMA (1.0 mL) was purged with nitrogen,
cooled to room temperature and then reaction mixture was stirred at 125 °C in a sealed
vial for 2 hours, and then diluted with ethyl acetate. The reaction mixture was washed
with 20% NH4OH, dried over Na,SO,, filtered and concentrated under reduced
pressure. The resulting solid was triturated with ether and isolated by filtration. The
solid obtained was suspended in DCM (2 mL), and treated with triethylsilane (0.1 mL,
0.63 mmol) and TFA (0.1 mL, 1.3 mmol), and stirred for 20 min. at room temperature.
The reaction mixture was concentrated and purified by reverse phase HPLC,
lyophilized with 1.0 N HCl to yield Example 11 (15.0 mg, 26,7% yield). HPLC: Rt =
11.424 min. (YMC S5 ODS 4.6 x 50 mm, 10-90% aqueous methanol containing 0.2%
H3POs, 15 min. Gradient, monitored at 220 nm). MS (ES): m/z = 366.0 [M+H]". 'H
NMR (400 MHz, DMSO-de) 6 ppm 9.24 (1 H, 5), 9.15 (1 H, s), 8.13(1H,s),7.62(2
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H,s), 726 -7.37 (1 H,m), 7.12 (1 H,d, J = 8.03 Hz), 5.99 (1 H,5),4.92 (1 H, t, J =
5.40Hz), 3.65 (2 H,q, /=577 Hz),3.22-3.42(2H, m), 2.15 (3 H, 5), 2.01 - 2.13
(3 H, m).

5 EXAMPLE 12
8~((1-(2-Hydroxyethyl)-1H-pyrazol-3-yl)amino)-6-((3-methoxy-5-(5-methyl- 1 H-
tetrazol-1-yl)phenyl)amino)imidazo[1,2-b]pyridazine-3-carbonitrile
OH

R
N

T
Z-Z

-~

N

.l Q o
N\ P

%N‘N

it

N

10 12A: Preparation of 8-((1-(2-((tert-butyl{dimethyl)silyloxy)ethyl)- 1 H-pyrazol-3-

ylamino)-6-chloroimidazol1,2-bpyridazine-3-carbonitrile

ENIOTBS
N

N
S’N‘N/ cl
NC

HN

12A
[00271] 12A was prepared from a mixture of 1F and 1-(2-(tert-
15 butyldimethylsilyloxy)ethyl)-1 H-pyrazol-3-amine following the procedure employed
in the preparation of 4A. HPLC: Rt = 4.26 min, (Waters Sunfire C18 column (4.6 x
50 mm). 10-50% aqueous methanol containing 0.1% TFA, 4 min. gradient, flow rate
=4 mL/min., detection at 254 nm). MS (ES): m/z = 418.2 [M+H]".

20 Example 12: Preparation of 8-((1-(2-hydroxyethyl)-1H-pyrazol-3-yl)amino)-6-((3-
methoxy-5-(5-methyl-1H-tetrazol- 1 -yi)phenyl)amino)imidazo(1,2-b]pyridazine-3-

carbonitrile
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\ﬁ Q
>’N‘N N Ny

H v
/i N=N
N

[00272] A suspension of 12A (39 mg, 0.093 mmol), 3-methoxy-5-(5-methyl-1H-
tetrazol-1-ybaniline (28.7 mg, 0.14 mmol), and di-fers-butyl{1-methyl-2,2-
diphenylcyclopropyl) phosphine (6.58 mg, 0.019 mmol) in toluene (0.75 mL) was
purged with nitrogen. Allylpalladium (I) chloride dimer (3.41 mg, 9.3 umol) and
sodium zert-butoxide (10.76 mg, 0.11 mmol) were added, and the reaction mixture
was purged with nitrogen and heated at 100 °C. After 15 minutes, the reaction
mixture was concentrated, suspended in water (50 ml.), extracted with 10%
isopropanol/ dichloromethane (3 x 25 mL), dried over Na,SO,, and concentrated. The
crude was purified with silica gel chromatography (stepwise gradient, 20 to 50%
ethyl acetate/hexanes to neat ethyl acetate). The fractions were concentrated, _
dissolved in dichloromethane (2 ml.) and treated with TFA (2 mL). After 3 hours, the
reaction mixture was concentrated, purified using reverse phase HPLC, and
lyophilized with 1.0 N HCI to isolate Example 12, (2.1 mg, 3.84 % yield) as a tan
solid. HPLC: Rt = 1.65 min. (PHENOMENEX® Luna 5 micron C18 4.6 x 30 mm,
10-90% aqueous methanol containing 0.1% TFA 2 min. gradient, flow rate = 5
mL/min., detection at 254 nm). MS (ES): m/z = 473.06 [M+H]". "H NMR (500
MHz, methanol-d;) 6 ppm 8.03 (1 H, s), 7.86 (1 H, 5), 7.61 (1 H, d, /= 1.83 Hz), 7.51
(1 H,s),7.47(1 H,s),6.68-6.89 (1 H,m), 6.13 (1H,d, /=229 Hz), 423 2 H, t,J
=5.27Hz),3.97(2H,t,J=527Hz),3.94 (3 H,s),2.69 3 H,s).

EXAMPLE 13

8-(Ethylamino)-6-((3-(1H-1,2,4-triazol-1-y1)-5-

(trifluoromethyl)phenyl)amino)imidazo[1,2-b]pyridazine-3-carbonitrile
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13A: Preparation of 6-chloro-8-(ethyl(4-methoxybenzyl)amino)imidazo[1,2-
blpyridazine-3-carbonitrile

13A
[00273]  13A was prepared from N-(4-methoxybenzyl)ethanamine and a mixture of
IF following the procedure employed in the preparation of 4A. HPLC: Rt = 1.88min.
(PHZENOMENEX@ Luna 5 micron C18 4.6 x 30 mm, 10-90% agueous methanol
10 containing 0.1% TFA, 2 min. gradient, flow rate = 5§ mL/min., detection at 254 nm).
MS (ES): m/z = 341.9 {[M+H]".

Example 13: Preparation of 8-(ethylamino)-6-((3-(1H-1,2,4-triazol-1-y1)-5-

(trifluoromethyl)phenyl)amino)imidazo[1,2-b)pyridazine-3-carbonitrile

Me
HNJ CF;
T
N
}w A
it =y
15 N

[00274] A mixture of 13A (100 mg, 0.29 mmol), Intermediate 1 (100 mg, 0.44

mmol), Pdy(dba)s (26.8 mg, 0.029 mmol), cesium carbonate (381 mg, 1.17 mmol},

copper (I) iodide (27.9 mg, 0.15 mmol), and Xantphos (33.9 mg, 0.059 mmol) in

DMA (2 mL) was i)urged with nitrogen and heated at 125 °C for 1 hour. The reaction
20 mixture was filtered through a pad of silica gel and washed with 30% methanol /
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chloroform. The filtrate was concentrated and dissolved in dichloroethane (4 mL),
and treated with triethylsilane (0.3 mL) and TFA (1 mL). After 30 min., the reaction
mixture was concentrated to dryness, dissolved in DMSO (1 mL) and methanol (1
mL), purified using reverse phase HPLC, and lyophilized with 1.0 N HCl to isolate
5  Example 13, as a tan solid (20 mg, 15.2% yield). HPLC: Rt = 1.9 min.

(PHENOMENEX® Luna 5 micron C18 4.6 x 30 mm, 10-90% aqueous methanol
containing 0.1% TFA 2 min. gradient, flow rate = 5 mL/min., detection at 254 nm).
MS (ES): m/z = 414.98 [M+H]". 'H NMR (500 MHz, DMSO-ds) § ppm 9.26 (1 H,
§),8.71(1H,s), 741 -7.87 (4H, m), 7.14 (1 H,s), 5.27 (1 H, ), 2.87 - 3.50 (2 H, m),

10 2.57-2.79(1H, m),0.58 (3 H,t,J=7.10Hz).

EXAMPLE 14
8-Amino-6-((3-chloro-5-cyanophenyl)amino)imidazo[ 1,2-b]pyridazine-3-carbonitrile

© NH, cl
N\
>’N‘N/ N CN
1l H
N

14A: Preparation of 8-(bis(4-methoxybenzyl)amino)-6-chloroimidazo[1,2-

15

b]pyridazine-3-carbonitrile
OMe

14A
20 [00275] 14A was prepared from a mixture of 1F and N-(4-methoxybenzyl)-1-(4-
methoxyphenyl)methanamine foliowing the procedure employed in the preparation of
4A. HPLC: Rt = 1.13min. (BEH C18 2.1x 50mm, 1.7u, 0 to 100 B in 1 min. with 0.5

- 143 -




WO 2010/042699 PCT/US2009/059968

10

15

20

25

min, hold time, flow rate = 1 mL/min., detection at 254 nm, Solvent A: 100% water /

0.1% TFA; Solvent B: 100% ACN1/0.1 % TFA). MS (ES): m/z = 434.2 [M+HT"

Example 14: Preparation of 8-amino-6-((3-chloro-53-
cyanophenyl)amino)imidazo[1,2-b]pyridazine-3-carbonitrile

NH, (of
soUel
‘\ .

>’N‘N/ N CN

i

N

[00276] A mixture of 14A (100 mg, 0.23 mmol), cesium carbonate (225 mg, 0.69
mmol), copper(I) iodide (21.95 mg, 0.12 mmot), 3-amino-5-chlorobenzonitrile (38.7
mg, 0.25 mmol), Pd,(dba); (21.10 mg, 0.023 mmol) and Xantphos (29.3 mg, 0.051
mmol) in DMA (2 mL) was purged with nitrogen and heated at 125 °C. After 13
hours, the reaction mixture was diluted with DCM, filtered through a silica gel plug
(20g) and washed with 10% MeOH in DCM. The filtrate was concentrated,
triturated with water, and the solid was collected via filtration. The solid was dried
under reduced pressure, dissolved in DCM (2 mL), and treated with triethylsilane
(0.64 mL) and TFA (1.3 mL). After 1 hour, the reaction mixture was concentrated,
re-dissolved in MeOH/DMSO and purified by HPLC (PHENOMENEX® Luna Axia
5 micron 30 x 100mm) 30% B (Solvent B = 90% MeOH - 10% H;0 - 0.1% TFA) to
100% B in A (Solvent A = 10% MeOH - 90% ¥,0 - 0.1% TFA) in 15 min.) to isolate
Example 14 (9 mg, 0.029 mmol, 12.61 % yield) as a light brown solid. HPLC: Rt=
0.8338 min. (PHENOMENEX® Luna 5 micron C18 4.6 x 30 mm, 10-90% aqueous
methanol containing 0.1% TFA, 2 min. gradient, flow rate = 5 mL/min., detection at
254 nm). MS (ES): m/z = 310.0 [M+H]". "H NMR (400 MHz, DMSO-de) § ppm
9.71 (1 H, s), 8.19 (1 H, 5), 8.14 (1 H, t, J = 2.01 Hz), 7.97 - 8.07 (1 H, m), 7.46 -
7.57(1 H,m), 7.28 (2 H, br. s.), 6.04 (1 H, s).

EXAMPLE 15

6-((3-Cyano-5-(trifluoromethyl)phenyl)amino)-8-((2-

methoxyethyl)amino)imidazo[1,2-b]pyridazine-3-carbonitrile
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15A: Preparation of 6-chloro-8-((4-methoxybenzyl)(2-

methoxyethyl)amino)imidazo[1 .2-b]pyridazine-3-carbonitrile

15A
[00277]  15A was prepared from 2-methoxy-N-(4-methoxybenzyl)ethanamine and
IF following the procedure employed in the preparation of 1G. HPLC: Rt = 3.20 min.
(CHROMOLITH® column 4.6 x 50 mm eluting with 10-90% aqueous methanol over
10 4 min. containing 0.1% TFA, 4 mL/min., monitoring at 220 nm). MS (ES): m/z =
372.1 [M+H]".

Example 15: Preparation of 6—((3—cyano-s—(triﬂuorome.thyl)phenyl)amino)-S~((2-

methoxyethyl)amino)imidazo[1,2-b]pyridazine-3-carbonitrile
MeQ

\LNH CFy
\ N. =
NT N X
N

[00278). A solution of 3-amino-5-(trifiuoromethyl)benzonitrile (0.075 g, 0.40

15

mmol) in DMA (1 mL) was placed in a 1-dram vial with a teflon-lined septum cap,
and the solvent was purged with argon.. 15A (0.100 g, 0.269 mmol), cesium
carbonate (0.351 g, 1,076 mmol), copper (I) iodide (0.026 g, 0.134 mmol}), Xantphos
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(0.031 g, 0.054 mmol), and Pdy(dba); (0.025 g, 0.027 mmol) were added in one
portion, and the suspension was pump/purged three times with argon. The vessel was
heated to 125 °C for 45 min. and then cooled to room temperature. The solids were
removed via filtration through CELITE® and washed with THF. The filtrate was

5 concentrated under reduced pressure and diluted with water and EtOAc. The layers
were separated, and the aqueous phase extracted with EtOAe (3 x 10 mL). The

organics were combined, washed with water and brine, dried over anhydrous sodium

sulfate, filtered and concentrated. The crude product was dissolved in DCM and
purified by flash chromatography (SiO,, hexanes to 40% EtOAc/hexanes, 12 g

10 column, 30 mL/min., 20 min. gradient, monitoring at 254 nm). The fractions were
concentrated, dissolved in DCM (1 mL}) and treated with triethylsilane (0.430 mL, 2.7
mmol) and TFA (0.3 mL) at room temperature. After 20 minutes, the volatiles were
removed via a stream of nitrogen, and the residue was triturated with MeOH. The
solid was isolated via filtration, suspended in 1:1 IN HCl/MeCN, and lyophilized

15 ovemnight, furnishing Example 15, (0.080 g, 0.181 mmol, 67.3 % yield) as a gray
solid. HPLC: Rt =4.160 min. (YMC S5 ODS 4.6 x 50 mm, 10-90% aqueous
methanol containing 0.2% H3PO,, 4 min. gradient, monitored at 220 nm). MS (ES):
m/z = 402.0 [M+H]". '"H NMR (400 MHz, DMSO-dg) & ppm 9.98 (1 H, 5), 8.52 (1 H,
s), 8.25 (1 H,s),8.20 (1 H,s), 7.82 (1 H, s), 7.68 (1 H, 8), 5.99 (1 H, 5), 3.54 - 3.62 (2

20 H,m), 3.40-3.52(2H, m),3.30 (3 H, s).

EXAMPLE 16
6-((3-Cyano-5-(trifluoromethyl)phenyl)amino)-8-(methylamino)imidazo[ 1,2-
blpyridazine-3-carbonitrile

Me.

NH CF,
*o!
N_N_ =
NN X
N
/> H
N

16A: Preparation of 6-chloro-8-((4-methoxybenzyl)(methylamino)imidazo[1,2-

25

b]pyridazine-3-carbonitrile
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16A
[00279]  16A was prepared from 1F and 1-(4-methoxyphenyl)-N-
methylmethanamine following the procedure employed in the preparation of 1G.

HPLC: Rt = 3.12 min. (CHROMOLITH® column 4.6 x 50 mm eluting with 10-90%

.aqueous methanol over 4 min. containing 0.1% TFA, 4 mL/min., monitoring at 220

nm). MS (ES). m/z=328.1 [M+H]".

Example 16: Preparation of 6-((3-cyano-5-(trifluoromethyl)phenyl)amino)-8-
(methylamino)imidazo[1,2-b]pyridazine-3-carbonitrile
Me.

NH CF,
N\
n
N

[00280] A mixture of 16A (80 mg, 0.24 mmol), 3-amino-53-
(trifluoromethyl)benzonitrile (68.1 mg, 0.37 mmol), Pd;(dba); (22.35 mg, 0.024
mmol), xantphos (28.2 mg, 0.049 mmol), copper (I) iodide (23.2 mg, 0.12 mmol) and
cesium carbonate (318 mg, 0.976 mmol) in DMA (0.8 mL) was purged with N; and
then heated at 120 °C for 6 hours. The reaction mixture was cooled to room
temperature and diluted with DCM (5 mL). The mixture was loaded onto a short
silica gel pad and eluted with 10% MeOH/DCM. The filtrate was concentrated and
purified by reverse phase preparative HPLC (XTERRA® C-8 20 x 100 mm, 40-90%
aqueous acetonitrile containing 0.1% TFA, 15 min. gradient, monitored at 254 nm).
The desired fraction was concentrated. The residue was dissolved in DCM (2 mL)
and treated with Et;SiH (200 uL) and TFA (2 mL). The reaction mixture was stirred
at room temperature for 30 min. and then concentrated. The residue was triturated
with DMF and methanol, filtered and washed with a mixed solvent of DCM and 2N
ammonia in MeOH. The solid was dissolved in ethy! acetate and filtered through

silica gel. The filtrate was concentrated to afford Example 16 (47 mg, 53%). HPLC:
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Rt = 3.268 min. (CHROMOLITH® column 4.6 x 50 mm eluting with 10-90%
aqueous methanol over 4 min. containing 0.1% TFA, 4 mL/min., monitoring at 220
nm). MS (ES): m/z = 358 [M+H]".

5 EXAMPLE 17
8-((2-(4-Morpholinyljethyl)amino)-6-((3-(4H-1,2,4-triazol-4-y1)-4-

(trifluoromethoxy)phenyl)amino)imidazo[1,2-b]pyridazine-3-carbonitrile

HN
Nae A\ OCF,
N\ _N. = N/\\N
1y H k=

10 17A: Preparation of 6-chloro-8-({4-methoxybenzyl)(2-(4-
morpholinyljethyl)amino)imidazo[1,2-5]pyridazine-3-carbonitrile
O

LN

17A
[00281]  17A was prepared from 1F and N-(4-methoxybenzy!)-2-(4-

15 morpholinyl)ethanamine following the procedure employed in the preparation of 1G.
HPLC: Rt =2.95min. (YMC S5 ODS 4.6 x 50 mm, 10-90% aqueous methano!l
containing 0.2% H3;PO,, 4 min. gradient, monitored at 220 nm). MS (ES): m/z =
427.1 [M+H]".

20 17B: Preparation of 6-(3-(4H-1,2,4-triazol-4-yl)-4-(trifluoromethoxy)phenylamino)-
8-({4-methoxybenzyl)(2-morpholinoethyl)amino)imidazo[ ,2-b]pyridazine-3-

carbonitrile
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17B
[00282] A solution of 17A (56 mg, 0.131 mmol) in DMA (2 mL) was treated with
Intermediate 30 (64.1 mg, 0.26 mmol), Pdy(dba); (12.0 mg, 0.013 mmol), copper (I)
iodide (12.49 mg, 0.066 mmol), xantphos (15.2 mg, 0.026 mmol), and cesium
carbonate (214 mg, 0.66 mmol). The reaction mixture was purged with argon and
heated to 125 °C for 2 hours, and then cooled to room temperature. The reaction
mixture was filtered and concentrated, The residue was taken up in EtOAc (10 mL)
and washed with 10% LiCl solution (2 x 10 mL). The organic layer was dried
(NazS0,), filtered and concentrated to dryness. The crude product was dissolved in a
small amount of CH;Cl, and purified by flash chromatography (SiO;, DCM to 10%
MeOH/DCM, 24 g column, 30 min. gradient) to afford 17B (73 mg, 88 % yield).
HPLC: Rt =3.44] min. (YMC S5 ODS 4.6 x 50 mm, 10-90% aqueous methanol
containing 0.2% H3PO4, 4 min. gradient, monitored at 220 nm). MS (ES): m/z =
635.2 [M+H)".

Example 17: Preparation of 8-((2-(4-morpholinyl)ethyl)amino)-6-((3-(4H-1,2,4-

triazol-4-yl)-4-(trifluoromethoxy)phenyl)aminc)imidazo[ 1,2-b]pyridazine-3-

carbonitrile
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[00283] A suspension of 17B (73 mg, 0.12 mmol) in DCM (3 mL) was treated with
triethylsilane (0.092 mL, 0.58 mmol), followed by TFA (0.1 mL, 1.298 mmol). The
resulting solution was stirred at room temperature for 2 hours and concentrated, The
crude reaction product was dissolved in a small amount of MeOH and DMF, purified
by reversed phase HPLC (YMC ODS-A 5 um 30 x 250 mm, 10-90% aqueous
methanol containing 0.1% TFA, 25 mL/min., 30 min. gradient, monitored at 254 nm),
and lyophilized with 1:1 IN HCLACN to afford Example 17 (8 mg, 11.3 %). HPLC:
Rt=2.995 min. (YMC 85 ODS 4.6 x 50 mm, 10-90% aqueous methanol containing
0.2% H3POy, 4 min. gradient, monitored at 220 nm). MS (ES): m/z = 515.2 [M+H]".

[00284] The compounds listed below were prepared by the similar synthetic

procedure used for Examples 1 through 17,

TABLE9
Example Structure Name [M+H]"| HPLC
No. Retention
| Time
{min,)*
18 i AN . 6-((3-Amino-5- 3741 | 1.57°
N ﬁ /@ (trifluoromethyl)phenyl)
>’N‘N/ N NH, gmino)—S-
,{,’ (cyclopropylamino)imidazo
[1,2-b]pynidazine-3-
carbonitrile
6-((3-Amino-5- 331.1 | 1.48°

N
1% i /A y
N \ﬁ cyanophenyl)amino)-8-
\ New@ S nH.  l(cyclopropylamino)imidazo

[1,2-b]pyridazine-3-

carbonitrile
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Example Structure Name [M+H]"| HPLC
No. Retention
Time
(min.)*
20 &NH N IN-(3-Cyano-5-((3-cyano-8- | 373.1 | 1.64°¢
Nﬁ é o (cyclopropylamino)imidazo
2\'"‘"’ NS [1,2-b]pyridazin-6-yl)amino)
g phenyl)acetamide
21 A\NH o IN-(3-((3-Cyano-8- 416.1 1.8°¢
NN o (cyclopropylamino)imidazo
j’"‘ﬂ’ NS e [1,2-blpyridazin-6-yl)
N amino)-5-(trifluoromethyl)
phenyl)acetamide
22 » o IN-(3-Chloro-5-((3-cyano-8- | 382.1 1.72°
Nar 0 (cyclopropylamino)imidazo
“}'N"”/ N HJL"‘“ [1,2-bJpyridazin-6-yl)amino)
N phenyl)acetamide
23 W o Methyl (3-chloro-5+((3- 398.1 | 1L.79°
}N:N; ) QN )?\ - Cyano-8-(cyclopropylamino)
i H H imidazo[1,2-b]pyridazin-6-
yDamino)phenyl)carbamate
24 AN 6-((3-Cyanophenyl)amino)- | 316.1 | -1.74¢
N%\ 3-(cyclopropylamino)
}«MN’ ﬂ/©\¢?u imidazo[1,2-b]pyridazine-3-
p’;/ carbonitrile
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Example Structure Name [M+H]"| HPLC
No. Retention
Time
(min.)*
25 6-((3-Cyano-4-fluorophenyl)| 334.1 | 1.81°
\(ﬁ\ amino)-8-
>f” Z IQ/\ (cyclopropylamino)imidazo
[1,2-b]pyridazine-3-
carbonitrile
26 6-((3-Cyano-4- 3302 | 1.83°
\’/ﬁ\ methylphenyl)amino)-8-
&N 7 /@ (cyclopropylamino)imidazo
N [1,2-b]pyridazine-3-
carbonitrile
27 " AN 8-(Cyclopropylamino)-6-((3-| 359.1 | 1.93°
N, \(l\j\ (trifluoromethyl)phenyl)
>\/N-N’ N’@cp3 amino)imidazo[1,2-b]
,ﬂ" § pyridazine-3-carbonitrile
28 8-(Cyclopropylamino)-6-((3-| 357.1 | 1.83°
N% (difluoromethoxy)phenyl)
j?’"‘n’ HQOCHH amino)imidazo[1,2-b]
N pyridazine-3-carbonitrile
29 N A 6-((5-Cyano-2- 3302 | 1.69°
N Me methylphenyl)amino)-8-
NN 7 NKJ\\b (cyclopropylamino)imidazo
i § " [1,2-b]pyridazine-3-
carbonitrile
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Example Structure Name [M+H]"| HPLC
No. Retention
Time
(min.)*
30 HN,A ome (3-((3-Cyano-8- 361.2 1.7°
Nas (cyclopropylamino)imidazo
%“‘*N’ N g/’ " [1,2-blpyridazin-6-y1)
Il
N amino)-5-methoxyphenyl)
cyanamide
31 A 6-((4-Cyano-3- 3842 | 1.86°
- HN\ Z"  ((trifluoromethyl)
>\7N~N’ ”ma phenyl)amino)-8-
,ﬂ" (cyclopropylamino)imidazo
[1,2-b]pyridazine-3-
carbonitrile
32 AN 6-((3-Cyano-2-fluorophenyl)| 334.1 | 1.76°
N Hri\ . amino)-8-
>«N~N’ HJz;K“\N (cyclopropylamino)
ly F imidazo[1,2-blpyridazine-3-
carbonttrile
33 " A o Methyl (3-((3-cyano-8- 4321 | 1.76°¢
§:N-,:: N J?\ . (cyclopropylamino)imidazo
i H ° ([1,2-b]pyridazin-6-
yl)amino)-5-
(trifluoromethyl)
phenyl)carbamate
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Example Structure Name [M+H]"| HPLC
No. Retention
Time
(min, )*
34 A 6-((3-Cyano-4- 400.1 1.97°¢
' N% ocF;  {(trifluoromethoxy)phenyl)
>\’N‘N’ fi@n amino)-8-
l{l/ (cyclopropylamino)
imidazo[l,2-b]pyridazine-3-
carbonitrile
35 » A e 6-((3-Cyano-5- 3462 | 1.93°
qu/i methoxyphenyl)amino)-8-
>,N\N/ N s, [cyclopropylamino)imidazo
o i " [1,2-b]pyridazine-3-
carbonitrile
36 " A . 6-((3-Cyano-5-fluorophenyl){ 334.1 | 1.86°¢
N A . |amino)-8-
%\QN s, [(Cyclopropylamino)
o " " imidazo[1,2-b]pyridazine-3-
carbonitrile
37 " A one 3-(Cyclopropylamino)-6-((3-| 403.2 1.5°¢
Neo /@ ve  methoxy-5-(5-methyl-1H-
’?N"N/ N P;'L:EN tetrazol-1-yl)phenyl)amino)
N imidazo[1,2-b]pyridazine-3-
carbonitrile
38 ” A N-(3-((3-Cyano-8- 3480 | 3.62°
\Nﬁb‘ ,@N jjj\ ) (cycloprop?ylar.nmo)1m1da.zo
/}’ N d " |[[1,2-blpyridazin-6-yl)amino)
phenyl)acetamide
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Example Structure Name [M+H]"| HPLC
No. Retention
Time
(min.)*
39 " Methyl (5-((3-cyano-8- 382.1 | 3.856"
NSy Fo (cyclopropylamino)imidazo
}N‘N/ N’@HJLOME Cy .
i H H [1,2-b]pyridazin-6-yl)
amino)-2-fluorophenyl)
carbamate
40 o A 8-(Cyclopropylamino)-6-((3-[ 357.1 | 3.313°
NS (1H-imidazol-4-yphenyl)
\N. =
N~ "N = 1 111 _
f}' N T amino)imidazo[1,2-b]
N pyridazine-3-carbonitrile
41 8-(Cyclopropylamino)-6-((3-| 371.1 | 3.116°
HN
N\ (2-methyl-1H-imidazol-1-yi) '
NN, /©\ R )
/}’ NN )N;} phenyl)amino)imidazo(1,2
N blpyridazine-3-carbonitrile
42 AN 8-(Cyclopropylamino)-6-((3-| 357.1 | 3.186°
HN
New - (1H-imidazol-1-y)phenyl)
o QL .
NN Ny lamino)imidazo[1,2-b
/}' N {On ino)imidazo[ ]
N pyridazine-3-carbonitrile
43 o A Methy! 6-((3-cyano-8- 390.1 | 4.185°
N m (cyclopropylamino)imidazo
>\’N‘"’ i N [1,2-b}pyridazin-6-y)
P o}hom »2-DIpyT Y
amino)-1-
indolinecarboxylate
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Example Structure Name [M+H]"} HPLC
No. Retention
Time
(min)*
44 HN/A 3-((3-Cyano-8- 3352 | 3.816"
N__\h#\j\ (cyclopropylamino)imidazo
}’"*n’ H'@Em [1,2-b]pyridazin-6-yl)amino)
N benzoic acid
45 A - [Methyl 6-(3-cyano-8- 418.1 | 441°
SEIT%Z\ N Me  |(cyclopropylamino)imidazo
{?/ Y Jome |[1:2-bIpyridazin-6-y)
amino)-3,3-dimethyl-1-
indolinecarboxylate
46 A 8-(Cyclopropylamino)-6-((4-; 376.1 | 3.715°2
N HN\ ¥ fluoro-3-(4H-1,2,4-triazol-4-
‘?’N“N’ Hﬂ{:” yDphenyl)amino)imidazo
N [1,2-b]pyridazine-3-
carbonitrile
47 " JFAN 6-((2-Chloro-5-cyanophenyl)l 350.1 | 3.996*
Ne A C amino)-8-
NN 2 N@\Q‘ (cyclopropylamino)
4 " " imidazo[1,2-b]pyridazine-3-
carbonitrile
48 8-(Cyclopropylamino)-6-((3-f 372.1 | 3.341°
(4-methyl-4H-1,2 4-triazol-
>’N ” ’[::Lj’ N 3-yl)phenyl)amino)
imidazof1,2-b]pyridazine-3-
carbonitrile
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Example Structure Name M+H]"| HPLC
No. Retention
Time
(min.)*
49 A 8-(Cyclopropylamino)-6-((3-| 357.2 | 3.286°
N Hi (1H-pyrazol-5-yl)phenyl)
>\'N‘N’ N’QY\ amino)imidazo[1,2-b]
U H HN~/ _ »
pyridazine-3-carbonitrile
50 JFAN 6-((3-Amino-4- 390.1 | 3.973°
Ne. Hhi\ ocF; |((trifluoromethoxy)phenyl)
>\'N*N’ N’@NH, amino)-8-
4 " (cyclopropylamino)
imidazo[1,2-b]pyridazine-3-
r:arbonitrile
51 N 6-((3-Amino-4- 3202 | 2.988°
N Hri\ me methylphenyl)amino)-8-
>\/N~N/ N/@NHZ (cyclopropylamino)imidazo
W " [1,2-b]pyridazine-3-
carbonitrile
52 " AN : 8-(Cyclopropylamino)-6-((3-} 442.1 | 3.915°
Nﬁ /@oca (4H-1,2,4-triazol-4-yl)-4-
I?'N‘N’ N IQN (trifluoromethoxy)phenyl)
N amino)imidazo[1,2-b]
pyridazine-3-carbonitrile
53 HN - OMe N-(5-((3-Cyano-8-((2- 380 | 12.43°
§j¢j\~ ,@:i‘{im methoxyethyl)amine)
4 H H imidazo[1,2-b]pyridazin-6-
yl)amino)-2-methylphenyl)
acetamide
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Example Structure Name [M+H]"| HPLC
No. Retention
Time
(min.)*
54 o IN-(5-((3-Cyano-8-((2-(4- 4351 | 9.673
N HNNN\) Me morpholinyl)ethyl)amino)
%ﬁﬂﬁﬂi me [imidazo[l,2-b]pyridazin-6-
¥ vi)amino)-2-methylphenyl)
acetamide
.55 . Meou IN-(5-((3-Cyano-8-((2- 3941 | 3.263°
?@:ﬂ:hme hy(%rox?z-%-methylpropyl)
p/ H 3 amino)imidazo[!,2-b]
" pyridazin-6-ylamino)-2-
fmethylphenyl)acetamide
56 ANH 3-(Cyclopropylamino)-6- 3512 | 1.69°¢
N*’/L\,L ,@ ve [((3,4-dimethoxypheny!)
?’N‘N’ N 0., [pmino)imidazo(1,2-b]
N pyridazine-3-carbonitrile
57 A 6-((5-Cyano-1,3-thiazol-2- | 323.1 | 1.67°
. y1amino)-8-
>\'N # NA}EN (cyclopropylamino)
W " imidazo[1,2-b]pyridazine-3-
carbonitrile
58 » A e 8-(Cyclopropylamino)-6-((4-| 372.0 | 3.961°
N‘“)\l m methyl-2-0x0-1,2-dihydro-7-
,}fﬂ““, N Non quinolinyl)amino)imidazo[ 1,
" 2-blpyridazine-3-carbonitrile
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Example Structure Name [M+H])"| HPLC
No. Retention
Time
(min. )¥
59 AN IN-(5-((3-Cyano-8- 366.0 | 3.595°
HN
Nﬁ F  Ycyclopropylamino)imidazo
>1N~N’ H/Q:NH [1,2-b]pyridazin-6-
{,’ Me” ~0 [yl)amino)-2-fluorophenyl
acetamide
60 /A 6-((3-Aminophenyl)amino)- | 306.1 2.82°
HN
N ﬁ/{j\ 8-(cyclopropylamino)
%N\N’ HQ\NHz imidazo[1,2-bjpyridazine-3-
r{II carbonitrile
61 AN N-(3-((3-Cyano-&- 366.0 | 3.483°
HN
Ne Sy, F (cyclopropylamino)imidazo
Y N-\# N@\NH [1,2-b]pyridazin-6-y])
#h Hoo .
Me” 0 lamino)-4-flucrophenyl)
acetamide
62 o AN 8-(Cyclopropylamino)-6-((2-| 345.0 | 3.131°
[N N /@:N\)_M methyl-1H-benzimidazol-5-
\_N. # e
/}’" I pbemino)imidazof1,2-b)
& pyridazine-3-carbonitrile
63 HNA Methyl (3-((3-cyano-8- 364.1 | 3.788°
e 0 (cyclopropylaminec)imidazo
}N‘N/ N"@\N}L‘OMB . . .
P/ H H [1,2-b]pyridazin-6-yl}amino)
phenyl)carbamate
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Example Structure Name IM+H]"| HPLC
No. Retention
Time
(min,)*
64 AN 6-((1-Acetyl-2,3-dihydro- 3741 | 3.931°
Na mi\ 1H-indol-6-y1)amino)-8-
>«N~N’ N/@*/r} (cyclopropylamino)imidazo
i " e [1,2-b]pyridazine-3-
carbonitrile
65 ;’ I IN-(3-((3-Cyano-8-(2- 3850 | 3.761°
HN™ N pyridinylamino)imidazo[1,2-
:I \N‘;: N/@\NH blpyridazin-6-yl)amino)
4 Mo e, [phenyDacetamide
66 " A IN-(3-((3-Cyano-8- 376.1 | 3.863°
>\"ji‘j\ﬂ QN (cyclopropylamino)imidazo
i H H [1,2-b]pyridazin-6-yl)amino)
phenyl)-2-
methylpropanamide
67 HN,A IN-(3-((3-Cyano-8- 362.1 | 3.769*
{‘~N; ) B (cycloprop'ylarlmno)1m1da‘zo
1 H (1,2-b]pyridazin-6-yl)amino)
phenyl)propanamide
68 ” A Methyl (5-((3-cyano-8- 3820 | 3.841°
§:~, N‘: N /@: (cycloprop‘ylar-nmo):rmdazo
p 1-{ H [1,2-b]pyridazin-6-
vhamino)-2-fluorophenyl)
carbamate
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Example Structure Name [M+H]"| HPLC
No. Retention
Time
(min,)*
69 AN IN-(4-((3-Cyano-8- 3491 | 2.965°
N% Ay (cyclopropylamino)imidazo
}W AN 1,2-blpyridazin-6-y1)
,‘:’ i Me” ~O @amino)-2-pyridinyl)
acetamide
70 AN N-(5-((3-Cyano-8- 402.0 | 3.56°
N% F  {cyclopropylamino)imidazo
}Nw" N/@NH {1,2-b]pyridazin-6-yl)
1{? i Ma'g’ls*o amino)-2-fluorophenyl)
methanesulfonamide
71 - AN 3-((3-Cyano-8- 3341 | 3.496°
N (cyclopropylamino)imidazo
j?'“* 3 H’Q\g“”z [1,2-b]pyridazin-6-yl)amino)
N benzamide
72 o AN 8-(Cyclopropylamine)-6-((4-| 372.1 | 4.093*
NS Noy®  Imethyl-2-oxo-1,2-dihydro-6-
}N NN r; kuinolinyl)amino)imidazo{1,
N 2-b]pyridazine-3-carbonitrile
73 o A 8-(Cyclopropylamino)-6-((3-| 374.1 | 3.978*
N o (2-oxo0-1-pyrrolidiny!)
>[\'N‘N/ ﬂ@\% phenyl)amino)imidazo[1,2-
N b]pyridazine-3-carbonitrile
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Example Structure Name [M+H]"| HPLC
No. Retention
Time
(min)*
74 w N-(3-((3-Cyano-8- 362.1 | 3.858°
UGN o (cyclopropylamino)imidazo
”\ N :J‘M [1,2-blpyridazin-6-yl)amino)
N phenyl)-N-methylacetamide
75 8-(Cyclopropylamino)-6-((1-| 408.1 | 3.956°
N Hi m (methylsulfonyl)-1H-indol-
>y N o [6-yDamino)imidazo[1,2-b]
"f'f e pyridazine-3-carbonitrile
76 AN IN-(5-{(3-Cyano-§- 384.1 | 3.481°
N Hi F F (cyclopropylamino)imidazo
>¢N-N’ NUNH [1,2-b]pyridazin-6-yI)
,{,’ " Me’&o amino)-2,4-difluoropheny!)
acetamide
77 " A Methyl (5-((3-cyano-8- 462 | 2.395°
§:~,; :@E: JOL " (C}’C]OpI'Op.ylaI:ﬂan)lmldaZO
i H H [1,2-blpyridazin-6-y1)
amino)-2,4-difluorophenyl)
carbamate _
78 o Methyl (3-((3-cyano-8- 3821 | 3.673°
\“~N‘; : % N (cyclopropylamino)imidazo
i K N % |11,2-b]pyridazin-6-y1)
amino)-4-fluorophenyl)
carbamate
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Example Structure Name [M+H]"| HPLC
No. ' Retention
Time
{min)*
79 » AN 6-((4-Chloro-3-(1,3-oxazol- | 392.1 | 4.368°
N c 5-yD)phenyl)amino)-8-
?‘"*N’ ﬂ%ﬂ (cyclopropylamino)imidazo
N [1,2-b]pyridazine-3-
carbonitrile
80 " N 8-(Cyclopropylamino)-6-((3-| 388.1 | 4.271°
Nﬁ (2-methyl-1,3-thiazol-4-y])
,’:}'N‘N” N N;{ s &)henyl)amino)imidazo[1,2-
Me [b]pyridazine-3-carbonitrile
81 A 6-((4-Chloro-3-(1,3-oxazol- | 392.1 | 4.201°
Na H'L cl 2-yDphenyl)aming)-8-
'}'N‘N/ ﬁ’@i} (cycloproi?ylamino)imidazo
[1,2-b]pyndazine-3-
carbonitrile
82 o~ A 8-(Cyclopropylaminc)-6-((3-| 359.2 34°
NSy (1,3,4-oxadiazol-2-y])
&’N“N/ N =% [phenyl)amino)imidazo[1,2-
i Q-4
N bJpyridazine-3-carbonitrile
83 » A 8-(Cyclopropylamino)-6-((3-] 373.2 | 3.638°
Nﬁ me  [(1-methyl-1H-tetrazol-5-yl)
/?'N‘N’ ”’Q\miN Fhenyl)amino)imidazo[l,Z-
N blpyridazine-3-carbonitrile
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Example Structure Name [M+H]}"| HPLC
No. Retention
Time
(min,)*
84 J> N-(5-((3-Cyano-8- 378 | 2.492°
HN (cyclopropylamino)imidazo
>\N:fj\ [1,2-bJpyridazin-6-yl)
N™ "NH amino)-2-methoxyphenyl)
l(ll o acetamide
MGJLHQ
OMe
85 N-(2-Chloro-5-((3-cyano-8- | 382 | 2.643°
HN (cyclopropylamino)imidazo
§:~ ) [1,2-blpyridazin-6-yl)amino)
N phenyl)acetamide
Vo
Me/LLH
Cl
g6 8-(Cyclopropylamino)-6-((3-| 401 2.675°
N% (methylsulfonyl)phenyl)
?/N-N" N’Q\s”f amino)imidazo{1,2-b]
,’;’ nowT pyridazine-3-carbonitrile
87 N A 3-{(3-Cyano-§- 384 | 2.405°
>\r:h':: N /@s,” ~ (cycloprop.ylaljmno)1m1dazo
P N 5% [1,2-b]pyridazin-6-yl)
" amino)-N-
methylbenzenesulfonamide
88 IN-(5-((3-Cyano-8- 432 | 3.098°
Ne. HN\ ocF;  [(cyclopropylamino)imidazo
>\/N~~’ ”/@m [1,2-b]pyridazin-6-y1)
4 O;LM‘-‘ amino)-2-(trifluoromethoxy)
phenyljacetamide
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Example Structure Name [M+H]"{ HPLC
No. Retention
Time
(min.)*
89 Lﬂ 6-((3-Amino-4-((4-methyl-1-| 432.1 [ 2.008°
A [ j piperazinyl)carbonyl)phenyl)
HN N
N 'ﬁ)ﬁ\ /@Ego amino)-8-
>VN~N’ N NH, [(Cyclopropylamino)imidazo
4 [1,2-b]pyridazine-3-
carbonitrile
90 A Methyl (5-((3-cyano-8- 448 | 3.298°
HN
N @[OCE (cyclopropylamino)imidazo
>\’"‘N’ N iH [1,2-b]pyridazin-6-y1)
l/
N ° Me,O amino)-2-(trifluoromethoxy)
phenyl)carbamate
91 4 )OL Methy! (3-((3-cyano-8- 443 | 3.136°
- NH HNT OMe (cyclopropylamino)imidazo
N"-n.
>\'N‘r:: ) [1,2-b]pyridazin-6-yl)
rﬂj H  ocr, amino)-4-(trifluoromethoxy)
phenyl)carbamate
92 A e Methyl (5-(3-cyano-8- 462 | 2.395°
Nar s /@:N\) (cyclopropylamino)imidazo
>’N‘N" N NH . .
p H °=(er [1,2-blpyridazin-6-y1)
amino)-2-(4-methyl-1-
piperazinyl)phenyl)
carbamate
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Example Structure Name [M+H]"| HPLC
No. Retention
Time
(min,)*
93 e Methyl (5-((3-cyano-8- 490 | 2.272°
" AN [N] (cyclopropylamino)imidazo
N o |[1,2-b]pyridazin-6-yl)
?/“-u’ N NH  lamino)-2-((4-methyl-1-
4 o=(0Me piperazinyl)carbonyl)phenyl)
carbamate
94 N A o Methyl (3-((3-cyano-8- 462 | 2.283°
NarX o=( (cyclopropylamino)imidazo
%Nw’ H-QNH [1,2-blpyridazin-6-yI)
4 (:; amino)-4-(4-methyl-1-
Mo piperazinyl)phenyl)
carbamate
95 " Methyl (5-((3-cyano-8- 378 | 2916
i"~"‘; ) :}Lom (cyclopropylamino)imidazo
& H [1,2-b]pyridazin-6-yl}
amino)-2-methylphenyl)
carbamate
96 A Methyl (3-((3-cyano-8- 378 | 2.891
My ey o cyclopropylamino)imidazo
,}\’ o ”j@ﬁlm““ Eig-bi)yz;zin-ﬁ—)yl)
amino)-4-methylphenyl)
carbamate
97 A N-(5-((3-Cyano-8- 398 | 2.838°
N s M°9 |(cyclopropylamino)imidazo
,/\ 'y N [1,2-b]pyridazin-6-y1)
- lamino)-2-methylphenyl)
methanesulfonamide
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Example Structure Name [M+H]"[ HPLC
Nao. Retention
Time
(min.)*
98 " A IN-(3-((3-Cyano-8- 36220 2.66°
>\":ﬁ‘jﬁ"$©\ﬂ j\ ~ (cycloprop'ylar.nm0)1m1dazo
p H H [1,2-b]pyridazin-6-y1}
) amino)-4-methylphenyl)
acetamide
99 AN IN-(5-((3-Cyano-8- 41610 | 2.94°
N% CFy  [(cyclopropylamino)imidazo
}”m’ ”’@NH [1,2-b]pyridazin-6-y1)
& o”Me lamino)-2-(trifluoromethyl)
phenyl)acetamide
100 o AN Methyl (5-((3-cyano-8- 432,10 | 3.22°
\hLN, ’;: .N g::a (cyclopro;?ylarfnno)lrmda.zo
;’ N . )\ome [1,2-b]pyridazin-6-yl)
amino)-2-(trifluoromethyl)
phenyl)carbamate
101 H~~-OMe IN-(5-((3-Cyano-8-((2- 380.00 | 12.434¢
%ﬁj\ﬂ/@[:lm methoxyethyl)amino)
/ H R imidazo[1,2-blpyridazin-6-
yl)amino)-2-methylphenyl)
acetamide
102 i A one 8-(Cyclopropylamino)-6-((3-| 403.17| 1.5°
Nao Sy /@ me [methoxy-5-(5-methyl-1H-
’?\'N‘N’ N E::;N tetrazol- 1-yl)phenyl)amino)
N imidazo{1,2-b]pyridazine-3-
carbonitrile
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Example Structure Name [M+H]"| HPLC
No. Retention
Time
(min.)*
103 " AN . 8-(Cyclopropylamino)-6-((3-| 425.12 1 2.045°¢
CFy
Nﬁ)j /@ (1H-pyrazol-1-yl)-5-
YNy N7, [(trifluoromethyl)phenyl
¥l
1} H N= e
N amino)imidazo[1,2-b]
pyridazine-3-carbonitrile
104 ” JUAN o 8-(Cyclopropylamino)-6-((3-| 426.11 | 1.958 ¢
Nﬁ @ (1H-1,2,4-triazol-1-y1}-5-
\_N. .
;’N‘N N rs:),,, (trifluoromethyl)phenyl)
N amino)imidazo[1,2-b]
pyridazine-3-carbonitrile
105 o A 8-(Cyclopropylamino)-6-((3-| 386.10 | 3.370°
\"‘T)j (3-ethyl-1H-1,2,4-triazol-5-
N, # N,
{?, R N { vDphenyl)amino)imidazo
M 11,2-b]pyridazine-3-
carbonitrile
106 " AN B-(Cyclopropylamino)-6-((4-| 372.10 | 3.606"
NSy ,@Mo methyl-3-(4H-1,2,4-triazol-
% - .
}'N‘N N Ny @-yDphenylamino)
i H b=y
imdazo[1,2-b]pyridazine-3-
carbonitrile
107 » AN 8-(Cyclopropylamino)-6-((3-] 374.10 | 4.216°
NeawSy /@/ (1,3-thiazol-2-yl)phenyl)
N N, = g . o
/ NN q j amino)imidazo[1,2-b]
N pyridazine-3-carbonitrile
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Example Structure Name [M+H]"| HPLC
No. Retention
Time
(min.)*
108 " A 8-(Cyclopropylamino)-6-((3-| 358.10 [ 4.115%
Nﬁ (1,3-0xazol-4-y)phenyl)
/}'N‘N’ N ™ pmino)imidazo[1,2-b]
N pyridazine-3-carbonitrile
109 IOM" 8-((2-Methoxyethyl)amino)- | 421.20 | 1.675°
HN OMe 6-((3-methoxy-5-(5-methyl-

§jﬁj\ﬁ ,@Njf: 1H-tetrazol-1-yl)phenyl)

r{lf N=N  lamino)imidazo[1,2-b]
Pyridazine—3-carbonitrile

110 A N-(5-((3-Cyano-8- 390.30 | 3.753°

{‘]‘j N ,@M}\rm (cyclopropylamino)imidazo

g % B L [n2-blpyridazin-6-y1)
famino)-2-methylphenyl)-2-
methylpropanamide

111 :, | Otte 8-((5-Methoxy-2-pyridinyl) | 509.10 | 4.160°
. th\ N oce, [FMIN0)-6-(3-(4H-12,4-

},N_N, n’©:~ ~, [riazol-d-yl)-d-

” e (trifluoromethoxy)phenyl)
amino)imidazo[1,2-b]
pyridazine-3-carbonitrile ‘

112 Qe OMa 6-((3-Methoxy-5-(5-methyl- | 470.06 | 1.918°
HN™ “N™ OMo 1H-tetrazol-1-yhphenyl)

?K:Lu "@\a\n ,z: amino)-8-((5-methoxy-2-

4 NN pyridinyl)amino)imidazo
[1,2-b]pyridazine-3-
carbonitrile
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Example Structure Name [M+H]'| HPLC
No. Retention
Time
(min.)*
113 HNJM:Me IN-(5-({3-Cyzno-8§- 36420 3.556°
Nﬁ Me, (isopropylamino)imidazo
}'N‘N’ N ﬁJLMB [1,2-blpyridazin-6-y1)
v amino)-2-methylphenyl)
acetamide
114 f | Ohte 6-((4-Fluoro-3-(4H-1,2,4- 443.04 | 1.755°
N%N - triazol-4-yl)phenyllamino)-
?"N‘N’ y ,@[N Y 8-({5-methoxy-2-pyridinyl)
o H L=HN amino)imidazo(1,2-b]
pyridazine-3-carbonitrile
115 " AN oms 8-(Cyclopropylamino)-6-((3-| 388.10 | 3.815°
N__b‘)».j\ methoxy-5-(4H-1,2,4-triazol-
J}N“N" N T;::N 4-yl)phenyl)amino)
N imidazo[1,2-b]pyridazine-3-
carbonitrile
116 - AN o R-(Cyclopropylamino)-6-((4-| 443.00 [ 3.638°
:L_N \: /@N (4-morpholinyl)-3-(4H-
2’ NN 'QN 1,2,4-triazol-4-
vDphenyl}amino)
imidazo[1,2-b]pyridazine-3-
carbonitrile
117 : I OMe 3-((5-Methoxy-2-pyridinyl) | 455.10 | 4.118°
HN" “N° - OMe amino)-6-((3-methoxy-5-
§:~,,;: AP, (@12 iz0l45)
4 ke phenylyamino)imidazo[1,2-
blpyridazine-3-carbonitrile
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Example Structure Name [M+H]"| HPLC
No. Retention
Time
(min.)*
118 @ OMa B-((5-Methoxy-2-pyridinyl) | 510.20 | 3.951°
HNT N o :
v A O amino)-6-{(4-(4-
}ALN/ N,CEN,\\ morpholinyl)-3-(4H-1,2 4-
N "N
1 N lriazol-d-ylyphenyl)amino)
imidazo[ 1,2-b]pyridazine-3-
carbonitrile
119 ’r°'“" 8-((2-Methoxyethyl)amino)- | 461.20 | 3.445°
HN (0 l6-((d-(4. vl
6-((4-(4-morpholinyl)-3
Ny N
>,~_N/ N’CEN’\\ (4H-1,2,4-triazol-4-
H . N
4 =" WDphenyl)
amino)imidazo[1,2-
blpyridazine-3-carbonitrile
120 IOMG 8-((2-Methoxyethyl)amino)- | 406.10 | 3.628°
HN OMe 6-((3-methoxy-5-(4H-1,2,4-
Nowrr S
>’"‘N" y QN . [riazol-4-yl)phenyl)amino)
N
b " kN imidazo[1,2-blpyridazine-3-
carbonitrile
121 HN,A e 8-(Cyclopropylamine)-6-((4-| 456.10 | 2.833 2
{‘» = ,C[N\) (4-methyl-1-piperazinyl)-3-
>’"‘N’ N N .
P H "' [(4H-1,2,4-triazol-4-yl)
b
phenyl)amino)imidazo[},2-
blpyridazine-3-carbonitrile
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Example

No.

Structure

Name

[M+H]

HPLC
Retention
Time

(min.)*

122

((2-(dimethylamino)ethyl)
amino)-3-(4H-1,2,4-triazol-
M-yl)phenyl)amino)imidazo
[1,2-b]pyndazine-3-

carbonitrile

8-(Cyclopropylamino)-6-({(4-

444.10

2.800°

123

((2-methoxyethyl)amino)-3-
(4H-1,2 4-triazol-4-yl)
phenyl)amino)imidazo[1,2-

blpyridazine-3-carbonitrile

8-(Cyclopropylamino)-6-((4-

431.10

3.561°

124

6-((3-Cyano-5-
methoxyphenyl)amino)-8-
((2-methoxyethyl)arnino)
imidazo[1,2-b]pyridazine-3-

carbonitrile

364.01

1.783 °

125

6-((3-Cyano-5-
methoxyphenyl)amino)-8-
((5-methoxy-2-pyridinyl)
amino)imidazo[1,2-

blpyridazing-3-carbonitrile

413.02

1.983 ¢

126

2-methoxyethoxy)-3-(4H-
1,2 4-triazol-4-yl)phenyl)
amino)imidazo[1,2-

blpyridazine-3-carbonitrile

8-(Cyclopropylamino)-6-({4-

432.00

3.666°
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Example Structure Name [M+H]"| HPLC
No. Retention
Time
(min.)*
127 AN 8-(Cyclopropylamino)-6-((4-| 445.10 | 2.905°

S QO\) (2-(dimethylamino)ethoxy)-

,}’ WY Be(an-1,24-riazol-4-y])
phenyl)amino)imidazo[1,2-
b]pyridazine-3-carbonitrile

128 8-(Cyclopropylamino)-6-((4-| 471.10 | 3.040°
» JYAN ((1-methyl-4-piperidinyl)
NN ,@0 oxy)-3-(4H-1,2,4-triazol-4-

l?’“‘ﬂ’ N PN ehphenyl)amino)imidazo
{1,2-blpyridazine-3-
carbonitrile

129 8-(Cyclopropylamino)-6-((4-| 458.10 | 2.938*
A Y) (G-(dimethylamino)propy)
\: ,@ amino)-3-(4H-1,2,4-triazol-
NN 4-y)phenyl)amino)
imidazo[1,2-b]pyridazine-3-
carbonitrile
130 E:e 8-(Cyclopropylamino)-6-((3-{ 456.10 | 2.405°
" AN [Nj (4-methy1-l-piperaiinyl)—ﬁ-
N @ (4H-1,2,4-triazol -4-y])
NN NSy phenylamino)imidazo[1,2-
blpyridazine-3-carbonitrile
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Example Structure Name M+H]"| HPLC
No. Retention
Time
{(min.)*
131 ’“.l:" ~ [B-(Cyclopropylamino)-6-((3-| 444.10 | 2.440°
" ,AM"HN] ((2-(dimethylaminc)ethy)
Ny Q amino)-5-(4H-1,2,4-triazol-
/}\’"‘N’ N E:_,.; 4-y)phenyl)amino)imidazo
N [1,2-b]pyridazine-3-
carbonitrile
132 A Me-y-Me 18_(Cyclopropylamino)-6-((4-f 458.10 | 3.041°
N HN\ "ﬁﬂ . {(2-(dimethylamino)ethyl)
}N\Nf ﬂ’©:"\':\‘,~ (methyl)amino)-3-(4H-1,2,4-
¥ N ftriazol-4-yl)phenyl)amino)
imidazof1,2-b]pyridazine-3-
carbonitrile
133 OH 8-(Cyclopropylamino)-6-((3-| 486.10 | 2.437
HN (4-(2-hydroxyethyl)-1-
HN/A [Nj piperazinyl)-5-(4H-1,2 4-
§:~N‘; ) QNX% triazol-4-y)phenyl)amino)
il H \s,/! [imidazo[},2-bjpyridazine-3-
carbonitrile
134 e 8-(Cyclopropylamino)-6-((3-] 445.10 | 2.468°
» ,AMO Oj (2-(dimethylamino)ethoxy)-
N Q 5-(4H-1,2,4-triazol4-
NN, 2 e
?"N N NL_:‘:N vl)phenyl)amino)imidazo
N [1,2-b]pyridazine-3-
. carbonitrile
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Example Structure Name [M+H]"| HPLC
No. Retention
Time
(min. y*
135 N A HOMB 8-(Cyclopropylamino)-6-((4-| 445.10 | 3.791°
N N, ((2-methoxyethyl}(methyl)
>\/“ N E'C[N«\N pmino)-3-(4H-1,2,4-triazol-
Vi BN
N 4-yl)phenyl)amino)imidazo
[1,2-b]pyridazine-3-
carbonitrile
136 o A ove 8-(Cyclopropylamino)-6-((3-| 387.98 | 1.803°
Nﬁﬁ methoxy-3-(1H-1,2,4-triazol
?’N‘N/ N T::\/N I-yl)phenyl)amino)imidazo
N [1,2-b]pyridazine-3-
carbonitrile
137 A 8-(Cyclopropylamino)-6-((3-| 441.91 | 1,793 ¢
N HN\ ocF;  |(1H-1,2,4-triazol-1-yl)-4-
%’N‘N’ H’@q’\\u (trifluoromethoxy)phenyi)
/] N=/
amino)imidazo[1,2-
blpyridazine-3-carbonitrile
138 O\NH o 8-(Cyclobutylamino)-6-((3- | 402.1 | 1.76¢
Nﬁ /@ methoxy-5-(4H-1,2,4-triazol
!}'N‘N’ N L’:N d-y)phenyl)amino)imidazo
N [1,2-b]pyridazine-3-
carbonitrile
139 A 8-(Cyclopropylamino)-6-((4-| 470.10 [ 2.851°®
}lﬁ“ ,@I:::'D (2j(1-pyrr01idinyl)eth‘yl)
4 H key amino)-3-(4H-1,2,4-triazol-
d-yDphenyl)amino)imidazo
[1,2-b]pyridazine-3-
carbonitrile
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Example Structure Name [M+H]"| HPLC
No. Retention
Time
{min.)*
140 A o, 8-(Cyclopropylamino)-6-((4-| 459.00 | 2.920°

\Nﬁ Oy, l(3-(dimethylamino)

2’ R QQE:N propoxy)-3-(4H-1,2 4-
triazol-4-yl)phenyl)amino)
imidazo[1,2-b]pyridazine-3-
carbonitrile

141 OH 8-(Cyclopropylamino)-6-((3-| 457.00 | 2.545°
» A @ (4-hydroxy-1-piperidinyl)-5-
NeA /@\ (4H-1,2,4-triazol-4-y1)
J?'N‘N/ N b‘f;:'" phenyl)amino)imidazo[1,2-
N blpyridazine-3-carbonitrile
142 " _<° 8-(Cyclopropylamine)-6-((3-| 498.00 | 2.753°
‘ A . ((3aR,7aS)-2-oxchexahydro
. ”': /é\ [1,3]oxazolo[5,4-c]pyridin-
},Nw/ ' -, S(2H)-y1)-5-(4H-1,2,4-

4 =y triazol-4-yl)phenyl)amino)
imidazo[1,2-blpyridazine-3-
carbonitrile

143 A 8-(Cyclopropylamino)-6-((4-| 471.00 | 2.846°
N S wN (2-(1-pyrrolidinylethoxy)-3-

}l o ”'@’QN > (4H-1,2,4-triazol-4-y1)
phenyl)amino)imidazo(1,2-
bpyridazine-3-carbonitrile
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Example Structure Name [M+H]"| HPLC
No. Retention
Time
(min,)*
144 HN,A O,NH, 6-((4-(4-Amino-1- 456.10 | 3.053°
fﬁ ,@N,\ piperidinyl)-3-(4H-1,2,4-
r,?’ "R L;" |triazol-4-yl)phenyl)arnin0)-
8-(cyclopropylamino)
limidazo[ 1,2-b]pyridazine-3-
carbonitrile
145 /A 8-(Cyclopropylamino)-6-({5-| 358.92 | 1.533°
Ne HN\ _ (1H-1,2,4-triazol-1-y1)-3-
>/"~N’ N - NN, pyridinyl}amino)imidazo
o "=/ I11,2-b]pyridazine-3-
carbonitrile
146 ’i‘“ 8-(Cyclopropylamino)-6-((3-{ 444.98 | 1.420°
A S ™ l-(dimethylamino)ethoxy)-
EN Q 5-(1H-1,2,4-triazol-1-y1)
i?’"""/ N ?«:\/N phenyl)amino)imidazo[1,2-
N b]pyridazine-3-carbonitrile
147 Mo Jg-Anilino-6-((3-(2- 431221 1.532°
" ,@ . S L dimethylamino)ethoxy)-5-
N‘ﬁ /@ (1H-1,2,d-triazol-1-yl)
,}\'"‘N’ N4 phenyDamino)imidazo[1,2-
N b]pyridazine-3-carbonitrile
148 on 8-(Cyclopropylamino)-6-((4-| 486.22 { 1.310°
A N ((2-(4-morpholinyl)ethyl)
Ne Hi NH amino)-3-(1H-1,2,4-triazol-
}"LN’ H/@,‘,/\\N 1-yD)phenyl)amino)imidazo
o " |11,2-blpyridazine-3-
icarbonitrile

177
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Example Structure Name (M+H]"| HPLC
No. Retention
Time
(min.)*
149 A Ay 8-(Cyclopropylamino)-6-((4-| 486.10 | 2.825°
Nap s N 4-(2-hydroxyethyl)-1-
}ﬁ@ﬂ (4-(2-hydroxyethyl)
V] H by piperazinyl)-3-(4H-1,2 4-

triazol-4-yDphenyl)amino)
imidazo{1,2-b]pyridazine-3-

carbonitrile

150 A 8-(Cyclopropylamino)-6-((4-| 487.10 | 2.836°
%@\N /@:::\G (2-(4-morpholinyl)ethoxy)-
AL 3-(4H-1,2,4-triazol-4-yl)

phenyl)amino)imidazof1,2-

blpyridazine-3-carbonitrile

151 A o [B-(Cyclopropylamino)-6-((4-| 472.00 | 2.910°
((3-morpholinylmethyl)
by amino)-3-(4H-1,2,4-triazol-
#-yDphenyljamino)imidazo
[1,2-blpyridazine-3-

carbonitrile
152 '!‘:‘”9 8-(Cyclobutylamino)-6-((3- | 4703 | 145°
D\NH [Nj (4-methyl-1-piperazinyl)-5-

nﬁ)\l Q (4H-1,2,4-triazol-4-yl)
\ N‘N, N N7 . .
N phenylamino)imidazo[1,2-

bipyridazine-3-carbonitrile
153 A Mo [8-(Cyclopropylamino)-6-((4-] 431.00 | 2.798°

\N-:(Jj\ /@0\/‘ (2-(methylamino)ethoxy)-3-
N., % 3
,}’ Nl L:.:." (4H-1,2,4-triazol-4-yl)

phenylyamino)imidazo[1,2-

blpyridazine-3-carbonitrile
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Example Structure Name [M+H]"| HPLC
No. Retention
Time
(min.)*
154 A 8-(Cyclopropylamino)-6-((3-| 390.10 | 2.243°
}thﬁu QN (4-hydroxy-1-piperidinyl)
i H O\DH phenyl)amino)imidazo[1,2-
bipyridazine-3-carbonitrile
155 " A o 8-(Cyclopropylamino)-6-((3-} 372.14 | 1.808°
Nyj Q methyl-5-(1H-1,2,4-triazol-
>f"~~’ N Ny [I-yDphenyl)amino)imidazo
i N/
N [1,2-b]pyridazine-3-
carbonitrile
156 » AN o 6-((3-Chloro-5-(1H-1,2,4- [ 392.05| 1.910°
Nﬁ Q triazol-1-yl)phenyl)amino)-
j?’"‘u’ N r;l:‘:\/,., 8-(cyclopropylamino)
N imidazo[1,2-b)pyridazine-3-
carbonitrile
157 " A oCF 3 8-(Cyclopropylamino)-6-((3-} 456.12 | 1.928°
N ﬁ /@ (1H-1,2,4-triazol-1-y1)-5-
>\,N~N/ N Ny (2,2,2-triflucroethoxy)
W " phenyl)amino)imidazo[1,2-
blpyridazine-3-carbonitrile
158 o 8-(Cyclopropylamino)-6-((4-| 457.15 | 1.623°¢
" ”“:A %3 (tetrahydro-2H-pyran-4-
>\’N‘N/ ; ’@"e N ylamino)-3-(1H-1,2,4-
4 N=/" ftriazol-1-yD)phenyl)amino)
imidazo{1,2-b]pyridazine-3-
carbonitrile
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Example Structure Name [M+H]"| HPLC
No. Retention
Time
(min.)*
159

8-(Cyclopropylamino)-6-((3-| 388.13 | 1.533°¢

HN/A OH
Nﬁ é (hydroxymethyl)-5-(1H-
>\'N"N/ N N7,
H \)
I{I i N=/

1,2,4-triazol-1-yl)phenyl)

amino)imidazo{1,2-

blpyridazine-3-carbonitrile

160 N A 8-(Cyclopropylamino)-6-((2-j 388.00 | 3.083°
MaC. .
>\N:N‘ ’; ’ /\@\N’N methoxy—S-(lHjl,2,‘4-fnazol-
P N ‘*r.? I-yhphenyl)amino)imidazo
N [1,2-b]pyridazine-3-
carbonitrile
161 N N . 6-((3-Cyano-5- 384 | 3.430°
N (trifluoromethyl)phenyl)
%mﬁ/g\“}u amino)-8-
. ,ﬂ’ (cyclopropylamino)imidazo
[1,2-b]pyridazine-3-
carbonitrile
162 ANH 8-(Cyclopropylamino)-6-((2-| 372.20 | 1.72°¢

N Me:©\ methyl-5-(1H-1,2,4-triazol-
>\’N‘N’ N hL N\> 1-yDphenyl)amino)imidazo
/ o

/ N I1,2-b]pyridazine-3-

carbonitrile

163 A 8-(Cyclopropylamino)-6-((4-| 376.09 | 1.68°
Na F fluore-3-(1H-1,2,4-triazol-1-
>’N‘N’ E/Q:'LN‘) yDphenyl)amino)imidazo
4 N 2-b)pyridazine-3-

carbonitrile
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Example

No.

Structure

Name

[M+H]

HPLC
Retention
Time

(min.)*

164

8-(Cyc10propylamino)—6—
((1,4-dimethyl-2-0x0-1,2-
dihydro-7-quinolinyl)amino)
imidazo[1,2-b]pyridazine-3-

carbonitrile

386.00

4170

165

8-(Cyclobutylamino)-6-((3-
(1H-1,2,4-triazol-1-yl})-5-
(trifluoromethyl)phenyl)
amino)imidazo[1,2-

blpyridazine-3-carbonitrile

440.09

1.983°

166

8-Anilino-6-((4-((2-
(dimethylamino)ethyl)
amino)-3-(4H-1,2 4-triazol-
4-yl)phenyl)amino)imidazo
[1,2-b]pyridazine-3-

carbonitrile

480.19

1.46°

167

8-(Cyclopropylamino)-6-((5-
(1H-1,2,4-triazol-1-y1)-2-
(trifluoromethoxy)phenyl)
amino)imidazo[1,2-

blpyridazine-3-carbonitrile

441.99

191°

168

6-((4-Cyano-2-pyridinyl}
amino)-8-
(cyclopropylamino)
imidazo{1,2-b]pyridazine-3-

carbonitrile

317.00

2.796°
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Example Structure Name [M+H]"| HPLC
No. Retention
Time
{min. y*
169 N AN . R-(Cyclopropylamino)-6-((3-| 425.90 [ 3.073°
3
N A Q (4H-1,2,4-triazol-4-y1)-5-
Y = .
,}'N‘N N NL:,:-N (trifluoromethyl)phenyl)
N amino)imidazo[1,2-
blpyridazine-3-carbonitrile
170 A\NH B-(Cyclopropylamine)-6-((2-| 376.02 | 1.760°
NSy F:@\ fluoro-5-(1H-1,2,4-triazol-1-
N -~ .
}'N‘N N Ny bDphenyl)amino)imidazo
i N=/
N [1,2-b]pyridazine-3-
carbonitrile
171 © 3-((3-Cyano-8- 485.14 | 1.705°
A\NH o QNE (cyclopropylamino)imidazo
Ne A [1,2-b]pyridazin-6-y1)
}Nw’ N N, amino)-N-(tetrahydro-2H-
H VN
i N Ioyran-d-yl)-5-(1H-1,2,4-
triazol-1-yl)benzamide
172 A 8-(Cyclopropylamino)-6-((3-| 376.03 | 1.832°¢
NH F
Ne A Q fluoro-5-(1H-1,2,4-triazol-1-
Y P -
>”N“N N Ny yD)phenyl)amino)imidazo
M N=/
N (1,2-b]pyridazine-3-
carbonitrile
173 A N 8-(Cyclopropylamino)-6- 42505 1.757°¢
NH N‘N ) .
N J: ((3,5-di-1H-1,2 4-triazol- 1-
B
%N-N’ N N vlphenyl)aminoyimidazo
H -
¥ "= I1,2-blpyridazine-3-
carbonitrile
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Example Structure Name [M+H]"| HPLC
No. Retention
Time
(min.)*
174 HEQ 8-(Cyclopropylamino)-6-((3-| 431.13 | 1.377°¢
A\NH 10 (2-(methylamino)ethoxy)-5-
N“H\]\ Q (1H-1,2,4-triazol-1-y])
NN, =
\N N N/% 2 . . _
2’ N NN phenyl)amino)imidazo[1,2
N blpyridazine-3-carbonitrile
175 j%”i Fs 8-Amino-6-((3-(1H-1,2,4- | 38599 1.75°¢
o UeUN"
}’N‘N/ : -~ triazol-1-yl)-5-
l N=/ (trifluoromethyl)phenyl)
amino)imidazo{1,2-
blpyridazine-3-carbonitrile
176 N-(3-((3-Cyano-8- 451.90 | 9.139"
HN CF,
Nﬁ\ o (cyclopropylamino)imidazo
NN, 2 'I‘
,)"N NS M 4 2 blpyridazin-6-y1)
N amino}-5-(trifluoromethyl)
phenylmethanesulfonamide
H a
177 A NCO Methyl (3-((3-cyano-8- 491.00 | 3.690
\"\j/i o Kcyclopropylamino)imidazo
N, = _Me
,}’ N W% [1,2-blpyridazin-6-y1)
N
amino)-5-(tetrahydro-2H-
pyran-4-
ylcarbamoyl)pheny!)
carbamate
178 H 3-Cyano-5-((3-cyano-8- ~ | 408, .800°
HNA O:?'S’N‘Me yano-5-((3-cyano-8 08.90 | 2.800
Ner (cyclopropylamino)imidazo
%Nm/ N Sy [1,2-b]pyridazin-6-yl)
{,’ amino)-N-
methylbenzenesulfonamide

- 183 -
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Example Structure Name [M+H]"| HPLC
No. Retention
Time
{(min.)*
179 A\NH :::Sfi: IN-(3-Cyano-5-((3-cyano-8- | 409.00 | 2.773°
PN (cyclopropylamino)imidazo
&,N.,N/ H/@\*n [1,2-blpyridazin-6-ylamino)
4 phenyl)methanesulfonamide
180 N //—\‘of“f“\,Me 3-Cyano-5((3-cyano-8- | 422.90 | 2.925°
Na % cyclopropylamino)imidazo
}“m’ N s, |[1:2-bIpyridazin-6-y1)
W lamino)-N-
ethylbenzenesulfonamide
181 AN 6-((3-Amino-4-fluorophenyl)| 324.00 | 3.386°
Ne, Hi F  [amino)-8-
>\fN-N’ NQNH2 (cyclopropylamino)
d " imidazo[1,2-blpyridazine-3-
carbonitrile
182 " AN O=|§—Me Methy] (3-((3-cyano-8- 442.00 | 3.561°
Nawr % o {cyclopropylamino)imidazo
?’"‘N’ N H’u‘o “° |[1,2-b]pyridazin-6-yl)
N amino)-5-(methylsulfonyl)
phenyl)carbamate
133 "ﬂ’ﬂj"‘" 3-((3-Cyano-8- 500.19  1.410°
(cyclopropylamino)imidazo
A\NH NH [1,2-b]pyridazin-6-y1)
{Lu\\: 5 . amino)-N-(2-(diethylamino)
,}’ NN NN lethy)-5-(1H-1,2 4-triazol-1-
" yl)benzamide
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Example Structure Name [M+H]"| HPLC
No. Retention
Time
(min. y*
184 ANy 6-((3-Chloro-5-cyanophenyl) 350.08 | 1.967°¢
NH Cl
N ﬁ amino)-8-
}Nw’ N Sy (cyclopropylamino)
H
,f:’ imidazo[],2-b]pyridazine-3-
carbonitrile
185 Q 3-Cyano-5-((3-cyano-8- 479.00 | 2.850°
HN . . .
o A o (cyclopropylamino)imidazo
Ner /@\ [1,2-b]pyridazin-6-y)
>’N'N/ N Ny, [pmino)-N-(tetrahydro-2H-
i
N pyran-4-yI)
benzenesutfonamide
186 :‘.ﬂe 6-((3-Cyano-5-((4-methyl-1-| 478.00 | 2.661°
[ j piperazinyl)sulfonyl)phenyl)
N
l-m’A o=$=0 amino)-8-
\N‘*N \ (cyclopropylamino)
/}'“N N Sy imidazo[1,2-blpyridazine-3-
N o
carbonitrile
187 A\ 3-Cyano-5-((3-cyano-3- 395.00 | 2.562°
HN  O=s=0 o
Neo {cyclopropylamino)imidazo
%"w’ N Sy [1,2-b]pyridazin-6-yl)amino)
H
,.':" benzenesulfonamide
188 Me 3-((3- -8- 41 .62
" JFAN ote ((3-Cyano 3 | 2.626
Ny (cyclopropylamino)imidazo .
}'N‘N, N OH [1,2-b]pyridazin-6-yl)
i H o .
N amino)-S-(methylsulfonyl)
benzoic acid

- 185 -
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Example Structure Name [M+H]"| HPLC
No. Retention
Time
(min.)*
189 Q 8-Anilino-6-((3-cyano-5- 420.00 | 4.460°
HN CFs (trifluoromethyl)phenyl)
§:\f|\|j\~ S amino)imidazo[1,2-
I/ H N blpyridazine-3-carbonitrile
190 /ro"’ 6-((3-Cyano-5- 388.00 | 3.958°
HN CF, (trifluoromethyl)phenyl)
%‘\@\N . amino)-8-((2-hydroxyethyl)
P H "N lamino)imidazof1,2-
" blpyridazine-3-carbonitrile
191 0 6-((3-Cyano-5- 457.00 | 3.376°
IN\) (trifluoromethyl)phenyl)
) % T lamino)-8-((2-(4-
>(N..N/ X S morpholinyl)ethyl)amino)
4 imidazo[1,2-b]pyridazine-3-
carbonitrile
192 A\NH O _NH, 3-((3-Cyano-8- 401.14 [ 1.700°¢
Ny Jgj\ (cyclopropylamino)imidazo
YNNI (2 bJpyridazin-6y1)
i N=/
N amino)-5-(1H-1,2,4-triazol-
1-yl)benzamide
193 NH; CFa 8-Amino-6-((3-cyano-5- 344,00 ) 0.900°
§:K:>\N < (trifluoromethyl)phenyl)
i H N lamino)imidazo[1,2-
" blpyridazine-3-carbonitrile
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Example Structure Name [M+H]*| HPLC
No. Retention
Time
{min.)*
194 3-((3-Cyano-8- 41513 1.975°¢
/& (cyclopropylamino)imidazo
>VN Z NNy [1,2-b]pyridazin-6-y1)
N/ amino)-N-methyl-5-(1H-
1,2,4-triazol-1-yl)benzamide
195 “ 6-((3-Cyano-5-fluorophenyl)| 371 3.423°
HN= N F amino)-8-(2-pyridinylamino)
§j‘)~\j\u’©\;~ imidazo[1,2-b]pyridazine-3-
1l H N arbonitrile
196 @ 6-((3-Cyano-4- 367 | 3.396°
" "’N\ N e [methylphenyljamino)-8-(2-
%Nﬁl”/@k\ pyridinylamino)imidazo[1,2-
/ H N' blpyridazine-3-carbonitrile
197 NH,  F 8-Amino-6-((3-cyano-5- 294 | 2.831°
§5@N/©\\} ﬂuorophenyl)amino)in:iidazo
i H N 11,2-b]pyridazine-3-
carbonitrile
198 ) N\Hz v  [P-Amino-6-((3-cyano-d- 200 | 2.813°
>\:le<)'\\\ methylphenyl)amino)
p H N limidazo[1,2-b]pyridazine-3-
" carbonitrile

- 187 -

op



WO 2010/042699

PCT/US2009/059968
Example Structure Name [M+H]"| HPLC
No. Retention
Time
(min,)*
199 MeOI 6-((3-Cyano-5-fluorophenyl)| 352 | 3.068°
NH F amino)-8-((2-methoxyethyl)
}N:"\@\N . amino)imidazo[1,2-
1 H "N bipyridazine-3-carbonitrile
200 MeOI 6-((3-Cyano-4- 348 | 3.06°
NH methylphenyl)amino)-8-((2-
New A Me -
\N. 2 N/@\ methoxyethyl)amino)
i H “Mimidazo[1,2-b]pyridazine-3-
" carbonitrile '
201 ‘-ﬂ:s 6-({3-Cyano-3-fluorophenyl}| 376.00 | 2.100°¢
N% i amino)-8-((2,2,2-
>\’N‘N’ " S triﬂuoroethyl)amino)imidazo
il H " l1,2-blpyridazine-3-
carbonitrile
202 Ck"‘a 6-((3-Cyano-5- 42620 | 1.000°
Nﬁ)%\ TP (trifluoromethyl)phenyl)
>,N\N/ " S amino)-8-((2,2,2-
b H N trifluoroethyl)amino)imidazo
[1,2-b]pyridazine-3-
carbonitrile
203 O\NH 5, 6-((3-Cyano-5- 398.10 | 2.270°
N "(J\j\ (trifluoromethyl)phenyl)
>,N.N/ y Sy amino)-8-(cyclobutylamino)
,ﬂ/ imidazo[1,2-b]pyridazine-3-
carbonitrile

- 188 -




WO 2010/042699 PCT/US2009/059968 g, G

Example Structure Name [M+H]"] HPLC
No. Retention
Time
(min.)*
204 NH; 8-Amino-6-((3-cyano-4- 360 | 3.135°
NS OCF,
?{ﬁ m (trifluoromethoxy)phenyl)
NN o o :
rﬂ / amino)imidazo[1,2-

b]pyridazine-3-carbonitrile

205 Nﬁ)%i we ,  [Methyl (5-((8-amino-3- 338 | 2.377
>,N.N/ HIQ,\”)LOMB cyanoimidazo[l,2-

Y blpyridazin-6-yl)amino)-2-
methylphenyl)carbamate

206 Q 6-((3-Chloro-5- 364301 1.030°
NH cl
N ‘\“H\\;j\ cyanophenyl)amino)-8-
%"LN/ N s, [Cyclobutylamino)imidazo[l,
H N
“ 2-blpyridazine-3-carbonitrile
207 NHz E 8-Amino-6-((3-fluoro-5-(1H- 336.30 | 0.770°
N"'-n
}ﬁ 1,2,4-triazol-1-yl)phenyl)
NN N’\\N
H \ . ..
'5/ N=/ [amino)imidazofl,2-
blpyridazine-3-carbonitrile
208 B 8-(Cyclobutylamino)-6-((3- | 417.30 | 0.930°¢
NH oM _
NS te " methoxy-5-(5-methyl-1H-
~ e
>\an~~’ N N/\(N tetrazol-1-yl)phenyi)amino)
H ..
i NN imidazo[1,2-b]pyridazine-3-

icarbonitrile
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Example Structure Name [M+H]"{ HPLC
No. Retention
Time
(min.)*
209 8-(Cyclopropylamino)-6-((2-| 360.14 | 1.69°

quinolinyl)amino)imidazol[1,

A\NH
Na 0x0-1,2,3,4-tetrahydro-7-
o IQQY
N N N o
y H H
N

2-b]pyridazine-3-carbonitrile

210 Hy - OMe Methyl (5-((3-cyano-8-((2- | 396 | 2.715°

N--. iy Me (o) .

>\(N - /@’\ I methoxyethyl)amino)
N N N OMe

1 : H

N

imidazo[1,2-b]pyridazin-6-
vl)amino)-2-methylphenyl)

carbamate
211 U\NH 6-((5-Cyano-2- 360.30 | 1.000°
N,}H\j\ﬂﬂeo methoxyphenyl)amino)-8-
>:'N‘N/ E;Q\Q\N (cyclobutylamino)imidazo[1,
N 2-blpyridazine-3-carbonitrile
212 D\ 6-((2-Chloro-5-cyanophenyl)| 364.30 | 1.030°
NH
N "‘7)1\0 amino)-8-(cyclobutylamino)
YN 2 N\»Q\Q imidazo[1,2-b]pyridazine-3-
,ﬂ" i " carbonitrile
213 &NH 6-((5-Cyano-2- 346.30 | 0.950°¢
Noorty, MeO methoxyphenyl)amino)-8-
) mﬁ Sy (cyclopropylamino)imidazo
i [1.2-blpyridazine-3-

carbonitrile
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Example Structure Name - [M+H]"| HPLC
No. Retention
Time
(min,)*
214 A\NH 8-(Cyclopropylamino)-6-((3-| 368.14 | 2.87¢
N 3-pyridinyl)phenyl)amino)
% P
Non [N imidazo[1,2-b]pyridazine-3-
Mt e
N carbonitrile
215 HN - OMe 6-((3-Cyano-4- 418 | 3.321°
:L\ N /@CCE (trifluoromethoxy)phenyl)
N. =
y N ¥y [amino)-8-((2-methoxyethyl)
N amino)imidazof 1,2-
b]pyridazine-3-carbonitrile
216 ANH 8-(Cyclopropylamino)-6-((3-| 368.14 | 1.51°
Nawr Sy 4-pynidinyl)phenylamino)
N P
) N N i imidazo[1,2-b]pyridazine-3-
4 . #N
N carbonitrile
217 3 6-((3-Cyano-4- 437 3.633
HN \N :
N ocF, (trifluoromethoxy)phenyl)
Py ,@ amino)-8-(2-pyridinylamino)
il H " imidazo[1,2-b]pyridazine-3-
carbonitrile
218 \ NH; Me 8 Amino-6-((4-methyl-2- 332 | 2.681°
2o S
>,N,N/ ”J: Iﬂlo 0x0-1,2-dihydro-7-
It quinolinyl)amino)imidazof1,
2-b]pyridazine-3-carbonitrile
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Example Structure Name [M+H]"| HPLC
No. Retention
Time
(min.)*
219 . 'j: o |8-Amino-6-((4-methyl-3- 336 | 2.725°
}@N,@Nlo 0x0-3,4-dihydro-2H-1,4-
4 " Me benzoxazin-6-yl)amino)
~ limidazo[1,2-b]pyridazine-3-
carbonitrile
220 /_\\NH 8-(Cyclopropylamino)-6-((4-{ 376 3.17°
C\ﬁ /@Ol methy]—3—0xo-3,4-d1hydro-
f}’ NN 1?43 ¢ [2H-1,4-benzoxazin-6-yl)
N amino)imidazo[1,2-b]
pyridazine-3-carbonitrile
221 ‘ﬂ’s 6-((3-Cyano-4- 372.10| 1.070°¢
Ne N:j me [methylphenylyamino)-8-
NN, 2 NQ ((2,2,2-triflucroethylamino)
I H N limidazo[1 2-b]pyridazine-3-
carbonitrile
222 €Fs 6-({3-Methoxy-5-(1H- 431.10 | 1.010°
N % T tetrazol-1-yl)phenyl)amino)-
?’”‘n’ N NS, B8-((2,2,2-trifluoroethyl)
& Hen amino)imidazo[1,2-
blpyridazine-3-carbonitrile
223 &NH s, 8-(Cyclopropylamino)-6-((2-} 426.20 | 1.030°
Nﬁ m ox0-4-(trifluoromethyl)-1,2-
}“‘N’ N N“So |dihydro-7-quinolinylyamino)
N imidazo[1,2-b)pyridazine-3-
carbonitrile
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Example Structure Name [M+H]"| HPLC
No. Retention
Time
(min,)*
224 &NH : (5-((3-Cyano-8- 363 | 2.993°¢
%ﬁj" /@/\M"/ogo (cyclopro?ylaltnmo)umdazo
p H [1,2-b]pyridazin-6-yl)
" amino)-2-methy1phehyl)
acetic acid
225 ANH 6-((2-Chloro-5-cyano-4- 364 | 3.296°
NarRy, ©! Me methylphenyl)aming)-8-
3 N Nj:)/\\‘: (cyclopropylamino)imidazo
4 " " [1,2-b]pyridazine-3-
carbonitrile
226 ) N\”zq e 8-Amino-6-((2-chloro-5- 324 | 3.873°
>:N‘N/ N:@;Q cyano-4-methylphenyl)
Y/ H N lamino)imidazo{1,2-
b]pyridazine-3-carbonitrile
227 \ N\“zc] 8-Amino-6-((2-chloro-5- 310 | 2.678°
N N2 N@\Q cyanophenyl)amino)imidazo
U H N [1,2-b]pyridazine-3-
carbonitrile
228 " ": e 8-Amino-6-((5-cyano-2- 306 | 2.613°
\ Noy? N:@\~ methoxyphenyl)amino)
U H "N kmidazo[1,2-bJpyridazine-3-
carbonitrile
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Example Structure Name [M+H]"| HPLC
No. Retention
Time
(min.)*
229 &NH 6-((5-Cyano-2- 384.20 | 1.290°
Ny Yy, FaC (trifluoromethyl)phenyl)
>’N‘N’ ND\\\N amino)-8-
rﬂf " (cyclopropylamino)imidazo
[1,2-b]pyridazine-3-
carbonitrile
230 C{: 6-((5-Cyano-2- 426.10 | 1.280°
Ne T F.C {trifluoromethyl)phenyl)
>’N~N’ N:Q\Q amino)-8-((2,2,2-
:ﬂj H N trifluoroethyl)amine)
imidazo[1,2-blpyridazine-3-
carbonitrile
231 ‘fa 6-((3-Cyano-4- 426.10 | 1.090°
" ”\” or, ((trifluoromethyl)phenyt)
>\,N.N/ N,@;{\ Mino)-8-((2,2,2-
it : N trifluoroethyl)amino)imidazo
[1,2-bipyridazine-3-
carbonitrile
232 6-((3-Cyano-4- 384.12 | 2970°
Nas T cr, [(trifluoromethyl)phenyl)
?‘/"LN’ N’Q/\:\\ arnino)-3-
" " " (cyclopropylamino)imidazo
[1,2-b]pyridazine-3-
carbonitrile
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Example Structure Name [M+H]"} HPLC
No. Retention
Time
(roin, y*
233 a 6-((2-Chloro-5-cyano-4- 401 | 3.228°
NTNH methylphenyl)amino)-8-(2-
Now cl Me
.9 m byridinylamino)imidazof1,2-
NN N . _
4 H blpyridazine-3-carbonitrile
234 ‘ﬂ’a 6-((5-Cyano-3-fluoro-2- 406201 1.030°
Ne N\H ge f methoxyphenyl)amino)-8-
}Nh ) ((2,2,2-trifluoroethylamino)
U
iy imidazo[1,2-b]pyridazine-3-
carbonitrile
235 A IN-(5-((3-Cyano-8- 412 | 2.58°
HN Me
Nﬁ /@ o [eyclopropylamino)imidazo
}Nw’ \ h‘ifo (1,2-b]pyridazin-6-yI)
rﬂf amino)-2-ethylphenyl)
methanesulfonamide
236 NH  CFs 8-Amino-6-((3-(4H-1,2,4- 386 | 2.46°
P triazol-4-yl)-5-
}’N‘N N Ny ¥
4 H \=y" [(trifluoromethyl)phenyl)
amino)imidazo[1,2-
b]pyridazine-3-carbonitrile
237 N 6-((5-Cyano-2- 400.20 | 1.150°
Na Yy, FACO (triflucromethoxy)phenyl)
\ N. = D\ .
N Xy [AMino)-8-
]
N (cyclopropylamino)imidazo
[1,2-b]pyridazine-3-
carbonitrile
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Example Structure Name [M+H]"| HPLC
No. Retention
Time
(min,)*
238 [Oj 6-((5-Cyano-2-(2-(8- 44530 | 0.870°¢
morpholinyl)ethoxy)phenyl)
amino)-8-
}ﬁ :@\ (cyclopropylamino)
imidazo[1,2-blpyridazine-3-
carbonitrile
239 ANH . 6-((5-Cyano-3-fluoro-2- 364.20 | 0.970°
Nﬁ)ﬁ\”ecﬁ\ methoxyphenyl)amino)-8-
f}'N‘N/ N S [cyclopropylamino)imidazo
N [1,2-b]pyridazine-3-
carbonitrile
240 [\NH 6-({4-Chloro-3- 350.90 | 1.91°
N ﬁ ¢ kyanophenyl)amino)-8-
&—Nw’ N@RQ (cyclopropylamino)imidazo
4 " " [1.2-bIpyridazine-3-
carbonitrile
241 [ 8-Amino-6-((5-cyano-2- 344.18 | 3.098
Neoty, Fi€
%m N;@\Q (trifluoromethyl)phenyl)
1l H N lamino)imidazo[1,2-
blpyridazine-3-carbonitrile
242 N A 8-(Cyclopropylamino)-6-((2-| 398.22{ 1.59°¢
Nﬁ)\\ﬁeo methoxy-5-(4-pyridiny!)
/}’”‘N’ u% phenyl)amino)imidazo{1,2-
N b]pyridazine-3-carbonitrile
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Example Structure Name [M+H]"| HPLC
No. Retention
Time
(min.)*
243 A N-(4-Chloro-5-((3-cyano-8- | 432 | 2.67°
{LN ‘: ¢ Wo ,o“sio (cyclopropylamino)imidazo
P NN R M |[i,2-b]pyridazin-6-y1)
" amino)-2-methylphenyl)
rethanesulfonamide

10

15

* = HPLC conditions

® YMC S5 ODS 4.6 x 50 mm, 10-90% aqueous methanol containing 0.2% H,PQy,, 4

min. gradient, monitored at 220 nm

® CHROMOLITH® column 4.6 x 50 mm eluting with 10-90% aqueous methanol

over 4 min. containing 0.1% TFA, 4 mL/min, monitoring at 220 nm.

© PHENOMENEX® Luna 5 micron C18 4.6 x 30 mm, 0 to 100 B in 2 min. with 1
min. hold time, flow rate = 5 mL/min., detection at 254 nm, Solvent A: 10%
methanol/ 90%water / 0.1% TFA; Solvent B: 10% water / 90% methanol/ 0.1 % TFA

4 YMC S5 ODS, 4.6 x 50 mm. 1 mL/min., 0-100% Water-Methanol 0.2% H;PQ.,

gradient over 15 min.

® BEH C18 2.1x 50mm, 1.7u, 0 to 100 B in 1 min. with 0.5 min. hold time, flow rate
= 1 mEL/min., detection at 254 nm, Solvent A: 100% water / 0.1% TFA; Solvent B:
100% ACNI/0.1 % TFA

T Column: PHENOMENEX® Luna Ci8 4.6x30mm 3u, A10-90% aqueous methanol
containing 0.1% TFA in 2 min; 4mL/min flow

& Waters Sunfire C18 4.6 x 150mm 5 micron. 1 mL/min., 0-100% Water-Methanol
0.2% H3PQ,, gradient over 4 min.

" Sunfire-S5-C18 4.6 x 50 mm (4 min. grad) 10-90% aqueous methanol over 4 min.
containing 0.1% TFA, 4 mL/min., monitoring at 220 nm.

- 197 -
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' PHENOMENEX® Luna 4.6 x 50mm S10 Solvent A = 5% ACN - 95% H20 -10mM
NH4Ac, Solvent B = 95% ACN - 5% H20 -10mM NH4Ac, fiow rate = 4 mL/min.,

detection at 220 nm, gradient over 4 min,

| PHENOMENEX® Luna 3.0 x 50mm S10, 10-900% Water-Methanol 0.1% TFA,

5  gradient over 2 min., monitoring at 254 nm.

EXAMPLE 244
8-(Cyclopropylamino)-6-({4-(dicthylamino)phenyl)amino)imi dazo[1,2-bpyridazine-

3-carbonitrile

HN/A Mej
N.,_j/%\ NVME
LY
>’N‘N/ N
I H
10 N

244A: 8-(Cyclopropyl(4-methoxybenzyl)amino)-6-(4-

(dlethylammo)phenylam1no)1m1dazo 1,2-b]pyridazine-3-carbonitrile

E /A Me
W
cole
%’N“N/ N
I H
N

15 244A
[00285] A microwave tube was charged with 1G (30 mg, 0.085 mmol), N, N'-
diethylbenzene-1,4-diamine (139 mg, 0.85 mmol), and NMP (1 mL). The mixture w:is
irradiated in a microwave for three cycles of 15 min. (300W), 120 °C. The crude

reaction mixture was dissolved in a smail amount of MeOH and purified by reversed
20 phase HPL.C (YMC ODS-A 5 um 30 x 250 mm, 10-90% aqueous methanol

containing 0.1% TFA, 25 mL/min., 30 min. gradient, menitored at 220 nm) to afford

244A, (5 mg, 9.0 % yield). HPLC: Rt = 3.896 min. (YMC S5 ODS 4.6 x 50 mm, 10-
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90% aqueous methanol containing 0.2% Hs;PQy, 4 min. gradient, monitored at 220

nm). MS (ES): m/z=482.1 [M+H]".

Example 244: 8-(Cyclopropylamino)-6-({4-
5  (diethylamino)phenyl)amino)imidazo[1,2-b]pyridazine-3-carbonitrile

HNA Me\|
cole b
\Y
}'N‘N/ N
! H

N

[00286] A solution of 244A (5 mg, 10.38 pmol) in DCM (1 mL) was treated with
TFA (1 mL, 12.9 mmol) and stirred at room temperature for three hours. The reaction
mixture was concentrated and dissolved in a small amount of MeOH and purified by

10 reversed phase HPLC (YMC ODS-A 5 um 30 x 250 mm, 10-90% aqueous methanol
containing 0.1% TFA, 25 mL/min., 20 min. gradient, monitored at 220 nm) to give
Example 244, (1.2 mg, 22.12 % yield). HPLC: Rt = 3.178 min. (YMC S5 ODS 4.6 x
50 mm, 10-90% aqueous methanol containing 0.2% H;PO., 4 min. gradient,
monitored at 220 nm). MS (ES): m/z = 362.1 [M+H]". '"H NMR (400 MHz, DMSO-

15 de) 6 ppm 11.09 - 11.33 (1 H, m), 9.70 (1 H, 5), 8.15 (1 H, 5), 7.82 - 8.05 (2 H, m),
7.51-7.67(2H,m),6.24(1H,s),1.01 (6H,t,J=6.80Hz),072-086 2 H, m,J=
5.54 Hz), 0.53 - 0.72 2 H, m, J = 2.77 Hz).

EXAMPLE 245

20 8(Cyclopropylamino)-6-((3-((2-(dimethylamino)ethyl)amino)-5-(4H-1,2,4-triazol-4-
yl)phenyl)amino)imidazo[1,2-b]pyridazine-3-carbonitrile

A

voUe!

\ P

>’N‘N N N
i H

N

N
sy
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[00287] A mixture of Example 36 (30 mg, 0.090 mmol) and 1-methylpiperazine
(100 uL) in NMP (1 mL) was heated in a microwave at 160 °C for 1 hour and 15 min.
The reaction mixture was purified by prep HPLC. The fractions were concentrated,
diluted with saturated aqueous NaHCO; and extracted with EtOAc. The organic
phase was dried with Na,SQ,, filtered, concentrated, and purified by flash
chromatography, silica gel (4g, stepwise gradient from 100% dichloromethane to
10% methanol/dichloromethane) to give Example 245 (8.0 mg, 21% yield) as a white
solid. HPLC: Rt =2.603 min. (CHROMOLITH® column 4.6 x 50 mm cluting with
10-90% aqueous methanol over 4 min. containihg 0.1% TFA, 4 mL/min., monitoring
at 220 nm). MS (ES): m/z = 414 [M+H]".

EXAMPLE 246
6-((3-Cyano-5-(4-morpholinyl)phenyl)amino)-8-(cyclopropylamino)imidazo[ 1,2-

b]pyndazine-3-carbonitrile

A

N\
Y/ H N
N

[00288]  Example 246 was prepared from Example 36 and morpholine following
the procedure employed for the preparation of Example 245. HPLC: Rt = 3.466 min.
(CHROMOLITH® column 4.6 x 50 mm eluting with 10-90% aqueous methanol over
4 min. containing 0.1% TFA, 4 mL/min., monitoring at 220 nm). MS (ES): m/z =
401 [M+H]".

EXAMPLE 247

6-((3-Cyano-4-(4-morpholinyl)phenyl)amino)-8-(cyclopropylamino)imidazo[ 1,2-

blpyridazine-3-carbonitrile
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HN/A |/\o
N._j)j N\)
\ N‘N/ Nm\

i H N
N

[00289] Example 247 was prepared from Example 25 and morpholine following

 the procedure employed for the preparation of Example 245. HPLC: Rt = 3.188 min.

(CHROMOLITH® column 4.6 x 50 mm eluting with 10-90% aqueous methanol over
4 min. containing 0.1% TFA, 4 mL/min., monitoring at 220 nm). MS (ES): m/z =
401 [M+H]". "H NMR (400 MHz, DMSO-d¢) § ppm 9.52 (1 H, s),821(1H,d,J=
2.77Hz),8.14 (1 H,s), 793 (1 H,s),7.77 (1 H, dd, J = 8.94,2,64 Hz), 7.20 (1 H, d, J
=9.07Hz), 6.183 (1 H, 5}, 3.70 - 3.82 (4 H, m), 3.03 - 3.11 (4 H, m), 2.51 - 2.59 (1 H,
m), 0.76 - 0.86 (2 H, m), 0.62 - 0.71 (2 H, m).

EXAMPLE 248
6-((3-Cyano-4-(4-methyl-1-piperazinyl)phenyl)amino)-8-

(cyclopropylamino)imidazo[1,2-b]pyridazine-3-carbonitrile

HN/A (\N’Me
L O
NN, 2 m

J - N El TN
N

[00290] Example 248 was prei)ared from Example 25 and 1-methylpiperazine
following the procedure employed for the preparation of Example 245. HPLC: Rt =
3.188 min. (CHROMOLITH® column 4.6 x 50 mm eluting with 10-90% aqueous
methanol over 4 min. containing 0.1% TFA, 4 mL/min., monitoring at 220 nm). M$S
(ES): m/z =401 [M+H]". "H NMR (400 MHz, DMSO-ds) é ppm 9.47 (1 H, 5), 8.19
(1H,d,J=277Hz),8.13(1H,s),7.92(1 H, s), 7.74 (1 H, dd, J = 9.06, 2.52 Hz),
718 (1 H,d,J=9.06 Hz), 6.17 (1 H, s), 3.01 - 3.13 (4 H, m), 2.42 - 2.60 (5 H, m),
2253 H,s),0.74 - 0.87 (2H, m), 0.61 - 0.71 (2 H, m).

EXAMPLE 245
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N-(3-((3-Cyano-8-(cyclopropylamino)imidazo[1,2-b]pyridazin-6-
yl)amino)phenyhsulfamide

HN”
N
oWy
N n N"""NH,
Vi H
N

[00291]  Sulfamoy! chloride (0.017 mL, 0.034 mmol; 2M solution in MeCN) was
added to an ice-cold solution of 3A (0.0073 g, 0.017 mmol) and DIEA (6.59 ul,
0.038 mmol) in DCM (0.5 mL) under nitrogen. The resulting solution was stirred for
30 min. The reaction was quenched with water and partitioned between water and
DCM, whereupon a precipitate formed. The reaction mixture was filtered, and the
filtrate was concentrated. The residue was dissolved in DCM (0.2 mL) and treated
with triethylsilane (10.9 uL, 0.069 mmol) and TFA (0.2 mL) and stirred at room
ternperature for 20 min. Volatiles were removed via a stream of nitrogen, and the
solid was dissolved in DMF and purified via preparatory HPLC using an YMC ODS
C-18 column (30 x 250 mm), 0%-100% B. Solvent B: (90% MeQH, 10% H,0, 0.1%
TFA). Solvent A: (10% MeOH, 90% H,0, 0.1% TFA). Gradient, start % B =0,
final % B = 100, gradient time 180 min. (total run time 200 min.), flow rate 25
mL/min. (monitoring at 254 nm). The appropriate fractions were concentrated in
vacuo, and the remaining residue was suspended in 2 mL 1:1 MeCN/IN HCI and
lyophilized overnight, furnishing Example 249 (0.002 g, 28% yield) as a light yellow
solid. HPLC: Rt = 3.390 min. (YMC S5 ODS-A column (4.6 x 50 mm). 0%-100% B.
Solvent B: (90% MeOH, 10% H,0, 0.2% H3PO,). Solvent A: (10% MeOH, 90%
H,0, 0.2% H;PO,). Gradient, start % B = 0, final % B = 100, gradient time 4 min.,
hold at 100% 1 min., flow rate 4 mL/min.). MS (ES): m/z = 385.1 [M+H]". '"H NMR
(400 MHz, CD30D) 8 ppm 7.99 (1 H, ), 7.57 (1 H, s), 7.44 (1 H, d, J = 1.76 Hz),
723(1H,d,/=806Hz), 6.84 (1 H,d,/=1.51Hz), 6.36 (1 H,s), 3.68 - 3.74 (1 H,
m), 2.86 (1 H, s), 2.62 (1 H, s), 1.82 - 1.89 (1 H, m), 1.39 (1 H,5), 1.27- 1.34 (1 H,
m), 0.85-0.94 (2 H, m), 0.67 (2 H, s).

EXAMPLE 250
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1-(3-((3-Cyano-8-(cyclopropylamino)imidazo[ 1,2-b]pyridazin-6-yl )amino)phenyl)-3-

methylurea

HN/A
vo el
N\ P
>"N‘N N N/U\N,Me
W H H H
N

[00292] To a solution of 3A (0.065 g, 0.153 mmol) in DCM (1 mL) at 0 °C was
added methylisocyanate (9.15 mg, 0.16 mmol). The reaction was slowly warmed to
22 °C and stirred overnight. The reaction mixture was filtered, and the solid was
washed with cold DCM. The solid was then dissolved in THF dnd concentrated in
vacuo, revealing a light tan solid, which was dissolved in a solution containing 1:1
TFA/DCM and 0.1 mL triethylsilane. The mixture was stirred at 22 °C for 30 min..
The volatiles were removed via a stream of nitrogen, and the residue was taken up in
EtOAc/DCM, whereupon a precipitate formed. The solid was filtered and washed
with DCM and dnied overnight. The resulting solid was taken up in 1N HCI (2 mL)
and lyophilized overnight, fummishing Example 250 (0.041 g, 67 % yield) as a white
solid. HPLC: Rt =3.573 min. (YMC S5 ODS-A column (4.6 x 50 mm). 0%-100% B.
Solvent B: (90% MeOH, 10% H,0, 0.2% H3POy4). Solvent A: (10% MeOH, 90%
H;0, 0.2% H3PO,). Gradient, start % B =0, final % B = 100, gradient time 4 min.,
hold at 100% 1 min., flow rate 4 mL/min.). MS (ES): m/z = 363.1 [M+H]". '"H NMR
(400 MHz, DMSO-de) 8 ppm 9.24 (1 H, 5), 8.45 (1 H, 5), 8.11 (1 H, 5), 7.81 (1 H, 5),
7.62(1 H,dd, J=8.06,1.26 Hz), 7.50 (1 H,d, J = 1.76 Hz), 7.12 (1 H, t, J = .18
Hz), 6.82-6.92 (1 H, m), 6.29 (1 H, 5), 5.95- 6.13 (1 H, m), 2.60 - 2.67 (3 H, m),
2.43-2.55(1 H,m),0.73 - 0.83 (2 H, m), 0.58 - 0.69 (2 H, m).

EXAMPLE 251

N-(5{(3-Cyano-8-((5-hydroxy-2-pyridinyl)amino)imidazo[ 1,2-b]pyridazin-6-
yl)amino)-2-methylphenyl)acetamide
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[00293]  To a suspension of Example 5 (65 mg, 0.15 mmol) in DCM (4 mL) was
added BBr; (1.0 M solution, 1.52 mL, 1.52 mmol) dropwise at room temperature
under nitrogen, and the resulting suspension stirred at ambient temperature for 1 hour.
An additional amount of BBr; (1.0 M solution, 0.5 mL, 0.5 mmol) was added and the
mixture was stirred at ambient temperature for 18 hours. The reaction was quenched
with water, and neutralized to pH § with | N NaOH. The resulting mixture was
stirred at ambient temperature for 40 minutes, and the solid was collected by filtration,
rinsed with water and air dried. The residue was purified by reverse phase HPLC, and
lyophilized with 1.0 N HCl to give Example 251, (34.5 mg, 0.083 mmol, 54.8%
yield). HPLC: Rt= 3,428 min. (YMC S5 ODS (4.6 x 50 mm). 0%-100% B. Solvent
B: (0% MeOH, 10% H;0, 0.2% H;P0,). Solvent A: (10% MeOH, 90% H,0,
0.2% H3POQ,). Gradient, start % B =0, final % B = 100, gradient time 4 min., hold at
100% 1 min,, flow rate 4 mL/min.). MS (ES): m/z=415.0 [M+H]". 'H NMR (400
MHz, DMSO-de) 8 ppm 9.74 (1 H, 5), 9.37 (1 H, 5), 9.20 (1 H, s), 8.16 (1 H, 8), 7.95
(1H,s), 791 (1H,d,J=276Hz),7.59-7.67(2H, m), 7.32 (1 H, d, J = 9.04 Hz),
7.19(1 H,dd, J=8.78,3.01 Hz), 7.07 (1 H, d, J = 8.28 Hz), 6.88 - 6.95 (1 H, m).

EXAMPLE 252

N-(5-((3-Cyano-8-((5-(2-hydroxyethoxy)-2-pyridinyl)amino)imidazo[ 1,2-
blpyridazin-6-yl)amino)-2-methylphenyl)acetamide

Oy~ o
|

HN N

\Y

}N‘N/ N ||~_11JLmr|e
i

N
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[00294]  To a solution of Example 251 (15 mg, 0.036 mmol) in DMF (0.5mL) was
added 2-bromoethanol (0.013 mL, 0.18 mmol), followed by K»COj3 (20.01 mg, 0.145
mmol), and the resulting suspension was stirred at 100 °C overnight. The insoluble
material was filtered off, and the mother liquor was purified by reverse phase HPLC.
5  The appropriate fractions were concentrated. The residue was dissolved in a small
amount of CHiCN, diluted with 0.5 N HC), and lyophilized to yield Example 252
(6.86 mg, 0.012 mmol, 33.2%). HPLC: Rt = 3.481 min. (YMC S5 ODS column (4.6 x
50 mm). 0%-100% B. Solvent B: (90% MeOH, 10% H,0, 0.2% H3P0,). Solvent A:
(10% MeOH, 90% H,0, 0.2% H;PO,). Gradient, start % B = 0, final % B = 100,

10 gradient time 4 min,, hold at 100% | min., flow rate 4 mL/min.). MS (ES): m/z =
459.1 [M+H]". 'H NMR (400 MHz, DMSO-dg) & ppm 9.94 (1 H, s), 9.49 (1 H, s),
9.29(1 H,s), 825(1H,5),805-812(2H, m), 7.71 (2 H,s),7.50 2 H, d, J = 1.76
Hz), 7.15 (1 H, d, J = 8.28 Hz), 4.06 - 4.10 (2 H, m), 3.74 (2 H, t, J = 4.89 Hz), 3.51
(1H,s),2.17(3H,s),2.07 (3H, s).

15

EXAMPLE 253
3-(6-(3-Acetamido-4-methylphenylamino)-3-cyanoimidazo[ 1,2-b]pyridazin-8-
ylamino)-N-(2-(dimethylamino)ethyl)benzamide

0 n\/\N,Me

Me

HN
voUes
A\
}’N*N/ N NJ\Me
P H H
N

20

253A: tert-Butyl 3-(4-methoxybenzylamino)benzoate
0. 0. _Me

MeMe
/©/\N
H
MeQ

253A
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[00295] 253 A was prepared from 4-methoxybenzaldehyde and tert-butyl 3-
aminobenzoate following the procedure as described in 4A. HPLC: Rt = 3.82 min.
(PHENOMENEX® Luna C18 4.6x30mm 3u, A10-90% aqueous methanol containing
0.1% TFA in 2 min; 4mL/min flow). MS (ES): m/z = 314.0 [M+H]",

253B: tert-Butyl 3-((6-chloro-3-cyanoimidazo[1,2-b]pyridazin-8-y1)(4-
methoxybenzy!)amino)benzoate

oM
N

2
0 0\|<Me
=

N"'--
%N\N/
U
N

253B
10 [00296] 253B was prepared from 253A and a mixture of 1F following the
procedure as described in 1G. HPLC: Rt =4.99 min. (PHENOMENEX® Luna C18
4.6x30mm 3u, A10-90% aqueous methanol containing 0.1% TFA in 2 min; 4mL/min
flow). MS (ES): m/z=490.1 [M+H]".

Cl

15 253C: 3-({6-Chloro-3-cyanoimidazo[1,2-blpyridazin-8-y1)(4-

methoxybenzyl)amino)benzoic acid
OMe
ﬁ? 0? EOH
N
No
%N\N/
U
N

253C
[00297] A solution of 253B (100 mg, 0.20 mmol) in acetonitrile (5 mL) was treated
20 with jodine (15.54 mg, 0.061 mmol) and water (50 uL, 2.78 mmol). The reaction

Cl
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mixture was stirred at 80 °C for 8 hours. The reaction mixture was diluted with ethyl
acetate, and washed with water. The aqueous layer was extracted with ethyl acetate (4
x 20 mL). The pooled organic phase was dried over Na;SQ, and concentrated. The
residue was triturated with DCM and filtered. The filtrate was concentrated,
dissolved in DCM, and purified by flash chromatography, silica column (12 g,
gradient elution from hexanes-ethyl acetate in 15 min.). The appropriate fraction was
concentrated under reduced pressure and dried in vacuo to yield 253C (57.5 mg, 64.9
% yield) as a yellow solid. HPLC: Rt = 4.23 min. (PHENOMENEX® Luna C18
4.6x30mm 3u, A10-90% aqueous methanol containing 0.1% TFA in 2 min; 4mL/min
flow). MS (ES): m/z = 434.0 [M+HT".

253D: 3-((6-Chloro-3-cyanoimidazo[1,2-b]pyridazin-8-y1)(4-methoxybenzyl)amino)-
N-(2-(dimethylamino)ethyl)benzamide
OMe

H
O N\/\r:l.Me
Me
=

N

N‘ﬁ
\ -
>’N“N

//

N

Cl

253D
[00298] A stirred solution of 253C (55 mg, 0.127 mmol} in DMF (1.0 mL) was
treated with N',N'-dimethylethane-1,2-diamine (0.021 mL, 0.190 mmol), BOP (72.9
mg, 0.165 mmol) and TEA (0.035 mL, 0.254 mmol), and the reaction mixture was
stirred at ambient temperature for 1 hour, The reaction mixture was concentrated,
triturated with water, and the resulting white solid was collected by filtration to yield
253D (60.0 mg, 93.7 % yield). HPLC: Rt = 3.47 min. (PHENOMENEX® Luna C18
4.6x30mm 3u, A10-90% aqueous methanol containing 0.1% TFA in 2 min; 4mL/min
flow). MS (ES): m/z = 504.1 [M+H]".

Example 253: 3-(6-(3-Acctamido-4-methylphenylamino)-3 -cyanoimidazo[1,2-
b]pyridazin-8-ylamino)-N-(2-(dimethylamino)ethyl)benzamide
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[00299] Example 253 was prepared from 253D and N-(5-amino-2-methylpheny!)
acetamide following the procedure as described in Example 6. HPLC: Rt =3.110
min. (YMC S5 ODS (4.6 x 50 mm). 0%-100% B. Solvent B: (90% MeOH, 10%
H,0, 0.2% H3PO;4). Solvent A: (10% MeOH, 90% H,0, 0.2% H3PO,). Gradient,
start % B =0, final % B = 100, gradient time 4 min., hold at 100% 1 min., flow rate 4
mL/min.). MS (ES): m/z =512.2 [M+H]". '"H NMR (400 MHz, DMSO-d¢)  ppm
10.04 (1 H, br. 5.), 9.52 - 9.58 (2 H, m), 9.21 (1 H, s), 8.94 (1 H, t, / = 5.52 Hz), 8.18
(1H,s), 7.87 (1 H,5),7.59 - 7.63 (2 H, m), 7.44 - 7.54 (2 I, m), 7.06 (1 H, d, J =
8.28 Hz), 6.81-6.85 (1 H,m),3.59 3 H, q,J = 5.69 Hz), 3.24 (2 H, q, / = 5.86 Hz),
2.73-2.84(6H, m),2.08 (3H,s), 1.98 (3 H, s).

EXAMPLE 254

3-((3-Cyano-6-((3-methoxy-5-(5-methyl- 1 H-tetrazol-1-yl)phenyDamino}imidazo[1,2-
blpyridazin-8-yl)amino)-N-methyl-N-(1-methyl-3-pyrrolidinyl)benzamide

254A: 3-((6-Chloro-3-cyanoimidazo[ 1,2-b]pyridazin-8-yI)(4-methoxybenzyl)amino)-
N-methyl-N-(1-methylpyrrolidin-3-yl)benzamide
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[00300] A stirred solution of 253C (500 mg, 1.152 mmol) in DMF (1 mL) was
treated with N,1-dimethylpyrrolidin-3-amine (0.217 mL, 1.73 mmol), BOP (663 mg,
5 1.5 mmol) and TEA (0.32 mL, 2.30 mmol), and the reaction mixture was stirred at

room temperature for 1 hour. The reaction mixture was triturated with water, and the
solid was collected by filtration and dried ir vacuo to obtain 254A (337 mg, 0.636
mmol, 55.2 % yield) as a light grey solid. HPLC: Rt = 1.56 min. (PHENOMENEX®
Luna 5 micron C18 4.6 x 30 mm, 0 to 100 B in 2 min. with 1 min. hold time, flow

10 rate =5 mL/min., detection at 254 nm, Solvent A: 10% methanol/ 90%water / 0.1%
TFA,; solvent B: 10% water / 90% methanol / 0.1 % TFA). MS (ES): m/z = 531.97

[M+H]".

Example 254: 3-((3-Cyano-6-((3-methoxy-5-(5-methyl-1H-tetrazol-1-
15 yDphenyl)amino)imidazo[1,2-b]pyridazin-8-yl)amino)-N-methyl-N-(1-methyl-3-

pyrrolidinyl)benzamide

[00301] Example 254 was prepared from 254A and 3-methoxy-5-(5-methyl-1H-
tetrazol-1-yl)aniline by utilizing the procedure as described in Example 6. HPLC: Rt
20 =1.53 min. (PHENOMENEX® Luna 5 micron C18 4.6 x 30 mm, 0 to 100 B in 2
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min, with 1 min. hold time, flow rate = 5 mL/min., detection at 254 nm, Solvent A:
10% methanol/ 90%water / 0.1% TFA; Solvent B: 10% water / 90% methanol / 0.1%
TFA). MS (ES): m/z = 579.13 [M+H]".

5 EXAMPLE 255
3-((3-Cyano-6-({3-methoxy-5-(5-methyl-1 H-tetrazol-1-y)phenyl)amino)imidazol I,2-
blpyridazin-8-yl)amino)-N-(2-(dimethylamino)ethyl)benzamide

H
O N\//\N.Me
|

Me

HN orMe
soNal,
>’”‘~’ SN,
i N=N

[00302] Example 255 was prepared from 253D and 3-methoxy-5-(5-methyl-1H-
10 tetrazol-1-yDaniline following the procedure as described in Example 6. HPLC: Rt =

3.11 min. (YMC S5 ODS 4.6 x 50 mm, 10-90% aqueous methanol containing 0.2%

H3POy, 4 min. gradient, monitored at 220 nm). MS (ES): m/z = 512.2 [M+H]".

EXAMPLE 256
15 2-(5-((3-Cyano-8-(cyclopropylamino)imidazo[ 1,2-b]pyridazin-6-ylamino)-2-
methylphenyl)acetamide

AN:—l

Y

>’N‘N/ N 0
/i H
N

[00303] A mixture of 1G (50 mg, 0.14 mmol), 2-(5-amino-2-methylphenylacetic

acid (46.7 mg, 0.17 mmol), Pdy(dba); (12.9 mg, 0.014 mmol), xantphos (16.4 mg,
20 0.028 mmol), copper (I) iodide (13.5 mg, 0.071 mmol) and Cs,CO; (184 mg, 0.56

mmol) in DMA (1 mL) was purged with nitrogen and heated at 125 °C. After 5

hours, the reaction mixture was diluted with 10% methanol/chloroform and filtered
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through a short silica gel column washing with 10% methanol/dichloromethane wash.
The filtrate was concentrated and purified by reverse phase HPLC. The fractions
were concentrated and dissolved in DCM (0.5 mL) and treated with (2,4-
dimethoxyphenyl)methanamine (31.2 mg, 0.19 mmol), TEA (0.043 m, 0.31 mmol)
and HATU (47.3 mg, 0.12 mmol). The reaction mixture was at room temperature for
30 minutes, concentrated, and then dissolved in DCM (0.5 mL), and treated with
triethylsilane (0.2 mL) and TFA (1 mL) and heated at 60 °C for 40 min.. The
reaction mixture was concentrated and purified using reverse phase HPLC to isolate
Example 256 (6.2 mg, 12% yield) as a white solid. HPLC: Rt =2.77 min. (BEH C18
2.1x 50mm, 1.7u, 0 to 100 B in 1 min. with 0.5 min. hold time, flow rate = 1 mL/min.,
detection at 254 nm, Solvent A:100% water / 0.1% TFA; Solvent B: 100% ACNI/
0.1 % TFA). MS (ES): m/z = 362 [M+H]".
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WHAT IS CLAIMED IS:
1. A compound according to Formula (I);
Ry Rs
N
N_,__ s RS

R-’Ag\/N.. t~ /RZ
NC N° N “Rg

()]

or a pharmaceutically acceptable salt thereof, wherein

R, is selected from H, F, Cl, Br, CN, and C,_salkyl;

R; is selected from ary] substituted with 0-5 R, and heteroaryl substituted
with 0-5 Ray;

Ra., at each occurrence, is independently selected from H, F, Cl, Br, =0, CN,
NO2, -ORs, -S(O)pRe, -C(=0)Rs, -NR.Ry, «(CR2uR20) C(=O)NRuRy, -NR,C(=O)Rg, -
NR,C(=0)ORs, -OC(=O)NR4R,, -NRC(=0)NRR,, -(CR25R2c)C(=0)ORs, -
S(O)2NRaRa, -NRaS(0)NRR,, -NR.S(0)2Re, Ci.6 alkyl substituted with 0-5 R, -
(CRapR3c)-Csgcarbocyclyl substituted with 0-5 R, and -(CRapRac)-heterocyclyl
substituted with 0-5 R.;

Rov, at each occurrence, is independently selected from H and Crealkyl
substituted with 0-5 R.;

Ry, at each occurrence, is independently selected from H and Ci-galkyl
substituted with 0-5 Re;

R; 1s selected from H, F, Cl, Br, CN, -ORs, -NRR,, -C(=0)NR,R,, -
NRaS(O)2Rc, -NR.C(=0)Rg4, -NR,C(=0)ORs, and C).salkyl substituted with 0-5 R;

Ry is selected from H, C,alkyl substituted with 0-5 R., -(CR4pR4c);ORb, -
(CRapRac)S(O)Re, -(CRayRac) C(=O)Ry, ~(CRupRuc)NRRs, -(CRepRuc) C(=0)NR,R,,
(CR4pR4)NRL(=0)R ¢, -(CR46R4)NRC(=0)ORy, -(CR4pR4)OC(=O)NR,R,, -
(CR46Rac)NRL(=O)NRR;, -(CR4pR4)C(=0)ORs, ~(CR4pR4NS(0)NR.R,, -
(CR4pR4c)NRLS(0)aNRRa, -(CR4pR4)NRLS(O)R,, ~(CR4pR4c)-Ca.scarbocyclyl
substituted with 0-5 Ry,, -(CRanRac)-heterocyclyl substituted with 0-5 Ry,

Ru,, at each occurrence, is independently selected from F, Cl, Br, Cygalkyl
substituted with 0-5 R., Ca.calkenyl, C; salkynyl, NO,, =0, CN, -SO3H, -S(O),R., -
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S(0)2NRaRa, -NRaS(O)2Re, -ORs, -NRaRa, -NR.C(=0)Rgy, -NR.C(=0)NR.R,, -
C(=0)ORy, -C(=0)Ry, -OC(=0)Ry, -C(=0)NR,R,, Ci.scycloalkyl, heterocyclyl, and
aryl;

Rus, at each occurrence, is independently selected from H and Cy.¢alky!
substituted with 0-5 Re;

Ryc, at each occurrence, is independently selected from H and C_galkyl
substituted with 0-5 Re;

Rs 1s selected from hydrogen and Cl.ﬁaﬂcyl substituted with 0-5 R.;

R is selected from hydrogen and C,salkyl substituted with 0-5 R.;

R,, at each occurrence, is independently selected from H, CN, Cy.6 alkyl
substituted with 0-5 R., Cag alkenyl substituted with 0-5 R, Cy.5 alkynyl substituted
with 0-5 Re, -(CH;)-Cs.19carbocyclyl substituted with 0-5 R., and -
(CHa):-heterocyclyl substituted with 0-5 Re; or R, and R, together with the nitrogen
atom to which they are both attached form a heterocyclic ring substituted with 0-5 Re;

Ry, at each occurrence, is independently selected from H, Cy.¢ alkyl
substituted with 0-5 R, Cz.6 alkenyl substituted with 0-5 R,, Cy.¢ alkynyl substituted
with 0-5 R., -(CH,),-Cj.jocarbocyclyl substituted with 0-5 R, and -
(CHz),-heterécyclyI substituted with 0-5 R;

R., at each occurrence, is independently selected from Cy¢ alkyl substituted
with 0-5 R, Ca.¢alkenyl substituted with 0-5 R, Crealkynyl substituted with 0-5 R,
Csgcarbocyclyl, and heterocyclyl;

Ry, at each occurrence, is independently selected from H, Cy.6 alkyl
substituted with 0-5 R., Cy.salkenyl substituted with 0-5 R, Ca.salkynyl substituted
with 0-5 Re, -(CHy),-Cs.1ocarbocyclyl substituted with 0-5 R., and -
(CHa)-heterocyclyl substituted with 0-5 R,

R., at each occurrence, is independently selected from C) alkyl substituted
with 0-5 Ry, Cp.g alkenyl, Cy6 alkynyl, -(CH,)-C.6 cycloalkyl, F, Cl, Br, CN, NO,,
=0, COH, -(CH2).0C.; alkyl, -(CH,),0OH, SH, and -(CH,)NRR:

Rf,. at each occurrence, is independently selected from H, C,.s alkyl, Cs5
cycloalkyl, and phenyl, or Rr and Ry together with the nitrogen atom to which they are
both attached form a heterocyclic ring;

p, at each occurrence, is independently selected from zero, 1, and 2; and
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1, 2t each occurrence, is independently selected from zero, 1, 2, 3, and 4.

2. The compound according to claim 1 of the Formula (11) or salt thereof,
R4
HN/
No %
NC\ N..N/ /Rz
H
an
wherein

R» is selected from aryl substituted with 0-4 R,, and heteroary! substituted
with 0-4 Ry, wherein said heteroaryl comprises carbon atoms and 1-4 heteroatoms
selected from N, O, and S(O),;

Rz, at each occurrence, is independently selected from H, F, CI, Br, =0, CN, -
ORe, -S(O)pRe, -C(=0)Ry, -NRaRy, -(CR2:R2 X C(=0)NR,R,, -NR,C(=O)Ry, -
NR,C(=0)ORs, -OC(=0)NR4R,, -NRC(=0)NR.R,, -(CR2R 2. ) C(=0)ORy, -
S(0):NRaR, -NR.S(0)2NRoR,, -NR;S(OhR,, C14 alkyl substituted with 0-3 R, -
(CR;sz.;),-Cg-gcarbocyc!yl substituted with 0-3 R, and -(CRa,R4)-heterocyclyl
substituted with 0-3 R.;

Raw, at each occurrence, is independently selected from H and Cp_salkyl;

R, at each occurrence, is independently selected from H and Cy_alkyl;

Ry is selected from H, Cy4alkyl substituted with 0-5 Re, -(CR45R4):ORs, -
(CRabR4c)S(O)Re, -(CRapRac)C(=O)Ry, (CR4pR4c)MNRRa, (CR4pR4)C(=0)NR.R,,
“(CR4pR4)NR.C(=0)Ry, -(CRupR4)NRLC(=0)ORs, -(CR4pR4):OC(=OINRR,, -
(CRapRuc)NRaC(=O)NR1R;, -(CR4pR4c)C(=0)ORs, {CR4uR4INR,S(O%R,, -
(CR4pRuc)-Cs.scarbocyclyl substituted with 0-4 Rya, (CRapR4c)-heterocyclyl
substituted with 0-4 Ry,;

Rua, at each occurrence, is independently selected from F, Cl, Br, Ci.salkyl
substituted with 0-3 R, Ca.¢alkynyl substituted with 0-3 R., -SR., -S(O):R., -
S(0)NR.R,, -NRaS(0)aR¢, -ORs, -NRiR,, -NR.C(=0O}Rg, -NR.C(=0)NR,R,, -
C(=0)ORy, -C(=0)R4, -OC(=0O)Ry, -C(=0)NR,R,, Cs.scycloalkyl, heterocyclyl, and
aryl;

Rab, at each occurrence, is independently selected from H and Cyalky!;
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Rac, at each occurrence, is independently selected from H and C;alkyl; and

r, at each occurrence, is independently selected from zero, 1, 2, and 3.

3. The compound according to claim 2, wherein

R; is selected from 4- to 7-membered monocyclic or 8- to 12-membered
bicyclic aryl substituted with 1-4 R;, and 4- to 7-membered monocyclic or 7- to 12-
membered bicyclic heteroaryl substituted with 0-4 Raza;

Ra., at each occurrence, is independently selected from H, F, Cl, Br, =0, CN, -
ORg, -S(O)Rc, -C(=O)Ry, -NRuR,, -(CHXC(=0)NRR,, -NHC(=O)Ry, -
NHC(=0)ORs, -OC(=0)NR4R,, -NHC(=0)NR.Rs, -(CH2),C(=0)ORs, -S(0}2NR,R,, -
NHS(0)NRaR,, -NHS{O):R., or Cy.¢ alkyl substituted with 0-3 R, -(CH2)-Ca.s
carbocyclyl substituted with 0-3 R, and -(CHj)-heterocyclyl substituted with 0-3 Re;

R, is selected from H, Cyalkyl substituted with 0-5 R, -(CH,);ORo, -
(CH2):S(O)pRe, -(CH2)C(=O)Rq, ~(CH2)NR.Ra, (CH2):C(=0)NRGR,, -
(CH2):NR.C(=O)Ry, -(CH3)NR,C(=0)ORs, (CHac ) OC(=0)NR.R,, -
(CH2)NR.C(=O)NR.R,, -(CH2);C(=0)ORs, -(CH2):NR,S(O)R., (CHy)-Cs.
scycloalkyl substituted with 0-3 Ry,, -(CH;)-aryl substituted with 0-3 Ry, -(CHy),-
.heterocyclyl substituted with 0-3 R.;

Rua, at each occurrence, is independently selected from C; salkyl substituted
with 0-3 Re, -SRc, -S(O)2R., -S(0)NR.R,, -NHS(O),R., -OR,, -NR,R,, -
NHC(=O)Rg, -NHC(=O)NRGR,, -C(=0)ORs, -C(=O)Rq4, -OC(=0O)Rq, -C(=0)NR,R,,
Cs.scycloalkyl, heterocyclyl, and aryl.

4. The compound according to claim 3 of the Formula (II) or salt
thereof,
HN-Ra
Ny Za
S\’ N. = S 7 (Rza)n
ne NN
(111)
wherein
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Raza, at each occurrence, is independently selected from H, F, Cl, Br, =0, CN, -
ORs, -S(O)pR¢, ~C(=0)Ry, -NRaRa, -(CH;),C(=0)NR,R,, -NHC(=0)Ry, -
NHC(=0)ORy, -OC(=0)NR.R,, -NHC(=O)NR,R,, -(CH,).C(=0)ORy, -S(0)NR,R,, -
NHS(0);NRaRa, -NHS(O)2R, or Cy.4 alkyl substituted with 0-3 R, -(CHy),-Ca.
carbocyclyl substituted with 0-3 R., and -(CHy),-heterocyclyl substituted with 0-3 R.;

Ry is selected from H, Cyalkyl substituted with 0-5 R, -(CH,),ORy, -
(CH2)NRaRs, -(CH2)-Csscycloalkyl substituted with 0-3 Rua, -(CHy)-aryl substituted
with 0-3 Ry,, and -(CHa).-heterocyclyl substituted with 0-3 Ry,;

Rua, at each occurrence, is independently selected from C;salkyl substituted
with 0-3 Re, -SR., -S(0)2NRaRq, -NHS(O):R¢, -ORp, -NRuR,, -NHC(=O)Ry, -
NHC(=0)NRR;, -C(=0)ORs, -C(=0)Ry, -OC(=O)Ry, -C(=0)NR,R,, Cs_scycloalkyl,
heterocyclyl, and aryl

R,, at each occurrence, is independently selected from H, CN, C,.g alkyl
substituted with 0-5 R., -(CHa),-Cs.1ocarbocyclyl substituted with 0-5 R, and -
(CHa)-heterocyclyl substituted with 0-5 Re; or R, and R, together with the nitrogen
atom to which they are both attached form a heterocyclic ring substituted with 0-5 R.;

Ry, at each occurrence; is independently selected from H, Cy.¢ alkyl
substituted with 0-5 R, -(CH,),~C;.1pcarbocyclyl substituted with 0-5 R,, and - .
(CHy)-heterocyclyl substituted with 0-5 R;

Re, at each occurrence, is independently selected from Cy.¢ alkyl substituted
with 0-5 R., Cs.¢carbocyclyl, and heterocyclyl;

Ry, at each occurrence, is independently selected from H, Cy.¢ alkyl
substituted with 0-5 R, -(CH,)-Cs.0carbocyclyl substituted with 0-5 R, and -
(CHy)r-heterocyclyl substituted with 0-5 Re;

R., at each occurrence, is independently selected from Cy alkyl substituted
with 0-5 Ry, -(CHy)-Cs.6 cycloalkyl, F, Cl, Br, CN, NO,, =0, CO;H, -(CH,).0C;.
salkyl, -(CH2),OH, SH, and -(CH»).NR®R¢;

Ry, at each occurrence, is independently selected from H, Cy.s alkyl, and
phenyl, or Ry and Ry together with the nitrogen atom to which they are both attached
form a heterocyclic ring; and

1, at each occurrence, is independently selected from zero, 1, 2, 3, and 4.

-216 -




WO 2010/042699 PCT/US20:09/059968

10

15

20

25

30

5. The compound according to claim 4, wherein

Ry is selected from H, Cy.galkyl substituted with 0-3 R, -(CH3),0ORs, -
(CH2)NRqR,,- Cascycloalkyl substituted with 0-3 Ry, aryl substituted with 0-3 Ry,,
4-, 5-, or 6-membered non-aromatic monocyclic heterocyclyl substituted with 0-3 R.,,
and 5- to 6-membered heteroaryl substituted with 0-3 Ryg;

Ry,, at each occurrence, is independently selected from Csalkyl substituted
with 0-3 Re, -S(0)NR4R,, -NHS(O)R., -ORy, -NR,R,, -NHC(=0)Ry, -
NHC(=0)NR,R,, -C(=0)ORsy, -C(=0)Ry, -OC(=0)Ry, -C(=O)NR.R,, Ciscycloalkyl,
heterocyclyl, and aryl;

R., at each occurrence, is independently selected from H, CN, C;4 alkyl
substituted with 0-3 R., -(CEL)-heterocyclyl substituted with 0-3 R,; or R, and R,
together with the nitrogen atom to which they are both attached form a monocyclic
heterocyclic ring substituted with 0-3 R; '

Ry, at each occurrence, 18 independently selected from H and C,4 alkyl
substituted with 0-3 R, and heterocyclyl;

R., at each occurrence, is independently selected from C4 alkyl substituted
with 0-3 R, and heterocyclyl;

Ry, at each occurrence, is independently selected from H, C,.4 alkyl
substituted with 0-3 R., -(CH,),-Cs.1ocarbocyclyl substituted with 0-3 R, and -
(CHa).-heterocyclyl substituted with 0-3 Re;

R., at each occurrence, is independently selected from Cy alkyl substituted
with 0-4 Ry, F, Cl, Br, CN, NO,, =0, CO;H, -(CH,),0C1.s alkyl, -(CH;);OH, SH, and
-(CH2)NRRy;

Ry, at each occurrence, is independently selected from H and C1.4a1ky1 or R¢
and Ry together with the nitrogen atom to which they are both attached form a

heterocyclic ring.

6. The compound according to claim 4, wherein

Ry, at each occurrence, is independently selected from H, F, Cl, Br, CN, =0,
O-Cy.qalkyl substituted with 0-3 R, -O(CHz2),NR,Cy4alkyl -O-(CH,),0C, salkyl, -
O(CHa),-heteracyclyl, -8(0).C,alkyl, -C(=0)C.qalkyl, -NH,, -N(Ci4alkyl),, -
NHCN, -NR(CH;)NR,C;.4alkyl -NR,(CH;),0C, 4alky], ~-NH(CH;).-heterocyclyl, -
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(CHa),C(=0)NH,, -C(=0)NH-heterocyclyl, -C(=O)NH(CH,)N(C 4alkyl),, -C(=0)-
heterocyclyl, -NHC(=0)Ci4alkyl, -NHC(=0)OCy4alkyl, -NHC(=0)NHC salkyl,
C(=0)OC\4alkyl, -(CH;)C(=0)OH, -S(0).NHa, -S(O):NH-heterocyclyl, -
S(0);NHC, 4alkyl, -S(O)-heterocyclyl substituted with 0-3 R, -NH,S(0);NH,, -
NHS(0)2Craalkyl, Ci4alkyl, CFa, -(CH,).0H, Cs.ecarbocyclyl substituted with 0-3
R., non-aromatic heterocyclyl substituted with 0-3 R,, and 5- or 6-membered
heteroaryl substituted with 0-3 R..

7. The compound according to claim 3, wherein

R» 1s selected from

@\/S——(Rza)m @L}—(Rzﬂ)m /@i}(ﬂza)m
Yy N Y ’ Y g
m el /@ )R @E\\(Rza)m
2ab .
( 2a)m N O
< = N
Q: o Raak N, /7 iLLJI/\}-(RZa)m El ~{Raakm

P>
Roab | . , , and

=

I — (Raadm
W

3

---- represents an optional bond,
Raa, at each occurrence, is independently selected from Cy.4 alkyl substituted
with 0-3 R., -S(O),R, -C(=0)Rq4, C(=0)ORy,; and

m, at each occurrence, is independently selected from zero, 1, 2, and 3.

8. The compound according to claim 7, wherein

R, is selected from H, C;4alkyl substituted with 0-5 R,, -(CH,),ORs, -
(CH2)NR:R,, -(CHa):-Cs.scycloalkyl substituted with 0-3 Ry, -(CHa),- aryl
substituted with 0-3 Ru,, and -{CH,).-heterocyclyl substituted with 0-3 Ry,
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9. The compound according to ¢laim 2, wherein

R; is selected from phenyl substituted with 1-3 R, and heteroaryl substituted
with 0-3 Ry,

Ras, at each occurrence, is independently selected from H, F, Cl, Br, =0, CN, -
ORy, -3(O)Re, -C(=O)Ry, -NRoR,, -(CHy)C(=0)NR,R,, -NHC(=O)Ry, -
NHC(=0)ORp, -NHC(=0)NRaRs, -(CH; ) C(=0)ORs, -S(0);NRR,, -NHS(O);NR.R,,
-NHS5(0):R., Ci4alkyl substituted with 0-3 R, non-aromatic heterocyclyl substituted
with 0-3 R., and heteroaryl substituted with 0-3 R,

R, is selected from H, Cisalkyl substituted with 0-3 R, -(CH3),ORy, -Cs.
scycloalkyl substituted with 0-3 Ry, aryl substituted with 0-3 Raa, (CHa)r-4, 5-, or 6-
membered saturated monocyclic heterocyclyl substituted with 0-3 Ry, and -(CH,),-5-
to 6-membered heteroaryl substituted with 0-3 Ry,;

Rua, at each occurrence, is independently selected from C,alkyl substituted
with 0-3 R., -ORy, and C(=0)NR.R,;

R, at each occurrence, is independently selected from H, CN, C, alkyl
substituted with 0-5 Re, -(CHz).-heterocyclyl substituted with 0-3 R; or R, and R,
together with the nitrogén atom to which they are both attached form a heterocyclic
ring, having 1 to 3 heteroatoms selected from N, O, S, and substituted with 0-3 Re;

Ry, at each occurrence, is independently selected from H, Cy4 allyl
substituted with 0-3 R., and heterocyclyl;

R, at each occurrence, is independently Cy.4 alkyl substituted with 0-3 R,

Ry, at each occurrence, is independently selected from H and C,.4 alkyl
substituted with 0-3 R,;

R., at each occurrence, is independently selected from Cy.4 alkyl substituted
with 0-4 Ry, F, Cl, Br, =0, -(CH2):OC1.s alkyl, -(CH,),0H, and -(CH;).NRR¢, and

Ry, at each occurrence, is independently selected from H and Cy.;alkyl or Ry
and Ry together with the nitrogen atom to which they are both attached form a
heterocyclic ring;

T, at each occurrence, is independently selected from zero, 1, 2, and 3; and

m, at each occurrence, is independently selected from zero, 1, 2, and 3.
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10. A pharmaceutical composition comprising one or more compounds of

claim 1 and a pharmaceutically acceptable carrier.

11. A pharmaceutical composition comprising one or more compounds
according to claim 1 in combination with 2 pharmaceutically acceptable carrier and

one or more other anti-cancer or cytotoxic agents,

12, A method of inhibiting angiogenesis comprising administering to a
mammalian species in need thereof, a therapeutically effective amount of one or more

compounds according to claim 1.

13. A method for treating cancer, psoriasis and rheumatoid arthritis,
comprising administering to a mammalian species in need thereof, a therapeutically

effective amount of one or more compounds according to claim 1.

14, The method of claim 13 wherein the cancer is carcinoma of the
prostate, pancreatic ductal adenocarcinoma, breast, colon, lung, ovary, pancreas and
thyroid, neuroblastoma, glioblastoma, medulloblastoma, melanoma, multiple

myeloma, and/or acute myelogenous leukemia (AML).
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11323

IMIDAZOPIRIDAZINACARBONITRILOS UTILES COMO INHIBIDORES DE
QUINASA

CAMPO DE LA INVENCION
La invencién se refiere a nuevos compuestos de imidazopiridazina
sustituidos Gtiles como inhibidores de proteiné quinasas. La invencion también
se refiere a procedimientos de uso de los compuestos en el tratamiento de
enfermedades proliferativas y de otros tipos y a composiciones farmacéuticas

que contienen los compuestos.

ANTECEDENTES DE LA INVENCION

- La invencién se refiere a compuestos heterociclicos condensados que
inhiben las enzimas proteina quinasas, a composiciones que contienen
compuestos inhibidores de proteina guinasa y a procedimientos de uso de
inhibidores de enzimas proteina quinasas para tratar enfermedades que se
caracterizan por una sobreexpresion o regulacién por incremento de proteina
quinasas. Las proteina quinasas median en la transduccion de sefales
intracelulares. Hacen esto realizando una transferencia de fosforilo de un
nucledsido trifosfato a un aceptor proteico que esta implicado en una ruta de
sefalizacién. Hay varias quinasas y rutas a través de las cuales los estimulos
extracelulares y de otro tipo hacen que se produzcan una diversidad de
respuestas celulares en el interior de la célula. Un estimulo extracelular puede
producir una o mas respuestas celulares relacionadas con el crecimiento
celular, migracién, diferenciacién, secrecidon de hormonas, activacion de

factores de transcripcion, contraccion muscular, metabolismo. de la glucosa,

o
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control de la sintesis de proteinas y regulacién de! ciclo celular.

Muchas enfermedades estan asociadas con respuestas ceiulares
anormales disparadas por eventos mediados por proteina quinasas. Estas
enfermedades  incluyen enfermedades  autoinmunes, enfermedades
inflamaterias, enfermedades neurolégicas y neurodegenerativas, cé‘ncer,
enfermedades cardiovasculares, aiérgicas y asma, enfermedad de Alzheimer o
enfermedades relacionadas con las hormonas. Por consiguiente, se ha
realizado un gran esfuerzo en la quimica medicina para encontrar inhibidores
de proteina quinasas que fueran eficaces como agentes terapéuticos.

Las serinaftreonina quinasas son una clase de proteina quinasas que
estan entre las dianas farmacolégicas mas prometedoras para futuros

inhibidores de moléculas pequefias. La inhibicién de serina/treonina quinasas

probablemente tendra relevancia en el tratamiento de cancer, diabetes y una

diversidad de trastornos inflamatorios. E! desarrollo satisfactorio de
GLEEVEC® como un inhibidor de la proteina quinasa Ber/Abl ha proporcionado
pruebas adidionales de que las proteina quinasas que incluyen la proteina
quinasa CK2 son dianas farmacologicas validas para terapias potenciales para
el cancer.

La proteina quinasa CK2 (antiguamente conocida como caseina guinasa
II) es una serinaftreonina guinasa altamente conservada. La proteina quinasa
CK2 estad distribuida ubicuamente y es constitutivamente activa en células
eucariotas. En mamiferos, la enzima existe en dos formas isozimicas debido a
variaciones en las subunidades cataliticas de la enzima. La holoenzima CK2 es
un complejo heterotetramérico compuesto por dos subunidades cataliticas a

(CK2A1) o subunidades o' (CK2A2) y dos subunidades $ reguladoras. La

T3
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formacion de complejos CK2 que contienen las subunidades cataliticas
requiere la dimerizacién de las subunidades B reguladoras. CK2 interactia con
una diversidad de proteinas celulares y se ha implicado en la replicacién celular
tal como en la proliferacién y diferenciacion celular, supervivencia celular y
tumorigénesis. Con respecto a la tumorigénesis, la proteina quinasa CK2 ha
estado implicada en tumores de rifién (Stalter y col. "Asymmetric expression of
protein kinase CK2 subunits in human kidney tumors”, Biochem. Biophys. Res.
Commun., 202: 141-147 (1994)), tumores de glandulas mamarias (Landesman-
Bollag y col. "Protein kinase CK2 in mammary gland tumecrigenesis”, Oncology,
20: 3247-3257 (2001)), carcinoma de pulmén (Daya-Makin y col. "Activation of
a tumor-associated protein kinase (p40TAK) and casein kinase |l in human
squamous cell carcinomas and adenocarcinomas of the lung", Cancer Res., 54:
2262-2268 (1994)), carcinoma de cabeza y cuello (Faust y col. "Antisense
oligonuclectides against protein kinase CKZ2-w inhibit growth of squamous cell
carcinoma of the head and neck in vitro", Head Neck. 22: 341-346 (2000)), y
cancer de prostata (Wang y col., "Role of protein kinase CK2 in the regulation of
tumor necrosis factor-related apoptosis inducing ligand-induced apoptosis in
prostate cancer cells”, Cancer Res., 66: 2242-2249 (2006)).

Se han buscado mucho inhibidores de proteina quinasas y se han
indicado compuestos de peguefias moléculas capaces de modular proteina
quinasas. Por ejemplo, se indicaron pirazolotriazinas como inhibidores de
quinasa CK2 en Nie y col. (Bioorganic & Medicinal Chemistry Letters 17: 4191-
4195 (2007); 18: 619-623 (2008)) y se indicaron imidazopiridazinas como
moduladores de quinasa IRAK en la Publicacion PCT WO 2008/030578.

Ademas, ciertos compuestos de imidazopiridazina se describieron en el
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documento WO 2007/038314, publicado el 5 de abril de 2007, documento WO
2008/0045536, publicado el 21 de febrero de 2008, ambos asignados a la
presente asignacion. La presente invencidn se refiere a una nueva clase de
imidazopiridazinacarbonitrilos que se ha descubierto que son inhibidores
eficaces de proteina quinasas, particularmente la quinasa CK2. Estos nuevos
compuestos se proporcionan por ser Utiles como agentes farmacéuticos con
valores de estabilidad, biodisponibilidad, indice terapéutico y toxicidad

deseables que son importantes para que puedan utilizarse como farmacos.

SUMARIO DE LA INVENCION

La invencion se refiere a compuestos heterociclicos condensados de
Férmulas (I)-(X) o esterecisémeros, tautémeros, sales farmacéuticamente
aceptables, solvatos o profarmacos de los mismos, que inhiben enzimas
proteina quinasas, especialmente la proteina quinasa CK2 para el tratamiento
del cancer.

La presente invencion también proporciona procedimientos e
intermedios para fabricar los compuestos de la presente invencién o
estereoisomeros, tautdmeros, sales farmacéuticamente aceptables, solvatos o
profarmacos de los mismos.

La presente invencion también proporciona  composiciones
farmacéuticas que comprenden un vehiculo farmacéuticamente aceptable y al
menos uno de los compuestos de la presente invencidn o esterecisémeros,
tautémeros, sales farmacéuticamente aceptables, solvatos o profarmacos de
los mismos.

La presente invencién también proporciona procedimientos para inhibir
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la actividad de la proteina quinasa CK2 que comprende administrar a un
huésped que necesita dicho tratamiento una cantidad terapéuticamente eficaz
de al menos uno de los compuestos de la presente invencidn o
esterecisdbmeros, tautdbmeros, sales farmacéuticamente aceptables, solvatos ¢
profarmacos de los mismos.

La presente invencion tambien proporciona procedimientos para inhibir
la angiogénesis o tratar canceres que comprende administrar a un huésped
que necesita dicho tratamiento una cantidad terapéuticamente eficaz de al
menos uno de los compuestos de la presente invencion o estereocisdbmeros,
tautdbmeros, sales farmacéuticamente aceptables, solvatos o profarmacos de
los mismos.

La presente invencién también proporciona los compuestos de la
presente invencion o estereoisdémeros, tautomeros, sales farmacéuticamente
aceptables, solvatos o profarmacos de los mismos, para uso en terapia.

La presente invencion tambien proporciona el uso de los compuestos de
la presente invencion o estereoisdbmeros, tautdbmeros, sales farmacéuticamente
aceptables, solvatos o profarmacos de los mismos, en la preparacion de un
medicamento para el tratamiento de cancer en un paciente humano,
particularmente un cancer receptivo a tratamiento a través de la inhibicion de la
enzima CK2.

Estas y otras caracteristicas de Ia invencién se explicaran de forma mas

detaliada segin avance la descripcion.

DESCRIPCION DETALLADA DE LA INVENCION

La invencidn proporciona nuevos compuestos de imidazopiridazina Utiles

(66
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como agentes terapéuticos, composiciones farmacéuticas que emplean dichos
nuevos compuestos y procedimientos de uso de dichos compuestos.

De acuerdo con la invencion, se describen compuestos de Formula (f)
incluyendo enantidmeros, diasteredmeros, tautomeros, sales

farmaceuticamente aceptables, profarmacos, hidratos o solvatos de los

mismos,
Ry Rs
N
Nagr 18
R1—g\/Ns e~ /RZ
ne” NNy
M
en la que

R, se selecciona de H, F, Cl, Br, CN, y alquilo C1;

R; se selecciona de arilo sustituido con 0-5 Rz, y heteroarilo sustituido
con 0-5 Ry;

R:a, en cada caso, se selecciona independientemente entre H, F, Cl, Br,
=0, CN, NO2, -ORp, -S(O)sR, -C(=0)Ry, -NRaRa, -(CR2R2e)-C(=O)NRR,, -
NR.C(=0)Ry, -NR.C(=0O)OR,, -OC(=0)NRzR,,
-NRC(=O)NRaRs, -(CRpR2c(C(=0)ORp, -S(0)2NRzRa, -NR.S(0)2NRaR,,
-NRaS(O);:R,, alquilo Cyg sustituido con 0-5 R., ~-(CRaRag)~carbociclilo Cs.g
sustituido con 0-5 R, y -(CR2,R2c)-heterociclilo sustituido con 0-5 Re;

Rz, en cada casoc, se selecciona independientemente entre H y alquilo
C1 sustituido con 0-5 Rg;

Rze, en cada caso, se selecciona independientemente entre H y alquilo

C4 sustituido con 0-5 Re:

(04
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Ra se selecciona de H, F, Ci, Br, CN, -OR;, -NRyRa, -C(=O)NR R,,
-NR:S(O)2R, -NR;C(=0)R4, -NR.,C(=O)ORy, y alquilo Cq4 sustituidoe con 0-5
Re;

R4 se selecciona de H, alquilo Cq sustituido con 0-5 Re, -{CR4pR4c)/ORg,

~(CR4pR4c)S(O)Re, ~(CR4R4c)C(=O)Ry, “(CR4uR4c)NR2R,,
(CR4R4cHC(=0)NRR,, (CR4pR4cWNR,C(=0)Ry,
~-(CR4pR4c)NRLC(=0)ORs, -(CRapR4c}OC(=O)NRqR,,
~(CR4pR4c)NRaC(=0)NRaR, -(CR4pR4c)C(=0)ORG,
«(CRapR4c)S(0)2NR:Rs, (CR4pR40)NRaS(O)2NRaR,

-(CR4pR4cINRaS(0)2Rc, -(CRapRac)h-carbociclilo Cag sustituido con 0-5 Raa, -
(CR4uRac)-heterociclilo sustituido con 0-5 Ryg;

R4a, €n cada caso, se selecciona independientemente entre F, Cl, Br,
alquilo Cy.¢ sustituido con 0-5 R, alguenilo Czs, alquinilo Cos, NO2, =0, CN,
-SO;3H, -S(O)R¢, -S(O)2NRyR,, -NR,S(O):2R, -OR,, -NRaRa,
-NR,C(=O)Rqg, -NRC(=O)NRazRa, -C(=Q)ORg, -C(=QO)R4, -OC(=0)Rq,
-C(=0O)NR;R,, cicloalquilo Cas, heterociclilo y ariio;

Rar, en cada caso, se selecciona independientemente entre H y alquilo
C1.6 sustituido con 0-5 Re;

Ra¢, €n cada caso, se selecciona independientemente entre H y alquilo
C4 sustituido con 0-5 Re;

Rs se selecciona de hidrogeno y alquilo Cq¢ sustituido con 0-5 Re;

Rs se selecciona de hidrégeno y alquilo Cy.g sustituido con 0-5 R,;

Ra, en cada caso, se selecciona independientemente entre H, CN,
alquilo Cq¢ sustituido con 0-5 R,, alquenilo Cag sustituido con 0-5 Re, alquinilo

Cas sustituido con 0-5 R,,

(4
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-(CH2)~carbociclilo Cs.1p sustituido con 0-5 Re y -(CHy)-heterociclilo
sustituido con 0-5 Re; © Ra ¥ Ra junto con el atomo de nitrégeno al que estan
unidos forman un anillo heterociclico sustituido con 0-5 Re;

Rp, en cada caso, se selecciona independientemente entre H, alquilo Cig
sustituido con 0-5 R, alquenilo Cz¢ sustituido con 0-5 R, alquinilo Czs
sustituido con 0-5 Re, -(CHgz)-carbociclilo Cs.1g sustituido con 0-5 Re y
-(CHy)-heteraciclilo sustituido con 0-5 Re;

Rc, en cada caso, se selecciona independientemente entre alquilo Cqg
sustituido con 0-5 R, alquenilo C,s sustituido con 0-5 Re, alquinilo Ca.e
sustituido con 0-5 R,, carbociclilo Cs g y heterociclilo;

Ry, en cada caso, se selecciona independientemente entre H, alquilo Cqg
sustituido con 0-5 R, alquenilo Cy sustituide con 0-5 Re, alquinilo Cog
sustituido con 0-5 Re, -(CHj)-carbociclilo Cs.o sustituido con 0-5 Re y
-(CHg)rheterbcic[iIo sustituido con 0-5 Rg;

Re, en cada caso, se selecciona independientemente entre alquilc Cis
sustituido con 0-5 Ry, alquenilo Ca.s, alguinilo Co.s, -(CHa)~cicloalquilo Cs.
s, F, Cl, Br, CN, NO3, =0, CO;H, -(CH>)0-alquito C4.5, -(CH2),CH, SH y
-(CH2)NR(Ry,

Rr, en cada caso, se selecciona independientemente entre H, alquilo C4.
5, cicloalquilo Cagy fenilo, o Ry y R¢ junto con el atomo de nitrégeno al que estan
unidos forman un anillo heterociclico;

p, en cada caso, se selecciona independientemente entre cero, 1y 2; y

r, en cada caso, se selecciona independientemente entre cero, 1, 2, 3y

4.

En otro aspecto, se describen compuestos de Formula (1) incluyendo

Lo
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enantiomeros, diastereomeros, tautdmercs, sales farmacéuticamente

aceptables, profarmacos, hidratos o solvatos de los mismos,

HN’R"'
No R;
N\
S’N‘N/
NC H

(Y

Rz

-

en la que

R, se selecciona de arilo sustituido con 0-4 Rj, y heteroarilo sustituido
con 0-4 R, donde dicho heteroarilo comprende atomos de carbono y 1-4
heteroatomos seleccionados entre N, O y S(0),;

R2a, €n cada caso, se selecciona independientemente entre H, F, Cl, Br,
=0, CN, -ORy, -S(O)pR., -C(=0)Ry, -NR;iRa, -(CR2pR2c)C(=O)NRR,,
NR;C(=O)RG, -NR,C(=0)ORp, -OC(=O)NRzR,, -NR,C(=O)NR.R,, -
(CRapR2:):IC(=O)0R,, -S(0)2NRaR,, -NRS(0):NRaR,, -NR2S(0)2R, alquilo Ci4
sustituido con 0-3 Re, -(CRzpRae)-carbociclilo Csg sustituido con 0-3 Re
heterociclilo-{CRapR2c)- sustituido con 0-3 Re;

R, en cada caso, se selecciona independientemente entre H y alquilo
Cia;

Rz, €n cada caso, se selecciona independientemente entre H y alquilo
Cia

Rs se selecciona de H, alquilo Cq4 sustituido con 0-5 Re, -(CR4pR4c):OR,,

-(CR4R4c)S(O)Re, ~(CR4pR4c),C{=0)Ry, -(CR4R4c)NRaR,,
-(CR4pR4c):C(=O)NR4R,, -(CR4pR4c)INRLC(=0)Ry,
~(CRapR4c)NRC(=0)ORs, ~(CR4pR4c)[OC(=0)NRaR,,

~(CR4bR4c)NRaC(=O)NRRs, -{(CR4pR4c) C(=0)OR,

o
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-(CR4pR4c}NR2S(0)2R., -(CR4pRac)-carbociclilo Czg sustituide con 0-4

Rua, -(CR4sR4c)-heterociclilo sustituido con 0-4 Rsa;

Rsa, &n cada caso, se selecciona independientemente entre F, Cl, Br, alquilo
C1 sustituido con 0-3 Re, alquinilo Ca.g sustituido con 0-3 Re, -SR,, -
S(O)R,, -S(O)aNRaR,, -NR.S(O)zR,, -OR, -NR;Ra,
-NR;C(=O)R4, -NR,C{(=O)NR,R,, -C(=0O)OR;,, -C(=0)R4, -OC(=O)Ry,
-C(=0)NRgR., cicloalquilo Cs.6, heterociclilo y arilo;

Rab, €n cada caso, se selecciona independientemente entre H y alquilo
Ciy;

Rac, en cada caso, se selecciona independientemente entre M y alquilo
Cia Y

r, en cada caso, se selecciona independientemente entre cero, 1, 2y 3.

En otra realizacion, se describen compuestos incluyendo enantimeros,
diastereémeros, tautébmeros, sales  farmaceuticamente  aceptables,
profarmacos, hidratos o solvatos de los mismos, en los que

R, se selecciona entre un arilo de 4 a 7 miembros monociclico o de 8 a
12 miembros biciclico sustituido con 1-4 Rz, y un heteroarilo de 4 a 7 miembros
monociclico o de 7 a 12 miembros biciclico sustituido con 0-4 Rz,

R2a, €n cada caso, se selecciona independientemente entre H, F, CI, Br,
=0, CN, -ORy, -S(0O)pR¢, -C{=O)Ry, -NRaRa, -(CH2):C(=0)NRaRa, -NHC(=0)Ry, -
NHC(=0)ORp,, -OC(=O)NRsRa;, -NHC(=O)NRiRa, -(CH2){C(=0O)OR,,
S(0O)2NR:R4, -NHS(O)2NRaR,, -NHS(O):R. 0 alquilo C1.g sustituido con 0-3 R, -
(CH2)-carbociclilo Css sustituido con 0-3 Re y -(CHz)-heterociclilo sustituido
con 0-3 Rg;

R4 se selecciona entre H, alquilo Cy4 sustituido con 0-5 Re, -<(CH32);ORy, -

W
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(CH2):S(O)Re,  -(CH2)C(=0)R4, -(CH2)NRaRa,  -(CH2)C(=O)NRR., -
(CH2)NR,C(=0)Ry, -(CH2)(NRaC(=0)OR, -(CH2c){OC(=0O)NR,R,, -
(CH2)NR,C(=O)NRsRas,  -(CH2)C(=0)ORs,  -(CH2)NR,S(O)2R;,  ~(CHgp)-
cicloalquilo Csg sustituido con 0-3 Raa, -(CHa)-arilo sustituido con 0-3 Ry, -
(CH2)r-heterociclilo sustituido con 0-3 Re;

Rsa, €N cada caso, se selecciona independientemente entre alquilo Cis
sustituido con 0-3 Re, -SSR, -S(0)2R¢, -S(0):NRaR,, -NHS(O);R,, -ORy, -NR,R,,
-NHC(=O)R4, -NHC(=O)NRsRa, -C{=0)OR,, -C(=0O)Ry4, -OC(=0O)Ry, -
C(=0)NRR,, cicloalquilo Cs.5, heterociclilo y arilo.

En otra realizacion, se describen compuestos de formula (111} incluyendo
enantiomeros, diasteredmeros, tautdmeros, sales farmacéuticamente

aceptables, profarmacos, hidratos o solvatos de [os mismos,

HN-Re
N ™ 2N
g\-'N P - |_(R23)n
ne NN

(1)

en la que

Rza, €n cada caso, se selecciona independientemente entre H, F, Cl, Br,
=0, CN, -ORp, -S(0O)pRe, -C(=O)Ry, -NR4R,, -(CH2){C(=0)NR;R,, -NHC{=0)Ry, -
NHC(=0)ORp, -OC(=0O)NR R,  -NHC(=O)NR R,, -(CH.),C(=O)OR;, -
S(0)2NR3Ra, -NHS(O)2NRaRa, -NHS({O)2R. 0 alquilo Cy.4 sustituido con 0-3 R, -
(CHa)-carbociclilo Cag sustituido con 0-3 Re y -(CHy)-heterociclilo sustituido
con 0-3 Re;

R4 se selecciona éntre H, alquilo C4.4 sustituido con 0-5 Re, -(CH),0R,, -

(CH2):NRaRa, -(CHa)—cicloalquilo Cig sustituido con 0-3 Ry, -(CHy)-arilo
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sustituido con 0-3 Rs, Y-(CHz)~heterociclilo sustituido con 0-3 Rag;

R4a, €n cada caso, se selecciona independientemente entre alquilo Cq5
sustituido con 0-3 Re, -SR;, -S(O)2NRaR; -NHS(O):R:, -OR,, -NRaRa, -
NHC(=0O)Rq4, -NHC(=O)NR.R., -C(=0O)OR,, -C(=O)R4, -OC(=O)Ry4, -
C(=0)NR;R,, cicloalquilo Cie, heterociclilo y arilo;

Ra, en cada caso, se selecciona independientemente entre H, CN,
alquilo Cy.5 sustituido con 0-5 Re, -(CHz)-carbociclilo Cs.1g sustituido con 0-5 Re
y -(CHa)-heterociclilo sustituido con 0-5 Re; 0 Ry v Ra junto con el atomo de
nitrégeno al que estan unidos forman un anille heterociclico sustituido con 0-5
Re;

R, en cada caso, se selecciona independientemente entre H, alquilo
C1s sustituido con 0-5 R, -(CHy)r-carbociclilo Ca.1o sustituido con 0-5 Re y -
(CHy)r-heterociclilo sustituido con 0-5 Rg;

R¢, en cada caso, se selecciona independientemente entre alquilo Cq5
sustituido con 0-5 R,, carbociclilo Cas y heterociclilo;

Rg, en cada caso, se selecciona independientemente entre H, alquilo
Cis sustituido con 0-5 Re, ~(CHa)-carbociclilo Cs.1p sustituido con 0-5 R, y -
(CH2)-heterociclilo sustituido con 0-5 Re;

Re, en cada caso, se selecciona independientemente entre alquilo Cq
sustituido con 0-5 Ry, -(CH,)-cicloalquilo Css, F, Cl, Br, CN, NO,, =0, CO;H, -
(CHg)O-alquilo Cy.5, -(CH2),OH, SH y -(CH,)NRR;

R¢, en cada caso, se selecciona independientemente entre H, alquilo Cq.5
y fenilo, o Ry y R junto con el atomo de nitrégeno al que estan unidos forman
un anillo heterociclico; y

n, en cada caso, se selecciona independientemente entre cero, 1,2, 3y

13
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En otra realizacién, se describen compuestos de Férmula (Ill) incluyendo
enantibmeros, diasteredmeros, tautdmeros, sales farmacéuticamente
aceptables, profarmacos, hidratos ¢ solvatos de los mismos, en la que

R4 se selecciona entre H, alquilo Cq sustituido con 0-3 Re, -(CH2)ORy, -
(CH2)NR R, -cicloalquilo Cs5 sustituido con 0-3 Rs,, arilo sustituido con 0-3
Raa, heterociclilo monociclico no aromatico de 4, 5 ¢ 6 miembros sustituido con
0-3 Ry, ¥ hetercarilo de 5 6 6 miembros sustituido con 0-3 Raa;

Ria, en cada caso, se selecciona independientemente entre alquilo Cis
sustituido con 0-3 R, -S(0)aNRzRa, -NHS(O)2R¢, -ORg, -NRaR,, -NHC{=0O)Ry, -
NHC(=0)NRaRa, -C(=0)ORy, ~C(=0)R4, -OC(=O)R4, -C(=0O)NR.R,, cicloalquilo
Css, heterociclilo y arilo;

Ra, en cada caso, se selecciona independientemente entre H, CN,
é!quilo C44 sustituido cdn 0-3 Re, -(CHy)-heterociclilo sustituido con 0-3 Rg; o
Ra ¥ Ra junto con el atomo de nitrégenco al que estan unidos forman un anilio
heterocicliclo monociclilo sustituido con 0-3 Re;

R, en cada caso, se selecciona independientemente entre H y alquilo
C4.4 sustituido con 0-3 R, y heterociclilo;

Rc, en cada caso, se selecciona independientemente entre alquilo Cq4
sustituido con 0-3 R, y heterociclilo; _

Ry, en cada caso, se selecciona independientemente entre H, alquilo
C14 sustituido con 0-3 Re, -(CHz)-carbociclilo Ca.q¢ sustituido con 0-3 Re v -
(CHa)-heterociclilo sustituido con 0-3 Re;

Re, en cada caso, se selecciona independientemente entre alquilo Cy4

sustituido con 0-4 Ry, F, Cl, Br, CN, NO,, =0, COzH, -(CH)0O-alguilo Ci.s, -

1
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(CH»),OH, SH y -{CH2):NR:Ry;

Ry, en cada caso, se selecciona independientemente entre H y alquilo
C1.sa 0 Ry y Ry junto con el atomo de nitrégeno al que estan unidos forman un
anillo heterociclico. |

En otra realizacién, se describen compuestos de Formula (lll} incluyendo
enantiomeros, diasteredmeros, tautdmeros, sales farmacéuticamente
aceptables, profarmacos, hidratos o solvatos de los mismos, en la que

Rza, en cada caso, se selecciona independientemente entre H, F, Cl, Br,
CN, =0, Q-alquilo Cq4 sustituido con 0-3 Re, -O(CH2)[NRs-alquilo Ci4 -O-
(CHy),0-alquilo C1.4, ~-O(CHy)-heterociclilo, -S(0)z-alquilo C1.4, -C(=0)alquilo Cs.
4 -NHz, -N(alquilo Ci4)2, -NHCN, -NR,(CH;)}NRjalquilo Ci4, -NR{CH:)O-
alquilo Cq4, -NH(CH.)-heterociclilo, -(CHz).C(=0)NH,, -C(=0)NH-heteraciclilo, -
C(=O)NH(CH,)N(alquilo Cj.4)2, -C(=0)-heterociclilo, -NHC(=O)alquilo Ci4, -
NHC(¥O)O-anuilo Cia, -NHC(=O}NH-alquilo Ci4, C(=0)O-alquilo Ci4, -
(CH2),C(=O)OH, -S(O);NH,, -S(O).NH-heterociclilo, -S(O):NH-alquilo Ci4, -
5(0)z-heterociclilo sustituido con 0-3 Re, -NH28(0)2NH>, -NHS(O)2-alquilo Cq4,
alquilo Ci4, CF3, -(CH2)/OH, carbociclilo Ca. sustituido con 0-3 R, heterociclilo
no aromatico sustituido con 0-3 R, y heteroarilo de 5 ¢ 6 miembros sustituido
con 0-3 Re.

En ofra realizacion, se describen compuestos de Férmula (ll) incluyendo
enantiomeros, diasteredmeros, tautémeros, sales farmacéuticamente
aceptables, profarmacos, hidratos o solvatos de los mismos, en la que

R: se selecciona entre

NS =N
mmza)m T (Roahm @;—(Rh)m
e ' o N

1 ¥ 1

{5y
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-—- representa un enlace opcional;

R2ab, €n cada caso, se selecciona independientemente entre alquilo Ci4
sustituido con 0-3 R, -S(O)gR., -C(=0)Rg4, C(=O)ORy, y

m, en cada caso, se selecciona independientemente entre cero, 1, 2y 3,

En otra realizacién, se describen compuestos de Férmula (1) incluyendo
enantibmeros, diasteredmeros, tautdmeros, sales farmaceuticamente
aceptables, profarmacos, hidratos o solvatos de los mismos, en la que

R4 se selecciona entre H, alquilo Cy.4 sustituido con 0-5 Re, -(CH2),OR, -
(CH2};NRaRa, -(CHz)r-cicloalquilo Cszg sustifuido con 0-3 Ras, -(CHy)- arilo
sustituido con 0-3 R4, ¥ -(CH2)-heterociclilo sustituido con.0-3 Ry,.

En ofra realizacién, se describen compuestos de Férmula (H) incluyendo
enantidbmeros, diasteredmeros, tautdmeros, sales farmacéuticamente
aceptables, profarmacos, hidratos ¢ solvatos de los mismos, en la que

Rz se selecciona entre fenilo sustituido con 1-3 R,; y heteroarilo
sustituido con 0-3 Ry,; |

Rza, €N cada caso, se selecciona independientemente entre H, F, Cl, Br,
=0, CN, -ORy, -S(O)2R¢, -C(=0)R4, -NRaRa, -{CH2).C(=0)NR.R,, -NHC(=O)Ry, -
NHC(=0)ORp,  -NHC({=O)NRzR,, -(CHz);C(=O)OR;,  -S(0):NR:R,,
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NHS(O),NR,Ra, -NHS(0)2R,, alquilo C1.4 sustituido con 0-3 Re, heterociclilo no
aromatico sustituido con 0-3 R, y heteroarilo sustituido con 0-3 R,

R4 se selecciona entre H, alquilo Cq.g sustituido con 0-3 Re, -(CH2)OR, -
cicloalquilo Cas sustituido con 0-3 Ra,, arilo sustituido con 0-3 Raa, -(CHa)r
heterociclilo monociclilo saturado de 4 a 6 miembros sustituido con 0-3 R4a ¥ -
(CHa)-heteroarilo de 5 a 6 miembros sustituido con 0-3 Raa;

R4a, en cada caso, se selecciona independientemente entre alquilo Cq4
sustituido con 0-3 Re, -ORy, ¥ C(=0)NR3R;;

R., en cada caso, se selecciona independientemente entre H, CN,
alquilo C1.4 sustituido con 0-5 R., -(CHy)-heterociclilo sustituido con 0-3 Re; ©
Ra ¥ Ra junto con el atomo de nitrdgeno al que estan unidos forman un anillo
heterociclico, que tiene de 1 a 3 heteroatomos seleccionados entre N, O, Sy
sustituido con 0-3 R.;

Ry, en cada caso, se selecciona. independientemente entre H, alquilo
C1.4 sustituido con 0-3 R, y heterociclilo;

R¢, en cada caso, es independientemente alquilo Cq.4 sustituido con 0-3
Re:

R4, en cada céso, se selecciona independientemente entre H y alquilo
C14 sustituido con 0-3 Re;

Re, en cada caso, se selecciona independientemente entre alquilo Cq4
sustituido con 0-4 Ry, F, Cl, Br, =0, -{CHy)O-alquilo Cys5, -(CH2)OH y -
(CH2)NRRy; y

R¢, en cada caso, se selecciona independientemente entre H y alquiio
Ci3 0 Ry ¥ Ry junto con el atomo de nitrégeno al que estan unidos forman un

anillo heterociclico;

(4
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r, en cada caso, se selecciona independientemente entre cero, 1, 2y 3;

Y
m, en cada caso, se selecciona independientemente entre cero, 1,2y 3.
En otra realizacion, se describen compuestos de las Formulas (IV) y ()
incluyendo enantidmeros, diasteredmeros, tautébmeros, sales

farmacéuticamente aceptables, profarmacos, hidratos o solvatos de los

mismos,
HN NH,
\ R g\/ /R
S’N“N/ N2 NSy 2
NC H o NC H
(V) (V).

En otra realizacion de los compuestos de las Formulas (1) y (”),'Rz es un
heteroariio seleccionado entre piridilo, pirimidinilo, pirazinilo, piridazinilo,
triazinilo, furilo, quinolinilo, dihidroquinolinilo, tetrahidroquinolinilo, isoquinolinilo,
tienilo, imidazolilo, tiazolilo, indolilo, pirrolilo, oxazolilo, benzofurilo, benzotienilo,
benztiazolilo, benzoxazinilo, isoxazolilo, pirazolilo, triazolilo, tetrazolilo,
indazolilo, 1,2 4-tiadiazolilo, isotiazolilo, purinilo, carbazolilo, bencimidazolilo,
indolinilo, benzodioxolanilo y benzodioxano, cada uno de los cuales esta
sustituido con 0-4 Ry,

En otra realizacién, se describen compuestos de Férmula (V) o (VII),
incluyendo enantiémeros, diasteredmeros, tautdmeros, sales

farmacéuticamente aceptables, profarmacos, hidratos o solvatos de los

mismos,

%
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HN/A NH,
N-..__ NS /I N'----. = =Y
g\ﬁ /Q}(Rh)n m /@.—(Rza)n
ne NN one MR

(V1) (Vil}
en las que
R2a, en cada caso, se selecciona independientemente entre H, F, Cl, Br,
=0, CN, -OR, -S(O)R, -C(=0O)Ry, . -NRgR,,
-(CH2),C(=O)NR.R,, -NR.C(=O)R, -NR.C(=0)OR,,  -OC(=0)NRaR,,
-NR.C(=0O)NR;Ra,  -(CH2),C(=0O)OR;,  -S{O)2NRsRa,  -NRaS(0)2NRaR,,

-NRaS(0)2R: ¢ alquilo Cy sustituido con 0-3 R, -(CHz)-carbociclilo Cas

sustituido con 0-3 R, y -(CHy)-heterociclilo sustituido con 0-3 Re;

Ra, en cada caso, se selecciona independientemente entre H, CN,
alquilo Cy.4 sustituido con 0-3 R, -(CHz)-heterociclilo sustituido con 0-3 Re; o
Ra ¥ Ra junto con el atomo de nitrégeno al que estan unidos forman un anillo
heterociclico monociclico sustituido con 0-3 Re;

Ry, en cada caso, se selecciona independientemente entre H y alquilo
C1.4 sustituido con 0-3 R, y heterociclilo;

Re, €n cada caso, se selecciona independientemente entre alquilo Cq4

~ sustituido con 0-3 Re, alquenilo Cz4 sustituido con 0-3 Re y alquinilo Co4

sustituido con 0-3 Rg;

Ry, €n cada caso, se selecciona independientemente entre H, alquilo Cy.
s sustituido con 0-3 Re, -(CHg)-carbociclilo Ca.40 sustituido con 0-3 Re y -(CH2)~
heterociclilo sustituido con 0-3 Re;

Re, en cada caso, se selecciona independientemente entre alquilo Cq.4

(e
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sustituido con 0-4 Ry, F, Cl, Br, CN, NO;, =0, COzH, -(CH2)O-alquilo C4.5, -
(CH,),OH, SH y (CH2)NRR;

Rs, en cada caso, se selecciona independientemente entre H y alquilo
C14 0 Rr y R; junto con el atomo de nitrégeno al que estan unidos forman un
anillo heterociclico;

n, en cada caso, se selecciona independientemente entre cero, 1, 2, 3 v
4,y

r, en cada caso, se selecciona independientemente entre cero, 1, 2y 3.

En otra realizacién de los compuestos de las Formulas (V1) y (VII), Rz,
en cada caso, se selecciona independientemente entre H, F, Cl, Br, CN, =0,
alquilo Cy.4 sustituido con 0-3 R, -O(CH2)NRz-alquilo Cq4 -O-(CHj)O-alquilo
C1ua, -O(CHay)-heterociclilo, -S(O)z-alquilo Cq4, -C(=0)-alquilo Cy4, -NH», -
N(alguilo Ci4)2, -NHCN, -NR,(CH2)NR;-alquilo C14, -NR4(CH2)O-alquilo Cy.a,
NH(CHy),-heterociclilo, -(CH2),C(=O)NH,, -C(=0)NH-heterociclilo,
C(=O)NH(CH3)N(alquilo Ci4)2, -C{=0)-heterociclilo, -NHC(=O)alquilo Ci.,
NHC(=0)O-alquilo Cq4, -NHC(=O)NH-alquilo Ci4, C(=0)0-alquilo Ci4,
(CH2)[C(=0)OH, -S(0)2NH,, -S(O).NH-heterociclilo, -S(O):NH-alquilo Ci.4,
S(O)z-heterociclilo sustituido con 0-3 Re, -NH2S(0),NH,, -NHS(0O);-alquile Ci.,

1

alquilo Cy4, CF3, -(CHy)OH, carbociclilo C34 sustituido con 0-3 Re, heterociclifo
no aromatico sustituido con 0-3 R, heteroarilo de 5 6 68 miembros sustituido con
0-3 Re.

En otra realizacién de los compuestos de Formuta (1),

Ry es H;

R2 se selecciona de fenilo sustituido con 1-4 Rz, vy heteroarilo sustituido

con 0-4 Ry,

120
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Rza, en cada caso, se selecciona independientemente entre H, F, Cl, Br,
=0, CN, -ORy, -S(O)sR¢, -C(=0)Rq, -NRzR, ~(CH2)/C(=O)NR R, -NR,C(=O)R,
-NR,C(=O)ORp, -OC{=0)NRaRa, -NR,C(=O)NRiRi, -(CH2)C(=0)OR,, -
S(0)2NRaRa, -NR;S(0)2NRgRa, -NR2S(0):R,, alquilo Cy.s sustituido con 0-3 R,
-(CHy)~carbociclilo Ca.g sustituido con 0-3 Re y -(CH2)~heterociclilo sustituido
con 0-3 Re;

Rs se selecciona entre H y alquilo Cq4;

Rs se selecciona entre H, alquilo Cqs sustituidc con 0-5 Re, -
(CR4pR4c)ORs, -(CR4pR4c)NRaRs, -(CR4pR4c)-cicloalquilo Ca.g sustituido con 0-3
Raa, (CRapRac)-arilo sustituido con 0-3 Rs4s ¥ -(CRasRac)-heterociclilo sustituido
con 0-3 Ras;

Rais, €n cada caso, se selecciona independientemente entre F, Cl, Br,
CN, alquilo C4¢ sustituido con 0-3 Re, -ORp y C(=0)NR4R,;

Rap, en cada caso, se selecciona independientemente entre H y alquilo

Cig

R4, en cada caso, se selecciona independientemente entre H y alquilo
Cia

Rs es H;

Rses H;

R., en cada caso, se selecciona independientemente entre H, CN,
alguilo Cy.s sustituido con 0-5 R,, -(CHy)-heterociclilo sustituido con 0-3 Re; 0
Ra ¥ Rs junto con el atomo de nitrégeno al gue estan unidos forman un anillo
heterociclico, que tiene de 1 a 3 heterocatomos seleccionados entre N, O, Sy
sustituido con 0-3 Rg;

Ry, en cada caso, se selecciona independientemente entre H, alquilo
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C1 sustituido con 0-3 R, y heterociclilo;

R., en cada caso, se selecciona independientemente entre alquilo Cq4
sustituido con 0-3 Re, alquenilo C.s sustituido con 0-3 Re y alquinilo Cas
sustituido con 0-3 Re;

R4, en cada caso, se selecc'iona independientemente entre H, alquilo
C,¢ sustituido con 0-3 Re, alquenilo C,. sustituido con 0-3 R, alquinilo C,s
sustituido con 0-3 R, -(CHz)r-carboéiclilo Cs.10 sustituido con 0-3 Re vy -
(CHy)~-heterociclilo sustituido con 0-3 Re;

Re, en cada caso, se selecciona independientemente entre alquilo Cq4
sustituido con 04 Ry, F, Cl, Br, CN, NO,, =0, COzH, -(CH;)O-alquilo Ci.s, -
(CH)OH, SH y -(CH2)NRRs;

R:, en cada caso, se selecciona independientemente entre H y alquilo
Ci4 0 Rs y Rf junto con el atomo de nitrégeno al que estan unidos forman un
anillo heterociclico; |

p, en cada caso, se selecciona independientemente entre cero, 1y 2,y

r, en cada caso, se selecciona independientemente entre cero, 1, 2 y 3.

En otra realizacion de los compuestos de Formula (1),

R: se selecciona entre fenilo sustituido con 1-3 Raa v

‘-L{ N\ (Rza)m r.% N) ‘?ZQ} (Rzakm

N
Rzab Rzab

JEL S
- a)m _.(R2a)m
W

(RZa)m

N
3 %
_ N
L'LL?/L/ (Rza)m :\ 87

e y
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- representa un enlace opcicnal;

R2a, en cada caso, se selecciona independientemente entre H, F, Cl, Br,
=0, CN, -ORy, -S(0)2R¢, -C(=0)R4, -NRaRa, -{CH2XC(=0)NRR,, -NHC(=0O)Ry, -
NHC(=0O)OR,, -NHC(=O)NR;R,, -(CH;)C(=O)OR,, -S(0)2NRsRa., -
NHS(O)2NRzRa, -NHS(O)2R,, alquilo Cq4 sustituide con 0-3 R,, heterociclilo no
aromatico sustituido con 0-3 R y heteroarilo sustituido con 0-3 Re;

Raab, €0 cada caso, se selecciona independientemente entre alquilo Cq4
sustituido con 0-3 Re, -S(O),R¢, -C(=0)Rg4, C(=O)ORy,;

R4 se selecciona entre H, alquilc Ci.g sustituido con 0-3 Re, -(CH2)/ORy, -
cicloalquilo Cag sustituido con 0-3 Ra,, arilo sustituido con 0-3 Rasa, -(CHy)-
hetefocic:lilo monociclico safurado de 4 a 6 miembros sustituido con 0-3 R;a Y-
(CH>)- heteroarilo de 5 a 6 miembros sustituido con 0-3 Rya;

Raa, €n cada caso, se selecciona independientemente entre alquilo Ci.4
sustituido con 0-3 R, -OR,, y C(=0O)NR,R; |

Ra, en cada caso, se selecciona independientemente entre H, CN,
alquilo C1.4 sustituido con 0-5 Re, -(CHa)-heterociclilo sustituido con 0-3 Re; ©
Ra ¥ Ra junto con el atomo de hidrégeno al que estan unidos forman un anillo
heterociclico que tiene de 1 a 3 heteroatomos seleccionados entre N, O, Sy
sustituido con 0-3 Rg;

Rp, en cada caso, se selecciona independientemente entre H, alquilo
C4.4 sustituido con 0-3 Re y heterociclilo;

R¢, en cada caso, es independientemente alquilo Cq.4 sustituido con 0-3

Re;
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Rg, en cada caso, se selecciona independientemente entre H y alquilo
C14 sustituido con 0-3 Re;

Re, en cada caso, se selecciona independientemente entre aiquilo Ci4
sustituido con 0-4 R;, F, Cl, Br, =0, -(CH,y)C-alquilo Cq.5 -(CHz)OH y -
(CH2)NRRy, y

R:, en cada caso, se selecciona independientemente entre H y alquilo
Ci3 0 Ry y Ry junto con el atomo de nitrégeno a!l que estan unidos forman un
anillo heterociclico;

r, en cada caso, se selecciona independientemente entre cerc, 1, 2 y 3;

m, en cada caso, se selecciona independientemente entre cero, 1, 2y 3.

En otra realizaciéon mas, R; esta sustituido con 0-5 Rz, y se selecciona
de fenilo y naftilo.

En otra realizacién, R, estad sustituido con 1-5 Ra, y es heteroarilo
seleccionado entre tiazolilo, oxazolilo, pirazolilo, triazolilo, tetrazolilo,
tiadiazolilo, isoxazoliio, imidazolilo, piridilo, pirimidinile, pirazinilo, piridazinilo,
indolilo, indazolilo, isoindolilo, indolinilo, isoindolinilo, benzoimidazolilo,
benzotiazolilo, benzotriazolile, quinociinilo, isoquinolinilo, tetrahidroguinolinilo y
tetrahidroisoquinolinilo.

En otra realizacion, R, se selecciona de

N
S SN
@f\) ~(Rza)m “\1-—-(R2a)m @Q\‘ (Rza)m
Y N7 = &

% K

D g SR LI

K

AY
Rzap ' Rzab ,
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En otra realizacidon, R, en cada caso, se selecciona
independientemente entre F, Cl, Br, -OCF3, -OCHF;, -CF3, CN, NO,, CHj3, -OH,
-OCHa, NHa, -N(CH,CHa3);, -NHC(=0)CHs, —NHS(O)ZCH:;, -NHC(=0)OCHj,
-NHC(=0)CH(CHa)2, -NHC(=0)CH,CH3, -C(=0)OH, -C(=0)OCH,;, C(=0)NH,
-C(=O)NHCH3, -S(0O)2CH3, -S(0O)o,NHCH;, -N(CH3)C(=0)CH,;, -NHS(O),NH,,
-C(=0)-heterociclilo sustituido con 0-5 R, -(CHa)r-heterociclio de 5 a 6
miembros que comprende &tomos de carbono y 1-4 heterodtomos
seleccionados entre N, O y S(0),, donde dicho heterociclilo esta sustituido con
0-5 Re. Los ejemplos no limitantes del heterociclifo incluyen pirrolidina, imidazdl,
pirazol, oxazol, oxadiazol, tiazol, triazol, tetrazol, piperazina, piperidina y
morfolina.

En otra realizacion, Rz, esta sustituido con 0-2 R, y se selecciona de;

YN‘N EN N < N, s N é‘
Me’NJ, NLN'N SS\(\N 7’\") Y , 7:1 , Nsy ,
£
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T w0 0 8 e B D
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En ofra realizacion, Rz, en cada caso, se selecciona
independientemente entre F, Cl, Br, -OCF,, -OCHF;, -CF3, CN, NO;, CHj, -OH,
-OCH3s, NHz, -N(CH,CHa)s, -NHC(=0)CHs, -NHS(0);CHs, -NHC(=0)OCHs,
-NHC(=0)CH(CH3)2, -NHC(=0)CH,CHs, -C(=O)OH, -C(=0)OCHj;, C(=0O)NH,,
-C(=0O)NHCHa, -S{0)2CHs, -S(0)oNHCH3;, -N(CH3)C(=0)CHs;, -NHS(Q);NH,,
-C(=0)-heterociclilo sustituido con 0-5 R., -{CH)-heterocicllo de 5 a 6
miembros que comprende atomos de carbono y 1-4 heterodtomos
seleccionados entre N, O y S{0),, donde dicho heterociclilo esta sustituido con
0-5 Re. Los gjempios no limitantes del heterocicliio incluyen pirrolidina, imidazol,
pirazol, oxazol, oxadiazol, tiazol, triazol, tetrazol, piperazina, piperidina y

morfolina.
En otra realizacidn, Rz, esta sustituido con 0-2 R y se selecciona de:
N
e e XN ° s
s ™ N \[-N “N
/N\-/ EN, __l'/ \( T\/)' 7-’
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En otra realizacion, Ra se sélecciona de H, F, Cl, Br, CN, -ORg, -NR;R, ¥
alquilo Cq_¢ sustituido con 0-5 Re.

En otra realizaciéon, R; se selecciona de H y alquilo Cy.s sustituido con O-
5 Re.

En ofra realizacién, R; es H.

En ofra realizacién, R, se selecciona de H, alquilo C5 sustituido con 0-5
Re, -(CR4pR4c)ORp, -(CRapR4c)NRsRa, -(CRapRag)-cicloalquilo Csg sustituido
con 0-3 Raa, -(CR4pRuc)-heterociclilo sustituido con 0-3 Rss v -(CR4wR4c)r arilo
sustituido con 0-3 Ryg;

En otra realizacion, Rs se selecciona de —(CH3)ORy, —{CH,CH,)OR,,
—(CH(CH3)CH>)OR, —(C(CH3)2CH2)ORy, —(CH2CH(CH3,)OR,
—(CH2C{CH3)2)ORp, —(CH2)NRaRa , -{CH>CH2)NR R, —(CH(CH3)CH2INR;R,,
—(C(CH3)2CH2)NRaRa, =(CHCH(CH3))NR R, y —(CH>C{CH3),)NRLR,, donde R,,
en cada caso, se selecciona independientemente entre H y alquilo Cig
sustituido con 0-3 Re; 0 Rz ¥ R, junto con el atomo de nitrégeno al que estan
unidos forman un anillo heterociclico seleccionado entre imidazolidinilo,
imidazolinilo, imidazolilo, indazolilo, indolinile, indolizinilo, indolilo, isoquinolinilo,
isoxazotilo, morfolinilo, oxadiazolilo, oxazolilo, pirimidinilo, piperazinilo,
pirazinilo, pirazolilo, piridazinilo, piridinilo, pirimidinilo, pirrolidinilo, pirrolinilo,
pirrolilo, quinazolinilo, quinclinilo, tetrazolilo, tiazolilo, triazinilo y triazolilo.

En ofra realizacion, Ry estd sustituido con 0-3 R4, y se selecciona de
fenilo, naftilo, bifenilo, ciclopropilo, ciclobutilo, ciclopentilo, ciciohexilo v

cicloheptilo.

(26
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En otra realizacion, Ry es -(CHa)e.o-heterocicliio sustituido con 0-3 Ra,,
donde dicho heterociclilo se selecciona de azetidinilo, tiazolilo, oxazolilo,
pirazolilo, triazolilo, tetrazolilo, tiadiazolilo, isoxazolito, imidazolito, piridilo,
pirimidinilo, pirazinilo, piridazinilo, indolilo, indazolilo, isoindolilo, indolinilo,
iscindolinilo, benzoimidazolilo, benzotiazolilo, benzotriazolilo, quinolinilo,
isoquinolinilo, tetrahidroquinolinilo y tetrahidroisoquinolinilo.

En otra realizacion, R4, en cada caso, se selecciona
independientemente entre F, Cl, Br, alquilo Ci.s sustituido con 0-5 Re, alquenilo
Ca., alquinilo Cz.s, NOz, OH, CN, -SOzH, -S{O),R¢, -S(0)2NR3Ra, -NR.S(O):R.,
-ORp, -NRaRa, -NR,C(=0O)Rg4, -NR,C(=O)NR;R,, -C(=0)OR,, -C(=0O)Rq,
-OC(=0)Ry, -C(=O)NRaR,, cicloalquilo Cs¢, heterociclilo y arilo.

Todos los aspectos de los compuestos, incluyendo las definiciones
variables individuales, pueden combinarse con otros aspectos para formar
compuestos adicionales. Pbr ejemplo, en una realizacién de Formuia (1), Ry es
hidrégeno y R3 es hidrégeno o alquilo Cq.s sustituido con 0-5 R.. En otra
realizacién, R puede ser hidrégeno y R; puede ser OR, -NR.R, -
C(=O)NR:R,, -NHS(O)2R., -NHC(=0)R4 0 -NHC(=0)OR;,. En ofra realizacién
mas, Ry es hidrégeno y R3, Rs y Rg son todos hidrégeno.

En ciertas realizaciones, la presente invencién incluye compuestos de
Férmula (), © esterecisomeros, tautdmeros, sales farmacéuticamente
aceptables, solvatos o profarmacos de los mismos, en la que:

Ries H;

R esta sustituido con 0-5 Ry, y se selecciona de fenilo y naftilo;

R2a €n cada caso, se selecciona independientemente entre F, Cl, Br,

-OCF;, -OCHF,, -CF3; CN, NO; CHi, -OH, -OCHs, NH,, -N(CH;CHa),,
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-NHC{=0)CHj, -NHS(0)2CHj, -NHC(=0)OCHj, -NHC(=0)CH(CHas)>,
-NHC(=0)CH,CH3, -C(=0)OH, -C(=0)OCHi;, C{=0)NH; -C(=O)NHCH;,
-5(0):CHa,  -S(0):NHCHs, -N(CH3)C(=0)CHs;, -NHS(O):NH,, -C{=0)-
heterociclilo sustituido con 0-5 Re, -(CHy)-heterociclilo de § a 6 miembros que
comprende atomos de carbono y 1-4 heteroatomos seleccionados entre N, Oy
S(O)p, donde dicho heterociclilo esta sustituido con 0-5 Re. Los ejemplos no
limitantes del heterociclilo incluyen pirrolidina, imidazol, pirazol, oxazol,
oxadiazol, tiazol, triazol, tetrazol, piperazina, piperidina y morfolina;

R4 se selecciona de H, alquilo Cy¢ sustituido con 0-5 Re, -(CR4pR4c)/ORs,
-(CR4R4c)iNRaRa, -(CRspRac)-cicloalquilo Cis sustituido con 0-3 Ry,
-(CRupR4c)-heterociclilo sustituido con 0-3 Ry, y -{CR4uR4¢)- arilo sustituido con
0-3 Ryg;

Rsa, en cada caso, se selecciona independientemente entre F, Cl, Br,
alquilo Cq.5 sustituido con 0-5 Re, alquenilo Cu, alquinilo Ca.s, NO,, =0, CN,
-SO3H, -S{O)sRc, -S{O)2NRaiRa, -NR,S(0)2R;, -ORp, -NRaRa, -NR.C(=0)Ry,
-NRzC(=O)NRzR,, -C(=0)OR;, -C(=O)Ry, -OC(=O)R4, -C(=0O)NR;R,,
cicloalquilo Cs.¢, heterociclilo y arilo;

Rs se selecciona de hidrégeno y alquilo Ci.s sustituide con 0-5 R,

Re se selecciona de hidrégeno vy alquilo Cy.g sustituido con 0-5 R..

En ciertas realizaciones, la presente invencién incluye compuestos de
Formula (l), o esterecisdmeros, tautdmeros, sales farmacéuticamente
aceptables, solvatos o profarmacos de los mismos, en la que:

Ries H;

Rz estd sustituido con 0-5 Ry, y es heteroarilo seleccionado entre

tiazolilo, oxazolilo, pirazolilo, triazolilo, tetrazolilo, tiadiazolilo, isoxazolilo,
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imidazolilo, piridilo, pirimidinilo, pirazinilo, piridaziniio, indolilo, indazolilo,
isoindelilo, benzoimidazolilo, benzotiazolilo, benzotriazolilo, quinolinilo e
isoquinolinilo;

R2a, €n cada caso, se selecciona independientemente entre F, Cl, Br,
-OCF;, -OCHF;, -CFj3, CN, NOj; CHji -OH, -OCHjs NH,, -N{(CH.CHs),,
-NHC(=0)CHj3,  -NHS{O),CHs;, @ -NHC(=0)OCHj;, -NHC(=0O)}CH(CHj3),,
-NHC(=0)CH,CH;, -C(=0)OH, -C(=0)OCHj;, -C{(=0O)NH;, -C(=0O)NHCHs,
-8(0)2CH3,  -S(O),NHCH3;, -N(CH3)C(=0)CH;, -NHS(O);NH;, -C(=0)-
heterociclilo sustituido con 0-5 Re, -(CHy)-heterociclilo de 5 a 6 miembros que
comprende atomos de carbono y 1-4 heteroatomos seleccionados entre N, O y
5(0),, donde dicho heterociclilo esta sustituido con 0-5 Re;

Rs se selecciona de H, F, Cl, Br, CN, -ORy, -NR,R,, vy alguilo Cig
sustituido con 0-5 Re;

Rsse sé!ecciona de H, alquilo C1.¢ sustituido con 0-5 R;_, -(CR4bR4c)rORb,
-(CR4pR4c)INRaRa,  -(CRapRyc)~cicloalquilo Cig  sustituido con 0-3  Rug,
-(CR4pR4c)-heterociclilo sustituido con 0-3 Ry, ¥ -(CR4uR4c)- arilo sustituido con
0-3 Rys;

R4a, €n cada caso, se selecciona independientemente entre F, Cl, Br,
alquilo C4.s sustituido con 0-5 R, alquenilo C.s, alquinilo Cys, NO,, =0, CN,
-SO3H, -S(O)pRc, -S(O)2NRaRa, -NRaS(ORR., -OR;, -NRyRa, -NR.C(=O)Ry,
-NR,C(=O)NR;Ra, -C(=0)OR;, -C(=O)Rg, -OC(=0O)Ry, -C(=0)NR.R,,
cicloalquilo Ca ¢, heterociclilo y arilo;

Rs se selecciona de hidrégeno y alquilo Cs sustituido con 0-5 Re;

Rg se selecciona de hidrégeno y alquilo Cy. sustituido con 0-5 Re. -

En ciertas realizaciones, la presente invencién incluye compuestos de

(29
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Formula (), o estereoisémeros, tautomeros, sales farmacéuticamente
aceptables, solvatos o profarmacos de los mismos, en la que:

Ry es H;

R: se selecciona de arilo sustituido con 0-4 Ry, y heteroarilo sustituido
con 0-4 Ray;

Rza, €n cada caso y cuando la valencia lo permita, se selecciona
independientemente entre F, Cl, Br, -CF3, CN, NO, CHs, -OH, -OCHs;, NH;,
-N(CH2CHzs)3, -NHC(=0)CHs, -NHS(0),CHs, -NHC(=0)OCHj,
-NHC({=0)CH(CHz3)2, -NHC(=0)CH,CHa, -C(=0)OH, -C(=0)OCH,;, -C(=0O)NHa,
-C(=O)NHCHS3, -S(0)2CH3, -S(O);NHCH3;, -N(CH3)C(=0)CHj;, -NHS(O):NH,,
-C(=0)-heterociclilo sustituido con 0-5 R, -(CHa)-heterociclio de 5 a 6
miembros que comprende atomos de carbono y 1-4 heteroatomos
seleccionados entre N, O y S(0),, donde dicho heterociclilo esté sustituido con
0-5 Re; |

R4 se selecciona de —(CH,)OR,, —(CH2CH2)ORy, —(CH(CH3)CH2)COR,,
—(C(CH;3).CH2)OR;,, —(CH,CH(CH3))ORy, —~(CH2C(CH3)2)ORp, —(CH2)NR4R; |,
—(CH2CH2)NR4R,, —(CH(CH3)CH2)NR;R,, —(C(CH3)2CH2)NR:R,,
—(CH2CH(CH3)NR R; v —(CH,C(CH3)2)NR,R;, donde R, en cada caso, se
selecciona independientemente entre H y alquilo Cy5 sustituido con 0-3 Re; ©
Ra ¥ Ra junto con el atomo de nitrogeno al que estan unidos forman un anillo
heterociclico seleccionado entre imidazolidinilo, imidazolinilo, imidazolilo,
indazolilo, indolinilo, indalizinilo, indolilo, isoquinelinilo, isoxazolilo, morfolinilo,
oxadiazolilo, oxazolilo, pirimidinilo, piperazinilo, pirazinilo, pirazolilo, piridazinilo,
piridinilo, pirimidinilo, pirrolidinilo, pirrolinilo, pirrolilo, quinazolinilo, quinolinilo,

tetrazolilo, tiazolilo, triazinilo y triazolilo;
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Rsa, €n cada caso, se selecciona independientemente entre F, CI, Br,
alquilo C45 sustituido con 0-5 R,, alquenilo Cag, alquinilo Ca.s, NO3, OH, CN,
-SO3H, -S(O)pRe, -S({0)2NRaRa, -NRaS(0)2Re, -ORp, -NRaRa, -NR.C(=0)Rq,
-NR.C(=O)NR;R,, -C(=O)OR,, -C{=0)Rs, -OC{(=0)R4, -C(=O)NR R,
cicloalquilo Cs.g, heterociclilo y arilo;

Rs se selecciona de hidrégeno y alquilo Cy.5 sustituido con 0-5 Rg;

Rs se selecciona de hidrégeno y alquilo Cq.5 sustituido con 0-5 R..

En ciertas realizaciones, la presente invencién incluye compuestos de
Formula (), o esterecisomeros, tautémeros, sales farmacéuticamente
aceptables, solvatos o profarmacos de los mismaos, en la que:

Ries H;

Rz se selecciona de arilo sustituido con 0-4 Rz, ¥ heteroarilo sustituido
con 0-4 Ry,;

Rza, en cada caso y cuando la valencia lo permita, se selecciona
independientemente entre F, Cl, Br, -CF3;, CN, NO,, CHj, -OH, -OCH3;, NHa,
-N(CH2CHjs)3, ~-NHC(=0)CHj, -NHS(0)2CHs, -NHC(=0)OCHj,
-NHC(=0)CH(CHa)2, -NHC(=0)CH,CH3;, -C{(=0)OH, -C(=0)OCH3;, -C{=0)NH;,
-C(=O)NHCH3, -S(0),CHs, -S(O):NHCH3;, -N(CH3)C(=0)CH3, -NHS(O);NH,,
-C(=0)-heterociclilo sustituido con 0-5 Re,‘ -(CHy)~-heterociclilo de 5 a 6
miembros que comprende &tomos de carbono y 1-4 heteroatomos
seleccionados entre N, O y S(0),, donde dicho heterociclilo esta sustituido con
0-5 Ra;

R4 esta sustituido con 0-3 R4, v se selecciona de fenilo, naftilo, bifenilo,
ciclopropilo, ciclobutilo, ciclopentilo, ciclohexilo y cicloheptilo;

Rsa, en cada caso, se selecciona independientemente entre F, Cl, Br,

131
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aiquilo Cq. sustituido con 0-5 Re, alquenilo Cas, alquinilo Cas, NO;, =0, CN,
-SO3H, -S(O)R¢, -S{O)}2NRaRa, -NRaS(O)2R., -ORp, -NRzRa, -NR.C(=O)Rg,
-NRi:C(=O)NRaRa, -C(=O)OR,, -C(=0)Rq, -OC(=O)Ryq, -C(=O)NRR,,
cicloalquilo Cag, heterociclilo vy arilo;

Rs se selecciona de hidrogeno y alquilo Cq.¢ sustituide con 0-5 Re;

Re se selecciona de hidrégeno y alquilo Cq sustituido con 0-5 Re.

En otras realizaciones, la presente invencion incluye compuestos de
Formula (), o esterecisdmeros, tautémeros, sales farmacéuticamente
aceptables, solvatos o profarmacos de los mismos, en la que:

R» se selecciona dé arilo sustituido con 0-4 Ry, y heteroarilo sustituido
con 0-4 Ry;;

Rza, en cada caso y cuando la valencia lo permita, se selecciona
independientemente entre F, Ci, Br, -CF3, CN, NO;, CHj;, -OH, -OCHS3;, NH,,
-N(CHZCH3)2, -NHC(=0)CHs, -NHS(0),CHa, -NHC(=0)OCHs,
-NHC(=O}CH(CH3)2, -NHC(=0)CH2CH3, -C(=0)OH, -C(=0)OCHj, -C(=0O)NH3,
-C(=O)NHCHaj, -S{0),CHs, -S(0)2NHCH3, -N{(CH3)C(=0)CHs, -NHS(O)2NH,,
-C(=0)-heterociclilo sustituido con 0-5 R., -(CH)-heterociclilo de 5 a 6
miembros que comprende atomos de carbono y 1-4 heteroatomos
seleccionados entre N, O y S(0),, donde dicho heterocicliio esta sustituido con
0-5 Rg;

Rs es -(CHz)oo-heterociclilo sustituido con 0-3 Rs, donde dicho
heterociclilo se selecciona de azetidinilo, tiazolilo, oxazolilo, pirazolilo, triazolilo,
tetrazolilo, tiadiazolilo, isoxazolilo, imidazolilo, piridilo, pirimidinilo, pirazinilo,
piridazinilo, indolilo, indazolilo, isoindolilo, indolinilo, isoindolinilo,

benzoimidazolilo, benzotiazolilo, benzotriazolilo, quinolinilo, isoquinoliniio,

(22
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tetrahidroquinolinilo y tetrahidroisoquinoliniio;

"R4a, €n cada caso, se selecciona independientemente entre F, Cl, Br,
alguilo C1. sustituido con 0-5 R, alquenilo Cys, alquinilo Cas, NO2, OH, CN,
-SO3H, -S(O)sRc, -S(0)2NRaRa, -NR.S(O):R:, -ORy,, -NRR., -NR,C(=0O)Ry,
-NRaC(=O)}NRsR,;, -C(=0)OR;, -C(=0)Ry4, -OC(=0O)Rs, -C{(=O)NR; R,
cicloalquilo Cs, heterociclilo y arilo; |

Rs se selecciona de hidrégeno y alquilo Cq.5 sustituido con 0-5 Re;

Re se selecciona de hidrégeno y alquilo Cy.6 sustituido con 0-5 Re.

Otras realizaciones de ‘la invencién se refieren a compuestos de
Formulas (VIII), (IX) y (X), mostradas a continuacion, en las que las variables
Rz ¥ Rasa, cuando aparecen, pueden seleccionarse entre cualqguiera de las
realizaciones indicadas anteriormente para compuestos de Férmula (1), (1), (i),

(IV), (V), VI ylo (VIl) (incluyendo come se ha indicado en cualquiera de las

realizaciones adicionales).

s s

HN"

NC N E \(RZa)T-S NC N ﬁ “(Raa)13
(Villy (1X)
NH,
)
S\/N‘N/ N/Rz‘(Rzah-z
NC H
{(X)

Los compuestos de la invencion incluyen, sin limitacion, los siguientes:
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8-((3-ciano-4-metilfenil)amino)-8-(2-piridinilamino)imidazof1,2-
b)piridazina-3-carboenitrilo.
N-(5-((3-ciane-8-(ciclopropilamino)imidazo[1,2-b]piridazin-6-il)amino)-2-
(trifluorometoxi)fenil)acetamida,
3-ciano-5-((3-ciano-8-{ciclopropilamino)imidazo[1,2-b]piridazin-6-
illamino)bencenosulfonamida,
N-(3-ciano-5-((3-ciano-8-{ciclopropilamino)imidazo[1,2-b]piridazin-6-
il)amino)feni])acetamida,
6-((5-ciano-2-metoxifenil)amino)-8-(ciclopropilamino)imidazo[1,2-
blpiridazina-3-carbonitrilo,
(5-((3-ciano-8-(ciclopropilamino)imidazo[1,2-b]piridazin-6-il)amino)-2-
metilfenil)carbamato de metilo,
3-({6-((3-acetamido-4-metilfenil)amino)-3-cianoimidazo[1,2-b]piridazin-8-
il)amin0)-N-(2-(dimétiiamino)etil)benzamida,
8-(ciclobutilamine)-6-((3-metoxi-5-(4H-1,2,4-triazol-4-
iNfenil)amino)imidazo[1,2-b]piridazina-3-carbonitrilo,
6-({1-acetil-2,3-dihidro-1H-indol-6-il)amino)-8-
(ciclopropilamino)imidazo[1,2-b]piridazina-3-carbonitrilo,
6-((3-ciano-5-((4-metil-1-piperazinil)sulfonil)fenil)amino)-8- .
(ciclopropilamino)imidazo[1,2-b]piridazina-3-carbonitrilo,
6-((2-cloro-5-ciano-4-metilfenii)amino)-8-(2-piridinilamino)imidazo[1,2-
b]piridazina-3-carbonitrilo,
8-(ciclopropilamino)-6-((1,4-dimetil-2-oxo-1,2-dihidro-7-
quinolinilyamino)imidazo[1,2-b]piridazina-3-carbonitrilo,

3-ciano-5-((3-ciano-8-(ciclopropilamino)imidazo[1,2-b]piridazin-6-
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ilyamino)-N-etilbencenosulfonamida,
8-(ciclopropilamino)-6-((3-(4-(2-hidroxietil)-1-piperazinil)-5-(4H-1,2,4-
triazol-4-il)fenilyamino)imidazo[1,2-b]piridazina-3-carbonitrilo,
8-((5-metoxi-2-piridinil)amino)-6-((3-metoxi-5-(4H-1,2,4-triazol-4-
ibfenil)amino)imidazo[1,2-b]piridazina-3-carbonitrilo,
B-((2-cloro-5-cianofenil)amino)-8-(ciclopropilamino)imidazo[1,2-
blpiridazina-3-carbonitrilo,
(3-((3-Ciano-8-(cicioprqpilamino)imidazo[1 ,2-b]piridazin-6-il}amino)-5-
(metilsulfonilfenil)carbamato de metilo,
B-((5-ciano-2-metoxifenilyamino}-8-(ciclobutilamino)imidazo[1,2-
blpiridazina-3-carbonitrilo,
6-((5-ciano-2-metilfenilyamino)-8-(ciclopropilamino)imidazo(1,2-
b]piridazina-3-carbonitrilo,
8~(ciclopropiIamind)-6-((3-(2-(dimetilamino)etoxi)-S—(4H—1 ,2,4-triazol-4-
ilfenil)amino)imidazo[1,2-b]piridazina-3-carbonitrilo,
6-((2-cloro-5-ciano-4-metilfenil)amino)-8-(ciclopropilamino)imidazo[1,2-
blpiridazina-3-carbonitrilo,
8-amino-6-((5-ciano-2-metoxifenil)amino)imidazo[1,2-b]piridazina-3-
carbonitrilo,
8-amino-6-((3-ciano-4-metilfeniljamino)imidazo[1,2-b]piridazina-3-
carbonitrilo,
N—(5—((3~cian_o-8-(ciclopropilamino)imidazo[1 ,2-b]piridazin-6-il)Jamino)-2-
metilfenil)acetamida,
8-((2-cloro-5-cianofenil)amino)-8-(ciclobutilamino)imidazo[1,2-

blpiridazina-3-carbonitrilo,
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N-(5-((3-ciano-8-(ciclopropilamino)imidazo]1,2-b]piridazin-6-ilyamino)-2,4-
difluorofeniljacetamida,
6-((4-fluoro-3-(4H-1,2,4-triazol-4-il)fenil)amino)-8-({5-metoxi-2-
piridinil)amino)imidazo[1,2-b]piridazina-3-carbonitrilo,
N-(5-({3-ciano-8-({5-(2-hidroxietoxi)-2-piridinilyamino)imidazo[1,2-
b]piridazin-6-iljamino)-2-metilfenil)acetamida,
N-(5-((3-ciano-8-({5-metoxi-2-piridinilyamino)imidazo[1,2-b]piridazin-6-
ilJamino)-2-metilfenil)acetamida, '
8-(ciclopropilamino)-6-((4-(2-(metilamino)etoxi)-3-(4H-1,2,4-triazol-4-
iYfenil)amino)imidazo[1,2-b]piridazina-3-carbonitrilo,
N-(5-((3-ciano-8-(ciclopropilamino)imidazo[1,2-b]piridazin-6-il)amino)-2-
metoxifenil)acetamida,
6-({5-ciano-2-(2-(4-morfolinil)etoxi)fenil)amino)-8- )
(ciclopropilamino)imidazo[1 ,Z-E]piridazina-s-carbonitriio,
8-((2-metoxietilyamino)-6-{(3-metoxi-5-(4H-1,2 4-triazol-4-
ifenilyamino)imidazo[1,2-b]piridazina-3-carbonitriio,
6-((3-ciano-4-(4-marfolinihfenilyamino)-8-(ciclopropilamino)imidazo[1,2-
b]piridazina-3-carbonitrilo,
(5-((8-amino-3-ciancimidazo[1,2-b]piridazin-6-il)amino)-2-
metilfenil)carbamato de metilo,
8-{ciclopropilamino)-6-({3-metoxi-5-(4H-1,2 4-triazol-4-
il)fenil)amino)imidazo[1,2-b]piridazina-3-carbonitrilo,
(5-{(3-ciano-8-(ciclopropitamino)imidazo[1,2-b]piridazin-6-il)amino)-2,4-
difluorofenil)carbamato de metilo,

(5-((3-ciano-8-(ciclopropilamino)imidazo[1,2-b]piridazin-6-il)amino)-2-
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fluorofenilycarbamato de metilo,
6-((5-ciano-2-(trifluorometoxi}feniiyamino)-8-
(ciclopropilamino)imidazo{1,2-b]piridazina-3-carbonitrilo,
N-(3-ciano-5-((3-ciano-8-(ciclopropilamino)imidazo[1,2-blpiridazin-6-
ilamino)enil)metanosulfonamida,
N-(2-cloro-5-((3-ciano-8-(ciclopropilamina)imidazo{1,2-b]piridazin-6-
iflamino)feniljacetamida,
8-(ciclopropilamino)-6-((4-fluoro-3-(4H-1,2 4-triazol-4-
ilYfenilyamino)imidazo[1,2-blpiridazina-3-carbonitrilo,
8-(ciclopropilamino)-6-((4-(4-morfolinil)-3-(4H-1,2,4-triazol-4-
ilYfenil)amino)imidazo[1,2-b]piridazina-3-carbonitrilo,
8-(ciclopropilamino)-6-({3-metil-5-(1H-1,2,4-triazol-1-
ihfenil)amino)imidazo[1,2-b]piridazina-3-carbonitrilo,
8-(cicl6propilamino)—6-((4-(3-(dimetilamino)propoxi)-S—(4H-1 2,4-triazol-4-
ifenilyamino)imidazo[1,2-b]piridazina-3-carbonitrilo,
6-((4-ciano-2-piridinil)amino)-8-(ciclopropilamino)imidazo[1,2-
bjpiridazina-3-carbonitrilo,
3-ciano-5-((3-ciano-8-(ciclopropilamino)imidazo[1,2-b]piridazin-6-
il)amino)-N-(tetrahidro-2H-piran-4—iI)bencenosulfonamida,
8-(ciclopropilamino)-6-((2-fluoro-5-(1H-1,2 4-triazol-1-
iifenii)amino)imidazo[1,2-b]piridazina-3-carbonitrilo y
N-(3-((3-ciano-8-{ciclopropilamino)imidazo[1,2-b]piridazin-6-i)amino)-4-
metilfenil)acetamida.
Los compuestos de Férmulas (1)-(X) pueden formar sales con metales

alcalinos tales como sodio, potasio y litio, con metales alcalinotérreos tales
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como calcio y magnesio, con bases organicas tales como diciclohexilamina,
tributilamina, piridina y aminoacidos tales como arginina, lisina y similares.
Dichas sales pueden formarse como se sabe por los especialistas en la
técnica.

Los compuestos de Formulas (I)-(X) pueden formar sales con una
diversidad de acidos organicos e inorganicos. Dichas sales incluyen las
formadas con cloruro de hidrégeno, bromuro de hidrégeno, écido
metanosulfdnico, acido sulflrico, acido acético, acido trifluoroacético, acido
oxalico, acido maleico, acido bencenosulfénico, acido toluenosulfénico y varios
otros (por ejempio, nitratos, fosfatos, boratos, tartratos, citratos, succinatos,
benzoatos, ascorbatos, ‘salicilatos y similares). Dichas sales pueden formarse
como se sabe por los especialistas en la tecnica.

Ademas, pueden formarse zwitteriones ("sales internas").

La presente invencion también pretende incluir todos los isétopos de
atomos que se encuentran en los compuestos de la presente invencién. Los
isétopos incluyen los atomos que tienen el mismo nimero atémico pero
diferentes nimeros masicos. A modo de ejemplo general y sin limitacion, los
isGtopos de hidrogeno incluyen deuterio y tritic. Los isétopos de carbono
incluyen °C y "C. Los compuestos marcados con isétopos de la invencian
pueden prepararse generalmente por técnicas convencionales conocidas por
los especialistas en la técnica o por procedimientos analogos a los descritos en
este documento, usando un reactivo marcado con isdtopos apropiado en lugar
del reactivo no marcado empleado en otro caso.

Los compuestos de las Formulas (1)-(X) también pueden tener forma de

profarmaco. Como se sabe que los profarmacos mejoran numerosas
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cualidades deseables de agentes farmacéuticos (por ejemplo, solubilidad,
biodisponibilidad, fabricacién, etc.), los compuestos de la presente invencion
pueden liberarse en forma de profarmacos. Por lo tanto, la presente invencion
pretende cubrir los profarmacos de los compuestos reivindicados en la
presente invencion, procedimientos de dosificacidon de los’ mismos y
composiciones que los contienen. Los "profarmacos” pretenden incluir
cualquier vehiculo unido covalentemente que libere un farmaco de partida
activo de la presente invencion in vivo cuando dicho profarmaco se administra
a n sujeto mamifero. Los profarmacos de la presente invencién se preparan
modificando grupos funcionales presentes en el compuesto de tal forma que las
modificaciones se escindan, mediante manipulacién convencional o in vivo,
para dar el compuesio de partida. Los profarmacos incluyen compuestos de la
presente invencién en los que un grupo hidroxi, amino o sulfhidrilo se une a
cualquier grupo que, cuando el profarmaco de la presente invencion se
administra a un sujeto mamifero, se escinde para formar un grupo hidroxilo
libre, amino libre o sulfhidrilo libre, respectivamente. Los ejemplos de
profarmacos incluyen, pero sin limitacion, derivados de acetato, formiato y
benzoato de grupos funcionales alcohol y amina en los compuestos de la
presente invencion.

En la tecnica se conocen varias formas de profarmacos. Para ejemplos
de dichos derivados de profarmaco véase:

a) Design of Prodrugs, H. Bundgaard, ed., Elsevier (1985), and
Methods en Enzymology, 112:308-396, K. Widder et al., eds., Academic Press
(1985);

b) Bundgaard, H., Chapter 5, “Design and Application of Prodrugs,” A

(39
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Textbook of Drug Design and Development, pp. 113-191, P. Krosgaard-Larsen
et al., eds., Harwood Academic Publishers (1991}; y

c) Bundgaard, H., Adv. Drug Deliv. Rev., 8:1-38 (1992).

También deberia apreciarse que los solvatos (por ejemplo, hidratos) de
los compuestos de Formulas (1)-(X) también se incluyen dentro del alcance de
la invencion. Los procedimientos de solvatacion son conocidos generalmente
en la técnica. Los compuestios € la invencidn pueden estar en la forma libre ¢
hidrato.

Los compuestos de esta invencion pueden tener uno o mas centros
asimétricos. A menos que se indique otra cosa, todas las formas quirales
(enantiomérica y diastereomérica) y racémicas de compuestos de ia presente
invencion se incluyen en la presente invencion. También pueden estar
presentes en los compuestos muchos isdmeros geométricos de olefinas,
dobles enlaces C=N y similares y todos estos isdmeros estables se contemplan
en la presente invencion. Se describen isémeros'geométricos cis y trans de los
compuestos de la presente invencidn y pueden aislarse en forma de una
mezcla de isémeros o como formas isoméricas separadas. Los compuestos de
la presente invencion pueden aislarse en formas épticamente activas o
racémicas. Se sabe bien en la técnica como preparar formas dpticamente
activas, tal como por resolucion de formas racémicas o por sintesis de
materiales de partida &pticamente actives. Se incluyen todas las formas
quirales (enantioméricas y diastereoméricas) y racémicas y todas las formas
isomericas geométricas de una estructura, a menos que se indique
especificamente la estereoquimica especifica o la forma de isdbmero. Cuando

no se hace mencién especifica de la configuracién (cis, trans o R o S) de un
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compuesto (o de un carbono asimétrico), entonces se incluyen todos y cada
uno de los isdmeros o una mezcla de mas de un isémero. Los procesos para la
preparacion pueden usar racematos, enantidmeros o diasteredmeros como
materiales de partida. Todos los procesos usados para preparar los
compuestos de la presente invencion e intermedios preparados en este
documento se consideran como parte de la presente invencidon. Cuando se
preparan productos enantioméricos o diastereoméricos, pueden separarse por
procedimientos convencionales, por ejemplo, por cromatografia o cristalizacion
fraccionada. Los compuestos de la presente invencion y sales de los mismos
pueden existir en multiples formas tautoméricas, en los que los atomos de
hidrogeno se trasladan a otras partes de las moléculas y por consiguiente se
redistribuyen los enlaces quimicos entre los atomos de las moléculas. Debe
entenderse que todas las formas tautomeéricas, en la medida en que puedan

existir, se incluyen dentro de la invencion.

DEFINICIONES
Lo siguiente son definiciones de términos usados en esta memoria
descriptiva y en las reivindicaciones adjuntas. La definicién inicial
proporcionada para un grupo o término en este documento se aplica a ese
grupo o término a lo largo de la memoria descriptiva y de las reivindicaciones,
de forma individual o como parte de otro grupo, a menos que se indigue otra

cosa.

De acuerdo con un convenio usado en la técnica, se usa g en las
formulas estructurales de este documento para representar el enlace que es el

punto de unidn del resto o sustituyente con el nucleo o estructura principal.

4|
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Un guién "-" que no esta entre dos letras o simbolos se usa para indicar
un punto de unién para un sustituyente. Por ejemplo, -CONH; esta unido a
través del atomo de carbono.

Como se usa en este documento, el término "alquilo” o "“alquileno"
pretende incluir grupos de hidrocarburo alifaticos de cadena lineal y ramificada
que tienen el nimero especificado de dtomos de carbono. Por ejemplo, "alquilo
Cs.10 " (0 alquileno), pretende incluir grupos alquilo C4, C,, Cs, C4, Cs, Ce, C7,
Cs, Co y C1o . Ademas, por ejemplo, "alquilo C1-Cg " representa alquilo que tiene
de 1 a 6 atomos de carbono. Los grupos alquilo pueden estar sin sustituir o
sustituidos de manera que uno o mas de sus hidrégenos se reemplazan por
otro grupo quimico. Los grupos alquilo ejemplares incluyen, pero sin limitacion,
metilo (Me), etilo (Et), propilo (por ejemplo, n-propilo e isopropilo), butilo (por
ejemplo, n-butilo, isobutilo, t-butilo), pentilo (por ejemplo, n-pentilo, isopentilo,
neopentilo) y simifares. |

"Haloalquilo" pretende incluir grupos de hidrocarburo alifaticos de
cadena lineal y ramificada que tienen el nimero especificado de atomos de
carbono, sustituidos con 1 o més haldgenos. Los ejemplos de haloalquilo
inciuyen, pero sin limitacién, fluorometilo, difluorometilo, trifluorometilo,
triclorometilo, pentaflucroetilo, pentacloroetilo, 2,2, 2-trifluoroetilo,
heptafluoropropilo y heptacloropropila. Los ejemplos de haloalquilo también
incluyen "fluoroalquilo” que pretende incluir grupos de hidrocarburo alifaticos
saturados de cadéna lineal y ramificada que tienen el nimero especificado de
atomos de carbono, sustituidos con 1 o mas atomos de fldor.

El término "halégeno" o “halo” se refiere a fidor (F), cloro (Cl), bromo (br)

y yodo.
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"Haloalcoxi" o "haloalquiloxi" representa un grupo haloalquilo como se ha
definide anteriormente con el nimero indicado de atomos de carbono unidos a
través de un puente oxigeno. Por ejemplo, "haloalcoxi Cqg", pretende incluir
grupos haloalcoxi C4, Cz, C3, C4, Cs v Cs. Los ejemplos de haloalcoxi incluyen,
pero sin limitacion, trifluorometoxi, 2,2 2-trifluoroetoxi, pentafluorotoxi vy
similares. De forma andloga, "haloalquiltic" o "tiohaloalcoxi" representa un
grupo haloalquilo como se ha definido anteriormente con el nimero indicado de
atomos de carbono unidos a través de un puente azufre; por ejemplo
trifluorometil-S-, pentafluoroetil-S- y similares.

Como se usa en este documento, "carbociclo", "resto carbociclico, o
“carbociclilo" pretende indicar cualquier anillo monociclico o biciclico de 3, 4, 5,
6 & 7 miembros o biciclico o triciclico de 7, 8, 9, 10, 11, 12 6 13 miembros,
estable, pudiendo ser cualquiera de ellos saturado o parcialmente saturado, o
insaturado aromatico. Los ejemplos de dichos carbociclos incluyen, pero sin
limitacién, ciclopropilo, ciclobutilo, ciclobutenilo, ciclopentito, cic[opentenilb,
ciclohexito, cicloheptenilo, cicloheptilo, cicloheptenilo, adamantilo, ciclooctilo,
ciclooctenilo,  ciclooctadienilo, [3.3.0lbiciclooctanc,  [4.3.0]biciclononano,
[4.3.0]biciclodecanc, [2.2.2]biciclooctanc, fluorenilo, fenilo, naftilo, indanilo,
adamantilo, antracenilo y tetrahidronaftilo (tetralina). Como se ha mostrado
anteriormente, fos anillos con puentes también se incluyen en la definicién de
carbociclo (por ejemplo, [2.2.2]biciclooctano). Son carbociclos preferidos, a
menos que se indique otra cosa, ciclopropilo, ciclobutilo, ciclopentilo,
ciclohexilo, fenilo e indanilo. Cuando se usa el término "carbocicla", "resto
carbociclico” o "carbociclilo", éste pretende incluir "arilo". Un anillo con puentes

aparece cuando uno o mas atomos de carbono unen dos atomos de carbono
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"Haloalcoxi" o "haloalquiloxi” representa un grupo haloalquilo como se ha
definido anteriormente con el nimero indicado de atomos de carbonec unidos a
través de un pﬁente oxigeno. Por gjemplo, "haloalcoxi Cq", pretende incluir
grupos haloalcoxi C4, C,, C3, C4, Cs5 ¥ Cs. Los ejemplos de haloalcoxi incluyen,
pero sin limitacién, trifluorometoxi, 2,22-trifluoroetoxi, pentafiuorotoxi vy
similares. De forma analoga, "haloalquiltio” o "tichaloaicoxi" representa un
grupo haloalquilo como se ha definido anteriormente con el nimero indicado de
atomos de carbono unidos a través de un puente azufre; por ejemplo
trifluorometil-S-, pentaflucroetil-S- y similares.

Como se usa en este documento, "carbociclo”, "resto carbociclico, o
"carbociclilo" pretende indicar cualquier anillo monociclico o biciclico de 3, 4, 5,
6 & 7 miembros o biciclico ¢ triciclico de 7, 8, 9, 10, 11, 12 6 13 miembros,
estable, pudiendo ser cualquiera de ellos saturado o parcialmente saturado, o
insaturado aromatico. Los ejemplos de dichos carbociclos incluyen, pero sin

limitacién, ciclopropilo, ciclobutilo, ciclobutenilo, ciclopentilo, ciclopentenilo,

. ciclohexilo, cicloheptenilo, cicioheptilo, cicloheptenilo, adamantilo, ciclooctilo,

ciclooctenilo, ciclooctadienilo, [3.3.0]biciclooctano,  [4.3.0]biciclononano,
[4.3.0]biciclodecano, [2.2.2]biciclooctano, fluorenilo, fenilo, naftilo, indanilo,
adamantilo, antracenilo y tetrahidronaftilo (tetralina). Como se ha mostrado
anteriormente, los anillos con puentes también se incluyen en la definicion de
carbociclo (por ejemplo, [2.2.2)biciclooctanc). Son carbociclos preferidos, a
menos que se indique otra cosa, ciclopropilo, ciclobutilo, ciclopentilo,
ciclohexilo, fenilo e indanilo. Cuando se usa el término "carbociclo”, "resto
carbociclico” o "carbociclilo”, éste pretende incluir "arilo”. Un anillo con puentes

aparece cuando uno o mas atomos de carbono unen dos atomos de carbono
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no adyacentes. Los puentes preferidos son unc o dos atomos de carbono.
Debe apreciarse que un puente siempre convierte a un anillo menociclico en un
anilio triciclico. Cuando un anillo tiene puentes, los sustituyentes indicados para
el anillo también pueden estar presentes en el puente.

El término "arilo" se refiere a grupos de hidrocarburo aromatico
monociclicos, biciclicos, triciclicos que tienen de 6 a 15 atomos de carbono en
la porciodn del anillo, tales como grupos fenilo, naftilo, bifenilo y difenilo, cada
uno de los cuales puede estar sustituido. Los grupos arilo que son biciclicos o
triciclicos deben incluir al menos un anillo aromatico completamente pero el
ofro aniillo o anillos pueden ser aromaticos 0 no aromaticos. Cuando se
sustituye un arilo con un anillo heterociclico adicional, dicho anillo puede estar
unido al arilo a través de un atomo de carbonc o un heteroatomo y dicho anillo
a su vez esta opcionalmente sustituido con de uno a dos sustituyentes segin
permita la valencia.

Los términos "ariloxi", ‘“arilamino", ‘“arilalquilaming", “ariltio",
“arilalcancilamino”, “arilsulfonile”, "arilalcoxi®, “arilsulfinilo", "arilheteroarilo",
“arilalquiltio”, "arilcarbonilo”, "arilalquenilo” o "arilalquilsulfonilo” se refieren a un
arilo o arijlo sustituido unido a un oxigeno; un amino; un alquilamino; un tio; un
alcanoilamino; un sulfonilo; un alcoxi; un sulfinilo; un heteroarilo o heteroarilo
sustituido; un alquiltio; un carbonilo; un alquenilo; o un alquilsulfonilo,
respectivamente.

El término "alquenilo” se refiere a grupos de hidrocarburo de cadena
lineal o ramificada de 2 a 20 atomos de carbono, preferiblemente de 2 a 15
atomos de carbono, y alin mas preferiblemente de 2 a 8 atomos de carbono,

que tienen de uno a cuatro dobles enlaces.
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El término. "alquinilo” se refiere a grupos de hidrocarburo de cadena
lineal o ramificada de 2 a 20 atomos de carbono, preferiblemente de 2 a 15
atomos de carbono, y atn mas preferiblemente de 2 a 8 atomos de carbono,
que tienen de uno a cuatro triples enlaces.

Un grupo "alguilideno" se refiere a un grupo alquileno que consta de al
menos dos atomos de carbono y al menos un dobie enlace carbono-carbono.
Los sustituyentes de este grupo incluyen los de la definicion de "alquilo
sustituido".

El término "cicloalquilo” se refiere a sistemas de anillos de hidrocarburo
ciclicos, saturados, opcionalmente sustituidos, que contienen preferiblemente
de 1 a 3 anillos y de 3 a 7 carbonos por anilio. Los grupos ejemplares incluyen
ciclopropilo, ciclobutilo, ciclopentilo, ciclohexilo, cicloheptilo, ciclooctilo,
ciclodecilo, ciclododecilo y adamantilo. Los sustituyentes ejemplares incluyen
uno ¢ mas grupos alquilo como se ha descrito anteriormente, o0 unc o mas
grupos descritos anteriormente como sustituyentes de alquilo.

Como se usa en este documento, el término "heterociclo”, "heterociclilo”,
"anillo heterociclico" o "grupo heterociclico " pretende indicar un anilio
heterociclico monociclico o biciclico de 5, 6 6 7 miembros o biciclico de 7, 8, 9,
10, 11, 12, 13 6 14 miembros, estable, que estad saturado, parcialmente
saturado o totalmente insaturado o aromatico, y que consta de atomos de
carbono y de 1, 2, 3 6 4 heterodtomos seleccionados independientemente entre
N, O y S; e incluyendo cualquier grupo biciclico en el que cualquiera de los
anilios heterociclicos definidos anteriormente esta condensado con un anillo de
benceno. Los heteroatomos de nitrégeno y azufre pueden estar opcionalmente

oxidados (es decir, N—O y 8(0),). El atomo de nitrégeno puede estar
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sustituido o sin sustituir (es decir, N 0 NR donde R es H u otro sustituyente, si
se define). El anillo heterociclico puede unirse a su grupo colgante en cualquier
heteroatomo o atomo de carbono que dé como resultado una estructura
estable. Los anillos heterociclicos descritos en este documento pueden estar
sustituidos sobre carbén o sobre un atomo de nitrégeno si el compuesto
resultante es estable. Un nitrégeno del heterociclo puede estar opcionalmente
cuaternizado. Se prefiere que cuando el nimero total de atomos de Sy O en el
heterociclo supere 1, entonces estos no sean adyacentes entre si. Se prefiere
que el nimero total de atomos de S y O en el heterociclo no sea mayor que 1.
Cuando se usa el término "heterociclo", "anillo heterociclico” o "grupe
heterociclico” éste pretende incluir heteroarilo.

Los ejemplos de heterociclos incluyen, pero sin limitacidén, acridinilo,
azocinilo, benzoimidazolilo, benzofuranilo, benzotiofuranilo, benzoxazolilo,
benzoxazolinilo, benzotiazolilo, benzotriazolilo, benzotetrazolilo,
benzoisoxazolilo, benzoisotiazolilo, benzoimidazolinilo, carbazolilo, 4aH-
carbazolilo, carbolinilo, cromanilo, cromenilo, cinnolinilo, decahidroquinolinilo,
2H,6H-1,52-ditiazinilo, dihidrofuro[2,3-bjtetrahidrofurano, furanilo, furazanilo,

imidazolidinilo, imidazolinilo, imidazolilo, 1H-indazolilo, indolenilo, indolinilo,

indolizinilo, indolilo, 3H-indolilo, isatinoilo, isobenzofuranilo, isocromanilo,

isoindazolilo, isoindolinilo, isoindolilo, isoquinolinilo, isotiazolilo,
isotiazolopiridinilo, isoxazolilo, isoxazolopiridinilo, metilenodioxifenilo,
morfolinilo, naftiridinilo, octahidroisoquinolinilo, oxadiazolilo, 1,2,3-oxadiazolilo,
1,2,4-oxadiazolilo, 1,2,5-oxadiazolilo, 1,3,4-oxadiazolilo, oxazolidinilo, oxazolilo,
oxindolilo, pirimidinilo, fenantridinilo, fenantrolinilo, fenazinilo, fenotiazinilo,

fenoxathinilo, fenoxazinilo, ftalazinilo, piperazinilo, piperidinilo, piperidonilo, 4-
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piperidonilo, piperonilo, pteridinilo, purinilo, piranilo, pirazinilo, pirazolidinilo,
pirazolinilo, pirazolilo, piridazinilo, piridooxazol, piridoimidazol, piridotiazol,
piridinilo, pirimidinilo, pirrolidinilo, pirrolinilo, 2-pirrolidonilo, 2H-pirrolile, pirrolilo,
quinazolinilo, quinolinilo,  4H-quinolizinilo, quinoxalinilo,  quinuclidinilo,
tetrahidrofurancilo, tetrahidroisoquinolinilo, tetrahidroguinolinilo, tetrazolito, 6H-
1,2,5-tiadiazinilo, 1,2,3-tiadiazolilo, 1,2 4-tiadiazolilo, 1,2 ,5-tiadiazolilo, 1,3,4-
tiadiazolilo, tiantrenilo, tiazolilo, tienilo, tienotiazoiilo, tienooxazolilo,
tienoimidazolilo, tiofenilo, triazinilo, 1,2,3-triazolilo, 1,2,4-triazolilo, 1,2,5-
triazolilo, 1,3,4-triazolilo y xantenilo. También se incluyen compuestos espiro y
de anillo condensado que contienen, por gjemplo, los heterociclos antériores.
Los heterociclos de 5 a 10 miembros ‘preferidos incluyen, pero sin

limitacién, piridinilo, furanilo, tienilo, pirrolilo, pirazolilo, pirazinilo, piperazinilo,

piperidinilo, imidazolilo, imidazolidinilo, indolilo, tetrazolilo, isoxazolilo,

morfolinilo, oxazolilo, oxadiazolilo, oxazolidinilo, tetrahidrofuranoilo, tiadiazinilo,
tiadiazolilo, tiazolilo, triazinilo, triazolilo, benzoimidazolilo, 1H-indazolilo,
benzofuranilo, benzotiofuranilo, benzotetrazolilo, benzotriazolilo,
benzoisoxazolilo, benzoxazolilo, oxindolilo, benzoxazolinilo, benzotiazolilo,
benzoisotiazolilo, isatinoilo, isoquinalinilo, octahidroisoquinolinilo,
tetrahidroisoquinolinilo, tetrahidroquinclinilo, isoxazolopiridinilo, quinazolinilo,
quinolinilo, isotiazolopiridinilo, tiazolopiridinilo, oxazolopiridinilo,
imidazolopiridinilo y pirazolopiridinilo.

Los heterociclos de 5 a 6 miembros preferidos incluyen, pero sin
limitacion, piridinilo, furanilo, tienilo, pirrolilo, pirazolilo, pirazinilo, piperazinilo,
piperidinilo, imidazolilo, imidazolidinilo, indolilo, tetrazolilo, isoxazaiilo,

morfolinilo, oxazalilo, oxadiazolilo, oxazolidinilo, tetrahidrofuranoilo, tiadiazinilo,
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tiadiazolilo, tiazolilo, triaziniio y triazolilo. También se incluyen compuestos
espiro y de anillo condensado que contienen, por ejemplo, los heterociclos
anteriores.

Los anillos con puentes también se incluyen en la definicion de
heterociclo. Un anillo con puentes se produce cuando uno o mas atomaos (es
decir, C, O, N o S) unen dos carbonos o atomos de nitrégeno no adyacentes.
Los puentes preferidos incluyen, pero sin limitacién, un atomo de carbono, dos
atomos de carbono, un atomo de nitrégeno, dos atomos de nitrégeno y un
grupo carbono-nitrégeno. Debe apreciarse que un puente siempre convierte a
un aniflo monociclico en un anillo triciclico. Cuando un anillo tiene puentes, los
sustituyentes indicados para el anillo fambién pueden estar presentes en el
puente.

El término “heteroarilo” se refiere a grupos monociclicos aromaticos
sustituidos y sin sustituir de 5 ¢ 6 miembros, grupos biciclicos de 9 ¢ 10
miembros y grupos triciclicos de 11 a 14 miembros que tienen al menos un
heteroatomo (O, S o N) en al menos uno de los anillo, teniendo dicho anilio que
contiene heteroatomo preferiblemente 1, 2 6 3 heteroatomos seleccionados
entre O, S, y N. Cada anillo del grupo heteroarilo que contiene un heteroatomo
puede contener uno ¢ dos atomos de oxigeno o azufre y/o de uno a cuatro
atomos de nitrogeno con la condicidn de que el nimero total de heteroatomos
en cada anilio sea cuatro o menor y cada anillo tenga al menos un atomo de
carbono. Los grupos heteroarilo pueden estar sustituidos o sin sustituir. El
atomo de nitrégeno puede estar sustituido o sin sustituir (es decir, N o NR
donde R es H u ofro sustituyente, si se determina). Los heterodtomos de

nitrégeno y azufre pueden estar opcionalmente oxidados (es decir, N—O y
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S(0),) y los atomos de nitrégeno pueden estar opcionalmente cuaternizados.

Los grupos heteroarilo que son biciclicos o triciclicos deben incluir al
menos uno anillo completamente aromatico pero el otro anillo o anillos pueden
ser aromaticos o no aromaticos. El grupo heteroarilo puede estar unido a
cualquier atomo de nitrégeno o carbono disponible de cualquier anillo. El
sistema de anillos heteroarilc puede contener cero, uno, dos o tres
sustituyentes.

Los grupos heteroarilo monociclicos ejemplares incluyen pirrolilo,
pirazolilo, pirazolinilo, imidazolilo, oxazoliio, isoxazolilo, tiazolilo, tiadiazolilo,
isotiazolilo, furanilo, tienilo, oxadiazolilo, pirdiio, pirazinilo, pirimidinile,
piridazinilo, triazinilo y similares.

Los grupos heteroariio biciclicos ejemplares incluyen indolilo,
benzotiazolilo, benzodioxolilo, benzoxazolilo, benzotienilo, quinolinilo,
dihidroisoquinolinilo,  tetrahidroquinotinilo, isoquinclinile, bencimidazolilo,
benzopiranilo, benzoxazinilo, indolizinilo, benzofuranilo, cromonilo, coumarinilo,
benzopiranilo, cinnolinilo, quinoxalinilo, indazolilo, pirrolopiridilo, furopiridilo,
dihidroiscindolilo y similares.

Los grupos heteroarilo friciclicos ejemplares incluyen carbazolilo,
benzidolilo, fenantrollinilo, acridinilo, fenantridinilo, xantenilo y similares.

El término "heteroatomos" incluye oxigeno, azufre y nitroégeno.

Como se indica en este documento, el término "sustituido" significa que
uno o mas atomos de hidrogeno se reemplazan por un grupo no hidrégeno, con
la condicidn de que se mantengan las valencias normales y que la sustitucion
dé como resultado un compuesto estable. Cuando un sustituyente es ceto {(es

decir, =0), entonces se reemplazan 2 hidréogenos en el atomo. Los
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sustituyentes ceto no estan presentes sobre restos aromaticos. Cuando se dice
que un sistema de anillos (por ejemplo, carbociclico o heterociciico) esta
sustituido con un grupo carbonilo 0 un doble enlace, se entiende que el grupo
carbilo o el doble enlace es parte {es decir, esta dentro de) del anillo. Los
dobles enlaces del anillo, como se usan en este documento, son dobles
enlaces que se forman entre dos atomos adyacentes del anillo (por ejemplo,
C=C, C=N, o N=N).

Cuando cualquier variable aparece mas de una vez en cualquier
constituyente o férmula para un compuesto, su definicion en cada caso es
independiente de su definicién en cualquier ofro caso. Por lo tanto, por ejemplo,
si se muestra que un grupo esta sustituido con 0-3 Re, entonces dicho grupo
puede estar opcionaimente sustituido hasta con tres grupos Re y Re se
selecciona independientemente en cada caso entre la definicion de R..
Ademas, soOlo se permiten combinaciones de sustituyentes y/o variables si

dichas combinaciones dan como resultado compuestos estables.

UTILIDAD

Los compuestos de la invencién pueden usarse para modular las
actividades de quinasa. Los tipos de quinasa incluyen, pero sin limitacién,
AAK1, ABL, ACK, ACTR2, ACTR2B, ADCK3, ADCK4, AKT1, AKT2, AKT3,
ALK, ALK1, ALKZ, ALK4, AMPKA1, AMPKAZ, ARG, AURA, AURB, AURC,
AXL, BCR-ABL, BIKE, BLK, BMPR1A, BMX, BRAF, BRSK2, BRK, BTK,
CAMKITA, CAMK2A, CAMK2B, CAMK1D, CAMK2D, CAMK1G, CAMK2G,
CAMKK1, CAMKK2, CDK1, CDK2, CDKS5, CHK2, CK1A2, CK1D, CK1E,
CK1G1, CK1G2, CK2A1, CK2A2, CLK1, CLK2, CLK3, CLK4, CSK, DAPK2,

30
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DAPK3, DCAMKL3, DDR2, DMPK1, DRAK1, DRAK2, DYRK1, DYRK2, EGFR,
EPHA1, EPHA2, EPHA3, EPHA4, EPHAS, EPHAB, EPHA7, EPHAS, EPHB1,
EPHB2, EPHB3, EPHB4, ERK1, ERK2, FAK, FER, FES, FGFR1, FGFR2,
FGFR3, FGFR4, FGR, FLT1, FLT3, FLT4, FMS, FRK, FYN, FUSED, GAK,
GCN2, GPRK4, GPRKS, GPRK6, GSK3A, GSK3B, HCK, HPK1, HER2/ERBBZ,
HER4/ERBB4, HH498, IGF1R, IKKa, IKKB, INSR, IRR, IRAK4, ITK, JAKT,
JAK2, JAK3, JNK1, JNK2, JNK3, KDR, KHS1, KHS2, KIT, LCK, LIMK1, LIMK2,
LKB1, LOK, LTK, LYN, MAP3K4, MAP3K5, MAPK1, MAPKAP-K2, MARK1,
MARK2, MARK4, MEK1, MER, MET, MKK4, MKK6, MLK3, MNK2, MPSK1,
MRCKA, MSK1, MSK2, MST1, MST2, MST3, MST4, MUSK, MYT1, NDR2,
NEK2, NEK&, NEK7, NEK9,NLK, P38A, P38B, P38G, PAK1, PAK2, PAK3,
PAK4, PAKS, PAKG, PCTAIRE1, PDGFRA, PDGFRB, PDK1, PHKG1, PHKG2,
PIM1, PiM2, PKA, PKACA, PKACB, PKCA, PKCD, PKCH, PKCI, PKCT, PKCZ,
PKDZ, PKG1, PKG2, PKN2, PLK1, PLK3, PLK4, PRKX, PYK2, QIK, RAF1,
RET, RIPK2, ROCK-l, ROCK-li, RON, ROS, RSK1, RSK2, RSK4, SAPK2a,
SAPKZb, SAPKS, SAPK4, SGK, SIK, SLK, SKMLCK, SRC, SRPK1, STK33,
SYK, TESK1, TGFBR1, TIE2, TLK1, TLK2, TNK1, TRKA, TRKB, TRKC, TTK,
TXK, TYK2, TYRO3, ULK3, WNK3, YANK2, YANK3, YES, YSK1, ZAP70,
ZCH/HGK, ZC2/TNIK y mutantes de los mismos.

Los solicitantes han descubierto que los compuestos de las Férmulas (1)-
(X) tienen utilidad particular para tratar afecciones proliferativas asociadas con
fa modulacién de actividad de quinasa, y particularmente la inhibicién de
actividades de serina/treonina quinasa. Los compuestos de la presente
invencioén se pueden usar para tratar trastornos proliferativos asociados con

actividad de quinasa anormal. Como se usan en este documento, los términos
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"tratar" y "tratamiento” abarcan una o ambas medidas de respuesta y profilaxis,
por gjemplo, medidas disefiadas para inhibir o retrasar la aparicion de la
enfermedad o trastorno, conseguir una reduccidon completa o parcial de ios
sintomas o patologia y/o para aliviar, mejorar, reducir o curar la enfermedad o
trastorno y/o sus sintomas.

Por consiguiente, un aspecto de la invencion es el uso de un compuesto
de las Formulas (1)-(X) o una sal farmacéuticamente aceptable del mismo en la
preparacién de un medicamento para use en la preduccion de un efecto anti-
proliferativo en un animal de sangre caliente tal como un ser humano.

De acuerdo con una caracteristica adicional de la invencion se
proporciona un procedimiento para producir un efecto anti-proliferativo en un
animal de sangre caliente, tal como un ser humano, que necesita dicho
tratamiento que comprende administrar a dicho animal una cantidad eficaz de
un compuesto de las Formulas (1)-(X) o una sal farmacéuticamente aceptable
del mismo como se ha indicado anteriormente en este documento.

El ‘tratamiento anti-proliferativo indicado anteriormente en este
documento se puede aplicar como una terapia Gnica o puede implicar,
adicionalmente a un compuesto de la invencién, una o mas sustancias
diferentes y/o tratamientos. Tal tratamiento se puede conseguir por medio de la
administracion simultanea, secuencial o .separada de los componentes
individuales del tratamiento. Los corﬁBLfesté‘s de esta invencidn también
pueden ser Utiles junto con agentes ys tratamientos anticancerosos y citotoxicos

LN %

conocidos, incluyendo radiacion. Losicompuestos-de las Formulas (i)-(X) se

_v"" L

pueden usar secuencialmente con agentes y tratamientos anti-cancerosos o
by v

citotoxicos conocidos, incluyendo. radiacion cuando es inapropiada una
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formulacion de combinacion.

Ef término agente "anticanceroso"” incluye cualquier agente conocido que
es Utii para el tratamientc de céancer incluyendo los siguientes:: 17u-
etinilestradiol, dietilstilbestrol, testosterona, prednisona, fluoximasterona,
propicnato de dromostanolona, testolactona, megestrolacetato,
metiiprednisolona, metil-testosterona, prednisolona, triamcinolona,
clorotrianiseno, hidroxiprogesterona, aminoglutetimida, estramustina, acetato
de medroxiprogesterona, leuprolida, flutamida, toremifeno, ZOLADEX®,
inhibidores de metaloproteinasa de matriz; inhibidores de VEGF, tales como
anticuerpos anti-VEGF (AVASTIN®) y moléculas pequefias tales como ZD6474
y SU6668; Vatalanib, BAY-43-9008, SU11248, CP-547632 y CEP-7055;
inhibidores de HER 1 y HER 2 incluyendo anticuerpos anti-HER2
(HERCEPTIN®); inhibidores de EGFR incluyendoe gefitinib, erlotinib, ABX-EGF,

EMD72000, 11F8 y cetuximab; inhibidores de Eg5, tales como SB-7156992, SB-

743921 y MKI-833; inhibidores pan Her, tales como canertinib, EKB-569, ClI-
1033, AEE-788, XL-647, mAb 2C4 y GW-572016; inhibidores de Src, por
ejemplo GLEEVEC® y dasatinib; CASODEX® (bicalutamida, Astra Zeneca),
Tarﬁoxifeno; inhibidores de quinasa MEK-1, inhibidores de quinasa MAPK,
inhibidores de quinasa P13; inhibidores de PDGF, tales como imatinib; agentes
anti-angiogénicos y anti-vasculares que, mediante la interrupcién del flujo de
sangre a tumores sodlidos, vuelven inactivas a las celulas cancerosas
privandolas de nutricién; castracion, que vuelve a los carcinomas dependientes
de androgeno no proliferativos; inhibidores de tirosina quinasas no receptoras y
receptoras; inhibidores de sefializacidn de integrina; agentes que actlan sobre

tubulina tales como vinblastina, vincristina, vinorelbina, vinflunina, paclitaxel,
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docetaxel, 7-O-metiltiometilpaciitaxel, 4-desacetil-4-metilcarbonatopaclitaxel, 3'-
terc-butil-3'-N-terc-butiloxicarbonil-4-deacetil-3'-defenii-3'-N-debenzoil-4-O-
metoxicarbonil-paclitaxel, C-4 metil carbonato paclitaxel, epotilona A, epotilona
B, epotilona C, epotilona D, [1S-{1R* 3R*(E),7R*,10S* 11R*,12R*,165*]]-7-11-
dihidroxi-8,8,10,12,16-pentametil-3-[ 1-metil-2-(2-metil-4-tiazolil)etenil]-4-aza-17
oxabiciclo [14,1,0]heptadecanc-5,9-diona {ixabepilona ), [18-
[1R*,3R*(E),7R*,108* 11R*,12R*,168*]]-3-[2-[2-(aminometil)-4-tiazolil]-1-
metiletenil]-7,11-dihidroxi-8,8,10,12,16-pentametil-4-17-dioxabiciclo{14,1,0}-
heptadecano-5,9-diona y derivados de los mismaos; otros inhibidores de CDK,
inhibidores anti-proliferativos de ciclo celular, epidofilotoxina, etopoésido, VM-26;
enzimas antineoplasicas, por ejemplo, inhibidores de topoisomerasa |,
camptotecina, topotecan, SN-38; procarbazina; mitoxantrona; complejos de
coordinacién de platino tales como cisplatino, carboplatino y oxaliplatino;
modificadores de respuesta bioldgica; inhibidores de crecimiento; agentes
terapéuticos anti-hormonales; leucovorina,; tegafur;, antimetabolitos tales como
antagonistas de purina (por ejemplo, 6-tioguanina y 6-mercaptopuring;
antagonistas de glutamina, por ejemplo, DON (AT-125; d-oxo-norleucina);
inhibidores de ribonuclesdtido reductasa; inhibidores de mTOR y factores de
crecimiento hematopoyético.

Los agentes citotdxicos adicionales incluyen, ciclofosfamida,
doxorubicina, daunorubicina, mitoxantrona , melfalan, hexametil melamina,

tiolepa, citarabina, idatrexato, trimetrexato, dacarbazina, L-asparaginasa,

bicalutamida, leuprolida, derivados de piridobenzoindol, interferones e

interleuquinas.

En el campo de oncologia médica es habitual la practica del uso de una
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combinacién de formas diferentes de tratamiento para tratar cada paciente con
cancer. En oncologia médica el otro componente o componentes de tal
tratamiento adicionaimente al tratamiento antiproliferativo indicado en este
documento pueden ser cirugia, radioterapia o quimioterapia. Tal quimioterapia
puede incluir tres categorias principales de agente terapéutico:

{i) agentes antiangiogénicos que trabajan mediante mecanismos
diferentes de los que se han indicado anteriormente en este documento (por
ejemplo, linomida, inhibidores de funcién de integrina avp3, angiostatina,
razoxanay;

(ii) agentes citostaticos tales como anti-estrégenos (por ejemplo,
tamoxifeno, toremifeno, raloxifeno, droloxifeno y yodoxifeno), progestagenos
(por ejemplo, acetato de megestrol), inhibidores dé aromatasa (por ejemplo,
anastrozol, letrozol, borazol y exemestana), anti-hormonas, anti-progestagenos,
anti-androégenos (pof ejemplo, flutamida, nilutamida, bicalutamida, acetato de
ciproterona), Agonistas y antagonistas de LHRH (por ejemplo, acetato de
goserelina, leuprolida), inhibidores de testosterona 5o-dihidrorreductasa (por
ejemplo, finasterida), inhibidores de farnesiltransferasa, agentes anti-invasion
(por ejemplo, inhibidores de metaloproteinasa tales como marimastat e
inhibidores de la funcidn del receptor del activador de plasmindgeno tipo
uroquinasa) e inhibidores de la funcidn del factor de crecimiento, (tales factores
de crecimiento incluyen por ejemplo, EGF, FGF, factor de crecimiento derivado
de plaquetas y factor de crecimiento de hepatocitos, tales inhibidores incluyen
anticuerpos de factor de crecimiento, anticuerpos de receptor del factor de
crecimiento tales como AVASTIN® (bevacizumab) y ERBITUX® (cetuximab);

inhibidores de tirosina quinasa e inhibidores de serina/treonina quinasa); y
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(ify  farmacos anti-proliferativos/antineoplasicos y combinaciones de
los mismos, como se usan en oncologia medica, tales como anti-metabolitos
(por ejemplo, anti-folatos tales como metotrexato, flucropirimidinas tales como
5-flucrouracilo, analogos de purina y adenosina, arabindsido de citosina);
antibidticos anti-tumorales de intercalacién (por ejemplo, antraciciinas tales
como doxorubicina, daunomicina, epirubicina e idarubicina, mitomicina-C,
dactinomicina y mitramicina); derivados de platine (por ejemplo, cisplatino y
carboplatino); agentes alquilantes (por ejemplo, mostaza de nitrégeno,
melfalan, clorambucilo, busuifan, ciclofosfamida, ifosfamida, nitrosoureas,
tiotepa; agentes anti-mitdticos (por ejemplo, alcaloides de vinca como
vincristina, vinorelbina, vinblastina y vinflunina) y taxoides tales como TAXOL®
{paclitaxel), Taxotere (docetaxél) y agentes de microtubulos nuevos tales como
analogos de epaotilona (ixabepilona), analogos de discodermolida y andlogos de
eleuterobina; inhibidores ‘de topoisomerasa (por ejemplo, epipodofilotoxinas
tales como etopésido y tenipdsido, amsacrina, topotecan e irinotecan);
inhibidores del ciclo celular (por ejemplo, flavopiridoles); modificadores de
respuesta biolégica e inhibidores de proteasoma tales como VELCADE®
(bortezomib). |

Como se ha indicado anteriormente, los compuestos de las Formulas (1)-
(X) de la invencion son de interés por sus efectos anti-proliferativos. Se espera
que tales compuestos de la invencién sean (tiles en una amplia variedad de
patologias incluyendo cancer, psoriasis y artritis reumatoide.

Mas especificamente, los compuestos de Férmuias ()-(X) son Utiles en
el tratamiento de una diversidad de canceres, incluyendo (pero sin limitacién)

los siguientes:
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- carcinoma, incluyendo el de la prostata, adenocarcinoma ductal
pancreatico, mamario, de colon, de pulmén, de ovario, de pancreas y de
tiroides;

— tumores del sistema nervioso central y periférico, incluyendo
neuroblastoma, glioblastoma y méduloblastoma; y

— otros tumores, incluyendo melanoma y mieloma muitiple.

Debido al papel clave de las quinasas en la regulaciéon de proliferacion
celular en general, los inhibidores podrian' actuar como agentes citostaticos
reversibles que pueden ser Utiles en el tratamiento de cualquier proceso
patolégico que presente proliferacién celular anormal, por ejemplo, hiperplasia
prostatica benigna, poliposis adenomatosa familiar, neuro-fiboromatesis, fibrosis
pulmonar, artritis, psoriasis, glomérulonefritis, restenosis posterior a
angioplastia o cirugia vascular, formacién de cicatriz hipertréfica y enfermedad
inflamatoria del intestino.

Los compuestos de Formula (1)-(X) son especialmente utiles en el
tratamiento de tumores que tienen una frecuencia alta de actividad de
serina/treonina quinasa, tales como tumores de prostata, colon, cerebro,
tiroides y pancreatico. Ademas, los compuestos de la invencion pueden ser
atiles en el tratamiento de sarcomas y sarcomas pediatricos. Mediante la
administracién de una composicion (¢ una combinacion) de los compuestos de
esta invencion, se reduce el desarrollo de tumores en un huésped mamifero.

Los compuestos de Formula (1)-(X) también pueden ser (tiles en el
tratamiento de otras enfermedades cancerosas (tales como leucemia
mielbgena aguda) que pueden estar asociados con rutas de transduccion de

sefal que funcionan a través de quinasas tales como DYRK1a, CDK y GSK3p.
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Las composiciones inventivas pueden contener ofros agentes terapéuticos
como se ha descrito anteriormente y se pueden formular, por ejemplo,
empleando vehiculos o diluyentes sdlidos o liquidos convencionales, asf como
aditivos farmacéuticos de un tipo apropiado para el modo de administracion
deseado (por ejemplo, excipientes, aglutinantes, conservantes, estabilizantes,
sabores, efc.) de acuerdo con técnicas tales como las que se conocen en la
tecnica de formulacion farmacéutica.

Por consiguiente, la presente invencién incluye ademas composiciones
que comprenden uno o mas compuestos de Formula (1)-(X) y un vehiculo
farmacéuticamente aceptable.

Un “"vehiculo farmacéuticamente aceptable" se refiere a un medio
aceptado generalmente en la técnica para la administracion de agentes
bioldgicamente activos a animales, en particular, mamiferos. Los vehiculos
farmaceuticamente aceptables se formulan de acuerdo con varios factores
dentro del ambito de los especialistas en la técnica. Los mismos incluyen, sin
limitacién: el tipo y la naturaleza del agente activo que se esta formulando; &l
sujeto al que se va a administrar la composicién que contiene el agente; la via
de administracién pretendida de la composicidn; y, la indicacion terapéutica a la
que se dirige. Los vehiculos farmacéuticamente aceptables incluyen medios
liquidos tanto acuosos como no acuosos, asi como una diversidad de formas
farmacéuticas sélidas y semisélidas. Tales vehiculos pueden incluir varios
ingredientes y aditivos diferentes adicionalmente al agente activo, incluyéndose
tales ingredientes adicionales en la formulacion por una diversidad de razones,
por ejemplo, estabilizacién del agente activo, aglutinantes, etc., bien conocidos

por los especialistas en la técnica. Las descripciones de vehiculos
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farmacéuticamente aceptables adecuados y factores implicados en su
seleccidn, se encuentran en una diversidad de fuentes faciimente disponibles
tales como, por ejemplo, Remington's Pharmaceutical Sciences, 172 ed. (1985),
que se incorpora en este documento como referencia en su totalidad.

Las composiciones farmacéuticas de la invencién que contienen e
ingrediente activo pueden estar en una forma adecuada para uso oral, por
ejemplo, como comprimidos, trociscos, pastillas para chupar, suspensiones
acuosas u oleosas, polvos o granulos dispersables, emulsiones, capsulas
duras o suaves o jarabes o elixires. Las composiciones pretendidas para uso
oral se pueden preparar de acuerdo con cualquier procedimiento conocido en
la tecnica para la preparacién de composiciones farmacéuticas y tales
composiciones pueden contener uno o mas agentes seleccionados entre el
grupo constituido por agentes edulcorantes, agentes saporiferos, agentes
colorantes y agentes conservantes para proporcionar preparaciones
farmacéuticamente elegantes y apetitosas.

Las formulaciones para uso oral también se pueden presentar como

capsulas de gelatina dura en las que el ingrediente activo se mezcla con un

diluyente solido inerte, por ejemplo, carbonato de calcio, fosfato de calcio o
caolin o como capsulas de gelatina blanda en las que el ingrediente activo se
mezcla con un vehiculo soluble en agua tal como polietilenglicol 0 un medio de
aceite, por ejemplo aceite de cacahuete, parafina liquida o aceite de oliva.

Las composiciones farmacéuticas pueden estar en forma de soluciones
acuosas inyectables estériles. Entre los vehiculos y disolventes aceptables que
se pueden emplear estan agua, solucién de Ringer y solucion isotonica de

cloruro sodico. La preparacién inyectable estéril también puede ser una

(59,
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microemulsion de aceite-en-agua inyectable estéril donde el ingrediente activo
se disuelve en la fase oleosa. Por ejemplo, el ingrediente activo se puede
disolver en primer lugar en una mezcla de aceite de soja y lecitina. Después la
solucién de aceite de introduce en una mezcla de agua y glicerol y se procesa
para formar una microemulsion.

Las soluciones o microemulsiones inyectables se pueden introducir en el
torrente sanguineo de un paciente mediante inyeccion en embolada local.
Como alternativa, puede ser provechoso administrar la solucién o©
microemulsién en una manera tal como para mantener una concentracién en
circulacién constante del presente compuesto. Para mantener una
concentracion constante de este tipo, se puede utilizar un dispositivo de
administracion intravenosa continua. Un ejemplo de un dispositivo de este tipo
es la bomba intravenosa Deltec CADD-PLUS® Modelo 5400.

Las composiciones farmacéuticas pueden estar en forma de una
suspension acuosa u oleaginosa inyectable estéril para administracion
intramuscular y subcutanea. Esta suspension se puede formular de acuerdo
con la técnica conocida usando los agentes de dispersién o humectantes y
agentes de suspension adecuados que se han mencionado anteriormente.

Los compuestos de Formulas (1)-(X) se pueden administrar por cualquier
medio adecuado para la afeccion que se tiene que tratar, que puede depender
de la necesidad de tratamiento especifico de sitio o cantidad de farmaco que se
tiene que administrar. En general, la administracion topica es preferida para
enfermedades relacionadas con la piel y el tratamiento sistematico preferido
para afecciones cancerosas o pre-cancerosas, aunque se contemplan otros

modos de administracién. Por ejemplo, los compuestos se pueden administrar
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por via oral, tal como en forma de comprimidos, capsulas, granulos, polvos o
formulaciones liguidas incluyendo jarabes; por via tdpica, tal como en forma de
soluciones, suspensiones, geles o pomadas; por via sublingual; por via bucal;
por via parenteral, tal como por técnicas de inyeccion o infusion subcutanea,
intravenosa, intramuscuiar o intrasternal {por ejempio, como soluciones o
suspensiones acuosas o no acuosas estériles inyectables); por via nasal tal
como por pulverizacion de inhalacidn; por via topica, tal como en forma de una
crema ¢ pomada,; por via rectal tal como en forma de supositorios; o por via
liposdmica. Se pueden administrar formulaciones unitarias de dosificacion que
contienen vehiculos o diluyentes farmacéuticamente aceptables no toxicos. Los
compuestos se pueden administrar en una forma adecuada para liberacién
inmediata o liberacién prolongada. La liberacién inmediata o liberacién
prolongada se puede conseguir con composiciones farmacéuticas adecuadas
o, particularmente en el caso de liberacion prolongada, con dispositivos tales
como implantes subcutaneos o bombas osmédticas.

Las composiciones ilustrativas para administracion tépica incluyen un
vehiculo topico tal como Plastibase (aceite mineral gelificado con polietileno).

Las composiciones ilustrativas para administracion oral incluyen
suspensiones que pueden contener, por gjemplo, celulosa microcristalina para
impartir volumen, acido alginico o alginato sédico como un agente de
suspension, metilcelulosa como un potenciador de viscosidad y agentes
edulcorantes o saporiferos tales como los que se conocen en la técnica; y
comprimidos de liberacion inmediata que pueden contener, por ejemplo,
celulosa microcristalina, difosfato de calcio, almidén, estearato de magnesio y/o

lactosa y/u otros excipientes, aglutinantes, diluyentes, disgregantes, diluyentes
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y lubricantes tales como los que se conocen en la técnica. Los compuestos
inventivos también se pueden administrar por via oral mediante administracion
sublingual y/o bucal, por ejemplo, con comprimidos moldeados, por compresién
o secados por congelacién. Las composiciones ilustrativas pueden inciuir
diluyentes de disolucién rapida tales como manitol, lactosa, sacarosa y/o
ciclodextrinas. También se pueden incluir en tales formulaciones excipientes de
peso molecular alto tales como celulosas (AVICEL®) o polietilenglicoles (PEG);
un excipiente para ayudar a la adhesién a la mucosa tal como hidroxipropil
celulosa (HPC), hidroxipropil metil celulosa (HPMC), carboximetil celulosa de
sodio (SCMC) y/o copolimero de anhidrido maleico (por ejemplo, Gantrez); y
agentes para controlar la liberacién tales como copolimero poliacrilico (por
ejemplo, Carbopol 934). También se pueden afadir lubricantes, deslizantes,
sabores, agentes colorantes y estabilizantes para facilidad de preparacién y
uso.

Las composiciones ilustrativas para administraciéon con atomizador nasal
o inhalacién incluyen soluciones que pueden contener, por ejemplo, alcohol
bencilico u otros conservantes adecuados, promotores de absorcién para
mejorar la absorcién y/o biodisponibilidad y/u otros agentes solubilizantes o de
dispersién tales como los que se conocen en la técnica.

Las composiciones ilustrativas para administracion parenteral incluyen
soluciones o suspensiones inyectables que pueden contener, por ejemplo,
diluyentes o disolventes parenteralmente aceptables no toxicos adecuados,
tales como manitol, 1,3-butanodiol, agua, solucién de Ringer, una solucién
isotonica de cloruro sédico u otros agentes de dispersidén o humectantes y de

suspension, incluyendo mono- o diglicéridos sintéticos y é&cidos grasos,
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incluyendo acido oleico.

Las composiciones ilustrativas para administracién rectal incluyen
supositorios que pueden contener, por ejemplo, excipientes adecuados no
irritantes, tales como manteca de cacao, ésteres de gliceridos sintéticos o
polietilenglicoles, que son sélidos a temperaturas normales pero se licuan y/o
disuelven en la cavidad rectal para liberar el farmaco.

Cuando se administra un compuesto de acuerdo con esta invencién en
un sujeto humano, la dosis diaria normalmente la determinara el medico
tratante con la dosis variando generalmente de acuerdo con la edad, peso,
sexo y respuesta del paciente individual, asi como la gravedad de los sintomas
del paciente. Las cantidades de dosificacion ilustrativas para un mamifero
pueden incluir de aproximadamente 0,05 a 1000 mg/kg; 1-1000 mg/kg; 1-50
mg/kg; 5-250 mg/kg y 250-1000 mag/kg de peso corporal de compuesto activo
por dia, que se pﬁeden administrar en una dosis Unica o en forma de dosis
divididas individuales, tal como de 1 a 4 veces por dia. Se apreciara que el
nivel de dosis especifico y la frecuencia de dosificacién para cualquier sujeto
particular se pueden variar y dependeran de una diversidad de factores,
incluyendo la actividad del compuesto especifico empleado, la estabilidad
metabdlica y la longitud de accién de ese compuesto, la especie, edad, peso
corporal, salud general, sexo y dieta del sujeto, el modo y hora de
administracién, velocidad de excrecién, combinacion de farmacos y gravedad
de la afeccidn particular. Los sujetos preferidos para tratamiento incluyen
animales, mas preferiblemente especies de mamiferos tales como seres
humanos y animales domésticos tales como perros, gatos, caballos y simitares.

Por lo tanto, cuando se usa el término "paciente” en este documento, este

16%
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término tiene por cobjeto incluir todos los sujetos, mas preferiblemente especies
de mamiferos, que estan afectados por mediacion de los niveles de la enzima
proteina quinasa.

Si se formula como una dosis fija, un producto de combinacion puede
utilizar, por ejemplo, una dosis del compuesto de Formulas (1)-(X) dentro del
intervalo de dosis descrito anteriormente y la dosis de otro agente/tratamiento
anti-canceroso dentro del intervalo de dosis aprobado para tal
agente/tratamiento anti-canceroso conocido. Si un producto de combinacién es
inapropiado, los compuestos de Férmulas (I)-(X) y el otro agente/tratamiento
anti-canceroso se pueden administrar, por ejemplo, simultdneamente o
secuencialmente. Si se administra secuencialmente, la presente invencion no
esta limitada a ninguna secuencia de administracidén particular. Por ejemplo, los
compuestos de Férmulas (1)-(X) se pueden administrar antes de, o despdés de,

la administracion del agente o tratamiento anti-canceroso conocido.

ENSAYOS BIOLOGICOS

A. Ensayo de Quinasa CK2

La eficacia de compuestos de ia presente invencion como inhibidores de
proteina quinasas se puede ensayar facilmente mediante ensayos conocidos
por los especialistas en la técnica. Por ejemplo, se pueden conducir ensayos
de proteina quinasa in vitro con una proteina quinasa purificada pertinente y un
sustrato sintético apropiado para determinar la actividad inhibidora de los
compuestos. Se realizaron ensayos para determinar la inhibicién de CK2 por
los presentes compuestos en placas de 384 pocillos con mezclas de reaccion

que contenian sustrato peptidico 10 pM (RRRADDSDDDDD-NH2), [y->*P]ATP
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(10 pCiy a 256 uM (CK2A1) 0 5 pM (CK2A2), Hepes 20 mM (pH 7,4), NaCl 100
mM, MgCl, 10 mM, ditiotreitol 0,25 mM, Bri-35 al 0,015% y CK2A1
recombinante (10 nM, Invitrogen) o CK2A2 (5 nM, Upstate Biotechnology). Las
mezclas de reaccion se incubaron a 30°C durante 1 hora y los productos de
reaccion se capturaron mediante union a placas de filtro de fosfocelulosa (P81).
La incorporacion de fosfato radiactivo en el sustrato peptidico se determind
mediante recuento de centelleo liguido. La potencia de los compuestos para La
actividad inhibidora de los presentes compuestos también puede medirse por
ensayos de quinasa de holoenzima CK2 recombinante. Los ensayos se
realizaron en placas de 384-pocillos con fondo en U. El volumen de ensayo
final fue de 30 pl preparado a paﬁir de adiciones de 15 pl de enzima y sustratos
(péptido fluoresceinade FL-RRRADDSDDDDD-NH2 y ATP) y compuestos de
ensayo en tampon de ensayo (HEPES 20 mM pH 7,4, MgCl> 10 mM, NaCl 100
mM, Bfij35 al ,015% y DTT 0,25 mM). La reaccidn se inicid por la combinacién
de holoenzima CK2 a/f o CK2 a/f expresada en bacterias, con sustratos y
compuestos de ensayo. La reaccion se incubd a temperatura ambiente durante
60 minutos y se terminé afiadiendo 30 p! de EDTA 35 mM a cada muestra. La
mezcla de reaccidén se analizd en el Caliper LABCHIP® 3000 (Caliper,
Hopkinton, MA) por separacion electroforética del sustrato fluorescente y el
producto fosforilado. Los datos Qe inhibicidn se calcularon por comparacion con
reacciones de control sin enzima para el 100% de inhibicién y reacciones con
vehiculo sélo para el 0% de inhibicién. La concentracion final de reactivos en el
ensayo de CKZ o/f fue ATP 25 uM, FL-RRRADDSDDDDD-NH2 1,5 uM,
holoenzima CK2 o/f 50 pM y DMSO al 1,6%. La concentracién final de
reactivos en el ensayo de CK2 «'/f fue ATP 10 uM, FL-RRRADDSDDDDD-NH2

tes
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1,5 uM, holoenzima CK2 o'/p 100 pM y DMSO al 1,6%. Se generaron curvas de
dosis respuesta para determinar la concentracién necesaria para inhibir el 50%
de la actividad quinasa (Clsg). Los compuestos se disolvieron a 10 mM en
dimetilsulféxido (DMSQO) y se evaluaron en once concentraciones, Los valores

de Clsp se obtienen por analisis de regresion no lineal.

B. Ensayo de Inhibicidn de Proliferacién celular

Los compuestos se evaluaron para determinar su capacidad de inhibir la
proliferacion celular, usando un ensayo que mide la actividad metabdlica
mitocondrial, que esta relacionada directamente con numeros celulares. Se
sembraron en placas células a 2000 células/pocillo en piacas de 96 pocillos y
se cultivaron durante 24 h en RPMI-1640 complementado con suero fetal
bovino al 2%, antes de que se anadieran los compuestos de ensayo. Los
compuestos se diluyeron en medio de cultivo de forma que la cencentracién
final de dimetilsulféxido no pasara nunca del 1%. A continuacion de la adicidon
de compuestos, las células se cultivaron durante 72 h adicionales antes de
determinar la viabilidad celular mediante la mediciébn de la conversion de
colorante bromuro de 3-(4,5-dimetiltiazol-2-il)-2,5-difeniltetrazolio (MTT) usando
el kit CellTiter96 (Promega) o midiendo la conversion de colorante [3-(4,5-
dimetiltiazol-2-il)-5-(3-carboximatoxifenil)-2-(4-sulfofenil)-2H-tetrazolio  (MTS)
usando el CELLTITER 96® AQueous (Promega).

Se observd que los siguientes compuestos tenian la Clsq descrita en la

Tabla 1 cuando se midié en los ensayos descritos anteriormente.
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TABLA 1

" Ejempio N° | CK2A1 (CK2o/p) | CK2AZ (CK2u7p) | HCT116

(Clso, uM) (Clsp, M) (Clso, uM)
1 0,0060 0,0075 0,030
31 0,7429 0,0257 0,460
37 0,0110 0,0045 0,163
44 13770 0,0351 >1,00
46 0,0043 0,0024 0,150
47 0,0074 0,0052 0,041
48 0,4167 0,1058 0,460
56 0,1548 0,0359 0,482
57 0,3097 0,0582 0,521
58 0,0122 0,0022 0,098
64 0,0120 0,0010 0,048
66 6,0640 0,7784 >72,50
71 0,2612 0,0156 0,945
73 24,6040 0,7379 2,243
80 4,6580 71,4930 >1,00

g1 0,5125 0,17149 >1,00-
82 0,4792 0,1258 0,127
89 86,6690 0,8400 >1,00
93 0,7120 0,0684 >71,00
95 0,0065 0,0030 0,022
11 0,1164 0,0240 0,034

[
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Ejemplo N° [ CK2AT (CK2a/B) | CK2AZ (CK2u7B) | HCT116
(Clso, M) (Clso, pM) (Clsg, uM)
160 0,0197 0,0046 0,045
167 0,1031 0,0125 >1,00
168 0,0119 0,0049 0,128
196 0,0122 0,0034 0,065
214 0,5957 0,7189 >10,00
224 0,7938 0,1261 >10,00
225 0,0082 0,0011 0,035
228 0,0090 0,0017 0,327
233 0,0071 0,0023 0,128
235 0,0250 0,0064 0,433
244 0,1023 0,0228 117

Los compuestos de la presente invencion muestran actividad inhibidora
de CKZ2 potenciada sobre los compuestos descritos en la Publicacion de
Estados Unidos N° 2008/0045536. Comparando los datos de la Tabia 1y Tabla
2, los compuestos de la invencién en este documento, por ejemplo, los
compuestos de Formula (l) (incluyendo ias Férmulas (1), (1), (IV), (V), (V),
(VIN), (VIII), (IX) y (X)), son sorprendentemente provechosos para su actividad

de inhibicion de la enzima CK2 y/u otras propiedades de accesibilidad

farmacoldgica.
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TABLA 2
Ejemplo N® en US Estructura CKZA1 CK2A2
2008/0045536 Clsp (uM) | Clsg (uM)
(1) /@,om >50 10,35
Pagina 27 HN
N_.___ ~n .\\NHZ
Q\/N\ = vO
N N
H
I(7) /@ >50 >50
Pagina 29 HN
N____ < NH;
N\ N._ = \\‘U
N
H
i1 (16) o~ CHs >50 31,77
|
Pagina 46 HN N
N ™R NH,
Q\/N\ < \\\O
R
XXV({1) @ 2,69 8,09
Pagina 70 HN
N CH; aNH;
ST
N N
NC H

PROCEDIMIENTOS DE PREPARACION

Los compuestos de la presente invencién pueden prepararse por
procedimientos tales como los ilustrados en los siguientes ejemplos. Los
disolventes, temperaturas, presiones y otras condiciones de reaccién pueden

seleccionarse facilmente por un especialista en la técnica. Los materiales de
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partida estan disponibles en el mercado o se preparan facilmente por un
especialista en la técnica. Estos esquemas son ilustrativos y no pretenden
limitar las posibles técnicas que un especialista en la técnica puede usar para
fabricar los compuestos descritos en este documento. Diferentes
procedimientos pueden ser evidentes para los especialistas en la técnica.
Ademas, las diversas etapas de la sintesis pueden realizarse en una secuencia
u orden alternativo para dar el compuesto o compuestos deseados. Todos lo
documentos citados en este documento se incorporan en este documento
como referencia en su totalidad.

En general, el tiempo usado para completar un procedimiento Ele
reaccion se determinara por la persona que realice el procedimiento,
preferiblemente con la ayuda de la informacion obtenida mediante el control de
la reaccién por procedimientos tales como HPLC o TLC. No es necesario que
una reaccién llegue a completarse para que sea Util para esta invencion. Los
procedimientos para la preparacién de diversos heterociclos usados para esta
invencion pueden encontrarse en los libros de referencia organica
convencionales, por ejemplo, Katritzky, A.R. et al., eds., Comprehensive
Heterociclic Chemistry, The Structure, Reactions, Synthesis and Uses, of
Heterociclic Compounds, First Edition, Pergamon Press, New York (1984) y
Katritzky, A.R. et al., eds., Comprehensive Heterociclic Chemistry Ii, A Review
of the Literature 1982-1995: The Structure, Reactions, Synthesis and Uses, of
Héterocicﬁc Compounds, Pergamon Press, New York (1996).

A menos que se especifique otra cosa, los diversos sustituyentes de los
compuestos se definen de la misma manera que el compuesto de la Férmula (1)

de la invencion.
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Esquema 1
o
Q etapa 1 A. Hal,
OYO\A * Aho&Hah - ° Ry ] Haly Hal,
H Ry H™ ™0 Ny -0 Ny 2y -Ra
i il iii etapa 3 Ri—( ﬁ , R =
* M, = N., =
Hal, Hal, N Hal, . N" Hal,
Rj =N etapa 2 Ry =N A’O o} P: 0
l /’:‘ | /li! vi vii
Hal; ] N y
NH, NH,
iv v
etapa 4
Hal Hal, Haly
Ry . N y etapas . mﬂs etapa 6 . Nﬁ":
=N )\n/ f) -
hal \ N., .2
I /rh + hal ) N..N/ Haly } N Ha,
HO
NH; o
v ix x vill
Etapa 1

La primera etapa del Esquema 1 se realiza tratandc un a-haloéster
apropiadamente sustituido (ii, A = alquilo C4.4 inferior, Hal-Hals = CI, Br, |, F)
con un éster de formiato (i} tal como formiato de etilo en presencia de una base
tal como etoxido sodico en un disolvente adecuado tal como etanol para
producir un compuesto de Formula iii.

Etapa 2

La halogenacién de una piridazina-3-amina adecuadamente sustituida
(iv) tal como 6-cloropiridazina-3-amina usando un reactivo tal como bromo en
un disolvente apropiado tal como etanol ¢ metanol proporciona compuestos de
Formula v.

Etapa 3
La reaccidén de los compuestos iii y v a temperatura elevada, por

ejemplo por encima de 80°C, en un disolvente apropiado tal como etanol, da

(4O
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como resultado la formacion de una mezcla de ésteres vi y vii (Hal; = Haly o
Hals) que puede usarse en etapas posteriores sin separacion.
Etapa 4
La hidrélisis catalizada con un acido de vi/vii usando, por ejemplo, HCI
5 acuoso en un disolvente tal como metanol a temperatura elevada produce
compuestos de Formula viii.
Etapa 5
Como alternativa, los compuestos de Férmula iv pueden hacerse
reaccionar con un a-haloaldehido a temperatura elevada, por ejemplo por
10 encima de 80°C, en un disolvente apropiado tal como etanol para producir
compuestos de Férmula x.
Etapa 6
El tratamiento de compuestos con Férmula general x con una base tal
como diisopropilamida de litio en un disolvente aprético, tal como
15 tetrahidrofurano, seguido de inactivacién con diéxido de carbono también

puede producir compuestos de Férmula general viii.

Esquema 2
Hal,
Ne R Ha" Hiela Hal,
R n. etapa1 Et&p32 d etapa3 No R
N Hal, }N P i, 1—%‘/,\]‘ P
HO o Hal N N Haly

viii
xiii

Rewpy-Rs

R4..
etapa 4 N‘}‘)‘IRB eiapa 5 \#\//L etapa 6 T/K/[
_%‘/N - _S’N #~y-Rs RS =grupo ‘S’
NC

N I'?z protector (PG) NG

Iwx

20 Etapa1
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Pueden realizarse otras modificaciones de acuerdo con el Esquema 2.
La activacién del acido carboxilico del compuesto viii, por ejemplo, a través de
la formacién del cloruro de acido con cloruro de tionilo en un disolvente

adecuado tal como diclorometano produce compuestos de Férmula xi.

Etapa 2

La reaccién de xi con amoniaco ¢ un equivalente adecuado en un
disolvente tal como 1, 4-dioxano o THF produce amidas de Férmula xii. Como
alternativa, las etapas 1-2 pueden realizarse en una sola etapa mediante el uso
de un reactivo de acoplamiento tal como BOP o DCC en presencia de
amoniaco o un equivalente adecuado en un disolvente apropiado tal como
DMF.
Etapa 3

La deshidratacion de compuestos de Férmula xii puede realizarse por
reaccién con un reactivo de deshidratacion adecuado tal como POCH eh un
disolvente apropiado tal como cloroformo para producir compuestos de
Formula xiii.
Etapa 4

El tratamiento del compuesto xiii con una amina (R4RsNH) tal como N-
(4-metoxibencil)ciclopropanamina o  N-(4-metoxibencil)piridin-2-amina en
presencia de una base tal como diisopropiletilamina o terc-butdxido sodico en
un disolvente aprético tal como THF o DMF produce compuestos de Férmula
ivx.
Etapa 5

Los compuestos de Foérmula xv pueden formarse a través del
desplazamiento directo de Hal; con una amina adecuada a temperatura
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elevada, por ejemplo por encima de 100°C, en un disolvente apropiado tal
como NMP. Como alternativa, puede usarse el tratamiento de ivx con un
catalizador de paladio, tal como Pdy(dba)s;, en presencia de un ligando, tal
como 4,5-bis(difenil-fosfino)-9,9-dimetilxanteno (Xantphos) (Guari, Y. et al,
Chem. Eur. J., 7:475-482 (2001)) y una base, tal como carbonato de cesio y un
aditivo, tal como yoduro de cobre (1), con una amina apropiadamente sustituida
con un disolvente adecuado tal como NMP para producir compuestos de
Férmula general xv. Como alternativa, puede usarse el tratamiento de ivx con
un catalizador de paladio, tal como dimero de cloruro de alil paladio (i}, en
presencia de un ligando, tal como (1-metil-2,2-difeniiciclopropil)fosfina de di-
terc-butilo (Suzuki, K. et al., Adv. Synth. Catal., 350:652 (2008)) y una base, tal
como t-butéxido sodico, con una amina apropiadamente sustifuida con un
disolvente adecuado fal como tolueno para producir compuestos de Formula
general xv. |
Etapa 6

En los casos en los que Rs es un grupo protector de amina, tal como p-
metoxibenci!o, la retirada del grupo protector puede realizarse por
procedimientos conocidos. Por ejemplo, el tratamiento con acido trifluoroacético
con o sin un disolvente apropiado, tal como diclorometano en presencia de una

trampa de cationes tal como trietilsilano produce compuestos de Férmula xvi.

Esquema 3

R.i.. ,Rs Rd\ - R4..N,R5

N
etapa 2 N‘}\/J\/ERS
—— R
—S’N‘N/ I':]'Ra
Xy

n-Fs

NQ(’\?[Rs etapa 1 N~ -

Ri—, R\’S\/N P

_S’N‘N/ Hal, N »

NC ivx xvii Ra Ry

Y,
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Etapa 1

Como alternativa, los compuestos de Férmula xv pueden prepararse de
acuerdo con el Esquema 3. El tratamiento de compuestos de Formula ivx con
una amina (RsNHz) a temperaturas elevadas, por ejemplo por encima de
100°C, en un disolvente apropiado tal como DMF o DMA puede producir
compuestos de Formula xvii. Como alternativa, puede usarse el tratamiento de
ivx con un catalizador de paladio, tal como Pdx(dba)s;, en presencia de un
ligando, tal como 4,5-bis(difenil-fosfino)-9,9-dimetilxanteno (Xantphos) (Guari,
Y. et al., Chem. Eur. J., 7:475-482 (2001)) y una base, tal como carbonato de
cesio y un aditivo, tal como yodure de cobre (1) con una amina apropiadamente
sustituida con un disolvente adecuado tal como NMP para producir compuestos
de Formula general xvii. Como alternativa, puede usarse el tratamiento de ivx
con un catalizador de paladio, tal como dimero de cloruro de alil paladio (I), en
presencia de un ligando, tal como (1-metil-2,2-difenilciclopropil)fosfina de di-
terc-butilo (Suzuki, K. et al., Adv. Synth. Catal., 350:652 (2008)) y una base, tal
como f-butdxido sédico, con una amina apropiadamente sustituida con un
disolvente adecuado tal como tolueno para producir compuestos de Férmula
general xvii.

Etapa 2

Los compuestos de Férmula xvii pueden modificarse después
adicionalmente a través de reacciones conocidas por un especialista en la
técnica para producir compuestos de Férmula xv. Dichas reacciones pueden
incluir tratamiento de xvii con un haluro de arilo en presencia de un catalizador
de paladio, tal como Pdx(dba); con un ligando épropiado, tal como Xantphos y

una base, tal como carbonato de cesio o t-butéxido sédico, y un aditivo, tal

A
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como yoduro de cobre (1).
Esquema 4
Hal, OA OA OA
N\H\\IRQ etapa 1 N AR EEIBZ  NaA Roetapad  NapN Rs
O e T L T
N, = N, = N THal “N” THal
N "Haly N“ “Hal, Hal! aly e 2
X xviii xx xx
letapat%
OH Haly Resy-Rs
etapa 5 Ny %, -Rs  etapaB N - Ner R
- R1‘§,N = RF—S\,N > Ry \\
“NT Haly N Hal, NN SHal
Ne xxl NC i NC  ivx

5 Etapa1i

En el Esquema 4 se muestra una ruta alternativa para los intermedios de
Formula general ivx. Los compuestos de Férmula x pueden tratarse con un
alcohol o fenol (A = alquilo C4+4 0 Ph) en presencia de una base, tal como

K:COs o NaH, en un disocivente apropiado, tal como THF para producir

10 compuestos de Férmula xviii.

Etapa 2

El tratamiento de xviii con un reactivo de halogenacion adecuado tal

como N-bromosuccinimida o N-clorosuccinimida en un disolvente apropiade tal

como cloroformo produce compuestos de Férmula ixx.

15 Etapa3

Puede introducirse un grupo ciano directamente por desplazamiento de
Haly con un reactivo tal como cianuro sddico en un disolvente apropiado tal
como DMSO o como alternativa, mediante acoplamiento mediado con paladio

con un reactivo tal como Zn{CN), en presencia de Pd(PPhs)s en un disolvente

20 tal como toluenc o DMF para producir compuestos de Férmula xx.

S
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Etapa 4

El desplazamiento directo del grupo alcoxi (-OA) del compuesto XX con
una amina (R4RsNH) a temperaturas elevadas, por ejemplo por encima de
100°C, con o sin un disolvente apropiado tal como DMF o DMA puede producir
compuestos de Formula ivX.

Etapa §

Como alternativa, el tratamiento de xx con un acido, tal como HCI
acuoso, produce compuestos de Férmula xxi.

Etapa 6

Los compuestos de Formula xxi pueden convertirse en compuestos de
Férmula xiii por tratamiento con un reactivo de halogenacién tal como POBr; o
POCl;, puro o en un disolvente apropiado tal como tolueno.

Se anticipa que, cuando sea posible, los productos de los esquemas de
reaccion descritos anteriofmente pueden elaborarse adicionalmente por un
especialista en la técnica. Por ejemplo, en los casos en los que Ry contiene
grupos funcicnales adecuados, tales como grupos amino ¢ carboxi, pueden
realizarse modificaciones adicionales de acuerdo con procedimientos bien
conocidos por los especialistas en la técnica (Véase, por ejemplo, March, J.,
Advanced Organic Chemistry: Reactions, Mechanisms and Structure, 4° Ed.;

John Wiley y Sons: Nueva York, 1992).

EJEMPLOS
La invencién se define adicionalmente en los siguientes Ejemplos. Debe
entenderse que estos Ejemplos se dan Unicamente a modo de ilustracién. A

partir del andlisis anterior y de estos Ejemplos, un especialista en la técnica

\A6
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puede determinar las caracteristicas esenciales de esta invencidén, y sin
apartarse del espiritu y alcance de la misma, puede realizar varios cambios y
modificaciones a la invencion para adaptar la invencidon a diversos usos y
condiciones. Como resultado, la presente invencidn no se limita por los
ejemplos ilustrativos indicados a continuacién en este documento, sino que se

define por las reivindicaciones adjuntas.

Por facilidad de referencia, en este documento se usan las siguientes
abreviaturas:
BOC = terc-butoxicarbonilo
p.e. = punto de ebuilicién
BOP = Hexafluorofosfato de (benzotriazol-1-illoxijtris(dimetilamino)fosfonio
DMAP = 4-dimetilaminopiridina
DCC = Diciclohexil carbodiimida
DCM = Diclorometano
DIPEA o DIEA = N, N-diisopropiletilamina
DMA = Acetamida de dimetilo
DME = 1,2-dimetoxietano
DMF = dimetil formamida
EDCI = Clorhidrato de N-{3-dimetilaminopropil)-N'-etilcarbodiimida
Et = &tilo
Et,0 = éter dietilico
HOBT = 1-hidroxibenzotriazol
EtOAc = acetato de etilo
EtOH = etanol

Y+
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g = gramo(s)

h = h(s) = hora(s)

H = hidrégeno

| = litro

mCPBA — acido meta cloro perbenzoico
Me = metilo

MeCN = acetonitrilo

MeOH = metanal

min(s) = minuto(s)

NMP = 1-metil-2-pirrolidinona

Pda(dba)s; = Pd,dba; = Tris(dibencilineneacetona)dipaladio (0)
Pd/C = paladio sobre carbén

Tr = Tiempo de retencion

THF = tetrahidr.ofurano

TEA = trietilamina

TFA = &cido triflucroaceético

Xantphos = 4,5-bis(difenil-fosfino)-9,9-dimetilxanteno
mg = miligramo(s)

ml = mililitro

ul = microlitro

mmol = milimol

umol = micromol

mol = mol

PSI = libras/pulgada®
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SINTESIS DE INTERMEDIOS

INTERMEDIO 1
3-(1H-1,2,4-Triazol-1-il)-5-(triflucrometil}anilina

CF,

HaN” t N

N/
Se calentaron 3-bromo-5-(triflucrometil)anilina (3,5 g, 14,6 mmol), yoduro
de cobre () (1,39 g, 7,3 mmol}, carbonato potasico (6,0 g, 43,7 mmol) y 1H-
1,2,4-triazol (3,0 g, 43,7 mmol} en NMP (10 ml) a 195°C durante 2 horas. La
mezcla de reaccién se filtré a través de un lecho de gel de silice, se lavo con
acetato de etilo y se concentrd. El residuo en bruto se purific6 por
cromatografia en columna sobre gel de silice (gradiente por etapas, de
hexanos a acetato de etilo al 75%/hexanos). Las fracciones se concentraron,
se disolvieron en éter dietilico (150 ml), se lavaron con agua (4 x 50 ml), se
secaron sobre Na;SO4 se filtraron y se concentraron, produciendo el
Intermedio 1 (1,95 g, rendimiento del 58,6%) en forma de un sélido de color
castafio. HPLC: Tr = 1,193 min (PHENOMENEX® Luna 5 micrémetros C18 de
4,6 x 30 mm, metanol acuoso al 10-90% que contenia TFA al 0,1%, gradiente
de 2 min, caudal = 5 mi/min, deteccién a 254 nm). EM (EN): m/z = 229,01
[M+H]". "H RMN (500 MHz, DMSO-dg) & ppm 8,27 (1 H, s), 7,34 (1 H, s), 6,47
(2 H, d, J =2,29), 6,14 (1 H, s). El Intermedio 1 se usé en la sintesis de los
Ejemplos 13, 104, 165, 169 y 175.

INTERMEDIO 2
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3-Metoxi-5-(1H-1,2 4-triazol-1-il)anilina

O

Ny
N=/

Intermedio 2A: Preparacion de 1-(3-metoxi-5-nitrofenit)-1H-1,2 4-triazol.

O

\
N=

L)

Se calentaron 1-bromo-3-metoxi-8-nitrobenceno (500 mg, 2,16 mmol),
yoduro de cobre (1) (205 mg, 1,08 mmol), carbonato potasico (893 mg, 6,5
mmol) y 1H-1,2,4-triazol (446 mg, 6,5 mmol) en NMP (2 ml) a 100°C durante 12
horas. La mezcla de reaccion se diluyd con DCM, se filtr6 a través de un lecho
de gel de silice y se lavé con acetato de etilo. El filtrado se concentro y el
residuo se purificd por HPLC de fase inversa, obteniendo el Intermedio 2 (251
mg, rendimiento del 52,9%) en forma de un sélido de color amarillo. HPLC: Tr =
1,235 min (PHENOMENEX® Luna 5 micrometros C18 de 4,6 x 30 mm, metanol
acuoso al 10-90% que contenia TFA al 0,1%, gradiente de 2 min, caudal = 5

ml/min, detecciéna 254 nm). EM (EN): m/z = 221,0 [M+H]".

Preparacién de 3-metoxi-5-(1£-1,2 4-triazol-1-il)anilina

OMe

H,N” t -

N

L

N
\
N

130
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Una solucion del Intermedio 2A (197 mg, 0,895 mmol) en acetato de etilo
{30 m) se paso a través de un cartucho de Pd al 10%/C de un hidrogenador H-
Cube (ThalesNano, 20 bar de hidrégeno a 25°C). Después de un segundo
paso, la mezcla de reaccién se concentrd, dando el Intermedio 2 (131 mag,
rendimiento del 77%) en forma de un sélido de color amarillo claro. HPLC: Tr =

0,298 min (PHENOMENEX® Luna 5 micrémetros C18 de 4,6 x 30 mm, metanol

acuoso al 10-90% que contenia TFA al 0,1%, gradiente de 2 min, caudal = §

ml/min, deteccion a 254 nm). EM (EN): m/z = 191,09 [M+H]". El Intermedio 2 se

usé en [a sintesis del Ejemplo 2.

Los siguientes intermedios de la Tabla 3 se prepararon usando los

procedimientos que se han descrito en la preparacion del Intermedio 1 y el

Intermedio 2.
TABLA 3
Intermedio Estructura Usado Nombre [M+H]] Tiempo
N° para el | de
Ejemplo Retencion
de HPLC
(min)*
3 CF, 103" [3-(1H-Pirazol-1-i)-5- |228,17] 1,38°
/@\ (trifluorometiljanilina
HoN |\\|j>
N=

|21
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Intermedio Estructura Usado Nombre IM+H] | Tiempo
N° para el de
Ejemplo Retencion|
de HPLC
{min)*
4 OCF, | 137 |3-(1H-1,2.4-Triazol-1-|245,02| 1.01°
Hzm’@q"\\N il)-4-
N=/ (trifluorometoxi)anilina
5 N 145 |5-(1H-1,2,4-Triazol-1-1162,09] 0,177
H,N A l “\'/\\N il)piridin-3-amina
N=/
6 Me 185 |3-Metil-5-(1H-1,2,4- [175,20] 0,637
/@\ triazol-1-il)anilina
HzN q’\\N
N=/
7 OH 159 |3-Amino-5-(1H-1,2,4- [191,17| 0,277
é\ triazol-1-
H,N '\\'/K\N ilffenilmetanol
N=/
8 Ox_NH,: 192 |3-Amino-5-(1H-1,2,4-1203,9| 0,47
5\ triazol-1-iljbenzamida
H,N rs\J’%N
N=/
9 F 170 [2-Fluoro-5-(1H-1,2,4- [179,25[ 0,78%
HzN@h\i/\\N triazol-1-il)anilina
N=/
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Intermedio Estructura Usado Nombre [M+H]t Tiempo
N° para el de
Ejemplo Retenciénj
de HPLC
{min)*
10 Me 162 |2-Metil-5-(1H-1,2,4- [175,14] 1,01°
HgNj@\N/\\\N triazol-1-il)anilina
N=/
11 F 163 |4-Fluoro-3-(1H-1,2,4- |179,07] 0,21°
HzN/@N«‘N triazol-1-il)anilina
N=/
12 F3CO@ 167 |5-(1H-1,2,4-Triazoi-1- (245,11 2,5°
N ‘|trifluorometoxi)anilina
13 MeO 160 |2-Meétoxi-5-(1H-1,2,4- [191,14] 0,66°
HZNQN’% triazol-1-il)anilina
v N
N=/
14 Oy, NHMe 194 [3-Amino-N-metil-5- 218,17 0,15%
& (1H-1,2,4-triazol-1-
H,N N’%N ihbenzamida
N~/
15 cl 156 |[3-Cloro-5-(1H-1,2,4- [195,12] 1,03°
/@\ triazol-1-il}anilina
N=/

* Condiciones de HPLC

? PHENOMENEX® Luna 5 micrometros C18 de 4,6 x 30 mm, Bde 0 a 100 en 2

(%3
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min con 1 min de tiempo de retencion, caudal = 5 mi/min, deteccién a 254 nm,
Disolvente A: metanol al 10%/agua al 90%/TFA al 0,1%,; Disolvente B: agua a!
10%/metanol al 90%/TFA al 0,1%

® columna de CHROMOLITH® de 4,6 x 50 mm eluyendo con metanol acuoso al
10-90% durante 4 min que contenia TFA al 0,1%, 4 ml/min, contro!l a 220 nm.

g Water_s Sunfire C18 de 4,6 x 150 mm 5 micrémetros. 1 mi/min, Agua-Metanol

al 0-100%, H3PO, al 0,2%, gradiente durante 4 min.

INTERMEDIO 16
3-(2-(Dimetilamino)etoxi)-5-(1H-1,2 4-triazol-1-ih)anilina

l‘fle
Me’NI
0
HoN ’('/\\N
N=/
Intermedio 16A: Preparacion de 2-(3-bromo-5-nitrofenoxi)-N, N-
dimetiletanamina
nf'Ie
Me” NI
¢
02N Br

Se calentaron 1-bromo-3,5-dinitrobencenc (1 g, 4,1 mmol), 2-
(dimetilamino)etanol (0,54 g, 6,1 mmol), hidréxido potasico (0,45 g, 8,1 mmol) y
agua (0,5 ml) en DMF (5 ml) a 80°C. Después de 20 horas, la mezcla de
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reaccion se diluyd con agua fria y se extrajo con diclorometano (2 x 100 ml). La
fase organica se lavd con salmuera, se secé sobre sulfato sédico, se filird y se
concentrd. El producto en bruto se purificd por cromatografia sobre gei de silice
(gradiente por etapas, acetato de etilo al 2% en hexanos a acetato de etilo),
dando 2-(3-bromo-5-nitrofenoxi)-N, N-dimetiletanamina (669 mg, rendimiento

del 57,2%) en forma de un aceite de color pardo., HPLC: Tr = 1,04 min

(PHENOMENEX® Luna 5 micrometros C18 de 4,6 x 30 mm, metanol acuoso al’

10-90% que contenia TFA al 0,1%, gradiente de 2 min, caudal = 5 ml/min,

deteccién a 254 nm). EM (EN): m/z = 280,93 [M+H]".

Intermedio 16B: Preparacién de N ,N-dimetii-2-(3-nitro-5-(1H-1,2,4-triazol-1-

ilffenoxi}etanamina

Se calentaron el Intermedic 16A (200 mg, 0,69 mmol), yoduro de cobre
(1) (65,9 mg, 0,35 mmol), carbonato potasico (287 mg, 2,1 mmol) y 1H-1,2 4-
triazol (143 mg, 2,075 mmol) en NMP (2 ml) a 120°C durante 6 horas. La
mezcla de reaccion se diluyo con diclorometano y se filtré a través de un lecho
de gel de silice y se lavé con acetato de etilo. E! filtrado se concentré y el
residuo se purificé por HPLC de fase inversa, obteniendo el Intermedio 16B
(109 mg, rendimiento de! 56,8%) en forma de un sélido de color amarillo.

HPLC: Tr = 0,74 min (PHENOMENEX® Luna 5 micrémetros C18 de 4,6 x 30

\
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mm, metanol acuoso al 10-90% que contenia TFA al 0,1%, gradiente de 2 min,

caudal = 5 ml/min, deteccién a 254 nm). EM (EN). m/z = 278,08 [M+H]".

Preparacion de 3-(2-(dimetilamino)etoxi)-5-(1H-1,2,4-triazol-1-il)anilina

-N

Se agitaron el Intermedio 16 B (87 mg, 0,35 mmol) y Pd al 10%/C (22,3
mg, 0,21 mmol) en MeOH (10 ml) en una atmésfera de hidrogeno (globo)
durante 8 horas. La mezcla de reaccion se filtro a través de una capa de gel de
silice. El filtrado se concentrs, dande el Intermedio 16 (81 mg, rendimiento del
94%) en forma de un sdélido de color amarille. HPLC: Tr = 0,26 min
(PHENOMENEX® Luna 5 micrometros C18 de 4,6 x 30 mm, metanol acuoso al
10-90% que contenia TFA al 0,1%, gradiente de 2 min, caudal = 5 ml/min,
deteccién a 254 nm). EM (EN): m/z = 248,15 [M+H]". El Intermedio 16 se usé

en la sintesis de los Ejemplos 146 y 147.

Los siguientes intermedios de la Tabla 4 se prepararon usando los

procedimientos que se han descrito en la preparacién del Intermedio 16.

TABLA 4
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Intermedio Estructura Usado Nombre [M+H]| HPLC
N° para el Tiempo de
Ejemplo Retencién
(min)*
17 (ﬂ:s 157 13-(1H-1,2,4-Triazol-1-1259,15] 1,10°
0 _ i)-5-(2,2,2-
{triflucroetoxi)anilina
HNT TN
N=/
18 Me 174  |2-(3-amino-5-(1H- 334,15 1,35°
NBoc . .
J/ 1,2,4-triazol-1-if)
0 fenoxi)etil(metil)
/@L carbamato de ferc-
H,N Ql”i\N _
: N/ butilo

* = Condiciones de HPLC

a = PHENOMENEX® Luna § micrédmetros C18 de 46 x 30 mm, B de 0 a 100
en 2 min con 1 min de tiempo de retencién, caudal = 5 ml/min, deteccion a 254
nm, Disolvente A: metanol al 10%/agua al 90%/TFA al 0,1%; Disolvente B:
agua al 10%/metanol al 90%/TFA al 0,1%.

INTERMEDIO 19
N1-(2—M6rfolinoetii)—2-(1 H-1,2,4-triazol-1-il)benceno-1,4-diamina

H
N\//\N/\l
Hzn’@ ~ Lo

N

L
{

(34
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Intermedio 19A: Preparacidén de 2-bromo-N-(2-morfolinoetil)-4-nitroanilina

H
N

PORAS

r

Se agitaron 2-bromo-1-fluoro-4-nitrobencenc (1,0 g, 4,5 mmol), 2-
morfolinoetanamina (0,77 g, 5,9 mmol) y carbonato potasico (1,571 g, 11,4
mmol) en DMSO (5 ml) a temperatura ambiente durante 1,5 horas. La mezcla
se triturd con agua y se recogid 2-bromo-N-(2-morfolinoetil)-4-nitroanilina (1,1
g, rendimiento del 72,8%} por filtracion. HPLC: Tr = 0,61 min (PHENOMENEX®
Luna 5 micrometros C18 de 4,6 x 30 mm, metanol acuoso al 10-90% que
contenia TFA al 0,1%, gradiente de 2 min, caudal = 5 mli/min, deteccidn a 254

nm). EM (EN): m/z = 332,06 [M+H]".

Preparacion de N'-(2-morfolinoetil)-2-(1H-1,2,4-triazol-1-il)benceno-1,4-diamina

0

A, Lo
El Intermedio 19 se prepard a partir del Intermedio 19A siguiendo el

ZTL

>
/
LZ

procedimiento del Intermedio 2. HPLC: Tr = 0,10 min (PHENOMENEX® Luna 5
micrometros C18 de 4,6 x 30 mm, metanol acuoso al 10-90% que contenia TFA
al 0,1%, gradiente de 2 min, caudal = 5 ml/min, deteccion a 254 nm). EM (EN):

m/z = 289,12 [M+H]". El Intermedio 19 se us6 en la sintesis del Ejemplo 148.

INTERMEDIO 20
N'-(Tetrahidro-2H-piran-4-il)-2-(1H-1,2,4-triazol-1-il)benceno-1,4-diamina

8%
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8]

@
/\
H,N Ny

N=/

El Intermedio 20 se prepard a partir de 2-bromo-1-fluoro-4-nitrebenceno
siguiendo el procedimiento del Intermedio 16. HPLC: Tr = 0,63 min
(PHENOMENEX® Luna 5 micrémetros C18 de 4,6 x 30 mm, metanoi acuoso al
10-90% que contenia TFA al 0,1%, gradiente de 2 min, caudal = 5 ml/min,
deteccion a 254 nm). EM (EN): m/z = 260,08 [IVI+H]*. El Intermedio 20 se usé

en la sintesis del Ejemplo 158.

INTERMEDIO 21
3-Fluoro-5-(1H-1,2,4-triazol-1-il)anilina y 3,5-di(1H-1,2,4-triazol-1-il)anilina’

H
\
F [N
N
Q y Q
H,N N
2 h:_,_/N HoN '\\'QN
N=/

Se agitaron 1,3-difluoro-5-nitrobenceno (1 g, 6,29 mmol), 1H-1,2 4-triazol
(0,43 g, 6,28 mmol) y carbonato potasico (2,17 g, 15,7 mmol) en DMSO (5 ml)
a temperatura ambiente durante 15 horas. La mezcla de reaccion se trituré con
agua y el sélido se recogio por filtracion. El sélido se disolvié en metanol (40
ml) y se traté con Pd al 10%/C (100 mg, 0,94 mmol) y se agitd en una
atmoésfera de hidrégeno a temperatura ambiente durante 8 horas. La mezcla de

reaccion se filtrd a través de una capa de gel de silice. El filtrado se concentro,

\8
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dando el intermedio 21 en forma de una mezcla de 3-fluoro-5-(1H-1,2 4-triazol-
‘I-il)éniiina y 3,5-di(1H-1,2 4-triazol-1-il)anilina (825 mg, rendimiento del 65%).

HPLC: Tr = 0,78 min (PHENOMENEX® Luna 5 micrémetros C18 de 4,6

x 30 mm, metanol acuoso al 10-90% que contenia TFA al 0,1%, gradiente de 2

5 min, caudal = 5 ml/min, deteccion a 254 nm). EM (EN): m/z = 179,07 [M+H]".

HPLC: Tr = 0,82 min (PHENOMENEX® Luna 5 micrémetros C18 de 4,6 x 30

mm, metanol acuoso al 10-90% que contenia TFA al 0,1%, gradiente de 2 min,

caudal = 5 ml/min, deteccién a 254 nm). EM (EN): m/z = 228,10 [M+H]". El

Intermedio 21 se usd en la sintesis de los compuestos de los Ejemplos 172,

10 173y 207.

INTERMEDIO 22
3-Amino-N-(tetrahidro-2H-piran-4-il)-5-(1H-1,2 4-triazol-1-il)benzamida

0

15
Intermedio 22A: Preparacion de acido 3-nitro-5-(1 H-1 ,2,4-triazol-1-il}benzoico

O._.OH

N
O,N NSy
N=/

Se prepard acido 3-nitro-5-(1H-1,2 4-triazol-1-ibenzoico a partir de

190
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acido 3-bromo-5-nitrobenzoico siguiendo el procedimiento del Intermedio 2A.

HPLC: Tr = 1,12 min (PHENOMENEX® Luna 5 micrémetros C18 de 4,6 x 30

mm, metanol acuoso al 10-90% que contenia TFA al 0,1%, gradiente de 2 min,

caudal = 5 ml/min, deteccién a 254 nm). EM (EN): m/z = 235,07 [M+H]".

Preparacion de  3-amino-N-(tetrahidro-2H-piran-4-i)-5-(1H-1,2,4-triazol-1-
ilbenzamida

0

.

O._.NH

/\
N
=~/

=z

HN

Z’

A una solucién del Intermedio 22A (400 mg, 1,71 mmol), tetrahidro-2H-
piran-4-amina (207 mg, 2,05 mmal) y TEA (0,36 mi, 2,56 mmol) en DMF (4 mf)
se le anadié BOP (1133 mg, 2,56 mmol) y la solucién de reaccion se agitd a
temperatura ambiente durante 2 horas. La mezcla de reaccién se filtrd a través
de una capa de gel dé silice. El filtrado se concentro y se purificé con HPLC de
fase inversa. Las fracciones se concentraron, se disolvieron en metanol (30 ml),
se trataron con Pd al 10%/C (27,3 mg, 0,26 mmol) y se agitaron en una
atmosfera de hidrégeno a temperatura ambiente durante 8 horas. La mezcla de
reaccion se filtré a través de una capa de gel de silice. El filtrado se concentro,
dando el intermedio 22 (276 mg, rendimiento del 56,2%) en forma de un sélido
de color amarillo. HPLC: Tr = 0,75 min (PHENOMENEX® Luna 5 micrémetros
C18 de 4,6 x 30 mm, metanol acuoso al 10-90% que contenia TFA al 0,1%,

gradiente de 2 min, caudal = 5 ml/min, deteccidon a 254 nm). EM (EN): m/z =
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288,09 [M+H]". El Intermedio 22 se usé en la sintesis del Ejemplo 171.

INTERMEDIO 23
3-Amino-N-(2-(dietilamino)eti)-5-(1H-1,2 4-triazol-1-il)benzamida

Et. Et
N

O._NH

N
Y
=/

prd

H,N

vh
Zz

El Intermedio 23 se prepard a partir del Intermedio 22A y N’ N'-

dietiletano-1,2-diamina siguiendo el procedimiento del Intermedio 22. HPLC: Tr

= 0,65 min (PHENOMENEX® S5 de 4,6 x 30 mm, metanol acuoso al 10-90%

que contenia TFA al 0,1%, gradiente de 4 min, caudal = 5 ml/min, deteccién a

10 254 nm). EM (EN): m/z = 303,15 [M+H]". El Intermedio 23 se usé en la sintesis
del Ejemplo 183.

INTERMEDIO 24

3-Amino-4-(triflucrometil)benzonitrilo
15 HaN CN

Intermedio 24A: Preparacion de 3-(4-metoxibencilamino)-4-

(trifluorometil)benzonitrilo
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Se calentaron 3-flucro-4(trifluorometil)benzonitriio (1 g, 5,29 mmol), (4-
metoxifenilymetanamina (0,73 g, 5,29 mmol) y carbonato potasico (1,46 g, 10,6
mmol) en DMSO (2 ml) a 75°C durante 6 horas. La mezcla de reaccién se
triturd con agua y el producto sélido se recogio por filtracion, aislando 24A (1,14
g, rendimiento del 70,6%) en forma de un sdlido de color amarillo. HPLC: Tr =
2,64 min (PHENOMENEX® S5 de 4,6 x 30 mm, metanol acuoso al 10-90% que
contenia TFA al 0,1%, gradiente de 4 min, caudal = 5 mi/min, deteccidén a 254

nm). EM (EN): m/z = 329,09 [M+H]".

Preparacion de 3-amino-4-(irifluorometil)benzonitrilo

H,N CN

Una solucidn de 3-(4-metoxibencilamino)-4-(trifluorometil)benzonitrilo
(500 mg, 1,63 mmol) y trietilsilano (0,2 ml) en diclarcetano (2 ml} se tratd con
TFA (1 ml) y se agitd a temperatura ambiente durante 30 min. La mezcla de
reaccién se concentrd, obteniendo el Intermedio 24 (284 mg, rendimiento del
93% rendimiento del) en forma de un sélide de color naranja. HPLC: Tr = 1,24
min (PHENOMENEX® S5 de 4,6 x 30 mm, metanol acuoso al 10-80% que
contenia TFA al 0,1%, gradiente de 4 min, caudal = 5 ml/min, deteccién a 254
nm). EM (EN): m/z = 187,1 [M+H]". El Intermedio 24 se us6 en la sintesis de los

Ejemplos 229, 230 y 241.

143
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INTERMEDIO 25
3-Amino-5-fluoro-4-metoxibenzonitrilo

F
MeO

HoN CN

Intermedio 25A: Preparacidn de 5-bromo-3-fluoro-2-metoxianilina

F
H,N B

Se calentaron 5-bromo-1-fluoro-2-metoxi-3-nitrobenceno (1,0 g, 4,0

r

mmol), cinc (2,62 g, 40,0 mmol) y clorurc de amonio (2,14 g, 40,0 mmol) en
EtOH (20 ml) y agua (12 ml) a 80°C durante 10 minutos y después se agitaron
a temperatura ambiente durante 2 horas. La mezcla de reaccion se diluyé con
diclorometano (100 m!) y agua (60 ml) y se filtré a través de CELITE®. La fase
organica se secO sobre sulfato sddico, se filtrd y después se concentro,
produciendo el Intermedio 25A (723 mg, rendimiento del 82%) en forma de un
sélido de color gris. HPLC: Tr = 1,3 min (PHENOMENEX® Luna 5 micréometros
C18 de 4,6 x 30 mm, metanol acuoso al 10-90% que contenia TFA al 0,1%,
gradiente de 2 min, caudal = 5 ml/min, deteccién a 254 nm). EM (EN): m/z =

222.0 [M+HT".

Preparacion de 3-amino-5-fluoro-4-metoxibenzonitrilo
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Una mezcla de 5-bromo-3-fluoro-2-metoxianilina (500 mg, 2,27 mmol),
ferrocianuro potasico (Il) hidrato (240 mg, 0,57 mmoi), carbonato sédico (241
mg, 2,27 mmol) y acetato de paladio (ll) (25,5 mg, 0,11 mmol) en DMA (2 ml)
se purgo con nitrégeno y se calentd a 120°C durante 6 horas. La mezcla de
reaccion se diluyé con acetato de etilo (20 mi) y se filird a través de CELITE®.
El filtrado se lavé con agu-a (20 ml), NH4OH al 5% (10 ml), se secd sobre
MgSQ,, se filiré y se concentrd, aislando el Intermedio 25 (213 mg, rendimiento
del 56,4%). HPLC: Tr = 0,73 min (PHENOMENEX® lLuna 5 micrémetros C18
de 4,6 x 30 mm, metanol acucsco al 10-90% que contenia TFA al 0,1%,
gradiente de 2 min, caudal = 5 ml/min, deteccién a 254 nm). EM (EN): m/z =

167,2 [M+H]". El Intermedio 25 se usd en la sintesis de los Ejehplos 234 y 239.

INTERMEDIO 26

3-Amino-4-(trifluorometoxi)benzonitrilo
F,CO
e
Se prepard 3-amino-4-(trifluorometoxi)benzonitrilo a partir de 4-bromo-2-
nitro-1-(trifluorometoxi)benceno siguiendo el procedimiento del Intermedio 25.
HPLC: Tr = 1,29 min (PHENOMENEX® S5 de 4,6 x 30 mm, metanol acuoso al

10-90% que contenia TFA al 0,1%, gradiente de 4 min, caudal = 5 ml/min,

deteccidon a 254 nm). EM (EN): m/z = 203,1 [M+H]". El Intermedio 26 se usé en

la sintesis del Ejemplo 237.
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INTERMEDIO 27

3-Amino-4-(2-morfolinoetoxi)benzonitrilo
(\N/\/O:Q\
0\) H;N CN

intermedio 27A: Preparacién de 4-(2-morfolinoetoxi)-3-nitrobenzonitrilo

SN
© O:N CN

Se calentaron 4-fluoro-3-nitrobenzonitrilo (0,5 g, 3,0 mmol), 2-
morfolinoetanol (0,37 ml, 3,0 mmol} y carbonato potasico (0,42 g, 3,0 mmol) en
DMSO (2 mi) a 50°C durante 16 horas. A la mezcla de reaccion se le anadié
agua (10 ml) y el sdlido se recogid por filtracion. El sélido se lavd con agua (3 x
2 mi), produciendo el Intermedio 27A (422 mg, rendimiento del 50,6%) en forma
de un sdlido de color castafio. HPLC: Tr = 0,78 min (PHENOMENEX® S5 de
4,6 x 30 mm, metanol acuoso al 10-90% que contenia TFA al 0,1%, gradiente
dé 4 min, caudal = 5 ml/min, deteccién a 254 nm). EM (EN): m/z = 278,16
[M+H]".

Preparacion de 3-amino-4-(2-morfolinoetoxiybenzonitrilo

o X
© H,N CN

A 4-(2-morfolinoetoxi)-3-nitrobenzonitrilo (422 mg, 1,52 mmol)
suspendido en MeOH (20 ml) se le afiadié Pd al 10%/C (100 mg) vy la mezcla

de reaccion se agitd en una atmosfera de hidrogeno (globo). Después de 30

\46
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min, la mezcla de reaccién se filtrd a través de CELITE®. El filtrado se
concentrd, dando el Intermedio 27 (322 mg, rendimiento del 86%) en forma de
un soélido de color castafio. HPLC: Tr = 0,5 min (PHENOMENEX® S5 de 4,6 X
30 mm, metanol acuosc al 10-90% que contenia TFA al 0,1%, gradiente de 4
min, caudal = 5 ml/min, deteccion a 254 nm). EM (EN): m/z = 248,18 [M+H]". El

Intermedio 27 se uso en la sintesis del Ejemplo 238.

INTERMEDIO 28
4-Fluoro-3-(4H-1,2,4-triazol-4-il)anilina

X
H,N N

S8

N

z,

Intermedio 28A: Preparacién de 4-(2-fluoro-5-nitrofenil)-4H-1,2,4-triazolo
I,
O,N I\\l:\\N

=N

Una solucidn de 2-fluoro-5-nitroanilina (415 mg, 2,7 mmol) en piridina
(15 mi) se traté con N'-formilformohidrazida (703 mg, 7,98 mmol) y despues se

afadio gota a gota TMS-CI (5,10 ml, 39,9 mmol). Despues de la adicidn, se

‘anadié EtsN (2,60 ml, 18,6 mmol) y la mezcla de reaccion se calentdé a 100°C

durante 4 horas. Después, la mezcla de reaccion se enfrio a temperatura
ambiente y se concentré a sequedad. El solido resultante se suspendié en H,O
(25 ml) y se fiitrd. El filtrado se extrajo con EtOAc (4 x 20 mi) y los productos
organicos se secaron (Na;SQ,), se filtraron y se concentraron. El producto en

bruto se disolvi6 en una pequefia cantidad de DCM y se purificd por

¢S
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cromatografia ultrarrapida (SiO,, hexanos al 100% en EtOAc, columna de 40 g,
gradiente de 40 min), produciendo el intermedio 28A (210 mg, al 37,9%).
HPLC: Tr = 1,497 min (YMC S5 ODS de 4,6 x 50 mm, metanol acuoso al 10-
90% que contiene H3PO4 al 0,2%, gradiente de 4 min, controlado a 220 nm).
EM (EN): m/z = 209,1 [M+H]". 'H RMN (400 MHz, DMSO-dg) 5 ppm 9,05 (1 H,
s), 9,05 (1 H, s), 8,72 (1 H, dd, J = 6,55, 2,77 Hz), 8,38-8,45 (1 H, m), 7,85 (1 H,
t, J=9,57 Hz).

Preparacion de 4-fluoro-3-(4H-1,2,4-triazol-4-ianilina

jod
H,N

/\
(il
=N

Una solucién de 4-(2-fluoro-5-nitrofenil)-4H-1,2 4-triazo! (210 mg, 1,009
mmol) en MeOH (4 mi) se traté con Pd al 10%/C (20 mg, 0,15 mmo!) y se agito
en una atmésfera de hidrdgeno a temperatura ambiente durante 16 horas. La
mezcla de reaccion se filtré y el filtrado se concentrd a sequedad, produciendo
el Intermedio 28 (155 mg, al 86%). HPLC; Tr = 0,343 min (YMC $5 ODS de 4,6
x 50 mm, metanol acuoso al 10-90% que contiene HiPQO4 al 0,2%, gradiente de
4 min, controlado a 220 nm). EM (EN): m/z = 179,1 [M+H]*. "H RMN (400 MHz,
DMSO-dg) & ppm 8,85 (1 H, s), 8,85 (1 H, s), 7,15 (1 H, dd, J = 10,45, 8,94 Hz),
6,68 (1 H, dd, J = 6,55, 2,77 Hz), 6,61-6,66 (1 H, m), 5,35 (2 H, s). E!l Intermedio

28 se usd en la sintesis de los Ejemplos 46 y 114,

L.os siguientes intermedios de la Tabla 5 se prepararon usando los

procedimientos que se han descrito en la preparacién del Intermedio 28.
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TABLAS
interme Estructura Usado Nombre [M+H] | Tiempo
dio N° para el de
Ejemplo Retencié
n de
HPLC
(min)*
29 Me 106 |4-Metil-3-(4H-1,2,4- 175,11 0,28°
H,N NNy triazol-4-il)anilina
sy
30 QOCF;,, 17,562, [3-(4H-1,2,4-Triazol-4- | 2451 220°
H,N NNy 111 |il)-4-
sy (trifluorometoxi)anilina
31 CF, 169, [3-(4H-1,2,4-Triazol-4- | 229 | 1,28°
236 |il)-5-
HoN Ny (trifluorometil)anilina
\;‘-N’

~* = Condiciones de HPLC

a = YMC 85 ODS de 4,6 x 50 mm, metanol acuoso al 10-90% que contiene

H3PO4 al 0,2%, gradiente de 4 min, controlado a 220 nm

b = columna de CHROMOLITH® de 4,6 x 50 mm eluyendo con metanol acuoso

al 10-90% durante 4 min que contenia TFA a! 0,1%, 4 ml/min, controlado a 220

laq
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INTERMEDIO 32
1-(3-Amino-5-(4H-1,2,4-triazol-4-il)fenil)piperidin-4-ol

OH

N

H,N~ t N

\:NfN

Una mezcla de 4-(3-fluoro-5-nitrofenil)-4H-1,2 4-triazol (200 mg, 0,96
mmol) y pi'peridin~4-ol (486 mg, 4,80 mmol) en DMSO (1 ml) se calenté a 100°C
durante una noche. La mezcla de reaccién se extrajo con EtOAc cinco veces.
Los éxtractos combinados se lavaron con salmuera, se secaron y se
concentraron, dando un sdlido de color naranja. El sdlido se disolvié en MeOH
(25 mi) y se afadio Pd al 10%/C (55 mg). La mezcla se desgasifico y se agitd
en una atmoésfera de hidrogeno durante 1 hora. El catalizador se retird por
filtracion y el filtrado se concentrd, dando el Intermedio 32 (233 mg, al 84%) en
forma de un sélido de color parde. HPLC: Tr = 0,227 min (columna de
CHROMOLITH® de 4,6 x 50 mm eluyendo con metanol acuoso al 10-90%
durante 4 min qtie contenia TFA a!l 0,1%, 4 ml/min, controlado a 220 nm). EM

(EN): m/z = 260 [M+H]". El Intermedio 32 se us6 en la sintesis del Ejemplo 141.

INTERMEDIO 33
(3R,45)-1-(3-Amino-5-(4H-1,2 4-triazol-4-il}fenil)-3-hidroxipiperidin-4-

ilcarbamato de terc-butilo
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Intermedio 33A. Preparacion de (3R,45)-4-azido-1-(3-nitro-5-(4H-1,2,4-triazol-

4-il)fenil)piperidin-3-ol

O,N” i N

Y

Una mezcla de 4-(3—ﬂu0ro—5-nitrofenil)-4H-1,2,4-triazol {200 mg, 0,96
mmol), 4-azidopiperidin-3-ol (164 mg, 1,15 mmol} y K2COj; (199 mg, 1,44 mmol)
en DMSO se calentd a 100°C durante 4 horas. La mezcla de reaccion se vertio
en agua y se extrajo con EtOAc (dos veces). Los extractos combinados se
lavaron con agua y salmuera, se secaron sobre MgSQ,, se filtraron y se
concentraron. El material en bruto se purificé por cromatografia ultrarrapida,
(SiOz, columna de 24 g, MeOH al 0-12%/DCM), dando el Intermedio 33A (135
mg, al 43%) en forma de un sélido de color amarilio. HPLC: Tr = 1,722 min
(columna de CHROMOLITH® de 4,6 x 50 mm eluyendo con metanol acuoso al

10-80% durante 4 min que contenia TFA al 0,1%, 4 mi/min, controlado a 220
nm). EM (EN): m/z = 331 [M+HT".

A
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Preparacién de (3R,45)-1-(3-amino-5-(4H-1,2,4-triazol-4-il)fenil)-3-
hidroxipiperidin-4-ilcarbamato de ferc-butilo -

NHBoc

SN

N

Y

A una solucion del Intermedio 33A (135 mg, 0,41 mmol) en THF (5 ml)
se le anadié trimetilfosfina (solucion 1,0 M en tolueno, 3 ml, 3,00 mmol). La
mezcla de reaccidn se agitd durante 1 hora, se afiadieron MeOH (2 ml) y NaOH
1 N (2 mi) y se agitaron durante 30 min mas. La mezcla de reaccion se extrajo
con EtOAc (tres veces). Los extractos combinados se secaron sobre MgSQs,
se filtraron y se concentraron. E! residuo se disolvié en THF (30 m!) con TEA
(0,171 ml, 1,23 mmol) y Boc,0O (0,190 ml, 0,82 mmol) y se agité a temperatura
ambiente durante 2 horas. La mezcla de reaccion se diluyd con agua y se
extrajo con EtOAc (tres veces). Las capas organicas combinadas se lavaron
con salmuera, se secaron sobre MgSQs, se filtraron y se concentraron. El

producto en bruto se purificé por cromatografia ultrarrapida, (SiO,, columna de

12 g, MeOH/DCM = (0-8%), dando un sélido de color amarillo. El sélido se

disolvié en MeOH (20 ml) y se afiadié Pd al 10%/C (50 mg). La mezcla se agitd
en una atmosfera de hidrégeno durante una noche. LLa mezcla de reaccién se
filtro y se concentrd, dando el Intermedio 33A (84 mg, al 19%). HPLC: Tr =
1,573 min (columna de CHROMOLITH® de 4,6 x 50 mm eluyendo con metanol
acuoso al 10-90% durante 4 min que contenia TFA al 0,1%, 4 ml/min,

controlado a 220 nm). EM (EN): mfz = 375 [M+HJ". El Intermedio 33 se uso en

VXA
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la sintesis del Ejemplo 142,

INTERMEDIO 34
4-Morfolino-3-(4H-1,2 4-triazol-4-if)anilina

0
oy
H,N N
2 \:N'N
A una solucidén que contenia 4-(2-fluoro-5-nitrofenil)-4H-1,2,4-triazol
(0,500 g, 2,402 mmol) y morfelina (0,251 g, 2,88 mmol} en DMSO (6 ml) a
temperatura ambiente se le anadio carbonato potasico (0,498 g, 3,60 mmol). La

mezcla de color pardo oscuro se agitd durante 30 min. La solucion después se

diluydé con agua y se formd un precipitado. La filtracion de la suspension

. produjo un sélido de color pardo. Después, el sélido se suspendié en MeOH

(15 ml) y se anadié Pd al 10%/C (0,051 g, 0,480 mmol). Se introdujo una
atmosfera de H; (globo} y la suspensién de color negro se agitd durante 30
minutos é temperatura ambiente. El catalizador se retird por filtracién. Ei filtrado
se concentrd y se secod durante una noche, produciende el Intermedio 34
(0,250 g, rendimiento del 42,4%) en forma de un solido de color naranja. HPLC:
Tr = 0,327 min (YMC S5 ODS de 4,6 x 50 mm, metanol acuoso al 10-90% que
contiene HiPQO4 al 0,2%, gradiente de 4 min, controlado a 220 nm). EM (EN):
mi/z = 246,1 [M+H]". "H RMN (400 MHz, DMSO-ds) 5 ppm 8,79 (2 H, s), 7,06 (1
H, d, J=8,81Hz), 6,64 (1H, dd, J= 8,56, 2,52 Hz), 6,55 (1 H, d, J = 2,52 Hz),
5,25 (2 H, s a), 3,43-3,54 (4 H, m), 2,51-2,57 (4 H, m). El Intermedio 34 se usd
en la sintesis de los Ejemplos 116, 118 y 119,

2%
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Los siguientes intermedios de la Tabla 6 se prepararon usando los

procedimientos que se han descrito en la preparacién del Intermedio 34.

TABLA G
Interme|  Estructura Usado Nombre M+HT Tiempo
dio N° para el de
Ejemplo Retencioé
n de
HPLC
{min)*
35 (\N.Me 121" [4-(4-Metilpiperazin- [259,2| 0,160 -
/©:N\) 1-il)-3-(4H-1,2,4-
HaN Ny triazol-4-ianilina
- -
36 Me. .Me | 4,122, INT-(2- 2472 0,152°
H\)
/@N 166  |(Dimetilamino)etil)-2-
HzN Ny (4H-1,2,4-triazo}-4-
-
iDbenceno-1,4-
 |diamina
37 o'Me 123 |N1-(2-Metoxietil)-2- |234,1| 00,1737
H
/@:"\/' (4H-1,2 4-triazol-4-
HoN Ny ihbenceno-1,4-
-
diamina
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Interme|  Estructura Usado Nombre M+H | Tiempo
dio N° para el de
Ejemple Retencid
nde
HPLC
(min)*
38 Mo~ Ve 127 |4-(2- 2481 0,27° |
/C[O\) (Dimetilamino)etoxi)-
H;N NL’\\N 3-(4H-1,2,4-triazol-4-
=N .
iYanilina
39 Me 129 [N1-(3- 261,.2| 0,158°
N e .
Me g (Dimetilamino)propil)
-2-(4H-1,2,4-triazol-
NH
Q 4-il)benceno-1,4-
H,N NSy _
EN’ diamina
40 Me., -Me 132 |N1-(2- 2612 0,175°
H (Dimetitamino)etil)-
C[Nﬁme N1-metil-2-(4H-
H,N TN 1,2,4-triazol-4-
-
=N

ibenceno-1,4-

diamina
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Interme Estructura Usado Nombre M+H | Tiempo
dio N° para el de
Ejemplo Retencid
nde
HPLC
(min)*
41 OMe 135 |N1-(2-Metoxietil)-  [248,2| 0,663 °
H N1-meti|-2-(4H-
/@N‘Me 1,2,4-triazol-4-
HoN 'L/:,N illbenceno-1,4-
diamina
42 @in\/\D 139 |N1-(2-(Pirrolidin-1-il) |273,1] 0,158 ©
HoN 'Lﬂ“ etil)-2-(4H-1,2 4-
N triazoi-4-il)benceno-
1,4-diamina
43 S 149 |2-(4-(4-Amino-2- 289,1] 0,157 °
N
» /[:[N«N (4H-1,2 4-triazol-4-
Y il)fenil)piperazin-1-
iletanol
44 ,@:O\/\N/\ 150 [4-(2-Morfolino- 290,1] 0,163 °
H,N N

etoxi)-3-(4H-1,2,4-

triazol-4-il)anilina

9Tha




107

Interme Estructura Usado Nombre M+H| Tiempo
dio N° para el de
Ejemplo Retencit
n de
HPLC
(min)*
45 We 730, |3-(4-Metipiperazin- | 2569 | 0,233 °
[Nj 152  |1-il)-5-(4H-1,2 4-
/é\ triazol-4-il)anilina
H,N N
2 L\HN,N
46 OH 133 |2-(4-(3-Amino-5- 289 | 0,215°
H (4H-1,2 4-triazol-4-
[Nj il)fenil)piperazin-1-
/EEL ilyetanol
HzN N
2 L\‘N'N
a7 o 151 [3-((8-amino-2-(dH- |375,2| 3,260 °
N Nj 1,2,4-triazol-4-
Boc

ilfenilamino)metil)m
orfolina-4-
carboxilato de ferc-

butilo
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interme Estructura Usado Nombre M+H | Tiempo
dio N° para e de
Ejemplo Retencid
nde
HPLC
(min)*
48 NHBoc | 144 |1-(4-amino-2-(4H- |259,1| 2,527
/@O 1,2,4-triazol-4-
i '\';:""' il)fenil)piperidin-4-
ilcarbamato de ferc-
butilo

* Condiciones de HPLC
2 YMC S5 ODS de 4,6 x 50 mm, metanol acuoso al 10-90% que contiene
HiPO4 al 0,2%, gradiente de 4 min, controlado a 220 nm

® columna de CHROMOLITH® de 4,6 x 50 mm eluyendo con metanol acuoso al -

5 10-90% durante 4 min que contenia TFA al 0,1%, 4 ml/min, controlado a 220

nm.

INTERMEDIO 48

- 4-(Trifluorometoxi)benceno-1,3-diamina

H.N NH,

Una mezcla de 3-nitro-4-(trifluorometexi)anilina (500 mg, 2,25 mmol) y

10

Pd al 10%/C (240 mg, 0,225 mmol) en acetato de etilo (20 ml) se desgasifico

con nitrégeno. La mezcla se agitd en una atmosfera de hidrégeno durante una

2=
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noche. El catalizador se retiré por filtracién y el filtrado se concentrd, dando el
Intermedio 49 (433 mg, al 100%) en forma de un soélido de color parde. HPLC:
Tr = 0,707 min (YMC S5 ODS de 4,6 x 50 mm, metano! acuoso al 10-90% que
contiene HiPO, al 0,2%, gradiente de 4 min, controlado a 220 nm). EM (EN):
m/z = 193,1 [M+H]". 'H RMN (400 MHz, DMSO-ds) § ppm 6,69 (1 H, dd, J =
8,56, 1,26 Hz), 5,95 (1 H, d, J = 2,52 Hz), 5,75 (1 H, dd, J = 8,69, 2,64 Hz), 4,91
(2 H, s), 4,89 2 H, s). El Intermedio 49 se usb en la sintesis de los Ejemplos 90y
91.

INTERMEDIO 50
4-(2-Metoxietoxi)-3-(4H-1,2,4-triazol-4-il)anilina
OMe
o/
By
N

A una solucién que contenia 2-metoxietanol (0,136 ml, 1,730 mmol) en
DMF anhidra (15 ml) a 0°C se le afadié NaH (0,063 g, 1,585 mmol) en forma
de una dispersion al 60% en aceite mineral. Se afadié una solucion de 4-(2-
fluoro-5-nitrofenil)-4H-1,2,4-triazol (0,300 g, 1,441 mmol) en DMF (2,0 ml)
mediante una jeringa. Después de 30 minutos, ia mezcla de reaccién se
inactivd con agua. Se recogié un precipitado de color pardo por fiitracion y se
lavé con agua. El solido se suspendid en MeOH (10 mi), se tratd con Pd/C
(0,031 g, 0,29 mmol) y la reaccién se agitd en una atmdsfera de hidrogeno. La
suspension oscura se agitd durante 1 hora a temperatura ambiente. El
catalizador se retird por filtracion y el filtrado se concentrd a sequedad, dando

el Intermedio 50 (0,073 g, rendimiento del 21,4%) en forma de un aceite de
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color pardo. HPLC: Tr = 0,187 min (YMC S5 ODS de 4,6 x 50 mm, metanol
acuoso al 10-90% que contiene HiPO; al 0,2%, grédiente de 4 min, controlado
a 220 nm). EM (EN): m/z = 235,1 [M+H]*. "H RMN (400 MHz, DMSO-d¢) 8 ppm
8,75(2 H, s), 7,01 (1 H, d, J = 8,57 Hz), 6,59-6,66 (2 H, m), 5,04 (2 H, s), 3,98-
4,06 (2 H, m), 3,50-3,57 (2 H, m), 3,22 (3 H, s). El Intermedio 50 se usd en la

sintesis del Ejemplo 126.

INTERMEDIO 51 .
4-(1-Metilpiperidin-4-iloxi)-3-(4H-1,2 4-triazol-4-il)aniiina

Me

N

X
e

N/\\N
\:Nf

A una solucion de 4-(2-fluoro-5-nitrofenil)-4H-1,2,4-triazol (0,150 g, 0,721
mmol) en DMF anhidra (0,721 ml) a temperatura ambiente se le afadieron
carbonato de cesio (0,49 g, 1,5 mmol} y 1-metilpiperidin-4-ol (0,108 g, 0,94
mmol}). La solucién resultante se calentdé a 75°C. Después de 2 horas, la
reaccion se enfrié y se diluyd con agua. La solucidon se extrajo tres veces con
20 m! de DCM vy los productos organicos se combinaron, se lavaron con agua y
salmuera y se secaron sobre sulfato sédico anhidro. La mezcla de reaccidon se
filir6, se concentrd y el sdlido se suspendid en MeOH (10 mi) a temperatura
ambiente. A la mezcla se le afiadid Pd al 10%/C (0,015 g, 0,144 mmol) y la
reaccion se agitdé en una atmosfera de hidrogeno. La suspensién de color

oscuro se agitd durante 1 hora. El catalizador se retird por filtracion y el filtrado

=
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se concentro, dando el Intermedio 51 (0,064 g, 0,222 mmol, rendimiento del

30,9%) en forma de un sdlido de color beige. HPLC: Tr = 0,160 min (YMC S5§

ODS de 4,6 x 50 mm, metanol acuoso al 10-80% gue contiene H3PQO, al 0,2%,

gradiente de 4 min, controlado a 220 nm). EM (EN): m/z = 274,1 [M+H]*. "H
RMN (400 MHz, DMSO-dg) & ppm 8,70 (2 H, ), 7,01 (1 H, d, J = 8,81 Hz), 6,57-
6,66 (2 H, m), 5,04-512 (2 H, m), 4,04 (1 H, s a), 2,20-2,36 (2 H, m), 2,07 (3 H,
s), 1,66-1,78 (2 H, m), 1,39-1,50 (2 H, m). El Intermedio 51 se usé en la sintesis
del Ejemplo 128.

Los siguientes intermedios de la Tabla 7 se prepararon usando los

procedimientos que se han descrito en la preparacion del Intermedio 50 y del

Intermedio 51.

TABLA7

Intermedio Estructura Usado Nombre M+H | Tiempo
N° para el de |
Ejemplo Retencidn
de HPLC
{min)*
52 me | 140 [4-(3-(Dimetilamino) 262,71 0,173°

O _~_N. -

/@ Me propoxi)-3-(4H-1,2,4-triazol-
H,N Ny
sy 4-i)anilina

53 143 [4-(2-(Pirrolidin-1-N)etoxi)-3- |274,1| 0,162 °

2

=z
>
z

H N/(jc.\/\FD

(4H-1,2,4-triazol-4-il)anilina

"2
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54 .Me | 153 [2-(4-amino-2-(4H-1,2,4- 334, 1] 2,158°
BocN
o) triazol-4-
HzN/@N/‘\*N i)fenoxi)etil{metil)carbamato
\:N' de terc-butilo

* Condiciones de HPLC
2 YMC S5 ODS de 4,6 x 50 mm, metancl acuoso al 10-90% que contiene
H3PO, al 0,2%, gradiente de 4 min, controlade a 220 nm.

INTERMEDIO 55
4-Cloro-3-{oxazol-5-ihanilina

Cl

0¥

A una solucién de 2-cloro-5-nitrobenzaldehido (2,5 g, 13,5 mmol) en-

DME (27 ml) a temperatura ambiente se le afiadieron isocianuro de tosilmetilo
(2,76 g, 14,15 mmol) y carbonato potasico (3,72 g, 26,9 mmol). La mezcla se
calentd a reflujo durante una noche. La mezcla se enfrié y se vertio en EtOAc.
La suspension resultante se lavé con HxO (2 x 100 ml) y salmuera (2 x 100 ml).
Los extractos organicos se combinaron, se secaron sobre sulfato de magnesic
anhidro, se filtraron y se concentraron al vacio. El intermedio en bruto se
disolvic en DCM y se cargd en un cartucho de gel de silice de 80 g que se
eluyd a 60 ml/min con un gradiente de 25 min de hexanos al 100% a EtOAc al
40%/hexanos (controlado a 254 nm). Las fracciones apropiadas se
concentraron y el solido resultante se disolvié en THF (40 ml). Después, se
afiadieron &cido acético (54,0 ml, 943 mmol) y polvo de hierro (1,88 g, 33,7

mmol} y la mezcia resuitante se calentd durante una noche a 50°C. La mezcla

UL
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de reaccion se enfrid, se vertié en 500 ml de carbonato sddico acuoso saturado
y se exirgjo con acetato de etilo (3 x 100 ml}. Los extractos organicos se
combinaron, se lavaron con agua y salmuera, se secaron sobre sulfato de
magnesio anhidro y se concentraron. El producto en bruto se disoivié en una
5 pequefia cantidad de DCM y se cargo en un cartucho de gel de silice de 80 g
que se eluyd a 60 ml/min con un gradiente de 25 min del 100% en hexanos al
50% en EtOAc/hexanos {(controlado a 254 nm). Las fracciones apropiadas se
concentraron, produciendo el Intermedioc 55 (0,40 g, rendimiento del 15%) en
forma de un soélido de color amaritio claro. HPLC: Tr = 1,837 min (YMC S5 ODS
10 de 4,6 x 50 mm, metanol acuoso al 10-90% que contiene HzPO4 al 0,2%,
gradiente de 4 min, controlado a 220 nm). EM (EN): m/z = 195,1 [M+H]". H
. RMN (400 MHz, DMSO-ds) 6 ppm 8,49 (1 H,s), 767 (1 H,s),7,18{(1 H,d,J =
8,56 Hz), 7,01 (1 H, d, J =2,77 Hz), 6,58 (1 H, dd, J = 8,566, 2,77 Hz), 549 (2 H,

s). Et Intermedio 55 se usé en ia sintesis del Ejemplo 79.

15
INTERMEDIO 56
4-Cloro-3-(oxazol-2-il)anilina

cl
H,N =N

2 OJ

. 20

intermedio 56A: Preparacién de 2-(2-Cloro-5-nitrofenil)oxazolo

Cl
N
OzN C
O\/)

A una suspension turbia de acido 2-cloro-5-nitrobenzoico (1,0 g, 4,96
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mmol) y DMF (0,019 ml, 0,25 mmol) en DCM (12,4 ml) a 0°C se le afadié una
solucién de cloruro de oxalilo 2 M en DCM (2,98 ml, 5,95 mmol). La suspension
resultante se agitdé durante 1 hora a temperatura ambiente. La mezcla de
reaccion se concentrd al vacio y se destild azeotropicamente con tolueno para
retirar el HCl y el cloruro de oxalilo. El residuo se disolvio en
tetrametilenosulfona (12,4 ml), a la que se anadieron carbon‘ato potasico (1,37
g, 9,92 mmol) y 1H-1,2,3-triazol (0,29 ml, 4,86 mmol). La mezcla se calent6 a
150°C en atmédsfera de nitrogeno durante 1 hora. La mezcla se enfrié y se
diluy6 con EtOAc y agua. Las capas se separaron y la fase acuosa se extrajo
tres veces con EtOAc (50 ml). Los extractos organicos se combinaren, se
lavaron con agua y salmuera y despues se secaron sobre sulfato de magnesio
anhidro. La fiitracion y la concentracion produjeron un aceite de color pardo
oscuro que se disolvid en una pequefia cantidad de DCM y se cargd en un
cartucho de gel de siiice de 80 g que se eluyd a 65 mi/min con un gradiente de
25 min en EtOAc del 100% al 50%/hexanos (controlado a 254 nrﬁ). La
concentracion de las fracciones apropiadas produjo el Intermedic 56A (0,431 g,
rendimiento del 39%) en forma de un sdlido de color amarillo claro. HPLC: Tr =
3,246 min (YMC S5 ODS de 4,6 x 50 mm, metanol acuoso al 10-90% que
contiene H3PQ, al 0,2%, gradiente de 4 min, controlado a 220 nm). EM (EN):
m/z = 225,0 [M+H]". "H RMN (400 MHz, DMSO-dg) 8 ppm 8,71 (1 H, d, J = 2,77
Hz), 8,42 (1 H, s), 8,33 (1 H, dd, J = 8,81, 2,77 Hz), 7,95 (1 H, d, J = 8,81 Hz),
7,56 (1H, s).

Preparacién de 4-cloro-3-{oxazol-2-il)anilina

Z2\M
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Cl
N
57
A una solucién del intermedio 56A (0,431 g, 1,92 mmol) y acido acético

(7,69 ml, 134 mmol) en THF (19,2 ml) se le anadid polvo de hierro (0,268 g,

4,80 mmol). La mezcla se calentd a 50°C durante una noche. La mezcla de

reaccion se enfrid y se vertié en 300 mi de NaCO3 acuoso saturado, se extrajo

con EtOAc (3 x 75 mi) y se lavo con agua y salmuera. La fase organica se secd
sobre sulfato de magnesio anhidro, se filtré y se concentrd. El aceite de color
pardo oscuro se disolvidé en una pequefia cantidad de DCM y se cargd en un
cartucho de gel de silice de 40 g que se eluyd a 40 ml/min con un gradiente de
25 min del 100% en hexanos al 70% en EtOAc/hexanos. La concentracién de
las fracciones apropiadas produjo el Intermedio 56 (0,301 g, rendimiento del
80%) en forma de un aceite de color naranja. HPLC: Tr = 1,923 min (YMC S5
ODS de 4,6 x 50 mm, metanol acuoso al 10-90% que contiene H;POy4 al 0,2%,
gradiente de 4 min, controlado a 220 nm). EM (EN): m/z = 195,1 [M+H]". 'H
RMN (400 MHz, DMSO-dg) 8 ppm 8,24 (1 H, s), 7,38 (1 H,s), 7,18 (1 H, d, J =
8,56 Hz), 7,13 (1 H, d, J = 2,77 Hz), 6,67 (1 H, dd, J = 8,56, 2,77 Hz), 5,53 (2 H,

s). El Intermedio 56 se uso en la sintesis del Ejemplo 81.

INTERMEDIO 57

3-(Tiazol-2-ilyanilina

T
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Intermedio 57A: Preparacion de 2-(3-Nitrofenil)tiazol

WOl

N
Una suspension de color amarillo de 3-nitrobenzotioamida (2,0 g, 10,98
mmol), 2-cloroacetaldehido (al 45% en H»0) (2,01 g, 11,53 mmol) y acido
acético (7,32 ml) se calenté a reflujo durante 1 hora. La mezcla se enfrid a
temperatura ambiente, se vertidé en agua enfriada con hielo y se volvid alcalina
usando 30 ml de una solucidon de NaOH 12 N. Después, se afadié acetato de

etilo y la emulsion resultante se filtré a traves de CELITE®. La capa acuosa se

extrajo dos veces con acetato de etilo y las capas organicas combinadas se

secaron sobre sulfato de magnesio. La filtracion y la concentracion a presion
reducida produjeron el Intermedio 57A (2,107 g, rendimiento del 81%) en forma
de un soélido de color pardo. HPLC: Tr = 3,331 min (YMC S5 ODS de 4,6 x 50
mm, metanol acuoso al 10-80% que contiene HisPO, al 0,2%, gradiente de 4
min, controlado a 220 nm). EM (EN): m/z = 207,0 [M+H]". 'H RMN (400 MHz,
DMSC-dg) 8 bpm 8,68 (1H, t, J =189 Hz), 834-8,41 (1 H, m), 8,28-8,34 (1 H,
m), 8,00-8,05 (1 H, m), 7,94 (1 H, d, J = 3,27 Hz), 7,80 (1 H, t, J = 8,06 Hz).

Preparacion de 3-(tiazol-2-il)anilina

O

N
A una suspensién del Intermedic 57A (500 mg, 2,425 mmol) en etanol
absoluto (12 ml) a temperatura ambiente se le anadid niquel Raney (60 mg,

2,425 mmol). Después, se introdujo una atmésfera de hidrogeno y la mezcla se

721G
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agitd durante 5 horas a temperatura ambiente. La suspensién se fiitrd a través
de.CELITE®, se concentro a presidon reducida y se secé al vacio, produciendo
el Intermedio 57 (0,32 g, rendimiento del 73,0%) en forma de un aceite de color
amarillo. HPLC: Tr = 1,433 min (YMC S5 ODS de 4,6 x 50 mm, metanol acuoso
al 10-90% que contiene HiPO4 al 0,2%, gradiente de 4 min, controlado a 220
nm). EM (EN): m/iz = 177,1 [M+H]*. "H RMN (400 MHz, DMSO-ds) & ppm 7,85
(1H,d, J=302Hz),7,70 (1 H,t J=3,40Hz), 7,17 (1 H, t, J = 1,89 Hz), 7,02-
7,15 (2 H, m), 6,60-6,67 (1 H, m), 5,34 (2 H, s). El Intermedio 57 se usd en la

sintesis del Ejemplo 107.

INTERMEDIO 58

6-Aminoindolina-1-carboxilato de metilo

HN” :

N
OMe
0

Una suspension de 6-nitroindolina-1-carboxilato de metilo (187 mg, 0,84
mmol) en MeOH (15 ml) se purgé con nitrégeno y se traté con Pd al 10%/C (20
mg, 0,19 mmol). La mezcla de reaccidn se agitdé a temperatura ambiente en
una atmoésfera dé hidrégeno durante 5 horas. Después, la suspensién se purgd
con nitrogeno, se filtrd y se concentré a sequedad, produciendo el Intermedio
58 (93 mg, al 57,5%). HPLC: Tr = 1,54 min (YMC S5 ODS de 4,6 x 50 mm,
metanol acuoso al 10-90% que contiene H3zPO4 al 0,2%, gradiente de 4 min,
controlado a 220 nm). EM (EN): m/z = 193,1 [M+H]". '"H RMN (400 MHz,
DMSO-dg) & ppm 7,08 (1 H, s), 6,80 (1 H, d, J = 7,81 Hz}, 6,15 (1 H, dd, J =
7,93, 214 Hz), 4,97 (2 H, s), 3,81-3,91 (2H, m), 3,70 (3 H,s),288(2H,t, J=
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8,44 Hz). El Intermedio 58 se us6 en la sintesis del Ejemplo 43.

INTERMEDIO 58

5-Amino-2-fiuorofenilcarbamato de metilo

crs
H,N N~ “OMe
H

~ Intermedio 59A: Preparacion de 2-fluoro-5-nitrofenilcarbamato de metilo

Una solucién de 2-fluoro-5-nitroanilina (500 mg, 3,20 mmol) en THF (20
ml) se tratdé con DIEA (0,84 mi, 4,8 mmol) seguido de cloroformiato de metilo
(0,25 ml, 3,20 mmol). La mezcla de reaccién se agitd a temperatura ambiente
durante una noche y se concentré a sequedad. El producto en bruto se disolvid
en una pequeﬁa cantidad de DCM vy se purificé por cromatografia ultrarrapida
(SiO,, del 20% en acetato de etilo/hexanos al 50% en acetato de etilo/hexanos,
columna de 40 g, gradiente de 30 min), produciendo el Intermedio 59A (450
mg, al 65,6%). HPLC: Tr = 2,868 min (YMC S5 ODS de 4,6 x 50 mm, metanol

acuoso al 10-80% que contiene H3PO4 al 0,2%, gradiente de 4 min, controlado

a 220 nm). 'H RMN (400 MHz, DMSO-dg) & ppm 9,94 (1 H, s), 8,72 (1 H, dd, J
= 6,80, 2,77 Hz), 7,87-8,09 (1 H, m), 7,52 (1 H, 1), 3,72 (3 H, s).

Preparacion de 5-amino-2-fluorofenilcarbamato de metilo

243
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Una solucién del Intermedio 59A (450 mg, 2,10 mmol) en MeOH (20 mi)
se tratd con Pd al 10%/C (40 mg, 0,38 mmol} y se agité a temperatura
ambiente en una atmosfera de hidrégeno durante 3 horas. La mezcla de

5 reaccion se filtré y se concentré en un séiido de color blanco, produciendo el

Intermedio 59 (375 mg, al 97%). HPLC: Tr = 0,403 min (YMC S5 ODS de 4,6 x

50 mm, metanol acuoso al 10-90% que contiene HiPO4 al 0,2%, gradiente de 4

min, controlado a 220 nm). EM (EN): m/z = 185,0 [M+H]". 'H RMN (400 MHz,

DMSO-ds) 6 ppm 8,97 (1 H, s), 6,76-6,86 (2 H, m), 6,20-6,29 (1 H, m), 4,94 (2

10 H, s), 3,62 (3 H, s). El Intermedio 59 se usd en |a sintesis de los Ejemplos 8, 68
y 39.

INTERMEDIO 60
6-Amino-3,3-dimetilindolina-1-carboxilato de metilo

Me

jgny
HN N

c))‘C!Me

15

Intermedio 60A: Preparacion de 2-bromo-5-nitrofenilcarbamato de metilo

o
O,N ;H‘
oM
o [+

Una solucién de 2-bromo-5-nitroanilina (500 mg, 2,30 mmol) en THF (40 -

AR




10

15

20

120

ml} se traté con piridina (0,19 ml, 2,3 mmol) y cloroformiato de metilo (0,27 mi,
3,5 mmol) a temperatura ambiente. Despues de 4 horas, se afadié mas
cantidad de cloroformiato de metilo (0,27 mi, 3,5 mmol) y la mezcla de reaccion
se agitdé a temperatura ambiente durante 3 horas mas. La mezcla de reaccion
se concentro a sequedad, después se recogié en EtOAc (30 ml), se lavd con
HCI 1 N (3 x 25 m!), se seco (Nay;SO,), se filtrd y se concentrd. El producto en
bruto se disolvid en una pequefia cantidad de DCM y se purificé por
cromatografia ultrarrapida (SiO;, del 0% en acetato de etilo/hexanos al 30% en
acetato de etilo/hexanos, columna de 40 g, gradiente de 30 min), produciendo
el Intermedio 60A (390 mg, al 61,5%). HPLC; Tr = 3,215 min (YMC S5 ODS de
4,6 x 50 mm, metanol acuoso al 10-80% que contiene H3P04 al 0,2%, gradiente
de 4 min, controlado a 220 nm). EM (EN): m/z = 274,9 [M+H]". '"H RMN (400
MHz, DMSO-dg) 8§ ppm 9,39 (1 H, ¢), 8,44 (1 H, d, J = 2,52 Hz), 7,92-7,96 (1 H,
m), 7,88-7,92 (1 H, m), 3,71 (3 H, s). |

intermedio 60B: Preparacién de 2-brome-5-nitrofenil(2-metilalil)carbamato de

O,N N~ “OMe
Me\r

Una solucion de! Intermedio 60B (250 mg, 0,91 mmol) en DMF (25 mi)

metiio

se tratd con hidruro sodico (43,6 mg, 1,1 mmol) a 0°C. La mezcla se calentd a
temperatura ambiente durante 10 min y después se enfrié de nuevo a 0°C. La
mezcla se tratd con 3-bromo-2-metilpropeno (0,092 ml, 0,91 mmol) vy la

reaccion se calentd a temperatura ambiente durante 4 horas. La mezcla se

219
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vertio en EtOAc (50 ml) y se lavd con LiCl ac. al 10% (3 x 25 ml). Los extractos
organicos se secaron (NaxSQy), se filtraron y se concentraron a sequedad. El
producto en bruto se disclvid en una pequefa cantidad de DCM y se purificé
por cromatografia ultrarrapida (SiO;, hexanos al 30% en acetato de
etilo/hexanos, columna de 40 g, gradiente de 30 min), produciendo el
Intermedio 60A (248 mg, al 83%). HPLC: Tr = 3,835 min (YMC S5 ODS de 4,6
x 50 mm, metanol acuoso al 10-80% que contiene H3POQ4 al 0,2%, gradiente de
4 min, controlado a 220 nm). EM (EN): m/z = 331,0 [M+H]". "H RMN (400 MHz,
DMSO-dg) 3 ppm 8,14 (1 H, d, J = 2,52 Hz), 8,06-8,11 (1 H, m), 8,00-8,05 (1 H,
m}, 4,?0-4,88 (1H, m),441(1H,d,J=1536Hz), 3,88 (1H,d, J=1536 Hz),
3,57 (3H,s), 1,75 (3 H, s).

Intermedio 60C: Preparaciéon de 3,3-dimetil-6-nitroindolina-1-carboxilato de

metilo

Me

ooy
O,N N

0)’* OMe

Una solucion del Intermedio 60B (248 mg, 0,75 mmol) en DMF
desgasificado (3 mi) se tratd con acetato de paladio (II) (16,9 mg, 0,075 mmol),
formiato sddico (64,6 mg, 0,95 mmol), acetato sédico (161 mg, 1,96 mmol) y
cloruro de tetraetilamonio (0,146 ml, 0,95 mmol). La mezcla de reaccion se
purgd con argén y se calenté a 90°C durante una hora, después se enfrié a
temperatura ambiente. La mezcla de reaccién se filtrdé y se diluyé con EtOAc
(25 mi). La solucion se lavé con LiCl ac. al 10% (3 x 25 mi), se seco (NaxS0.),

se filtré y se concentré a sequedad. El producto en bruto se disolvié en una

2
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pequefia cantidad de DCM y se purificé por cromatografia ultrarrapida (SiOg,
del 0% en acetato de etilo/hexanos al 30% en acetato de etilo/hexanos,
columna de 40 9, gradiente de 30 min), produciendo 60C (196,1 mg, al 99%).
HPLC: Tr = 3,831 min (YMC S5 ODS de 4,6 x 50 mm, metanol acuoso al 10-
90% que contiene HiPO4 al 0,2%, gradiente de 4 min, controlado a 220 nm).
EM (EN): m/z = 251,1 [M+H]". "H RMN (400 MHz, DMSO-dg) & ppm 8,43 (1 H,
s), 7,90 (1 H, dd, J = 8,31, 2,27 Hz), 7,52 (1 H, d, J = 8,31 Hz), 3,82 (2 H, s),
3,78 (3H,s),1,32(6 H,s).

Preparacion de 6-amino-3,3-dimetilindolina-1-carboxilato de metilo

Me

e
H,N

N
)‘OMe

(0]

Una suspensién del Intermedio 60C (196 mg, 0,783 mmol) en MeOH (10
ml} se tratd con Pd al 10%/C (20 mg, 0,19 mmol), se agitd a temperatura
ambiente en una atmdsfera de hidrégeno durante tres horas, después se filtré y
se concentré a sequedad. El producto en bruto se disolvié en una pequefia
cantidad de DCM y se purificd por cromatografia ultrarrapida (SiO,, hexanos al
40% en acetato de etilo/hexanos, columna de 40 g, gradiente de 30 min),
produciendo el Intermedio 60 (112 mg, al 64,9%). HPLC: Tr = 2,308 min (YMC
S5 ODS de 4,6 x 50 mm, metancl acuoso al 10-90% que contiene HiPO, al
0,2%, gradiente de 4 min, controlado a 220 nm). EM (EN): m/z = 221,1 [M+H]".

"4 RMN (400 MHz, DMSO-ds) & ppm 7,01 (1 H, s), 6,81 (1 H, d, J = 8,06 Hz),

6,177 (1H,dd, J=7,93,2,14 Hz), 498 (2 H, s), 3,70 (3H, s), 3,61(2H,s), 1,18

(6 H, s). El Intermedio 60 se usd en la sintesis del Ejemplo 45.
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INTERMED!O 61
7-Amino-1,4-dimetilquinolin-2(1H)-ona
Me

@fﬁ
H,N N0

{
Me

Una solucion de 7-amino-4-metilquinolin-2(1H)-ona (530 mg, 3,04 mmol)
en DMF (40 ml) se tratd con hidruro sédico (146 mg, 3,65 mmol) seguido de
yoduro de metilo (0,23 ml, 3,65 mmol). La reaccidn se agité a temperatura
ambiente durante 2 horas. La reaccion se interrumpid .con agua (60 ml) y se
extrajo con EtOAc (3 x 50 ml). Los extractos organicos combinados se lavaron
con una solucién de LiCl ac. al 10%, se secaron (Na,SQy), se filtraron y se
concentraron a sequedad. El producto en bruto se disolvié en una pequeia
cantidad de DCM y se purificé por cromatografia ultrarrapida (SiOz, MeQOH al 0-
10%/CH;Cl,, columna de 24 g, gradiente de 30 min), produciendo el intermedio
61 (124 mg, al 21,7%). HPLC: Tr = 1,93 min (YMC S5 ODS de 4,6 x 50 mm,
metanol acuoso al 10-90% que contiene HiPO,4 al 0,2%, gradiente de 4 min,
controlado a 220 nm). EM (EN): m/z = 189,1 [M+H]". 'H RMN (400 MHz,
DMSO-dg) & ppm 7,42 (1 H, d, J = 9,03 Hz), 6,53 (1 H, d, J = 6,27 Hz), 6,52 (1
H, s),609(1H,d, J=100Hz), 587 (2H,s),345(3H,s),230BH, d, J=

0,75 Hz). El Intermedio 61 se usd en la sintesis del Ejemplo 164.

INTERMEDIO 62
N-(4-Aminopiridin-2-il)acetamida

S
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J @

|
HNT X “NH
Me” 0

Intermedio 62A: Preparacion de 2-acetamidoisonicotinato de metilo
Z N
 Me0,CT X i NH
Me” TQ

A una solucién de 2-aminoisonicotinato de metilo (0,5 g, 3,29 mmol) en
AcOH (6,6 ml) a temperatura ambiente se le afadié anhidrido aceético (0,37 mi,
3,94 mmol) y la mezcla se calentd a reflujo duranté 1 hora. La mezcla se enfrié
y se transfiri6 a un matraz de fondo redondo de 100 ml, donde el productc se
separd por precipitacion de la solucién afiadiendo lentamente agua (~6 ml).
Después, |la suspension se filtrd y se lavd con agua. El sélido se secé al vacio
durante una noche, produciendo el Intermedio 62A (0,491 g, rendimiento del
76%) en forma de un sélide de color amarillo claro. HPLC: Tr = 1,927 min (YMC
S5 ODS de 4,6 x 50 mm, metanol acucso al 10-90% que contiene HsPQO, al
0,2%, gradiente de 4 min, controlado a 220 nm). EM (EN): m/z = 195,1 [M+H]".
'H RMN (400 MHz, DMSO-ds) & ppm 10,76 (1 H, s), 8,57 (1 H, s), 8,48 (1 H, d,
J =5,04 Hz), 7,51 (1 H, dd, J = 5,04, 1,51 Hz), 3,88 (3 H, s), 2,11 (3 H, s).

Intermedio 62B: Preparacion de azida de 2-acetamidoisonicotinoilo

i |
|
NH

Ao

A una suspensién del Intermedio 62A (0,250 g, 1,29 mmol) en MeOH (2

(o)

N; Me
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ml) a temperatura ambiente se le afiadid hidrazina anhidra {0,048 ml, 1,55
mmol) y la mezcla se calenté a refiujo durante 1 hora. La suspension se enfrid y
se filtré lavando el sélido con MeOH. Ei sélido se seco al vacio y se usoé
inmediatamente. La hidrazida de acilo se suspendiéo en HCI 2 N (5 ml) y se
enfri6 a 0°C, después de lo cual se afiadid lentamente en porciones nitrito
sddico (0,533 g, 7,72 mmol) con agitacién vigorosa. La solucion resultante se
agité durante 1 hora a 0°C. Después, la reaccidn se interrumpié afiadiendo
cuidadosamente bicarbonato sédico sélido a pH 6, después de lo cual se formé
un precipitado. E! solido se filtrd, se lavé con agua fria y se seco al vacio
durante una noche, proporcionando el Intermedio 62B (0,182 g, rendimiento del
68%) en forma de un sdlido de color blanco. HPLC: Tr = 2,345 min (YMC S5
ODS de 4,6 x 50 mm, metanol acuoso al 10-80% que contiene H3PO4 al 0,2%,
gradiente de 4 min, controlado a 220 nm). 'H RMN (400 MHz, DMSO-ds) & ppm
10,82 (1 H,s),858(1H,s), 852(1H,d,J=529Hz),751(1H,dd, J=5,186,
1,64 Hz), 2,11 (3 H, s).

Preparacién de N-(4-Aminopiridin-2-if)acetamida

Me/&o
Una suspension de azida de 2-acetamidoisonicotinoilo (0,180 g, 0,877
mmol) en AcOH (2 ml) y agua (2 ml} se calenté a 100°C durante 30 min. La
mezcla se enfrid y se destild azeotropicamente varias veces con tolueno para
retirar el agua y AcOH. Ei sdlido de color blanco resultante se secd al vacio
durante una noche, proporcionando el Intermedio 62 (0,178 g, rendimiento del

134% - tolueno residual, acido acético por RMN) en forma de un sélido de color

225
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castaifio claro. HPLC: Tr = 0,183 min (YMC S5 ODS de 4,6 x 50 mm, metanol
acuoso al 10-90% que contiene H3PO, al 0,2%, gradiente de 4 min, controlado
a 220 nm). EM (EN): m/z = 152,1 [M+H]". '"H RMN (400 MHz, DMSO-dg) § ppm
9,94 (1H,s), 769 (1H,d,J=579 Hz), 7,28 (1 H, s), 6,18 (1 H, dd, J = 5,67,
2,14 Hz), 6,03 (2 H, s), 1,80 (3 H, s). E! Intermedio 62 se usé en la sintesis del
Ejemplo 69.

INTERMEDIO 63

1-(3-Aminofenil)pirrolidin-2-ona
I

Se cargd un matraz de fondo redondo de 25 ml con carbonato de cesio
(1,38 g, 4,2 mmol), bromuro de cobre (I) (0,029 g, 0,20 mmol) y 2-
oxociclohexanocarboxilato de etilo (0,064 mi, 0,40 mmol). La mezcla se
bombed/purgd con argdn tres veces y después se afadid DMSO (1,0 ml). La
mezcla se agité 30 min a temperatura ambiente en una atmdsfera de argén.
Despues, se afiadid una solucién de 1-yodo-3-nitrobenceno (0,5 g, 2,0 mmol) y
pirrolidin-2-ona (0,20 g, 2,4 mmol) en DMSO (1,0 ml) y la mezcla se agitd
durante 2 dias a temperatura ambiente. La suspensién de color azul se filtro a
traves de CELITE® y la torta de filtro se lavd con EtOAc. El filtrado se lavé con
salmuera, se sect sobre Na,SO, y después se filtré y se concentro. El sélido se
disclvid en una pequeiia cantidad de DCM y se cargd en un cartucho de gel de
silice de 40 g que se eluyé a 40 ml/min con un gradiente de 20 min de EtOAc

del 100% al 30%/DCM, controlado a 254 nm. Las fracciones apropiadas se

recogieron y se concentraron, proporcionando 0,22 g de producto en forma de

yaq
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un sélido de color amarillo claro. El material se disolvié en EtOAc y se cargd
con Pd al 10%/C (0,043 g, 0,402 mmol) y se introdujo un globo de hidrégeno a
temperatura ambiente. La suspension de color oscuro se agitd durante 1 hora.
El catalizador se retirdé por filtracion y el filtrado se concenfrd al vacio,

5 produciendo el Intermedio 63 (0,190 g, rendimiento del 63%) en forma de un
aceite viscoso de color amarillo claro. HPLC: Tr = 0,543 min (YMC S5 ODS de
4 6 x 50 mm, metanol acuoso al 10-90% que contiene H3POQ4 al 0,2%, gradiente
de 4 min, controlado a 220 nm). EM (EN): m/z = 177,1 [M+H]". 'TH RMN (400
MHz, DMSQ-ds) 6 ppm 6,89-7,00 (2 H, m), 6,70 {1 H, dd, J = 8,06, 1,26 Hz),

10 6,31 (1 H, dd, J = 8,06, 1,26 Hz), 5,08 (2 H, 8, 3,72 (2 H, t, J = 6,92 Hz), 2,39-
2,47 (2 H, m), 1,95-2,07 (2 H, m). E! Intermedio 63 se usé en la sintesis del
Ejemplo 73.

INTERMED!O 64

15 1-{Metilsulfonil)-1H-indol-6-amina

o
H,N N

70

0 \Me

Intermedio 64A: Preparacion de 1-(metilsulfonil)-6-nitro-1H-indolo

e
O,N N

A 0
o
Me

20 A una solucion de 6-nitro-1H-indol (0,250 g, 1,54 mmol) en THF seco

(15,4 ml) a -78°C en atmdsfera de nitrégeno se le afiadié gota a gota
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bis(trimetilsililamida sédica (1,850 ml, 1,850 mmol) mediante una jeringa. La
solucion resuitante se agitd durante 20 minutos a -78°C, seguido de la adicion
gota a gota de cloruro de metanosulfonilo (0,14 ml, 1,85 mmol) mediante una
jeringa. Después de la adicién, el bafio de refrigeracion se retiro y la mezcla se
dej6 calentar a temperatura ambiente. Después de 1 hora, la suspension se
filtr, el sélido resultante se recogié en 10 mi de MeOH acuoso y se calentd a
reflujo. La mezcla caliente se filtrd, produciendo un sélido de color amarillo
claro que se secd al vacio, proporcionando el Intermedio 64A (0,208 g,
rendimiento del 56%) en forma de un soélido de color amarillo claro. HPLC: Tr =
3;160 min (YMC 85 ODS de 4,6 x 50 mm, metanol acuoso al 10-80% que
contiene HaPO, al 0,2%, gradiente de 4 min, controlado a 220 nm). EM (EN):
miz = 241,0 [M+H]". '"H RMN (400 MHz, DMSO-dg) 8 ppm 8,70 (1 H, d, J =2,01
Hz), 8,18 (1 H,dd, J=8,81,2,01Hz),7,98 (1H,d,J=3,78Hz), 792 (1 H,d, J
= 8,81 Hz), 7,05 (1 H d, J=23,78 Hz), 3,55-3,66 (3 H, m).

Preparacion de 1-(Metilsulfonil)-1H-indol-6-amina

0
H,N N

L) 0
o”™
Me

Una suspensién del Intermedio 64A (0,100 g, 0,42 mmol) y éxido de
platino (V) (4,73 mg, 0,021 mmeol) en MeOH (4,16 ml) se hidrogend a 275,79
kPa (40 PSI) en un recipiente de hidrogenacién a presién a temperatura
ambientg durante 1 hora. La suspension se filtrd, se concentrd al vacio y se
secd, dando el Intermedio 64 (0,095 g, rendimiento del 103%) en forma de un

solido de color amarilio claro. HPLC: Tr = 1,167 min (YMC S5 ODS de 4,6 x 50

YA
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mm, metanol acuoso al 10-90% que contiene H3PO,4 al 0,2%, gradiente de 4

min, controlado a 220 nm). EM (EN): m/z = 211,0 [M+H]". 'H RMN (400 MHz,

DMSO-de) 6 ppm 7,27 (1 H, d, J = 8,31 Hz), 7,16 (1 H, d, J = 3,53 Hz), 7,03 (1
H, s), 8,54-6,63 (2 H, m), 5,26 (2 H, s), 3,24 (3 H, s). El Intermedic 64 se usb en

la sintesis del Ejemplo 64.

INTERMEDIO 65

N-(5-Amino-2,4-difluorofenilyacetamida

F F

HZNﬁNH '

Me” ~O
Se introdujo hidrégeno mediante un globo a una suspension de N-(2,4-
difluoro-5-nitrofenil)acetamida (0,300 g, 1,39 mmol) y Pd al 10%/C (0,052 g,
0,49 mmol) en acetato de etilo (5 ml) a temperatura ambiente. La suspension
se agitdé durante 1,5 horas. El catalizador se retird por filtracion y el filtrado se
concentrd al vacio, dando el Intermedio 65 (0,240 g, rendimiento del 93%) en
forma de un sdlido de color blanquecino. HPLC: Tr = 0,442 min (YMC S5 ODS
de 4,6 x 50 mm, metanol acuoso al 10-90% que contiene HiPO, al 0,2%,
gradiente de 4 min, controlado a 220 nm). EM (EN): m/z = 187,1 [M+H]". 'H
RMN (400 MHz, DMSO-dg) & ppm 9,45 (1 H, s), 7,23 (1 H, dd, J = 9,44, 8,44
Hz), 7,04 (1 H, {, J = 10,83 Hz), 5,02 (2 H, s), 1,96-2,07 (3 H, m). Ei Intermedio

65 se uso en la sintesis del Ejemplo 786.

INTERMEDIO 66

3-Amino-4-fluorofenilcarbamato de metilo

PAS
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BOW
H,N N” ~OMe
H

A una solucién de 4-fluoro-3-nitroanilina (0,500 g, 3,20 mmol) en THF
(30 ml) se le afiadieron DIEA (0,839 ml, 4,807mmol) y cloroformiato de metilo
(0,248 ml, 3,20 mmol). La solucién de color pardo se agitd durante una noche a
temperatura ambiente. La solucién se diluyé con agua y EtOAc y las capas se
separaron. La fase acuosa se extrajo dos veces con EtOAc y los productos
organicos se combinaron, se lavaron con agua y salmuera y después se
secaron sobre sulfato sédico anhidro. La filtracién y la concentracidén produjeron
un sélido de color castafio claro que se recogid en EtOAcC (30 ml), se tratd con
Pd al 10%/C (0,102 g, 0,961 mmol) y se introdujo hidrégeno (globo). La
suspensién resultante de color oscuro se agité vigorosamente durante 2 horas

a temperatura ambiente. Después, la mezcla se filtré y se sometié a las mismas

condiciones de reaccion. Después de 1,5 horas, la suspension se filtré y el

filtrado de color pardo se concentrd al vacio y se destild azeotrépicamente con -

tolueno para retirar el MeOH residual. El residuo en bruto se disolvié en una
pequefa cantidad de DCM y se cargd en un cartucho de gel de silice de 24 g
que se eluyd a 30 mli/min con un gradiente de 20 min en EtOAc del 100% al
30%/DCM (controlado a 254 nm). Las fracciones apropiadas se concentraron,
produciendo el Intermedio 66 (0,44 g, rendimiento del 74%) en forma de un
solido de color amarillo clarc. HPLC: Tr = 185,1 min (YMC S5 ODS de 4,6 x 50
mm, metanol acucso al 10-90% que contiene HiPQO4 al 0,2%, gradiente de 4
min, controlado & 220 nm). EM (EN): m/z = 0,837 [M+H]*. "H RMN (400 MHz,
CDCl3) 8 ppm 7,02 (1 H, s}, 6,87 (1 H, dd, J = 10,58, 8,81 Hz), 6,47-6,53 (1 H,
m), 6,41-6,47 (1 H, m), 3,67-3,81 (3 H, m). El Intermedio 66 se usd en la

?30
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sintesis del Ejemplo 78.

INTERMEDIO 67

3-Amino-5-(tetrahidro-2H-piran-4-ilcarbamoil)fenilcarbamato de metilo

)

o)

K

H;N N~ "OMe
H

H
O, _-N

A una solucion de BOP (0,911 g, 2,06 mmol) y &cido 3-amino-5-
nitrobenzoico (0,25 ¢, 1,37 mmol) en DMF (6,5 ml) a temperatura ambiente se
le anadié tetrahidro-2H-piran-4-amina (0,17 g, 1,65 mmol). La solucién se agito
durante una noche a temperatura ambiente y después se concentro. El
producto de acoplamiento en bruto se suspendidé en DCM (6,50 ml) y se tratd
con piridina (0,22 ml, 2,75 mmol) y cloroformiato de metilo (0,128 ml, 1,647
mmol). El sélido se aisl6é por filtracion y se secd durante una noche. A una
suspension de 3-nitro-5-(tetrahidro-2H-piran-4-ilcarbamoil)fenilcarbamato  de
metilo (0,140 g, 0,433 mmol) en MeOH (5 ml) a temperatura ambiente se le
afiadid Pd al 10%/C (9 mg, 0,085 mmol). Se introdujo una atmoésfera de
hidrogeno. La mezcla de reaccién se agitd durante 30 minutos. E! catalizador
se retird por filtracion y el filtrado se concentré a presion reducida, dando el
Intermedio 67 (0,134 g, rendimiento del 104%) en forma de un sélido de color
gris claro. HPLC: Tr = 1,583 min (YMC S5 ODS de 4,6 x 50 mm, metanol
acuoso al 10-90% que contiene HiPQ4 al 0,2%, gradiente de 4 min, controlado
a 220 nm). EM (EN): m/z = 294,1 [M+H]". E| Intermedio 67 se us6 en la sintesis
del Ejempio 177.

251
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INTERMEDIO 68
3-Amino-5-(metilsulfonil)fenilcarbamato de metilo
SO,Me

0

N

HN N7 “OMe
H

A una suspension de 3-(metilsuifonil)-5-nitroanilina (0,026 g, 0,120
mmol) y piridina (0,016 mi, 0,192 mmol) en DCM (3,00 mi} a temperatura
ambiente se le afiadi6é cloroformiato de metilo (0,010 mi, 0,128 mmol). La
mezcla de reaccion se agitdé a temperatura ambiente durante 30 min. La mezcla
de reaccion se inactivd con agua y las capas se separaron. La fase acuosa se
lavé una vez con 5 ml de DCM. Los extractos organicos se combinaron, se
lavaron con agua y salmuera y después se secaron sobre sulfato soédico
anhidro. La filtracidn y la concentracion produjeron un sélido de color amarillo
oscuro. El sélido en bruto se disolvié en MeOH (3 ml) a temperatura ambiente y
se afadié Pd al 10%/C (2,56 mg, 0,024 mmol). Se introdujo una atmésfera de
hidrogeno (globo) y la suspension se agité durante 1 hora. El catalizador se
retird por filtracidon, el filtrado se concentré a presién reducida y se seco,
produciendo el Intermedio 68 (0,025 g, rendimiento del 85%) en forma de un
solido de color verde claro. HPLC: Tr = 1,370 min (YMC S5 ODS de 4,6 x 50
mm, metanol acuoso al 10-90% que contiene H3PO,4 al 0,2%, gradiente de 4
min, controlado a 220 nm). EM (EN): m/z = 245,0 [M+H]". 'H RMN (400 MHz,
PMSO-dg) & ppm 9,73 (1 H, s), 7,14 (1 H, t, J=1,76 Hz), 6,98 (1 H, ¢, J = 1,88
Hz), 6,70 (1 H, t, J = 1,88 Hz), 5,70 (2 H, s}, 3,65 {3 H, s), 3,06 (3 H, s). EI

Intermedio 68 se usé en la sintesis del Ejemplo 182.

23T
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INTERMEDIO 69

(2,4-Diaminofenil)(4-metilpiperazin-1-imetanona
I\Ille
N
)
jon;
H,N NHAc

Intermedio 68A: Preparacion de cloruro de 2-amino-4-nitrobenzoilo

Se calentd a reflujo acido 2-amino-4-nitrobenzoico (15 g, 82 mmol} con
dicloruro de azufre (40 ml, 82 mmol) durante 2,5 horas. La mezcla de reaccidn
se enfrid¢ a temperatura ambiente y se concentro, dando el Intermedio 69A
(19,7 g, al 119%) en forma de un aceite de color pardo. HPLC: Tr = 2,323
(como éster metilico) min (columna de CHROMOLITH® de 4,6 x 50 mm
eluyendo con metanol acuoso al 10-90% durante 4 min que contenia TFA al

0,1%, 4 ml/min, controlado a 220 nm.). EM (EN). m/z = 197 (como éster
metilico) [M+H]".

Intermedio 69B: Preparacidén de (2-amino-4-nitrofenil)(4-metilpiperazin-1-

il)metanona

9 5%
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O,N NH,

A una solucion de 1-metilpiperazina (2,5 g, 24,96 mmol) en DCM (30 ml)
a 0°C se le anadid lentamente una solucién del Intermedio 69A (1,13 g, 5,63
mmol) en DCM (10 ml). La reaccién se agitd a temperatura ambiente durante 1
haora. La mezcla de reaccion se lavd con NaHCQO; acuoso saturado, se secd

sobre MgSQ,, se filtré y se concentrd. El material en bruto se purificé por

cromatografia ultrarrapida, (SiO;, 24 g, MeOH al 0-10%/DCM), dando el -

Intermedio 69B (0,77 g, al 52%) en forma de un aceite de color amarilio. HPLC:
Tr = 0,360 min {columna de CHROMOLITH® de 4,6 x 50 mm eluyendo con
metanol acuosec al 10-20% durante 4 min que contenia TFA al 0,1%, 4 ml/min,

contralado a 220 nm). EM (EN): m/z = 265 [M+H]".

Intermedio  69C:  Preparacion de  2-(4-metilpiperazina-1-carbonil)-5-

nitrofenilcarbamato de metilo

0" Me
A una solucién del Intermedio 69B (540 mg, 2,04 mmol) en DCM (20 mi)
se le afadieron TEA (0,570 ml, 4,09 mmal), anhidrido acético (0,289 ml, 3,06

7.3Y
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mmol) y DMAP (2 mg, 0,016 mmol). La mezcla de reaccidn se agité durante
una noche, después se lavd con NaHCO; acuoso saturado, se secod y se
concentrd. La mezcla de reaccién se purificd por cromatografia ultrarrapida,
(SiO,, 24 g, MeOH al 0-10%/DCM), dando el Intermedio 69C (600 mg, al 96%)
en forma de un sdlido de color amarilio. HPLC: Tr = 0,517 min (columna de
CHROMOLITH® de 4,6 x 50 mm eluyendo con metanol acuoso al 10-90%
durante 4 min que contenia TFA al 0,1%, 4 ml/min, controlado a 220 nm). EM

(EN): m/z = 307 [M+HT".

Preparacion de N-(5-amino-2-(4-metilpiperazina-1-carbonil)fenil)acetamida

o
H,N NHAc

A una solucidn del Intermedio 69C (600 mg, 1,96 mmol) en EtOAc (25
ml} y MeOH (5,0 ml) se le anadié Pd al 10%/C (208 mg, 0,196 mmol). La
mezcla se desgasificd y se agitd en una atmosfera de hidrégeno (globo)
durante una noche. El catalizador se retird por filtracién y el filtrado se
concentro, dando el Intermedio 69 (505 mg, al 93%) en forma de un sdlido de
color blanco. HPLC: Tr = 0,243 min (columna de CHROMOLITH® de 4,6 x 50
mm eluyendo con metanol acuoso al 10-90% durante 4 min que contenia TFA
al 0,1%, 4 ml/min, controlado a 220 nm). EM (EN). m/z = 277 [M+H]*. EI

Intermedio 69 se usé en la sintesis del Ejemplo 93 y el Ejemplo 89.

INTERMEDIO 70

LS
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1-(3-Aminofenil)piperidin-4-ol

Una solucidn de 1-fluoro-3-nitrobenceno (200 mg, 1,42 mmol) vy

piperidin-4-of (430 mg, 4,25 mmol} en DMSO (1 ml) se calenté a 80°C durante

dos dias. La mezcla de reaccion se diluyd con agua, se extrajo con EtOAc (dos

veces) y los extractos combinados se lavaron con salmuera, se secaron y se
concentraron. El residuo se purificd por cromatografia ultrarrapida (SiOz,
columna de 12 g, EtOAc al 0-100%/DCM), dando un aceite. El residuo se
disolvic en MeOH y se ahadid Pd al 10%/C. La mezcla se agitd en una
atmosfera de hidrégeno (globo) durante una noche. El catalizador se retird por
filtracion y el filtrado se concentrd, dando el Intermedio 70 (400 mg, al 146%)
en forma de un aceite de color amarillo. HPLC: Tr = 0,228 min (columna de
CHROMOLITH® de 4,6 x 50 mm eluyendo con metanol acuoso al 10-90%
durante 4 min que contenia TFA al 0,1%, 4 mi/min, controlado a 220 nm). EM

(EN): m/z = 193 [M+H]'. El Intermedio 70 se usé en la sintesis del Ejemplo 154.

INTERMEDIO 71
3-Amino-5-cianc-N-metilbencenosulfonamida

H

0
o;-.“s'N‘Me

HN” t N

Intermedio 71A; Preparacion de 3-amino-5-nitrobenzonitrilo

N

236
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CN

O;N” NH

A una suspensién de 3,5-dinitrobenzonitrilo (4,5 g, 23,30 mmol) en

2

MeOH (100 ml) se le anadié HCI concentrado (15 ml) seguido de polvo de
hierro (3,90 g, 69,9 mmol). La mezcla se agit¢ a temperatura ambiente durante
30 min y después se concentré. El residuo se tratd con agua y el producto
solido resultante se recogié por filtracidén, dando ei Intermedio 71A (2,3 g, al
61%). HPLC: Tr = 1,245 min (columna de CHROMOLITH® de 4,6 x 50 mm
eluyendo con metanol acuoso al 10-90% durante 4 min que contenfa TFA al
0,1%, 4 mi/min, controlado a 220 nm). 'H RMN (500 MHz, DMSO-ds) & ppm
768(1H,s),764(1H,s),7,24(1H,s),633(2H,s).

Intermedio 71B: Preparacién de cloruro de 3-ciano-5-nitrobenceno-1-sulfoniio

CN

;N S0,CI

A una solucién de acido acético (7,5 mi) y acido clorhidrico ai 37% (1,5
ml) se le afadié el Intermedio 71A (1,49 g, 9,13 mmoal). La suspensién se enfrié
a -5°C. Se anhadio gota a gota una solucién de nitrito sddico (0,882 g, 12,79
mmol) en agua (2 ml}. La mgzcla resultante se agité a 0°C durante 2 horas.
Una mezcla de cloruro de cobre (1) (0,31 g, 2,28 mmol) en acido acético (15
mi) se saturd con didxido de azufre por burbujeo durante 40 min. La mezcla de
reaccion que contenia la sal diazonio se vertié lentamente en ta mezcla de
cloruro de cobre (I[)-SO,. La mezcla resultante se agité a 0°C durante 30

minutos, se diluyd con hielo-agua y se extrajo con DCM (tres veces). Las capas

233
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orgéanicas combinadas se secaron sobre MgSQy, se filtraron y se concentraron,
dando el Intermedio 71B (1,9 g, al 84%) en forma de un aceite de color
amarillo. HPLC: Tr = 1,622 min (columna de CHROMOLITH® de 4,6 x 50 mm
eluyendo con metanol acuoso al 10-90% durante 4 min gue contenia TFA al

0,1%, 4 ml/min, controlade a 220 nm).

Intermedio 71C: Preparacion de 3-ciano-N-metil-5-nitrobencenosulfonamida

CN

O;N S0,;NHMe

A una solucién del Intermedio 71B (150 mg, 0,61 mmol) en DCM (4 ml}
se le afiadieron metilamina (solucién 2,0 M en THF, 1,5 ml, 3,0 mmol) y TEA
{0,424 m!, 3,04 mmol). La mezcla de reaccién se agité a temperatura ambiente
durante 1 hora, se diluyé con DCM, se lavé con agua, se secod sobre MgSO, y
se concentrd. El residuc se purificé por cromatografia sobre gel de silice
(cromatografia ultrarrapida, 12 g, EtOAC/hexano = 0-100%), dando el
Intermedio 71C (45 mg, al 31%) en forma de un sélido de color blanco. HPLC:
Tr = 1,112 min (columna de CHROMOLITH® de 4,6 x 50 mm eluyendo con
metanol acucso al 10-90% durante 4 min que contenia TFA al 0,1%, 4 ml/min,
controlado a 220 nm). 'H RMN (500 MHz, CDCls) & ppm 8,90 (1 H, s), 8,71 (1
H,s), 8,46 (1H,s),476(1H,sa),281(3H,d, J=4,95Hz).

Preparacién de 3-amino-5-ciano-N-metilbencenosulfonamida

CN

HzN SOzNHMG

AYS-.




10

15

20

139

El Intermedio 71 se prepard a partir del Intermedio 71C siguiendo las
condiciones de hidrogenacién empleadas en la preparacién del Intermedio 70.
HPLC: Tr = 0,84 min (coiumna de CHROMOLITH® de 4,6 x 50 mm eluyendo
con metanol acuoso al 10-90% durante 4 minutos que contenia TFA al 0,1%, 4
ml/min, controlado a 220 nm). EM (EN): m/z = 212 [M+H]". El Intermedio 71 se

usd en la sintesis del Ejemplo 178.
INTERMEDIO 72

3-Amino-5-ciano-N-(4-metoxibencil)bencenosulfonamida

OMe

NH
0=S=0
HaN” i N

El Intermedio 72 se prepard a partir del Intermedio 71B y (4-

N

metoxifenil)metanamina siguiendo el procedimiento descrito en la preparacién
del Intermedio 71. HPLC: Tr = 1,932 min {columna de CHROMOLITH® de 4,6 x
50 mm eluyendo con metanol acuoso al 10-90% durante 4 min que contenia
TFA al 0,1%, 4 ml/min, controlado a 220 nm). 'H RMN (500 MHz, DMSO-d¢) &
ppm 8,13 (1 H, s a), 7,22 (1 H, s), 7,08-7,16 (3H, m), 7,01 (1 H, s), 6,83 2 H, d,
J =8,80 Hz), 6,12 (2 H, s), 3,93 (2 H, s), 3,72 {3 H, s). El Intermedio 72 se usd

en la sintesis del Ejemplo 187.

INTERMEDIO 73

13
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3-Amino-5-ciano-N-(tetrahidro-2H-piran-4-il)bencenosulfonamida

HoN Xy

El Intermedio 73 se prepar6 a partir del Intermedio 71B y tetrahidro-2H-
piran-4-amina siguiendo un procedimiento empleado para la preparacion de!
Intermedio 71. HPLC: Tr = 1,180 min (columna de CHROMOLITH® de 4,6 x 50
mm eluyendo con metanol acuoso al 10-80% durante 4 min que contenia TFA
al 0,1%, 4 ml/min, controlade a 220 nmy). ‘H RMN (500 MHz, DMSO-dg) & ppm
786 (1H,sa),726 (1H,s),7,22(1H,s), 7,03 (1 H,s),615(2H,s), 3,73(2
H,d,J=1155Hz), 3,06-328 (3H, m), 1,53 (2 H, d, J=10,45 Hz), 1,25-1,42 (2

H, m). El Intermedio 73 se usé en la sintesis del Ejempio 185.

Los siguientes intermedios de la Tabla 8 se prepararon usando los

procedimientos que se han descrito para la preparacion del Intermedio 71.

TABLA 8
interme|  Estructura Usado Nombre M+H| Tiempo
dio N° para el ' de
Ejemplo Retencio
nde
HPLC

(min)*

M0
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H =P |
74 0:;“5»””5‘ 180 |[3-Amino-5-ciano-N 226 1,1
etilbencenosulfonamida
H,N" i Ny
75 Me 186 [3-Amino-5-(4- 281 | 0,83°
N
[ j metilpiperazin-1-
N ilsulfonilybenzonitrilo
0=5=0
H,N NV

* Condiciones de HPLC
# columna de CHROMOLITH® de 4,6 x 50 mm eluyendo con metanol acuoso al

10-90% durante 4 min gque contenia TFA al 0,1%, 4 mi/min, conirolado a 220

_nm.
5
INTERMEDIO 76
N-(3-Amino-5-cianofenil)-N-(metilsulfonil)metanosulfonamida
O O
Me~ .- Me
o"é‘N’gk“o
H;N Y
10 Intermedio T6A: Preparacion de N-(3-ciano-5-nitrofenil)-N-

(metilsulfonil)metanosulfonamida
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0

Me:&

0]
1 _Me
o} “N’é*o

O,N Sy

A una suspensién de 3-amino-5-nitrobenzonitrilo (161 mg, 0,987 mmol)
en DCM (8 ml) se le afiadié TEA (0,55 ml, 3,95 mmol) seguido de cloruro de
metanosulfonilo (0,165 ml, 2,12 mmol). La mezcla de reaccién se agit_é a
temperatura ambiente durante 60 min, después se diluyé con DCM, se lavé con
H.0, se secd sobre Na,SO, y se concentré. El sélido en bruto se triturd con
DCM y se aisld por filtracién, dando el Intermedio 76A (242 mg, al 76%) en
forma de un soélido de color blanco. HPLC. Tr = 1,198 min (columna de
CHROMOLITH® de 4,6 x 50 mm eluyendo con metanoi acuoso al 10-90%
durante 4 min que contenia TFA al 0,1%, 4 ml/min, conirolado a 220 nm). H
RIVIN (500 MHz, CDCls) & pf)m 865(1H,s),845(1H,s), 7,98 (1H,s), 3,48 (6
H, s).

‘Intermedio 76: Preparacion de N-(3-Amino-5-cianofenil)-N-

(metilsulfonilymetancsulfonamida
IO Oi Me
Me— -
o’g‘N"L‘\‘o

HoN” t ~N

Una suspensién del Intermedio 76A (240 mg, 0,752 mmol) y Pd al
10%/C (105 mg, 0,099 mmol) en MeOH (30 ml) y EtOAc (15 ml) se desgasificd

N

y después se agitd en una atmaésfera de hidrégeno (globo) durante 1,5 horas.

AN
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El catalizador se retird por filtracion y el filtrado se concentré, dando el
Intermedio 76 (215 mg, al 99%). HPLC: Tr = 0,847 min (columna de
CHROMOLITH® de 4,6 x 50 mm eluyendo con metanol acuoso al 10-90%
durante 4 min que contenia TFA al 0,1%, 4 m{/min, controlado a 220 nm). 'H
RMN (400 MHz, DMSO-dg) 6 ppm 8,93 (1 H, s), 8,82 (1 H,d, J = 1,76 Hz), 7,43
(1H t, J=163Hz), 723 (1 H, s), 7,14 (1 H, 1, J = 2,01 Hz), 3,55 (6 H, s). El

Intermedio 76 se usé en la sintesis del Ejemplo 179.

INTERMEDIO 77
Acido 3-amino-5-(metilsuifonil)benzoico
nfle
0=S=0

HaN OH

Intermedio 77A: Preparacién de acido 3-(metilsulfonil)-5-nitrobenzoico
I‘llle
0=8=0

OH
0

O,N

Una mezcla de 3-(metilsulfonil)benzonitrilo (1,2 g, 6,62 mmol) en acido
sulfurico al 30% (H2,SQ4 fumante, 6 ml) se enfrid a 0°C y se afiadi6é gota a gota
acido HNO; fumante (5 ml). La mezcla resultante se calentd a 70°C durante 30
min. La mezcla de reaccion se vertio sobre agua enfriada con hielo. El sélido se

recogi¢ por filtracidén, se aclaré con agua y se secd, dando el Intermedio 77A

2472
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(832 mg, al 51%) en forma de un sélido de color amaritio. HPLC: Tr=1,088 min
(columna de CHROMOUITH® de 4,6 x 50 mm eluyendo con metanol acuoso al
10-90% durante 4 min que contenia TFA al 0,1%, 4 ml/min, controlado a 220
nm). '"H RMN (500 MHz, DMSO-dg) & ppm 14,24 (1 H, s a), 8,85 (1 H, s), 8,82
(1H,s),884(1H,d,J=1155Hz), 8,73 (1H,s), 3,41 (3 H, s).

Intermedic 77: Preparacion de acidoe 3-amino-5-(metilsulfonil)benzoico
I\Ille
0=8=0

HN OH

0
El Intermedio 77 se prepard a partir del ll;ytermedio 77A siguiendo las
condiciones de hidrogenacion empleadas en la preparacién del intermedio 70.
HPLC: Tr = 0,465 min (columna de CHROMOLITH® de 4,6 x 50 mm eluyendo
con metanol acuoso al 10-90% durante 4 min que contenia TFA al 0,1%, 4
mi/min, controlado a 220 nm). EM (EN): m/z = 216 [M+H]". E! Intermedio 77 se

uso en la sintesis del Ejemplo 188.

INTERMEDIO 78

N-(5-Amino-2-etilfenil)metanosulfonamida

Intermedio 78A: Preparacion de N-(2-etil-5-nitrofenil)metanosulfonamida

LAY
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Et
/©: 0“3”0
O,N N~
H

Me

A una solucion de 2-etil-5-nitroanilina (200 mg, 1,20 mmol) en DCM (5
mi) se le anadieron piridina (0,195 ml, 2,41 mmol) y clorurc de metanosulfonilo
(0,11 mi, 1,44 mmol}). La mezcla de reaccion se agité a temperatura ambiente
durante una noche. La mezcla se diluyd con DCM, se lavo con agua y salmuera
y se secd, dando el Intermedio 78A (290 mg, al 99%) en forma de un sdlido de
color amarille. "TH RMN (400 MHz, CDCls) 8 ppm 8,35 (1 H, d, J = 2,26 Hz), 8,04
(1 H, dd, J = 8,53, 2,26 Hz), 7,44 (1 H, d, J = 8,53 Hz}, 6,59 (1 H, s a), 3,15 (3
H,s),276 (2H,¢, J=753Hz),1,32 (3 H,t J=753 Hz).

Intermedio 78: Preparacién de N-(5-amino-2-etilfenil)metanosuifonamida
o

HzN/@ﬁ"EZO

El Intermedio 78 se prepard a partir del Intermedio 78A siguiendo las

condiciones de hidrogenacién empleadas en la preparacion del Intermedio 70.

HPLC: Tr = 0,230 min (columna de CHROMOLITH® de 4,6 x 50 mm eluyendo

con metanol acuoso al 10-90% durante 4 min que contenia TFA al 0,1%, 4

mi/min, controlado a 220 nm). EM (EN): m/z = 215 [M+H]". El Intermedio 78 se

usé en la sintesis del Ejemplo 235.

INTERMEDIO 79

N-{5-Amino-4-cloro-2-metilfenii)metanosuifonamida
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” “Me
Intermedio 7T9A: Preparacion de N-(4-cloro-2-metil-5-
nitrofenilmetanosulfonamida
Cl Me
XIS
ON N e

El intermedio 79A se prepard a partir de 4-cloro-2-metil-5-nitroanilina
siguiendo el procedimiento empieado en la preparacion del Intermedio 78A.
HPLC: Tr = 1,618 min (columna de CHROMOLITH® de 4,6 x 50 mm eluyendo
con metanol acuoso al 10-90% durante 4 min que contenia TFA al 0,1%, 4

mi/min, controlado a 220 nm). EM (EN): m/z = 265 [M+H]".

Intermedio 79: Preparacion de N-(5-amino-4-cloro-2-

cl Me
i
H,N N~

H Me

metilfenil)metanosulfonamida

Se calenté a reflujo una mezcla del Intermedio 78A (175 mg, 0,66 mmol),
cinc (432 mg, 6,61 mmol), cloruro de amonio (354 mg, 6,61 mmol) en etanol
(10 ml) y agua (5,0 ml) durante 30 min. La mezcla de reaccidon se concentro, se
suspendié en acetato de etilo y se filtrd. El filtrado se lavo con agua, NaHCO;
acuoso y salmuera, se secd sobre MgSO, y se concentrd, dando el Intermedio
79 (149 mg, al 96%) en forma de un sdélido de color blanco. HPLC: Tr = 0,453
min (columna de CHROMOLITH® de 4,6 x 50 mm eluyendo con metanol
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acuoso al 10-80% durante 4 min que contenia TFA al 0,1%, 4 ml/min,
controlado a 220 nm). EM (EN): m/z = 235 [M+H]". El Intermedio 79 se usd en

la sintesis del Ejemplo 243.

5 INTERMEDIO 80

Acido 2-(5-amino-2-metilfenilyacético
( IM°0H
TRY o

Intermedio 80A: Preparacién de acido 2-(2-metil-5-nitrofenil)acético

o
CO-H
O;N 02

Se anadid una solucidén de acido 2-o-tolilacético (3,54 g, 23,6 mmol) en

10

DCM (12 ml) a una mezcla pre-enfriada de acido sulfirico concentrado (10 mi,
188 mmol) y acido nitrico al 90% (1 ml, 22,4 mmol) a -20°C. La mezcla de
reaccion se agitd a -20°C durante 30 minutos, después se calentd lentamente a
15 temperatura ambiente y se agitd durante una noche. La mezcla de reaccion se
vertié en hielo-agua. El sdlido de color blanco se recogié por filtracién, se aclaro
con agua y se concentrd. El solido se triturd con éter y se filtré, obteniendo el
Intermedio 80A (2,4 g, al 42%) en forma de un sélido de color blanco. '"H RMN
(400 MHz, DMSO-dg) 3 ppm 12,62 (1 H, s a), 8,13 (1 H, d, J = 2,51 Hz), 8,04 (1
20 H,dd,J=8,28,251Hz), 7,47 (1H,d, J=8,53 Hz), 3,80 (2 H, s), 2,34 (3 H, s).

Intermedio 80: Preparacion de acido 2-(5-amino-2-metilfenil)acético
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M
H,N 0

El Intermedio 80 se prepard a partir del Intermedio 80A siguiendo las
condicicnes de hidrogenacién empleadas en la preparacion del Intermedio 70.
HPLC: Tr = 0,705 min‘(colum‘na de CHROMOLITH® de 4,6 x 50 mm eluyendo
con metanol acuoso al 10-90% durante 4 min que contenia TFA al 0,1%, 4
ml/min, controlado a 220 nm). EM (EN): m/z = 166 [M+H]". El Intermedio 80 se

uso en la sintesis del Ejemplo 224.

INTERMEDIO 81

4-(4-Metilpiperazin-1-if)benceno-1,3-diamina
(\N,Me

o
H,N NH,

Intermedio 81A: 1-(2,4-Dinitrofenii}-4-metilpiperazina
(\N,Me

jTod
O,N NO,

A 1-filuoro-2,4-dinitrobenceno (1 g, 5,37 mmol) se le afadio lentamente

/

1-metilpiperazina (1,615 g, 16,12 mmol). Se afadié NaHCO; acuoso diluido y la
mezcla se extrajo con EtOAc. Los extractos combinados se secaron, se
concentraron y se purificaron por cromatografia sobre gel de silice ISCO (24 g,
gradiente por etapas de DCM en MeOH al 10%/DCM), dando el Intermedio 81

(1.4 g, al 98%) en forma de un aceite de color amarillo. HPLC: Tr = 1,032 min
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(columna de CHROMOLITH® de 4,6 x 50 mm eluyendo con metanol acuoso al
10-90% durante 4 min que contenia TFA al 0,1%, 4 ml/min, controlado a 220

nm). EM (EN): m/z = 267 [M+H]".

Intermedio 81: 4-(4-Metilpiperazin-1-il)benceno-1,3-diamina
.Me
S
H2N/©[NH2
El Compuesto 81 se prepard a partir de 81A de manera similar a la del
Intermedio 70. HPLC: Tr = 0,228 min (columna de CHROMOLITH® de 4,6 x 50
mm eluyendo con metanol acuoso al 10-90% durante 4 min que contenia TFA

al 0,1%, 4 ml/min, controlado a 220 nm). EM (EN): m/z = 207 [M+H]". El

Intermedio 81 se usé en la sintesis de los Ejemplos 92 y 94.

EJEMPLO 1
N-(5-((3-Ciano-8-(ciclopropilamino)imidazo[1,2-b]piridazin-6-iljamino)-2-

metilfenil)acetamida

AL

NH
voUeE
\Y
>/N“N/ N NJ\Me
- p H H
N

1A: Preparacion de 4-bromo-6-cloropiridazin-3-amina




150

1A

A un matraz de fondo redondo de 250 ml se le afadieron 6-
cloropiridazin-3-amina (3,92 g, 30,3 mmol), bicarbonato soédico (5,08 g, 60,5

5 mmol) y etanol (20 ml). A la solucidn resultante se le afadié gota a gota bromo
(1,558 ml, 30,3 mmol). La mezcla resultante se agitdé a temperatura ambiente
durante 16 horas. La solucién se filtrd y después se concentrd al vacio. El
residuo se disolvid en agua y el producto se extrajo con acetato de etilo (3
times). Las capas orgénicas se combinaron, se secaron sobre sulfato sédico

10 anhidro y se concentraron al vacio, dando 1A (4,5 g, rendimiento del 71,3%).
HPLC: Tr = 1,25 min (columna Waters Sunfire C18 (4,6 x 50 mm). Metanol
acuoso al 10-90% que contenia TFA al 0,1%, gradiente de 4 min, caudal = 4

ml/min, deteccion a 254 nm). EM (EN): m/z = 207,88 [M+H]".

15 1B: Preparacion de 2-cloro-3-oxopropanoato de etilo

0

EtO/LiCl
H

o
1B
A un matraz se le afnadieron sodio (4,45 g, 194 mmol) y etanoi (56,5 m,
968 mmol) y la mezcla se agitd a temperatura ambiente durante 4 horas hasta
20 que todos los productos metalicos se disolvieron. Se aRadié éter dietilico (100

ml} seguido de la adicion lenta de formiato de etilo (17,2 ml, 213 mmal) y

250
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cloroacetato de etilo (22,79 ml, 213 mmol) en forma de una solucidn en éter
dietilico (100 ml). La solucidn de reaccion se agitdé a temperatura ambiente
durante 16 horas. El precipitado resultanfe que se habia formado se filtrd, se
lavo con éter y se disolvié en agua. La capa acuosa se acidificé con HCI (1 N) a
pH 4 y el producto se extrajo con éter dietilico (3 veces). Las capas organicas
se combinaron, se secaron sobre sulfato sédico anhidro y se concentraron,

dando 1B (4,5 g, rendimiento del 15,4%).

1C: Preparacién de 8-bromo-6-cloroimidazo[1,2-blpiridazina-3-carboxilato de

etilo y 6,8-dicloroimidazof1,2-b]piridazina-3-carboxilato de etilo

cl Br
"N Cl N Cl
EtO o EtO o .
1C-1 1C-2

A un matraz de fondo redondo de 250 ml se le anadieron 1B (4,33 g,
28,8 mmoal) y 1A (5 g, 24,0 mmol). La solucién se calenté a 90°C durante 16
horas. L.a solucidn se inactivé con acetato de etilo y se lavd con agua. La capa
organica se seco sobre sulfato sddico anhidro y se concentrdé al vacio. El
producto en bruto se purificd por cromatografia ultrarrapida (SiO,, acetato de
etilo al 10%/DCM; columna de 80 g), dando una mezcla de 1C-1y 1C-2 (2,1 g,
rendimiento del 29%).

1C-1: HPLC: Tr = 2,54 min (columna Waters Sunfire C18 (4,6 x 50 mm).
metanol acuoso al 10-90% que contenia TFA al 0,1%, gradiente de 4 min,

caudal = 4 ml/min, deteccion a 254 nm). EM (EN): m/z = 256,96 [M+H]".

25\
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1C-2: HPLC: Tr = 2,63 min (columna Waters Sunfire C18 (4,6 x 50 mm).
metanol acuoso al 10-90% que contenia TFA al 0,1%, gradiente de 4 min,

caudal = 4 ml/min, deteccion a 254 nm). EM (EN): m/z = 303,92 [M+H]".

1D: Preparacién de acido 8-bromo-6-cloroimidazo[1,2-b]piridazina-3-carboxilico

y acido 6, 8-dicloroimidazo[1,2-b]piridazina-3-carboxilico

cl Br
Y P
E’N‘N" cl i’N‘N Cl
HO o HC 5
1D-1 1D-2

A un vial se le afiadié la mezcla de 1C (300 mg, 0,98 mmol) en metanol
(10 ml). A esta mezcla se le aniadid HCI 6 N (1,64 .ml, 9,85 mmol). La solucion
se calenté a 80°C durante 16 horas. La solucién se diluyé con acetato de etilo,
y el producto se extrajo con una solucién acuosa saturada de bicarbonato
sodico. La capa acuosa combinada se acidificd con HCI (1 N) a pH 4 v se
extrajo con acetato de etilo (3 veces). Los extractos de acetato de etilo se
combinaron, se secaron sobre sulfato sédico anhidro y se concentraron al
vacio, dando una mezcla de 1D-1y 1D-2 (150 mg, al 55%).
1D-1: HPLC: Tr = 1,67 min (columna Waters Sunfire C18 (4,6 x 50 mm).
metanol acuoso al 10-90% que contenia TFA al 0,1%, gradiente de 4 min,
caudal = 4 ml/min, deteccién a 254 nm). EM (EN): m/z = 231,87 [M+H]".
1D-2: HPLC: Tr = 1,81 min (columna Waters Sunfire C18 (4,6 x 50 mm).
metanol acuoso al 10-90% que contenia TFA al 0,1%, gradiente de 4 min,

caudal = 4 ml/min, deteccién a 254 nm). EM (EN): m/z = 275,79 [M+H]".
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1E: Preparacion de 8-bromo-6-clorcimidazo[1,2-b]piridazina-3-carboxamida y

6,8-dicloroimidazo[1,2-b]piridazina-3-carboxamida

Ci Br
s UKD
S
i/"*n” ol k”‘w/ cl
H.N 5 H:N o
1E-1 1E-2

Un matraz de 1 | se cargd con una mezcla de 1D-1y 1D-2 (10 g, 36,2
mmol} y DCM (100 ml). Se afadidé DMF (0,280 ml, 3,62 mmol) seguido de la
adicion gota a gota de cloruro de oxalile (72,3 mi, 145 mmol). La reaccion
resultante se calentdé a 45°C durante 2 horas y después se concentré a
sequedad. Ei cloruro de acido en bruto se recogié en 1,4-dioxano (100 ml) y se
traté con amonio {@amonio 0,5 N en THF) en THF (72,3 ml, 36,2 mmol). La
mezcla de reaccion se agitd a temperatura ambiente durante 1 hora y se
afiadid mas cantidad de amonio en THF (72,3 ml, 36,2 mmol). La suspensién
resultante se agité durante 1 hora y después se concentrd a sequedad. El
material en bruto se suspendié en agua (100 ml) y se agitdé durante 2 horas. El
solido se recogié por filtraciéon y se sec6 a presion reducida, produciendo una
mezcla de 1E-1y 1E-2 (8,7 g, al 87%).

1E-1. HPLC: Tr = 2,08 min (YMC S5 ODS de 4,6 x 50 mm, metanol
acuoso al 10-90% que contiene H;PO4 al 0,2%, gradiente de 4 min, controlado
a 220 nm); EM (EN): m/z = 231 [M+H]".

1E-2: HPLC: Tr = 2,20 min (YMC S5 ODS de 4,6 x 50 mm, metanoi

acuoso al 10-90% que contiene H3PO, al 0,2%, gradiente de 4 min, controlado

U335
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a 220 nm); EM (EN): m/z = 275 [M+H]".

1F: Preparacidn de 8-bromo-6-cloroimidazo[1,2-b]piridazina-3-carbonitrilo y 6,8-'

dicloroimidazof1,2-bjpiridazina-3-carbonitrilo

Cl Br
Nﬁ y qujj
>’N‘N/ cl >’N‘N/ cl
,a/ :
1F-1 1F-2

Una suspensiéon de 1D-1 y 1D-2 (8,7 g, 31,6 mmol) en CHCI3 (500 ml) se
tratd con POCI; (35,3 ml, 380 mmol) y se calentd a reflujo durante 3 dias. La
solucion resultante se enfrid a temperatura ambiente y se vertid en NaHCO;
acuoso saturado frio (1 1). Se anadido Na;CQO; sélido hasta que se consiguié un

10 pH neutro. Las capas resultantes se separaron y la capa acuosa se extrajo con
CHCI; (1 1). Los extractos organicos combinados se secaron con Na,SQ,, se
filtraron y se concentraron a sequedad, produciendo una mezcla de 1F-1y 1F-2
en forma de un polvo de color amarillo (5,6 g, al 68,9%).

1F-1: HPLC: Tr = 2,53 min (YMC S5 ODS de 4,6 x 50 mm, metanol

15 acuoso al 10-90% que contiene H3PO4 al 0,2%, gradiente de 4 min, controlado
a 220 nm); EM (EN): m/z = 213 [M+H]".

1F-2: HPLC: Tr = 2,67 min (YMC S5 ODS de 4,6 x 50 mm, metanol
acuoso al 10-90% que contiene H3PQ, al 0,2%, gradiente de 4 min, controlado
a 220 nm); EM (EN): m/z = 258,9 [M+H]".

20

1G: Preparacién de 6-cloro-8-(ciclopropil(4-metoxibencil)amino)imidazo[1,2-
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blpiridazina-3-carbonitrilo

1G
A una solucién de 1F-1y 1F-2 y N-(4-metoxibencil)ciclopropanamina (1,
4,13 g, 23,30 mmol) en THF (155 ml) a temperatura ambiente se le afadié
DIEA (4,1 ml, 23,3 mmol). La solucion resultante se calenté a reflujo durante 5
horas, después se enfrié a temperatura ambiente y se concentrd. El solido en
bruto se seco a presion reducida durante una noche. El sélido en bruto se agito

en MeOH durante 1 hora a temperatura ambiente, se filtré y se lavo con MeOH.

10 El sdlido se seco a presion reducida, produciendo 1G (5,17 g, 14,03 mmol,

15

rendimiento del 90%) en forma de un sélido de color blanquecino. HPLC: Tr =
4,26 min (YMC S5 ODS de 4,6 x 50 mm, metanol acuoso al 10-90% que
contiene H3PO4 al 0,2%, gradiente de 4 min, controlado a 220 nm). EM (EN):
m/z = 354,0 [M+H]".

Ejemplo 1: Preparacion de N-(5-((3-ciano-8-(ciclopropilamino)imidazo{1,2-

b]piridazin-6-iljamino)-2-metilfenil)acetamida

AL

NH
soUee
N\ /
}’N“N N NJ\Me
! H H
N
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Se puso DMA (1,5 ml) en un vial de 1 dram con un tapén de goma
revestido con teflon y el disolvente se desgasificd burbujeando argén a través
de él durante 10 minutos. Se afiadieron en una porcion 1G (0,15 g, 0,42 mmol),
N-(5-amino-2-metilfenil)acetamida (0,104 g, 0,636 mmol), yoduro de cobre (1)
(0,040 g, 0,212 mmol), xantphos (0,049 g, 0,085 mmol) y Pd,(dba); (0,039 g,
0,042 mmol) y la suspensién se bombed/purgd tres veces con argon. Después,
el recipiente se calentdé a 125°C durante 45 min y después se enfrid a
temperatura ambiente. Los solidos se retiraron por filtracion a través de
CELITE® y lavandolos con THF. Después, el filtrado se diluyd con agua y
EtOAc. Las capas se separaron y la fase acuosa se extrajo EtOAc (3 x 10 ml).
Los extractos organicos se combinaron, se lavaron con agua y salmuera y se
secaron sobre sulfato sodico anhidro. La filtracion y la concentracidn produjeron
un sdlido de color castafio, que se tritur6 en DCM y se enfrio a 0°C. El
precipitado resultante se filtré y se lavé con DCM frio. El ﬁftrado se disolvié en
una pequena cantidad de DCM y se purifico por cromatografia ultrarrapida
(SiO2, del 0% en EtOAc/DCM al 60% en EtOAc/DCM, columna de 24 g, 30
ml/min, gradiente de 20 min, explorado a 254 nm). Las fracciones apropiadas
se combinaron y se concentraron a presion reducida. El material aislado por
cromatografia y el solido se combinaron, se suspendieron en DCM (3 ml) y se
trataron con trietilsilano (0,68 ml, 4,24 mmol) y TFA (0,3 ml). Después de 30
minutos, fa suspension se enfrid en un bafio de hielo y se filtrd. El solido se
suspendio en EtOAc (20 ml) y se agité con bicarbonato sddico acuoso saturado
(15 mi). Después de 30 minutos, el sélido se aisld por filtracién, se lavd con
agua y EtOAc y se seco durante una noche al vacio, produciendo el Ejemplo 1

(0,154 g, 0,422 mmol, al 100%) en forma de un soélido de color blanco. HPLG:

UAG6
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Tr=3,496 min (YMC S5 ODS de 4,6 x 50 mm, metanol acuoso al 10-90% que
contiene H3PO4 al 0,2%, gradiente de 4 min, controlado a 220 nm). EM (EN):
m/z = 362,0 [M+H]*. "H RMN (400 MHz, DMS0-ds) 5 ppm 9,24 (1 H, s), 9,21 (1
H,s), 810(1H,s),781(1H,s),764(2H,s), 7,11 (1 H,d, J=8,03 Hz), 6,25

5 (1H,s), 2,52-2,55 (1 H, m), 2,15 (3 H, s), 2,06 (3 H, s), 0,75-0,82 (2 H, m),
0,61-0,68 (2 H, m).

EJEMPLO 2

N-(6-(3-Ciano-8-{ciclopropilamino)imidazo[1,2-b]piridazin-6-ilamino)piridin-2-

10 ilacetamida
HN’A
yoUe N
\ <
>’N‘N/ NN N’LLMe
H H
i
N

2A:; Preparacion de 6-(6-aminopiridin-2-ilamino)-8-(ciclopropil(4-
metoxibencil)amino)imidazo[1,2-b]piridazina-3-carbonitrilo

OMe

A

T
>,N\/ \I
N ” N~ “NH,
f
N

4
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Un tubo cerrado herméticamente se cargé con DME (1,5 ml) y se purgd
con argén. Despues, el recipiente se cargd en una porcion con 1G (0,050 g,
0,14 mmol), piridina-2,6-diamina (0,039 g, 0,35 mmol), carbonato de cesio
(0,184 g, 0,57 mmol), yoduro de cobre () (0,013 g, 0,071 mmol), Xantphos
(0,016 g, 0,028 mmol} y Pdz(dba); (0,013 g, 0,014 mmol). La suspensidn
resultante se bombed/purgd con argén tres veces. El tapén se puso en el
recipiente y la suspensién se calenté a 125°C durante una noche. Los sélidos
se retiraron por filtracion y el filtrado se concentré al vacio. El producto en bruto
se disolvid en una pequefia cantidad de DCM y se cargd en un cartucho de gel
de silice de 24 g que se eluyé a 30 mi/min con un gradiente de 20 min del

100% en DCM al 60% en EtOAc/DCM, controlado a 254 nm, produciendo 2A

(0,014 g, rendimiento del 23%) en forma de un sélido de color castafic. HPLC:

Tr = 3,62 min (YMC 85 ODS de 4,6 x 50 mm, metanol acuoso al 10-90% que
contiene HiPO, al 0,2%, gradiente de 4 min, controlado a 220 nm). EM (EN):
m/z = 427,1 (M+H]". "H RMN (400 MHz, DMSO-dg) & ppm 8,19-8,28 (1 H, m),
7.41(1H,s), 7,03-7,12 (3 H, m), 6,96-7,03 (1 H, m), 6,79-6,86 (2 H, m), 6,13 (1
H, s), 549 (2H,s), 368 (3 H,s), 348-365(3H,m),245(1H,d,J=23,78 Hz),
0,91-0,98 (2 H, m), 0,74 (2 H, m).

Ejemplo 2: Preparacién de N-(6-(3-ciano-8-(ciciopropilamino)imidazo[1,2-

blpiridazin-6-ilamino)piridin-2-il)acetamida

Hm/A
vo Ul
\Y P
>’N‘N H\N N’LLMe
Vi H
N
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Se suspendio 2A (0,014 g, 0,033 mmol) en acido acético (3 ml) a
temperatura ambiente y se afiadid anhidrido acético (3,72 i, 0,039 mmol). La
solucion de color amarillo transparente resultante se calentd a reflujo durante
30 min. La solucién se enfri6 a temperatura ambiente y se aitadié agua
lentamente hasta que se formé un precipitado. El sélido resultante se filtrd y se
lavd con agua, después se disolvié en THF y se destilé azeotropicamente tres
veces con tolueno para retirar el AcOH/H,O residual. El intermedio resultante
se secO al vacio durante 1 hora, después se disolvié en TFA (0,4 ml) y se
afnadié inmediatamente trietilsilano (0,021 mi, 0,13 mmal). La mezcla se agitd
durante 30 min a temperatura ambiente. Los volatiles se retiraron mediante una
corriente de nitrogeno y el solido se disolvid en DMF y se purificé por HPLC
preparatoria usando una columna YMC ODS C-18 (30 x 250 mm), B a! 0%-
100%. Disolvente B: (MeOH al 90%, H,0 al 10%, TFA al 0,1%). Disolvente A:
(MeOH al 10%, H20 al 90%, TFA al 0,1%). Gradiente, % de inicio de B =0, %
final de B = 100, tiempo de gradiente de 30 min (tiempo de proceso total: 37
min), caudal 25 ml/min, control a 254 nm. Tr = 27,582 min. Las fraccicnes se
concentraron y se liofilizaron durante una noche, produciendo el Ejemplo 2
(0,005 g, rendimiento del 32%) en forma de un sélido de color blanco. HPLC: Tr
= 3,14 min (YMC 85 ODS de 4,6 x 50 mm, metanol acuoso al 10-90% que
contiene H3PO,4 al 0,2%, gradiente de 4 min, controlade a 220 nm). EM (EN):
mfz = 349,1 [M+H]". 'H RMN (400 MHz, DMSO-dg) & ppm 10,00 (1 H,s), 9,65
(1H,s),816(1H,s), 796 (1H,d,J=151Hz), 768 (1H,d, J=7,81 Hz), 7,58
(2H,d, J=8,06Hz), 693 (1H,s), 2,55-2,64 (1 H, m), 2,10 (3 H, s), 0,74-0,82
(2 H, m), 0,60-0,70 (2 H, m).

254
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EJEMPLO 3
N-(3-(3-Ciano-8-(ciclopropilamino)imidazol1,2-b]piridazin-6-

ilamino)fenil)metanosulfonamida

11 Me

HN
voUe W
N\ = S
}N“” S
i
N

3A: Preparacion de 6-(3-aminofenilamino)-8-(ciclopropil(4-

metoxibencil)amino)imidazo[1,2-b]piridazina-3-carbonitrilo

OMe

3A
Se cargo un vial de 1 dram con 1-metoxi-2-(2-metoxietoxi)etano (1,5 ml)
Yy se purg6 durante 10 min con argén. Después, el recipiente se cargd en una
porcién con 1G (0,100 g, 0,28 mmol), benceno-1,3-diamina (0,037 g, 0,34
mmol), carbonato de cesio (0,368 g, 1,13 mmol), yoduro de cobre (1) (0,027 g,
0,14 mmol), Xantphos (0,033 g, 0,057 mmol) y Pdx(dba); (0,026 g, 0,028
mmol). La suspension resultante se calenté a 125°C durante una noche. La

suspension se filtré a traves de una frita de porosidad media y el sélido se lavo

760
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con THF. El filtrado se diluyd con EtOAc y agua y las capas se separaron. La
fase acuosa se extrajo tres veces con EtOAc. Después, los productos
organicos se combinaron, se secaron sobre sulfato sédico anhidro, se filtraron y
se concentraron al vacio. El residuo en bruto se disolvid en DMF y se purificé

por HPLC preparatoria usando una columna YMC ODS C-18 (30 x 250 mm), B

al 0%-100%. Disolvente B: (MeOH al 90%, H,O al 10%, TFA al 0,1%). -

Disolvente A: (MeOH al 10%, H>0 al 90%, TFA al 0,1%). Gradiente, % de inicio
de B = 0, % final de B = 100, tiempo de gradiente 60 min, caudal 25 ml/min,
controlade a 220 nm. Tr = 53,697 min. Las fracciones apropiadas se
concentraron y se liofilizaron a sequedad, produciendo 3A (11 mg, rendimiento
del 9%). HPLC: Tr = 3,68 min (YMC 85 ODS de 4,6 x 50 mm, metanol acuoso
al 10-90% que contiene HiPO4 al 0,2%, gradiente de 4 min, controlado a 220
nm). EM (EN): m/z = 426,0 [M+H]".

Ejemplo 3: Preparacion de N-(3-(3-ciano-8-(ciclopropilamino)imidazo[1,2-

b]piridazin-6-ilamino)fenil)metanosulfonamida.

A

HN
vo PN
\_N._ S
>’N‘N N H’E‘Me
i
N
A una solucioén de 3A (0,011 g, 0,026 mmol) en THF (0,5 ml) a 0°C se le
afiadieron piridina (6,27 pl, 0,078 mmol) y cloruro de metanosulfonilo (2,2 ul,
0,028 mmol). La reaccidn se agitd durante una noche a temperatura ambiente.

La mezcla de reaccidn se diluyé con agua y EtOAc y la capa acuosa se extrajo

dos veces con EtOAc. Los extractos orgénicos se combinaron, se secaron

z6(
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sobre sulfato sédico anhidro, se filtraron y se concentraron al vacio. El material
en bruto se disolvio en TFA (0,5 ml) y se afiadid trietilsilano (0,041 ml, 0,26
mmol). La reaccién se agitd durante 30 min a temperatura ambiente. Los
volatiles se retiraron en una corriente de nitrdgeno, el material en bruto se
disolvio en DCM/EtOAC (1:1) y se cargd en un cartucho de gel de silice de 12 g
que se eluyd a 30 mi/min con un gradiente de 15 min del 100% en DCM al 40%
en EtOAc/DCM. El Ejemplo 3 se aislé en forma de un sélido de color amarillo
claro (5 mg, rendimiento del 52%). HPLC: Tr = 3,52 min (YMC S5 ODS de 4,6 x
50 mm, metanol acuoso al 10-90% que contiene H3PQO,4 al 0,2%, gradiente de 4
min, controlado a 220 nm). EM (EN): m/z = 383,9 [M+H]". '"H RMN (400 MHz,
‘DMSO—da) dppm 9,71 (1H,s),935(1H,s),812(1H,s), 786 (1H,d, J=1,76
Hz), 769 (1 H,dd, /=8,18, 1,38 Hz), 733 (1 H,t,J=201Hz), 7,24 (1 H, t, J =
8,06 Hz), 6,77 (1 H, dd, J = 7,55, 1,76 Hz), 6,26 (1 H, s), 3,00 (3 H, s), 2,51 -
2,56 (1H,m), 0,75-0,83(2 H, m),0,62-0,68(2H, m).

EJEMPLO 4
8-(Ciclobutilamino)-6-((4-((2-(dimetilamino)etil)amino)-3-(4H-1,2 4-triazol-4-

ifenilyamino)imidazo[1,2-b]piridazina-3-carbonitrilo

,D

N\/\N -Me
>VN P /@[ /\ Me

4A: Preparacion de N-(4-metoxibencil)ciclobutanamina

262,
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2,

4A

Se agitaron 4-metoxibenzaldehido (563 ml, 464 mmol) vy
ciclobutanamina (3,3 g, 46,4 mmol} en diclorometano (40 ml) a temperatura
ambiente. Después de 45 min, se afiadié perclorato de magnesio (0,231 g,
2,320 mmol) y la mezcla de reaccion se agitd a temperatura ambiente.
Después de 16 horas, la mezcla de reaccion se traté con Na,SO4 (2 g) y se
agitd a temperatura ambiente durante 2 horas, se filtrdé y se concentré a
sequedad. La mezcla de reaccion se disolvidé en metanol (40 ml), se enfrié a
0°C y se afiadio NaBH4 (1,6 g, 69,6 mmotl). Después de 15 min, la mezcla de
reaccion se calentd a temperatura ambiente. Después de 2 horas, la mezcla de
reaccion se diluyd con NaOH 1 N (100 ml) y se extrajo con acetato de etilo (3 x
100 ml). Las capas organicas combinadas se secaron sobre Na,SO., se
filtraron y se concentraron, aislando 4A (8,5 g, rendimiento del 82%) en forma
de un aceite transparente. HPLC: Tr = 0,82 min (PHENOMENEX® Luna 5
micrometros C18 de 4,6 x 30 mm, metanol acuoso al 10-90% que contenia TFA
al 0,1%, gradiente de 2 min, caudal = 5 ml/min, deteccién a 254 nm). EM (EN):

m/z = 192,86 [M+H]".

4B: Preparacion de 6-cloro-8-(ciclobutil(4-metoxibencil)amino)imidazo[1,2-

blpiridazina-3-carbonitrilo

263
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4B
Se calentd una mezcla de 1F (500 mg, 1,94 mmol), 4A (464 mg, 2,43
mmol) y DIEA (0,509 ml, 2,91 mmol) en DMF (0,5 mi) a 80°C. Después de 1
5 hora, la mezcla de reaccion se concentré a sequedad y se triturd con metanol,
aislando 4B (582 mg, rendimiento del 77%) en forma de un sdélido de color
amarillo. HPLC: Tr = 2,02 min (PHENOMENEX® Luna 5 micrémetros C18 de

4,6 x 30 mm, metano! acuoso al 10-90% que contenia TFA al 0,1%, gradiente

. de 2 min, caudal = 5 ml/min, deteccién a 254 nm). EM (EN): m/z = 367,98
10 [M+H]".
Ejemplo 4: Preparacién de 8-(ciclobutilamino)-6-{(4-((2-

(dimetilamino)etillamino)-3-(4H-1,2,4-triazol-4-il)fenil)amino)imidazo[1,2-

b]piridazina-3-carbonitrilo

I H EN'N
. 15 N

Una suspension de 4B (78 mg, 0,22 mmol), Intermedio 36 (50 mg, 0,20
mmiol) y (1-metil-2,2-difenilciclopropil)fosfina de di-ferc-butilo (14,3 mg, 0,041
mmol) en tolueno (1 ml) se purgé con nitrégeno y se afiadieron dimero de

cloruro de alilpaladio (11) {7,4 mg, 0,020 mmol) y terc-butéxido sédico (23,4 mg,

26




10

15

20

165

0,244 mmol). La mezcla de reaccidon se calentd a 100°C durante 45 min. La
mezcla de reaccidén se concentrd, después se recogio en agua (50 ml), se
extrajo con DCM (3 x 25 ml), se secd sobre Na,S0,, se filtrd y se concentrd. La
mezcla de reaccion se disolvié en dicioroetano (4 ml) y se tratd con trietilsilano
(0,5 ml) y TFA (1 ml). Después de 15 min, la mezcla de reaccién se concentrd,
despues se purificé usando HPLC de fase inversa y se liofilizé a partir de HCI 1
N, aislando el Ejemplo 4 (8 mg, rendimiento de! 7,1%) en forma de un sdélido de
color amarillo. HPLC: Tr = 1,38 min (PHENOMENEX® Luna 5 micrémetros C18
de 4,6 x 30 mm, metanol acuoso al 10-90% que contenia TFA al 0,1%,
gradiente de 2 min, caudai = 5 ml/min, deteccién a 254 nm). EM (EN): m/z =
458,17 [M+H]". "H RMN (500 MHz, CD;0D) 5 ppm 9,77 (2 H, s), 8,26 (1 H, d, J
= 2,75 Hz), 8,10 (1 H, s), 7,56 (1 H, dd, J = 8,94, 252 Hz), 710 (1 H, d, J =
871Hz), 591 (1H,s), 411 (1H, t, J=779Hz), 3,58 (2 H,t, J =596 Hz), 3,41
(2H,t, J= 5,96. Hz), 2,87-3,01 (6 H, m), 2,39-2,65 (2 H, m), 2,62-2,21 (2 H, m),
1,84-2,00 (2 H, m).

EJEMPLO 5
N-(5-(3-Ciano-8-(5-metoxipiridin-2-ilamino)imidazo[1 ,2-b]piridazin-6-ilamino)-2-

metilfenil}acetamida

|
HN™ N
N Meo
N
S’N‘N/ N NJ\Me
NC H H

SA: Preparacién de 5-metoxi-N-(4-metoxibencil)piridina-2-amina.
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5A
Se prepard 5A a partir de 4-metoxibenzaldehide y 5-metoxipiridin-2-
amina siguiendo el procedimiento empleado para la recuperacion de 4A. HPLC:
Tr = 1,30 min (PHENOMENEX® Luna C18 de 4,6 x 30 mm 3 p, metanol
acuoso al 10-890% que contenia TFA al 0,1% en 2 min; caudal de 4 ml/min): EM

(EN): m/z = 244,89 [M+H]".

5B Preparacién de 6-cloro-8-((5-metoxipiridin-2-if)(4-

metoxibencil)amino)imidazo[1,2-b]piridazina-3-carbonitrilo.

OMe
E? = OMe
LY
N° °N
v
=

N Ci
NC

5B
A una mezcla de 1F (100 mg, 0,47 mmol) y 5A (138 mg, 0,56 mmol) en
DMF (3 ml) se le anadié gota a gota KHMDS (1,13 ml, solucién 0,5 molar) a
0°C. Despues de 10 minutos, la reaccion se interrumpié con cloruro de amonio
acuoso saturado, se extrajo con acetato de etilo (3 x 15 ml), se secé sobre
Na,SO,, se filtré y se concentrd. El residuo resultante se disolvie en DCM y se

purificé por cromatografia sobre silice (gradiente = del 0% al 100%, hexanos en
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acetato de etilo en 12 min), dando 5B (156 mg, rendimiento del 63,2%). HPLC:
Tr = 1,13 min (PHENOMENEX® Luna C18 de 4,6 x 30 mm 3 p, metanol
acuoso al 10-90% que contenia TFA al 0,1% en 2 min; caudal de 4 ml{/min). EM

(EN): m/z = 421,0 [M+H]".

5C: Preparacion de N-(5-(3-ciano-8-((5-metoxipiridin-2-il)(4-
metoxibencil)amino)imidazo[1,2-blpiridazin-6-itamino)-2-metilfenil)acetamida

OMe

|
N™ N
voley
N =
%’N‘N N NJ\Me
NC H H
5C
Una mezcla de 5B (60 mg, 0,14 mmol), N-(5-amino-2-
metilfenilyacetamida (46,8 mg, 0,29 mmol), Pdz(dba); (13,1 mg, 0,014 mmol),
Xantphos (18,2 mg, 0,031 mmol), yoduro de cobre (I) (13,6 mg, 0,071 mmol) y
CsCO;3 (186 mg, 0,57 mmol) en DMA (1 ml) se purgd con nitrdgeno y se
calentd a 125°C. Después de 1,5 horas, la mezcla de reaccion se diluyd con
acetato de etilo, se lavd con NH,OH al 15%, se seco sobre Na,SO, y se
concentrd a sequedad a presion reducida. El aceite resultante se purificd por
cromatografia en columna sobre silice (gradiente = hexanos al 0%-100% en
acetato de etilo en 12 min), aislando 5C (47,5 mg, rendimiente del 60,7%).

HPLC: Tr = 3,805 min (YMC S5 ODS de 4,6 x 50 mm, metanol acuoso al 10-

90% que contiene H3PO, al 0,2%, gradiente de 4 min, controlado a 220 nm).
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EM (EN): m/z = 5492 [M+H]".

Ejemplo 5: Preparacidn de N-(5-(3-ciano-8-(5-metoxipiridin-2-

ilamino)imidazo{1,2-b]piridazin-6-ilamino)-2-metilfenil)acetamida

yel
Nj)l
4 Q
NC
Una solucién de 5C (60 mg, 0,11 mmol} en DCM (0,5 ml) se traté con
trietilsilano (0,03 mi, 0,19 mmol) seguido de TFA (0,06 ml, 0,78 mmol). La
mezcla de reaccion se agitd a 45°C durante 1,5 horas, se concentré y se
purificd con HPLC de fase inversa y se liofilizé con HCI 1,0 N, produciendo el
10 Ejemplo 5 (21,9 mg, rendimiento del 37,1%). EM (EN): m/z = 429,1 [M+H]". 'H
RMN (400 MHz, DMSO-dg) 8 ppm 8,88 (1 H, s), 9,42 (1 H, 8), 9,22 (1 H, s), 8,19
(1H,s),804(1H,s), 802 (1H,dd, J =238, 1,13 Hz), 7,60-7,69 (2 H, m),
7,44-747 (2H,m), 710 (1 H, d, J = 8,28 Hz), 3,80 (3 H, s), 2,12 (3 H, s), 2,03
(3 H,s).
15
EJEMPLO 6
N-(5-{((8-(3-Azetidinilamino)-3-cianoimidazo[1,2-b]piridazin-6-il)amino)-2-

metilfenil)acetamida

/C/NH

\m@i
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B6A: Preparacion de 3-(4-metoxibencilamino)azetidina-1-carboxilato de ferc-

butilo.

Se prepard 6A a partir de 4-metoxibenzaldehido y 3-aminoazetidina-1-
carboxilato de ferc-butilo siguiendo el procedimiento empleade para la
preparacién de 4A. HPLC: Tr = 3,0 min (PHENOMENEX® Luna C18 de 4,6 x
30 mm 3 u, metanol acuoso al 10-80% que contenia TFA al 0,1% en 2 min;

10 caudal de 4 mi/min). EM (EN): m/z = 293,9 [M+H]".

6B: Preparacion de 3-((6-cloro-3-ciancimidazo[1,2-b]piridazin-8-il)(4-

metoxibencil)amino)azetidina-1-carboxilato de terc-butilo

OMe
O MeMe
LNJ\OJ(Me
N
v
\Y
S’N‘N/ Cl
NC

15 Una solucidn de 1F (100 mg, 0,47 mmol) en THF (5 ml) se tratd con 6A
(274 mg, 0,94 mmol) y DIEA (0,246 ml, 1,41 mmol) y se calentd a 70°C.
Después de 18 horas, la mezcla de reaccion se diluyd con agua, se extrajo con

acetato de etilo (3 x 15 ml), se seco sobre Na,SO,, se filtré y se concentrd. El
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residuo se purificd por cromatografia ultrarrapida, columna de silice (12 g,
gradiente = 12 min, del 100% en hexanos al 70% en acetato de etilo/hexanos),
proporcionando 6B (142,8 mg, 0,305 mmol, rendimiento del 64,90%) en forma
de un sdélido de color castafio. HPLC: Tr = 4,55 min (PHENOMENEX® Luna
C18 de 4,6 x 30 mm 3 p, metanol acuoso al 10-90% que contenia TFA al 0,1%
en 5 min; caudal de 4 ml/min). EM (EN): m/z = 469,0 [M+H]".

Ejemplo 6: Preparacion de N-(5-(8-(azetidin-3-ilamino-3-ciancimidazo[1,2-

blpiridazin-6-ilamino)-2- metilfenil}acetamida

LNH

HN

sOUeH
N\
S'N‘N/ N J\Me

N
NC H H

Una mezclé de 6B (50 mg, 0,11 mmol), N-(5-amino-2-
metilfenil)acetamida (35,0 mg, 0,213 mmol), Pd,(dba); (_9,76 mg, 10,7 umal),
xantphos (13,6 mg, 0,023 mmol), yoduro de cobre (I) (10,2 mg, 0,053 mmol) y
Cs2C0s (139 mg, 0,43 mmol) en DMA (1 ml) se purgd con nitrégeno y se
calenté a 125°C. Después de 2 horas, la mezcla de reaccién se diluyd con
acetato de etilo, se lavé con NH4OH al 15%, se secd sobre NaySQy, se filtré y
se concentro. El aceite resultante se disolvio en DCM (1 ml), se tratd con
EtsSiH (0,1 ml) y TFA (0,1 mi) y se calentd a 60°C. Después de 10 min, la
mezcla de reaccién se concentrd, se purificé por HPLC de fase inversa y se
liofilizé con HCI 1,0 N, aislando el Ejemplo 6 (18,0 mg, al 37,6%). HPLC: Tr =
9,610 min (YMC S5 ODS de 4,6 x 50 mm, metanol acuoso al 10-90% que

contiene H3PO, al 0,2%, gradiente de 15 min, controlado a 220 nm). EM (EN):

2AT
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m/z = 377,1 [M+H]". "H RMN (500 MHz, DMSO-dg) & ppm 9,25 (1 H, s), 9,24 (1
H,s), 9,10 (1 H, s a), 8,89 (1 H, s a), 8,17 (1 H, s), 7,57-7,63 (2 H, m), 7,11 (1
H, d), 5,91 (1 H, s), 4,56 (1 H, s a), 4,19-4,27 (2 H, m), 4,09-4,18 (2 H, m), 2,14
(3H,s),2,05(3H, s).

EJEMPLO 7

N-(3-(3-Ciano-8-(fenilamino)imidazo[1,2-b]piridazin-B-ilamino)fenil)acetamida

voRel

N\

>’N‘N/ N NH
'G/ Me/&o

10 7A: Preparacién de 6-cioro-8-((4-metoxibencii)(fenil)amino)imida'zo[1,2-

blpiridazina-3-carbonitrilo

7A
Una solucion de 1F (0,200 g, 0,84 mmol) y N-(4-metoxibencil)anilina
15 (0,210 g, 0,99 mmol) en THF (9,4 ml) se enfrié a 0°C. Después, se afadid gota
a gota ferc-butdxido potasico (solucion 1,0 M, 1,03 mi, 1,03 mmol) mediante
una jeringa. La solucion resultante se agitd durante 10 min a 0°C y después se

calentd a temperatura ambiente. La reaccion se interrumpié con agua y se
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diluyé con EtOAc. La fase acuosa se extrajo dos veces con EtOAc, los
productos organicos se combinaron, se secaron sobre sulfate sédico, se
filtraron y se concentraron. El producto en bruto se disolvid en una pequena
cantidad de DCM y se cargd en 24 g de cromatografia ultrarrapida sobre gel de
silice (510;) que se eluyd a 30 mi/min con un gradiente de 20 min del 100% en
hexanos al 15% en EtOAc/hexanos (controlado a 254 nm). La concentracién de
las fracciones apropiadas produjo 7A (0,13 g, rendimiento del 33%) en forma
de un sdélido de color pardo claro. HPLC: Tr = 4,5 min (YMC $5 ODS de 4,6 x
50 mm, metanol acuoso al 10-90% que contiene H3PO4 al 0,2%, gradiente de 4
min, controlado a 220 nm). EM (EN): m/z = 390,0 [M+H]". 'H RMN (400 MHz,
DMSO-dg) 3 ppm 8,41 (1 H, s), 7,45 (2 H, t, J=768 Hz), 7,36 (1 H, t, J = 7,43
Hz), 7,22-7,30 (2 H, m), 7,17 (2 H, d, J = 8,81 Hz), 6,77-6,84 (2 H, m), 5,81 (1
H,s), 578 (2H,s), 368 (3H,s).

Ejemplo 7: Preparacién de N-{3-(3-ciano-8-(fenilamino)imidazo[1,2-b]piridazin-
HNQ
QL
N\ P
>’N‘N N NH
I{J/ MeAO

Un tubo cerrado herméticamente se cargé con DME (1,5 ml) y se purgd

B-ilamino)fenil)acetamida

con argon durante 10 min. Se afiadieron en una porcion 7A (0,046 g, 0,31
mmol), carbonato de cesio (0,208 g, 0,641 mmol), yoduro de cobre (1) (0,012 g,
0,064 mmol), Xantphos (0,015 g, 0,026 mmol) y Pdy(dba)s (0,012 g, 0,013

mmol) y el recipiente se bombed/purgé tres veces con argén. Después, el

2420
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recipiente se cerrd herméticamente y se calenté a 125°C durante una noche.
Los sdlidos se retiraron por filtracion y el filtrado se concentré al vacio. El
producto en bruto se disolvid en una pequefia cantidad de DCM y se cargé en
un cartucho de gel de silice de 12 g que se eluy6 a 30 ml/min con un gradiente
de 15 min del 100% en DCM al 50% en EtOAc/DCM (controlado a 254 nm).
Las fracciones se concentraron, se disolvieron en TFA (0,4 mi) y se afadié
inmediatamente trietilsilano (0,082 ml, 0,513 mmol). La mezcla se agitd durante

20 min a temperatura ambiente. Después de 20 minutos, se formé un

precipitado de color gris y la reaccién se filtré, produciendo el Ejemplo 7 (0,047

g, rendimiento del 73%) en forma de un sodlido de color gris. HPLC: Tr = 3,928
min (YMC S5 QDS de 4,6 x 50 mm, metanol acuoso al 10-90% que contiene
HsPO4, al 0,2%, gradiente de 4 min, controlado a 220 nm). EM (EN): m/z =
384,0 [M+H]". '"H RMN (400 MHz, DMSO-de) 5 ppm 9,88 (1 H, s), 9,49 (1 H, s),
9,28(1H,s),823(1H,s),7,81(1H,d, J=6,29Hz), 7,73 (1 H, ), 7,40-7,47 (4
H, m), 7,15-7,25 (2 H, m), 6,97 (1 H, s), 6,57 (1 H, s), 2,04 (3 H, s).

EJEMPLO 8
(5-((3-Ciano-8-(2-piridinilamino)imidazo[1,2-b]piridazin-6-il)amino)-2-

fluorofenil)carbamato de metilo

L)

o |

HN™ °N

N\
>/N“N/ N N/U\OMe
/ H H
/ :
N

8A: Preparacion de 6-cloro-8-((4-metoxibencil)(2-piridiniljamino)imidazo[1,2-

1173
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blpiridazina-3-carbonitrilo

g
G N/\@\
Nq(ﬁ OMe
S\/N‘N/ Cl
NC
8A
Se prepard 8A a partir de una mezcla de 1F y N-{4-metoxibencil)piridin-
5 2-amina siguiendo el procedimiento empleado para la preparacion de 5B.
HPLC: Tr = 3,881 min (YMC S5 ODS de 4,6 x 50 mm, metano! acuoso al 10-
90% que contiene H3POyq4 al 0,2%, gradiente de 4 min, controlado a 220 nm).

EM (EN): m/z = 391,0 [M+H]".

10  8B: Preparacion de 6-(3-amino-4-fluorofenilamino)-8-((4-metoxibencil)(piridin-2-
ilJamino)imidazo[1 ,2-b]piridazina-3-carbonitrilol

OMe

)

|

NN

\Y
>’N‘N/ N NH,
i
N

8B
Una solucion del Intermedio 59 (70,7 mg, 0,384 mmol) en DME
15 desgasificado (5 ml) se traté con 8A (75 mg, 0,192 mmol), Xantphos (24,4 mg,
0,042 mmol), bis(dibencilidenoacetona)paladio (11,03 mg, 0,019 mmot),
carbenato de cesio (250 mg, 0,768 mmol) y yoduro de cobre (1) (18,3 mg, 0,096
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mmol). La mezcla de reaccidn se purgd con argdén y se calentd en un tubo
cerrado herméticamente a 125°C durante 8 horas. La reaccidén se enfrio a
temperatura ambiente y se filtrd. E! fitrado se concentré a sequedad. El
producto en bruto se disolvidé en una pequeria cantidad de DCM y se purificd
por cromatografia ultrarrapida (SiO,, DCM al 50% en acetato de etilo/DCM,
columna de 40 g, gradiente de 40 min), produciendo 8B (82 mg, rendimienfo
del 89%).

HPLC: Tr = 3,71 min (YMC S5 ODS de 4,6 x 50 mm, metanol acuoso al
10-90% que contiene H3PO4 al 0,2%, gradiente de 4 min, controlado a 220 nm);
EM (EN): m/z = 481,1 [M+H]".

8C. Preparacion de 5-(3-ciano-8-((4-metoxibencil)(piridin-2-
ilamino)imidazo[1,2-b]piridazin-6-ilamino)-2-flucrofenilcarbamato de metilo

OMe

)

o

NN

\Y
}’N‘N/ N N)LOMe

H H

i
N

8C
Una solucion de 8B (82 mg, 0,17 mmol) en THF (3 ml) se traté con DIEA
{0,039 ml, 0,22 mmol), seguido de cloroformiato de metilo (0,048 ml, 0,62
mmol}). La solucién resultante se agitdé a temperatura ambiente durante 12
horas y después se concentré a sequedad. El producto en bruto se disolvio en

una pequena cantidad de DCM y se purificd por cromatografia ultrarrapida

229
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(8i0,, DCM al 20% en acetato de etilo/DCM, columna de 24 g, gradiente de 40
min), produciendo 8C (15 mg, al 16,3%). HPLC: Tr = 3,98 min (YMC S5 ODS
de 4,6 x 50 mm, metanol acuoso al 10-90% que contiene HiPO4 al 0,2%,

gradiente de 4 min, controlado a 220 nm). EM (EN): m/z = 539,2 [M+H)]".

Elemplo 8: Preparacién de 5-(3-ciano-8-(piridin-2-ilamino)imidazo[1,2-

blpiridazin-6-ilamino)-2-fluorofenilcarbamato de metilo

L)

|

HN™ °N

spleE
N\
>’N“N/ N H/U\OMe
fif
N

Se calentd una soluciéon de 8C (15 mg, 0,028 mmol) en trietilsilano
(0,044 ml, 0,279 mmol) y TFA'(O,S ml, 0,028 mmol) a.45°C durante 2 horas. 'La
mezcla de reaccién se concentré a sequedad. El producto de reaccién en bruto
se disolvid en una pequefia cantidad de MeOH y se purificd por HPLC de fase
inversa (YMC ODS-A 5 um de 30 x 250 mm, metanol acuoso al 10-90% que
contenia TFA al 0,1%, 25 ml/min, gradiente de 40 min, controlado a 254 nm),
produciendo el Ejemplo 8 (3,2 mg, al 20,3%).HPLC: Tr = 4,04 min (YMC S5
ODS de 4,6 x 50 mm, metanol acuoso al 10-90% que contiene HsPO, al 0,2%,
gradiente de 4 min, controlado a 220 nm); EM (EN): m/z = 419,1 [M+HT".

EJEMPLO 9
6—((5-Ciano-2—metoxifenil)amino)-8-((2,2,2-triﬂuoroetil)amino)imidazo[1 2~

blpiridazina-3-carbonitrilo

246
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9A: Preparacion de 6-cloro-8-((2,2,2-trifluoroetil)amino)imidazo{1,2-b]piridazina-

3-carbonitrilo

CF;
NH
sl
\Y
S/N“N/ cl
NG
9A

Se pr'eparé 9A a partir de una mezcla de 1F y 2,2,2-triflucroetanamina
siguiendo el procedimiento empleado para la preparacion de 4A. HPLC: Tr =
0,88 min (BEH C18 de 2,1 x_50 mm, 1,7 u, de 0 a 100 B en 1 min con 0,5 min
de tiembo de retencion, caudal = 1 ml/min, deteccidn a 254 nm, Disolvente A:
agua al 100%/TFA al 0,1%; Disolvente B: ACNI al 100%/TFA al 0,1%). EM
(EN): m/z=276,1 [M+HT".

Ejemplo 9: Preparacién de 6—((5-ciano-2—metdxifeniI)amino)-S—((2,2,2-

trifluoroetil)amino)imidazo[1,2-b]piridazina-3-carbonitrilo

PZES
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cFy
HN” Me

N\

%N‘N/ N CN

il

N

Una mezcla de 9A (100 mg, 0,36 mmol), 3-amino-4-metoxibenzonitrilo
(108 mg, 0,73 mmol) y {1-metil-2 2-difenilciclopropil)fosfina de di-terc-butilo
(25,6 mg, 0,073 mmol) en tolueno (1 ml) se purgd con nitrégeno. Se afiadieron
dimero de cloruro de alilpaladio (Il) (13,3 mg, 0,036 mmol) y terc-butéxido
sédico (41,8 mg, 0,435 mmol), la mezcla de reaccién se purgd con nitrégeno y
se calenté a 100°C. Después de 20 minutos, la mezcla de reaccion se enfrié a
temperatura ambiente, se diluyé con DCM vy se filtré a través de CELITE®. El
filtrado se concentré a presion reducida, se disolvi6 en DMSO/metanol y se
purificé por HPLC de fase inversa (PHENOMENEX® Luna Axia 5 micras de 30
x 250 mm) de B al 20% (Disolvente B = MeOH al 90%-H,0 al 10%-TFA al
0.1%) a B al 100% en (Disolvente A = MeOH al 10%-H,Q al 90%-TFA al 0,1%)
en 15 min), obteniendo el Ejemplo 9 (2,9 mg, 0,020 mmol, rendimiento del
5,4%) en forma de un sélido de color amarillo claro. HPLC: Tr = 0,95 min (BEH
C18 2,1 x 50 mm, 1,7 u, B del 0 al 100 en 1 min con 0,5 min de tiempo de
retencion, caudal = 1 mi/min, deteccion a 254 nm, Disolvente A: agua al
100%/TFA al 0,1%; Disolvente B: ACNI al 100%/TFA al 0,1%). EM (EN): m/z =
388,3 [M+H]". 'H RMN (500 MHz, DMSO-dg) § 8,76 (1 H, d, J = 1,94 Hz), 8,67
(1 H,s), 823 (1 H, s), 8,03-8,12 (1 H, m), 7,41-7,55 (1 H, m), 7,24 (1 H, d, J =
8,32 Hz), 6,75 (1 H, s), 4,06-4,17 (2 H, m), 4,00 (3 H, s).

EJEMPLO 10

218
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6-(3-Ciano-5-(trifluorometil)fenilamino)-8-(isopropilamino)imidazo[1,2-
b]piridazina-3-carbonitrilo
Me

HN” “Me CF,
Ny

>’N‘N N CN
i/ H
N

5 10A: Preparacion de 6-cloro-8-(isopropil(4-metoxibencil)amino)imidazo[1,2-

blpiridazina-3-carbonitrilo

Me
Me)\N/\©\
Nﬁ/lj Oblle
$’N“N/ o
NC
10A

Se prepard 10A a partir de una mezcla de 1F y N-(4-
10 metoxibencil)propan-2-amina siguiendo el procedimiento empleado para la
preparacion de 1G. HPLC: Tr = 4,27 min (YMC S5 ODS de 4,6 x 50 mm,

metanol acuoso al 10-90% que contiene H3PO, al 0,2%, gradiente de 4 min,

controlado & 220 nm). EM (EN): m/z = 356,1 [M+H]".

15 Ejemplo 10: Preparacidn de 6-(3-ciano-5-(trifluorometil)fenilamino)-8-

(isopropilamino)imidazo[1,2-b]piridazina-3-carbonitrilo
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Me
Me/J\N/\Q
Nﬁ OMe
S’N‘N/ cl
NC
Se puso una solucion de 3-amino-5-(trifluorometilibenzonitrilo (0,078 g,

0,42 mmol) en DMA (1 ml) ‘en un vial de 1 dram con un tapén de goma
revestido de teflén y el disolvente se purgd con argén. Se anadieron en una
porcion 10A (0,100 g, 0,281 mmol), carbonato de cesio (0,366 g, 1,124 mmol),
yoduro de cobre (1) (0,027 g, 0,141 mmol), Xantphos (0,033 g, 0,056 mmol) y
Pdz(dba); (0,026 g, 0,028 mmol) y la suspension se bombed/purgd tres veces
con argon. Después, el recipiente se calentd a 125°C durante 45 min. Los
sélidos se retiraron por filtracién a través de CELITE® y se lavaron con THF. El
fitrado de color pardo oscuro se concentré a presion reducida y después se
diluyé con agua y acetato de etilo. Las capas se separaron y la fase acuosa se
extrajo con acetato de etilo (2 x 10 ml). Los extractos organicos se combinaron,
se lavaron con agua y salmuera, se secaron sobre sulfato sédico, se filtraron,
se concentraron y el residuo se purificé por cromatografia ultrarrapida (SiO,, en
hexanos al 40% en EtOAc/hexanos, columna de 12 g, 30 mi/min, gradiente de
20 min, controlado a 254 nm). Las fracciones se concentraron, se disolvieron
en DCM (1 ml) y se trataron con trietilsilano (0,45 ml, 2,8 mmol) y TFA {0,3 ml)
a temperatura ambiente. Después de 20 min, los volatiles se retiraron por una
corriente de nitrégeno. El residuo se triturd con MeOH, formando un precipitado
de color blanco. El sdlido se aislé por filtracion, se lavé con MeOH y se
suspendié en 1:1 de HCI 1 N/MeCN vy se liofilizé, produciendo el Ejemplo 10,
(0,081 g, rendimiento del 68,3%) en forma de un sélido de color blanco. HPLC:

(A=
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Tr = 4,35 min (YMC S5 ODS de 4,6 x 50 mm, metanol acuoso al. 10-90% que

contiene H3;PO, al 0,2%, gradiente de 4 min, controlado a 220 nm). EM (EN):

m/z = 386,0 [M+H]". '"H RMN (400 MHz, DMSQ-ds) 6 ppm 9,98 (1 H, s), 8,52 (1

H,s), 824 (1H,s),819(1H,s),782(1H,s), 7,48 (1H,d, J=8,03 Hz), 594
5 (1H,s),2,52-255(1H,m), 1,28 (6H,d, J=627 Hz).

EJEMPLO 11
N-(5-(3-Ciano-8-(2-hidroxietilamino)imidazo[ 1,2-b]piridazin-6-ilamino)-2-
metilfenil)acetamida

HN/\/OH

voNe e
\Y -
yN\N N ,ﬁJ\

10 NC H

11A: Preparacion de 6-cloro-8-((2-hidroxietil)(4-metoxibencil)amino)imidazo[1,2-

b]piridazina-3-carbonitrilo
HO
ra
”ﬁ/[\j\ OMe
&’N"N/ cl
NC

15 11A
Se prepard 11A a partir de 2-((4-metoxibencil)amino)etano! y una mezcla
de 1F siguiendo el procedimiento empleado en la preparacion de 4A. HPLC: Tr

= 3,64 min (YMC S5 ODS de 4,6 x 50 mm, metanol acuoso al 10-90% gue
contiene HiPQOy4 al 0,2%, gradiente de 4 min, controlado a 220 nm). EM (EN):
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m/z = 358,0 [M+H]".

Ejemplo 11: Preparacion de N-(5-(3-ciano-8-(2-hidroxietitamino)imidazo[1,2-

blpiridazin-6-ilamino)-2-metilfenil)acetamida

HN/\/OH
ST, 8,

Una mezcla de 11A (50 mg, 0,14 mmol), N-{5-amino-2-
metilfenil)acetamida (45,9 mg, 0,28 mmoal), Pdy(dba)s (12,80 mg, 0,014 mmol),
Xantphos (17,79 mg, 0,031 mmol), yoduro de cobre (1) (13,31 mg, 0,070 mmol)
y carbonato de cesio (182 mg, 0,56 mmol) en DMA (1,0 mf) se purgd con
nitrégeno, se enfrié a temperatura ambiente, después la mezcla de reaccion se
agité a 125°C en un vial cerrado herméticamente durante 2 horas y después se
diluyé con acetato de etilo. La mezcla de reaccion se lavé con NH4OH al 20%,
se secO sobre NaySO0s, se filtré y se concentrd a presion reducida. El sélido
resultante se trituré con éler y se aisld por filtracion. El sélido obtenido se
suspendio en DCM (2 ml), se traté con trietilsilano (0,1 ml, 0,63 mmol) y TFA
(0,1 mi, 1,3 mmol) y se agité durante 20 min a temperatura ambiente. La
mezcla de reaccion se concentrd, se purificdé por HPLC de fase inversa y se
liofilizé con HCI 1,0 N, produciendo el Ejemplo 11 (15,0 mg, rendimiento del
26,7%). HPLC: Tr = 11,424 min (YMC S5 ODS de 4,6 x 50 mm, metanol
acuoso al 10-90% que contiene H3;PO,4 al 0,2%, gradiente de 15 min, controlado
a 220 nm). EM (EN): m/z = 366,0 [M+H]". '"H RMN (400 MHz, DMSO-dg) § ppm
9,24 (1H,s),9,15(1H,s),813(1H,s),762(2H,s),7,26-7,37 (1H, m), 7,12
(1H, d, J=803Hz),59 (1H,s),492(1H,t J=540Hz),365(2H,¢,J=

78




183
5,77 Hz),3,22-3,42(2H, m),2,15(3 H, s),2,01-2,13 (3H, m).

EJEMPLO 12
8-((1-(2-Hidroxietil)-1H-pirazol-3-il)amino)-6-((3-metoxi-5-(5-metil-1H-tetrazol-1-

5 ilfenil)amino)imidazo[1,2-b]piridazina-3-carbonitrilo

12A:  Preparacion de  8-((1-(2-({ferc-butil{dimetil}silil)oxi)etil)-1 H-pirazol-3-

ilamino)-6-cloroimidazo[1,2-bjpiridazina-3-carbonitrilo

ENfOTBS
HN

N
<
N
%’N‘N/ cl
NG

12A

10

Se prepar6 12A a partir de una mezcla de 1F vy 1-(2-(terc-
butildimetilsililoxi)etil)-1H-pirazol-3-amina siguiendo el procedimiento empleado
en la preparacién de 4A. HPLC: Tr = 4,26 min (columna Waters Sunfire C18

15 (4,6 x 50 mm). metanol acucso al 10-90% que contenia TFA al 0,1%, gradiente
de 4 min, caudal = 4 ml/min, deteccién a 254 nm). EM (EN): m/z = 418,2
[M+H]".

223
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Ejemplo 12: Preparacién de 8-((1-(2-hidroxietil)-1H-pirazol-3-ilyamino)-6-((3-
metoxi-5-(5-metil-1H-tetrazol-1-il)fenilyamino)imidazo[1,2-b]piridazina-3-

carbonitrilo

N ™S /@ Me
>’N"N/ N N‘g
/ H

,4

Una suspension de 12A (39 mg, 0,093 mmol), 3-metoxi-5-(5-metil-1H-
tetrazoi-1-ilanilina (28,7 mg, 0,14 mmol) y di-ferc-butil(1-metil-2,2-
difenilciclopropil)fosfina (6,58 mg, 0,019 mmol) en tolueno (0,75 ml) se purgd
con nitrogeno. Se afiadieron dimero de cloruro de alilpaladio (11) (3,41 mg; 9,3
pmol) y terc-butdxido sédico (10,76 mg, 0,11 mmol), la mezcla de reaccién se
purgd con nitrégeno y se calentd a 100°C. Después de 15 minutos, la mezcla
de reaccion se concentrd, se suspendié en agua (50 ml), se extraj-o con
isopropanol al 10%/diclorometano (3 x 25 ml), se secd sobre Na,SO, y se
concentrd. El producto en bruto se purifico con cromatografia sobre gel de
silice (gradiente por etapas, acetato de etilo del 20 al 50%/hexanos para dar
acetato de etilo purc). Las fracciones se concentraron, se disolvieron en
diclorometano (2 ml) y se trataron con TFA (2 ml). Después de 3 horas, la
mezcla de reaccién se concentrd, se purificd usando HPLC de fase inversa, y
se liofilizé con HCI 1,0 N, aislando el Ejemplo 12, (2,1 mg, rendimiento del

3,84%) en forma de un s6lido de color castafio. HPLC: Tr = 1,65 min
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(PHENOMENEX® Luna 5 micras C18 de 4,6 x 30 mm, metanol acuoso al 10-
80% que contenfa TFA al 0,1%, gradiente de 2 min, caudal = 5 ml/min,
deteccién a 254 nm). EM (EN): m/z = 473,06 [M+H]". 'TH RMN (500 MHz,
metanol-d;) 8 ppm 8,03 (1 H, 8), 7,86 (1 H,8), 7,61 (1 H, d, /= 1,83 Hz), 7,51 (1

5 H,s), 7,47 (1H,s),6,68-6,89 (1H, m), 6,13 (1 H, d, J=2,29 Hz), 4,23 (2 H, t, J
=95,27 Hz), 397 (2H,t,J=5,27 Hz), 3,94 (3H, s), 2,69 (3 H, s).

EJEMPLO 13
8-(Etilamino)-6-((3-(1H-1,2,4-triazol-1-il)-5-trifluorometil)fenil)amino)imidazo[1,2-
10 b]piridazina-3-carbonitrilo

Me

13A:  Preparacion de  6-cloro-8-(etil(4-metoxibencil)amino)imidazo[1,2-

blpiridazina-3-carbonitrilo

Me
N%(%\ OMe
&’N“N/ ci
NC

13A

15

Se prepar6 13A a partir de N-(4-metoxibencil)etanamina y una mezcla
de 1F siguiendo el procedimiento empleado en la preparacion de 4A. HPLC: Tr

= 1,88 min (PHENOMENEX® Luna 5 micrometros C18 de 4,6 x 30 mm,

725
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metanol acucso al 10-80% que contenia TFA al 0,1%, gradiente de 2 min,

caudal = 5 ml/min, deteccion a 254 nm). EM (EN): m/z = 341,9 [M+H]".

Ejemplo 13. Preparacién de 8-(etilamino)-6-((3-(1H-1,2,4-triazol-1-il)-5-

(trifluorometil)fenil)amino)imidazo[1,2-b]piridazina-3-carbonitrilo

Me
HNJ CF,
2L
\ P
1{1 / \*N

Una mezcla de 13A (100 mg, 0,29 mmol), Intermedio 1 (100 mg, 0,44
mmol), Pdy(dba); (26,8 mg, 0,028 mmol), carbonato de cesio (381 mg, 1,17
mmol), yoduro de cobre (1) (27,9 mg, 0,15 mmol) y Xantphos (33,9 mg, 0,059
mmol) en DMA (2 ml) se purgd con nitrégeno y se calenté a 125°C durante 1
hora. La mezcla de reaccion se filtré a través de una capa de gel de silice y se
lavd con metanol al 30%/cloroformo. El filtrade se concentré y se disolvié en
dicloroetano (4 ml) y se trat6 con trietilsilano (0,3 ml) y TFA (1 ml). Después de
30 min, la mezcla de reaccién se concentré a sequedad, se disolvié en DMSO
(1 ml) y metanol (1 ml), se purificé usando HPLC de fase inversa y se liofilizo
con HCI 1,0 N, aislando el Ejemplo 13, en forma de un sélido de color castafio
(20 mg, rendimiento del 15,2%). HPLC: Tr = 1,9 min (PHENOMENEX® Luna 5
micrémetros C18 de 4,6 x 30 mm, metanol acuoso al 10-90% que contenia TFA
al 0,1%, gradiente de 2 min, caudal = 5 ml/min, deteccion a 254 nm). EM (EN):
m/z = 414,98 [M+H]". "H RMN (500 MHz, DMSO-dg) 8 ppm 9,26 (1 H, s), 8,71
(1 H,s), 7,41-7,87 (4 H, ' m), 7,14 (1 H, s}, 5,27 (1 H, s), 2,87-3,50 (2 H, m),
2,57-2,79 (1 H, m), 0,58 (3H, t, J =7,10 Hz).
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EJEMPLO 14
8-Amino-6-((3-cloro-5-cianofenilyamino)imidazo[1,2-b]piridazina-3-carbonitrilo

NH, cl

QL
N\ z

%N\N ﬁ CN
i

N

5
14A: Preparacion de  8-(bis(4-metoxibencil)amino)-6-cloroimidazo{1,2-
blpiridazina-3-carbonitrilo
OMe
N’\Q
Nﬁ/i OMe
&’N‘N/ cl
NC
14A
10 Se preparo 14A a partir de una mezcla de 1F y N-(4-metoxibencil)-1-(4-

metoxifenil)metanamina siguiendo el procedimiento empleado en Ila

preparacion de 4A. HPLC: Tr = 1,13 min (BEH C18 de 2,1 x 50 mm, 1,7 p, B

del 0 al 100 en 1 min con 0,5 min de tiempo de retencién, caudal = 1 mi/min,

deteccion a 254 nm, Disolvente A: agua al 100%/TFA al 0,1%; Disolvente B:
15 ACNI al 100%/TFA al 0,1%). EM (EN): m/z = 434,2 [M+H]".

Ejemplo 14: Preparacién de 8-amino-6-((3-cloro-5-

cianofenil)amino)imidazo[1,2-b]piridazina-3-carbonitrilo
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Una mezcla de 14A (100 mg, 0,23 mmol), carbonato de cesio (225 mg,
0,69 mmol), yoduro de cobre (I) (21,95 mg, 0,12 mmol), 3-amino-5-
clorobenzonitrilo (38,7 mg, 0,25 mmol), Pdx(dba); (21,10 mg, 0,023 mmol) y
Xantphos (29,3 mg, 0,051 mmol) en DMA (2 mi) se purgd con nitrégeno y se

calentd a 125°C. Después de 13 horas, la mezcla de reaccidén se diluyé con

DCM, se filtrd a través de un tapdn de gel de silice (20 g) y se lavé con MeOH
al 10% en DCM. El filtrado se concentrd, se trituré con agua y el sdlido se
recogid por filtracion. El sdlido se secd a presidn reducida, se disolvié en DCM
(2 ml} y se trato con trietilsilano (0,64 mi) y TFA (1,3 ml). Después de 1 hora, ia
mezcla de reaccion se concentrd, se disolvié de nuevo en MeOH/DMSO y se
purifico por HPLC (PHENOMENEX® Luna Axia 5 micrémetros de 30 x 100
mm) de B al 30% (Disolvente B = MeOH al 90%-H,0 al 10%-TFA al 0,1%) a B
al 100% en A (Disolvente A = MeOH a! 10%-H20 al 90%-TFA al 0,1%) en 15
min), aislando el Ejemplo 14 (9 mg, 0,029 mmol, rendimiento del 12,61%) en
forma de un solido de color pardo claro. HPLC: Tr = 0,88 min
(PHENOMENEX® Luna 5 micrémetros C18 de 4,6 x 30 mm, metano! acuoso al
10-90% que contenia TFA al 0,1%, gradiente de 2 min, caudal = 5 ml/min,
deteccion a 254 nm). EM (EN): m/z = 310,0 [M+H]". "H RMN (400 MHz, DMSO-
de) 3 ppm 9,71 (1 H, s), 8,19 (1 H, s), 8,14 (1 H, t, J = 2,01 Hz), 7,97-8,07 (1 H,
m), 7,46-7,57 (1 H, m), 7,28 (2 H, s a), 6,04 (1 H, s).

EJEMPLO 15

| B
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6-((3-Ciano-5-(trifluorometil)fenil)amino)-8-((2-metoxietil)amino)imidazo[1,2-
b]piridazina-3-carbonitrilo

Meol

NH CF;
Nﬁ /©\
\ N o

"N” °N X

N

/> H
N

5 15A: Preparacién de 6-cloro-8-((4-metoxibencil}{2-metoxietilamino)imidazo[1,2-

blpiridazina-3-carbonitrilo

15A
Se prepard 15A a partir de 2-metoxi-N-(4-metoxibencil)etanamina y 1F
10 siguiendo el procedimiento empleado en la preparacion de 1G. HPLC: Tr = 3,20
min {(columna de CHROMOLITH® de 4,6 x 50 mm eluyendo con metanol -
acuoso al 10-90% durante 4 min que contenia’ TFA al 0,1%, 4 mi/min,

controlado a 220 nm). EM (EN): m/z = 372,1 [M+H]".

15 Ejemplo 15: Preparacién de 6-((3-ciano-5-(trifluorometil)fenil)amino)-8-((2-

metoxietil)amino)imidazo[1,2-b]piridazina-3-carbonitrilo
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Se puso una solucién de 3-amino-5-(triflucrometil)benzonitrilo (0,075 g,
0,40 mmol} en DMA (1 ml) en un vial de 1 dram con un tapén de goma
revestido con teflon y el disolvente se purgd con argdn. Se afadieron en una
porcién 15A (0,100 g, 0,262 mmol), carbonato de cesio (0,351 g, 1,076 mmol),
yoduro de cobre (l) (0,026 g, 0,134 mmol), Xantphos (0,031 g, 0,054 mmol) y
Pdz(dba)s (0,025 g, 0,027 mmol) y la suspension se bombed/purgd tres veces
con argon. El recipiente se calentd a 125°C durante 45 min y después se enfrid
a temperatura ambiente. Los sélidos se retiraron por filtracidon a través de
CELITE®y se lavaron con THF. Ei filtfado se concentrod a presion reducida y se
diluyd con agua y EtOAc. Las capas se separaron y la fase acuosa se extrajo
con EtOAc (3 x 10 ml). Los extractos organicos se combinaron, se lavaron con
agua y saimuera, se secéron sobre sulfato sédico anhidro, se filtraron y se
concentraron. El producto en bruto se disolvic en DCM y se purificd por
cromatografia ultrarrdpida (SiO;, en hexanos al 40% en EtOAc/hexanos,
columna de 12 g, 30 ml/min, gradiente de 20 min, controlado a 254 nm). Las
fracciones se concentraron, se disolvieron en DCM {1 ml) y se trataron con
trietilsilano (0,430 ml, 2,7 mmol) y TFA (0,3 ml) a temperatura ambiente.
Después de 20 minutos, los volatiles se retiraron mediante una corriente de
nitrégeno y el residuo se triturd con MeOH. El sélido se aislé por filtracién, se

suspendid en 1:1 HCI 1 N/MeCN y se liofilizé durante una noche,
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proporcionando el Ejemplo 15, (0,080 g, 0,181 mmol, rendimiento del 67,3%)
en forma de un sélido de color gris. HPLC: Tr = 4,160 min (YMC S5 ODS de 4,6
x 50 mm, metanol acuoso al 10-90% que contiene H3PO, al 0,2%, gradiente de
4 min, controlado a 220 nm). EM (EN): m/z = 402,0 [M+H]". "H RMN (400 MHz,

5 DMSO-dg) 5 ppm 9,98 (1 H, s), 8,52 (1 H, ), 8,25 (1 H, ), 8,20 (1 H, s}, 7,82 (1
H, s}, 7,68 (1 H, s), 5,99 (1 H, s), 3,54-3,62 (2 H, m), 3,40-3,52 (2 H, m), 3,30 (3
H, s).

EJEMPLO 16
10 6-((3-Ciano-5-(trifluorometil)fenil}amino)-8-(metilamino)imidazof1,2-b]piridazina-
3-carbonitrilo

Me..

NH CF,
\
>,N‘N/ E “}N
U
N

16A: Preparacion de 6-¢Ioro-8-((4-metoxibencil)(metil)amino)imidazo[1,2-

15 blpiridazina-3-carbonitrilo

16A
Se prepard 16A a parlir de 1F y 1-(4-metoxifenil)-N-metilmetanamina
siguiendo el procedimiento empleado en la preparacion de 1G. HPLC: Tr= 3,12

20 min (columna de CHROMOLITH® de 4,6 x 50 mm eluyendo con metanol

ieit
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acuoso al 10-80% durante 4 min que contenia TFA al 0,1%, 4 ml/min,

controlado a 220 nm). EM (EN): m/z = 328,1 [M+H]".

Ejemplo 16: Preparacion de 8-((3-ciano-5-(triflucrometil)fenil}amino)-8-
{metilamino)imidazo[1,2-b]piridazina-3-carbonitrilo

Me.

Una mezcla de 16A (80 mg, 0,24 mmol), 3;amino-5-
(trifluorometii)benzonitrilo (68,1 mg, 0,37 mmol), Pdx(dba); (22,35 mg, 0,024
mmol), xantphos (28,2 mg, 0,049 mmol), yoduro de cobre (i} (23,2 mg, 0,12
mmol) y carbonato de cesio (318 mg, 0,976 mmol) en DMA (0,8 ml} se purgd
con N y después se calenté a 120°C durante 6 horas. La mezcla de reaccion
se enfrid a temperatura ambiente y se diluyd con DCM (5 ml). La mezcla se
cargd sobre un lecho corto de gel de silice y eluyendo con MeOH al 10%/DCM.
El fitrado se concentré y se purificd por HPLC preparativa de fase inversa
(XTERRA® C-8 de 20 x 100 mm, acetonitrilo acuoso al 40-90% que contenia
TFA al 0,1%, gradiente de 15 min, controlado a 254 nm). La fraccién deseada
se concentrd. El residuo se disolvié en DCM (2 ml) y se tratd con Et3SiH (200
) y TFA (2 ml). La mezcla de reaccion se agitdé a temperatura ambiente
durante 30 min y después se concentré. El residuo se trituré con DMF vy
metanol, se filtré y se lavd con un disclvente mezclado de DCM y amonio 2 N
en MeOH. El sdlido se disolvié en acetato de etilo y se filtré a través de gel de

silice. El filtrado se concentrd, produciendo el Ejemplo 16 (47 mg, al 53%).

9L
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HPLC: Tr = 3,268 min (columna de CHROMOLITH® de 4,6 x 50 mm eluyendo
con metanol acuoso al 10-80% durante 4 min que contenia TFA al 0,1%, 4

ml/min, controlado a 220 nm). EM (EN): m/z = 358 [M+H]".

5 EJEMPLO 17
8-((2-(4-Morfolinil)eti)amino)-6-((3-(4H-1,2,4-triazol-4-il)-4-

(trifluorometoxi)fenil)amino)imidazol1,2-b]piridazina-3-carbonitrilo

HN
N\ = OCF3
ool LK
NN N Ny
1) A sy
10 17A: Preparacion de 6-cloro-8-((4-metoxibencil)(2-(4-

morfolinil}etilamino)imidazo[1,2-b]piridazina-3-carbonitrilo

i@

17A
Se prepard6 17A a partir de 1F y N-(4-metoxibencil)-2-(4-
15 morfelinil)etanamina siguiendo el procedimiento empleado en la preparacion de

1G. HPLC: Tr = 2,95 min (YMC S5 ODS de 4,6 x 50 mm, metanol acuoso al 10-
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90% que contiene HiPO4 al 0,2%, gradiente de 4 min, controlado a 220 nm).

EM (EN): m/z = 427,1 [M+H]".

17B: Preparacion de 6-(3-(4H-1,2,4-triazol-4-il)-4-(trifluorometoxi}fenilamino)-8-

((4-metoxibencil)(2-morfolinoetil)amino)imidazo[1,2-b]piridazina-3-carbonitrilo

o
N
&

OB U\
\Y

}N“N/ N

i H

N

N
(s
=N

17B

Una solucién de 17A (56 mg, 0,131 mmol) en DMA (2 ml) se tratdé con el
Intermedio 30 (64,1 mg, 0,26 mmol), Pdx(dba); (12,0 mg, 0,013 mmol), yoduro
de cobre () (12,48 mg, 0,066 mmol), xantphos (15,2 mg, 0,026 mmol) y
carbonato de cesio (214 mg, 0,66 mmol). La mezcla de reaccion se purgd con
argon, se calento a 125°C durante 2 horas y despues se enfrid a temperatura
ambiente. La mezcla de reaccion se filtré y se concentrd. El residuo se recogid
en EtOAc (10 ml) y se lavé con una solucidn de LiCl al 10% (2 x 10 ml). La
capa organica se secOd (Na;SQy), se fiitro y se concentré a sequedad. El
producto en bruto se disolvié en una pequefa cantidad de CH,Cl, y se purifico
por cromatografia ultrarrapida (SiO,, DCM al 10% en MeOH/DCM, columna de
24 g, gradiente de 30 min), produciendo 17B (73 mg, rendimiento del 88%).
HPLC: Tr = 3,441 min (YMC S5 ODS de 4,6 x 50 mm, metanol acuoso al 10-

80% que contiene H3PO, al 0,2%, gradiente de 4 min, controlado a 220 nm).
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EM (EN): m/z = 635,2 [M+H]".

Ejemplo 17: Preparaciéon de 8-((2-(4-morfolinii)etillamino)-6-((3-(4H-1,2,4-

triazol-4-il)-4-(triflucrometoxi)fenil)amino)imidazo[1,2-b]piridazina-3-carbonitrilo

HN
L QT
N

N. = n N/\\N
i \;‘N’
N

Una suspension de 17B (73 mg, 0,12 mmol} en DCM (3 ml) se traté con
trietilsilano (0,092 ml, 0,58 mmol), seguido de TFA (0,1 ml, 1,298 mmol). La
solucién resultante se agité a temperatura ambiente durante 2 horas y se
concentrd. El producto de reaccion en bruto se disolvié en una pequefia
cantidad de MeOH y DMF, se purificd por HPLC de fase inversa (YMC ODS-A
5 um de 30 x 250 mm, metanol acuoso al 10-80% que contenia TFA al 0,1%,
25 mi/min, gradiente de 30 min, controlado a 254 nm) y se liofilizé con 1:1 de
HCIl 1 N:ACN, produciendo el Ejemplo 17 (8 mg, al 11,3%). HPLC: Tr = 2,995
min (YMC S5 ODS de 4,6 x 50 mm, metanol acuoso al 10-90% que contiene
HiPO4 al 0,2%, gradiente de 4 min, controlado a 220 nm). EM (EN}: m/z =
515,2 [M+H]".

Los compuestos que se indican a continuacion se prepararon mediante

el procedimiento sintético similar al usado para los Ejemplos 1 a 17.

TABLA S

245
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(ciclopropilamino)imidazo]
1,2-blpiridazin-6-

ilamino)fenil)acetamida

[Ejemplo Estructura Nombre [M+H] | Tiempo
N° de
Retencid
n de
HPLC
(min)*
18 N A . 6-((3-Amino-5- 37411 1,57°
Neo\ (trifluorometil)fenil)amino)-
%’"‘N/ N NH, [B-
I H
N : (ciclopropilamino)imidazo[
1,2-b]piridazina-3-
carbonitrilo
19 HNA N 6-((3-Amino-5- 331,11 1,48°
Ne A é cianofeniljamino)-8-
>\’N‘N" N NH, |(ciclopropilamino)imidazol
'{‘j - [1,2-b]piridazina-3-
carbonitrilo
20 N-(3-ciano-5-((3-ciano-8- | 373,17 | 1,64°
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Ejemplo Estructura Ncombre [M+H] | Tiempo
N° - de
Retencié
nde
HPLC
(min)*
21 N-(3-((3-ciano-8- 416,17 1.8°
NH CFs
N o (ciclopropilamino}imidazo]
Yy NJLME
p H 1,2-b]piridazin-6-il)amino)-
4
-
(trifluorometil)fenil)acetami
da
22 N-(3-Clorg-5-((3-ciano-8- | 382,1 | 1,72°
NH Cl ’ '
NS Q 0 (ciclopropilamino)imidazo[
NPy NJLMe
s H H 1,2-b]piridazin-6-
N
iamino)fenil)acetamida
23 (3-Cloro-5-{(3-ciano-8- 3981 | 1,79°
NH Cl
Nar ™ o (ciclopropilamino}imidazo[
>,N. 2 M
N N "oMe L
1 H 1,2-b]piridazin-6-
ilfamino)fenil)carbamato
de metilo
24 6-((3-cianofenil)amino)-8- | 316,1 | 1,74 "
HN

(ciclopropilamino)imidazo[
1,2-b]piridazina-3-

carbonitrilo

293




(difluorometoxi)fenit)aminoj
himidazo[1,2-b]pirdazina-

3-carbonitrilo
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[Ejemplo Esfructura Nombre [M+H] | Tiempo
N° de
Retencio
n de
HPLC
(min)*
25 B-((3-ciano-4- 3341] 1,81°
N Hi F  [fluorofenillamino)-8-
?’N‘N/ HQN (ciclopropilamino)imidazo|
N 1,2-b]piridazina-3-
carbonitrilo
26 HN/A B-((3-ciano-4- 330,2 | 1,83°
Ne Me |metilfenilyamino)-8-
/?’N‘N/ ﬁ&ﬂ (ciclopropilamino)imidazo]
N 1,2-bpiridazina-3-
carbonitrilo
27 N A 8-(Ciclopropilamino)-6-((3-] 359,1 ] 1,93°
N (trifluorometif)fenil)amino)i
}N"N/ H/QCF“ midazo[1,2-b]piridazina-3-
'ﬂ/ carbonitrilo
28 " 8-(Ciclopropilamino)-6-((3-] 357,1 | 1,83°

29%
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‘Ejemplo Estructura Nombre [M+H]"| Tiempo
Ne° de
Retencid
nde
HPLC
(min)*
29 6-((5-ciano-2- 3302 | 1,69°
HN/A
o Me metilfenil)amino)-8-
Y G U .
/}’"‘N N Yy, [(ciclopropilamino)imidazo]
1,2-b]piridazina-3-
carbonitrilo
30 3-((3-ciano-8- 361,2 1,7°
HNA OMe ( ((
N \ (ciclopropilamino)imidazo[
\ N. = /;
,}’ R N 1,2-b]piridazin-6-il}amino)-
N
5-metoxifenil) cianamida
31 6-((4-ciano-3- 38421 1,86°
I-iN/A N
N ’©\/// (trifluorometil)fenil)amino)-
>\’N‘N/ N CFy (8-
" H :
(ciclopropilamino)imidazo|
1,2-b]piridazina-3-
carbonitrilo

A
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Ejemplo Estructura Nombre [M+H]" | Tiempo
N° de
Retencié
n de
HPLC
{min)*
32 6-((3-ciano-2- 3341 1,76°
HN/_\' ' _
N flucrofenil)amino)-8-
\ P C
/}'N‘N H’C‘P\QN (ciclopropilamino)imidazo|
N 1,2-b]piridazina-3-
carbonitrilo
33 AN (3-((3-Ciano-8- 43211 1,76~
HN CF,
\”=- = ol (ciclopropilamino}imidazof
}’N"N/ N N™ ~OMe . ) . .
4 1,2-b]piridazin-6-ilyJamino)-
G-
(trifluocrometil)fenil)carbam
ato de metilo
34 6-((3-clano-4- 400,1 | 1,97
HI’«I/A
N OCFs  ((triflucrometoxi)fenil)amin
N\_N. /©/\ '
P{?’ NN Xy [0)-8-
(ciclopropilamino)imidazo[
1,2-bjpiridazina-3-
carbonitrilo
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'Ejemplo Estructura Nombre [M+HT" | Tiempo
N° de
Retencié
n de
HPLC
(min)*
35 6-((3-ciano-5- 3462 | 1,93°
HN/A ONe
Neo "\ metoxifenillamino)-8-
X P
?’”‘N N Ny |(ciclopropilamino)imidazo]
N 1,2-b]piridazina-3-
carbonitrilo
36 B-((3-Clano-5- 3347 1,86°
' HN F
Ne A /@ fluorofenil)amino)-8-
>/N‘N/ N Xy [(ciclopropilamino)imidazo]
i
N 1,2-b]piridazina-3-
carbonitrilo
37 8-(ciclopropilamino)-6-((3-| 403,2 | 1,5°
HN OMe
TN /@ we [Mmetoxi-5-(5-metil-1H-
NN,
/}’ NR Th:ﬁ" tetrazol-1-
N
ihfenilyamino)imidazof1,2-
b]piridazina-3-carbonitrilo
38 A N-(3-((3-ciano-8- 348,01 362°
HN
N (ciclopropilamino)imidazo
YNy N/@NiMe oo ) |
h,‘, H H 1,2-blpiridazin-6-
ilamineo)jfeniljacetamida

30|
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Ejemplo Estructura Nombre [M+H]" | Tiempo
N° de
Retencid
n de
HPLC
{min)*
39 A (5-((3-Ciano-8- 382,17 3,856°
HN
N ™ Fo (ciclopropilamino)imidazo]
>\’"‘N’ N’@NJLOMe o _
Vi : R 1,2-b)piridazin-6-i)amino)-
2-fluorofenil)  carbamato
de metilo
40 A 8-(Ciclopropifamino)-6-((3-| 357,1 | 3,313°
HN
NSy (1H-imidazol-4-
NN, 2 ~
2’ VR TN linfenilyamino)imidazo[1,2-
blpiridazina-3-carbonitrilo
& A 8-(Ciclopropilaming)-6-((3- 371,1 | 3,116 °
HN
Ne (2-metil-1H-imidazol-1-
\_N. = /Q
>’ NN NNy lihfenil)amino)imidazo[1,2-
/ H
bipiridazina-3-carbonitrilo
42 P 8-(Ciclopropilamino)-6-((3-{ 357,1 | 3,186 °
HN
N (1H-imidazol-1-
\ N N/ NQ\NQ . . . . .
P o N ifenillamino)imidazo[1,2-

blpiridazina-3-carbonitrilo

2107




3,3-dimetil-1-
indolinacarboxilato del

metilo
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'Ejemplo Estruciura Nombre [M+HT | Tiempo
N° de
Retencié
nde
HPLC
(min)*
43 6-((3-Ciano-&- 390,71 | 4,185 °
HN
Neor ™ ciclopropilamino)imidazo
%« 3y [cilopropiaminojimidazof
i} Ho J~owe [1,2-b]piridazin-6-iljamino)-
1-indolinacarboxiiato  de
metilo
44 N Acido 3-((3-ciano-84 3352 | 3,816°
HN
NS (ciclopropilamino)imidazo[
>\’"“"’ N g " 1 2-b)piridazin-6
/ H I ,2-blpiridazin-6-
illamino)benzoico
45 A 6-((3-Ciano-8- 418,11 4,41°
HN Me
\':‘-\(%L Me  i(ciclopropifamino)imidazoj
N, = N
? BT Jowe [1,2-bjpiridazin-6-ihamino)-

1D
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Ejemplo]  Estructura Nombre [M+H] ] Tiempo
N° de
Retencid
nde
HPLC
(min)*
46 A 8-(Ciclopropilamino)-6-({(4-| 376,1 | 3,715°
HN
TN F fluoro-3-(4H-1,2 4-triazol-
yPLN/ N/@NQN 4-
I} H sy
ihfenil)amino)imidazo[1,2-
blpiridazina-3-carbonitrilo
47 6-((2-Cloro-5- 350,1 | 3,996 °
HN/A
N, C! cianofenil)amino)-8-
\ -~ . - -
>’N‘N ﬁj@\;\N (ciclopropilamino)imidazo[
]
1,2-b]piridazina-3-
carbonitrilo
43 Ja 8-(Ciclopropilamino)-6-((3- 372,1 3,341°
HN
N3 /@\/ (4-metil-4H-1,2,4-triazol-3-
N_N. =
p N M'”ﬁN ifenil)amino)imidazo[t,2-
bipiridazina-3-carbonitrilo
49 P 8-(Ciclopropilamino)-6-((3-| 357,2 | 3,286 °
HN
Ny (1H-pirazol-5-
\_N. =
" Q’Q\ﬂ ilfenil)amino)imidazo{1,2-
[{‘,r HN-
blpiridazina-3-carbonitrilo

ok
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'Ejemplo Estructura Nombre [M+H]" | Tiempo
N° . de
Retencid
nde
HPLC
(min)*
50 HNA B6-((3-Amino-4- 390,11 3,973%
TP /Q:OC& (trifluorometoxi)fenil)amin
/?’”‘N’ N NH,  10).8-
(ciclopropilaminc)imidazo|
1,2-b]piridazina-3-
carbonitrilo
51 P 6-((3-Amino-4- 3202 [ 2,988 °
HN
Nﬁ me |metilfeniamino)-8-
>\VN‘N’ ﬁ/@nnz (ciclopropilamino)imidazo[
’{‘/ 1,2-blpiridazina-3-
carbonitrilo
52 N 8-(Cicloropilamino)-6-((3- | 442,1 | 3,915°
N OCFy  {(4H-1,2 4-triazol-4-il)-4-
?’N W Eg'{::ﬂ (trifluorometoxi)fenil)amin
o)imidazo[1,2-b]piridazina-
3-carbonitrilo
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((314-
dimetoxifenil)amino)imida
zo[1,2-b]piridazina-3-

carbonitrilo

jemplo Estructura Nombre [M+H]"| Tiempo
Ne de
|Retencio
n de
HPLC
(min)*
53 IN-(5-((3-Ciano-8-((2- 380 | 12,437
metoxietil)amino)imidazo[
1,2-b]piridazin-6-iYamino)-
2-metilfenil)acetamida
54 N-(5-((3-Ciano-8-((2-(4- | 435,71 | 9,673 "
HN/\/N\) '
morfolinil)etil)amino)imida
zo[1,2-b]piridazin-6-
ilamino)-2-
metilfenil)acetamida
55 IN-(5-((3-Ciano-8-((2- 394,1 | 3,263°
hidroxi-2-
metiipropil)amino)imidazo|
1 ,2-b]piridazin-6-i!)amino)-
2-metilfenil)acetamida
56 8—(Ciclopropilamino)-6-> 3512 169°




(ciclopropilamino)imidazo[
1,2-blpiridazina-3-

carbonitrilo
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Ejemplo Estructura Nombre [M+H]" | Tiempo
N° de
Retencid
n de
HPLC
(min)*
[ 57 6-((5-Ciano-1,3-iazol-2- | 323,1 | 1,67 °
NH
NerSy N ilyamino)-8-
}’N N ﬂ}\}EN (ciclopropilamino)imidazo]
4 : 1,2-b]piridazina-3-
carbonitrilo |
58 8-(Ciclopropilaminc)-6-((4-] 372,0 | 3,961 °
§.NH:: N /@fl%\w metil-2-0x0-1,2-dihidro-7-
p/ H quinolinilyamino)imidazo1
.2-blpiridazina-3-
carbonitrilo
59 N PN N-(5—((3-Ciano-§- 366,0 | 3,595°
N A F  |(ciclopropilamino)imidazo[
}N“N/ H/@NH 1,2-b]piridazin-6-ilJamino)-
) A
N "e” "% l2-fluorofenilo acetamida
60 ] 6-((3-Aminofenil)amiﬁo)—S— 306,1 | 2,82°
N

el
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[Ejemplo Estructura Nombre [M+H] [ Tiempo
N° de
Retencid
n de
HPLC
(miny*
61 A N-(3-((3-Ciano-8- 366,0 | 3,483 °
HN
Ne Fm (ciclopropilamino)imidazo[
\_N. = o .
>’N‘N N /T: 1,2-b]piridazin-6-il)amino)-
Vi
e” -0 4-fluorofenil) acetamida
62 N 8-(Ciclopropilamino)-6-((2-] 345,0 | 3,131°
HN
LS N, metil-1H-bencimidazol-5-
NNy N’(II*P—Ma C e
" H A illamino)imidazo[1,2-
b]piridazina-3-carbonitrilo
63 (3-((3-Ciano-8- 64,1 | 3,788°
HN
Nor ™ 0 (ciclopropilamino)imidazo[
4 H W 1,2-blpiridazin-6-
illamino)feniljcarbamato
de metilo
64 A 6-((1-Acetil-2,3-dihidro- 3741 | 3,931°
HN
Ne S\ 1H-indol-6-il)amino)-8-
NN N ciclopropilamino)imidazo[
W H Me’go
N 1,2-blpiridazina-3-
carbonitrilo
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Ejemplo Estructura Nombre [M+H]" { Tiempo
N° de
Retencié
n de
HPLC
(min)*
65 ~ N-(3-((3-Ciano-8-(2- 385,0 | 3,761 7 |
" HN\ N piridinilamino)imidazo[1,2-
NN, 2 N/@NH b]piridazin-6-
rﬂ’ " Me’go ilamino)fenil)acetamida
66 A N-(3-((3-Ciano-8- 376,1 | 3,863 °
§:~.; N’Q\NJOH/'“ (ciclopropilamino)imidazo[
i " " me  [1,2-blpiridazin-6-
ilyamino)fenil)-2-
metilpropanamida
67 A N-(3-((3-Ciano-8- 362,1 [ 3,769
>\":N‘; ) @\ LME (ciclopropilamino)imidazof
I vl 1,2-bpiridazin-6-
illamino)fenil)propanamid
a
68 HN/A (5-((3-Ciano-8- 382,0 | 3,841°

(ciclopropilamino)imidazo|
1,2-b]piridazin-6-il)amino)-
2-fluorofenii)  carbamato)

de metilo

5o
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‘Ejemplo Estructura Nombre [M+H] T Tiempo
N° de
Retencio
n de
HPLC
(min)*
69 N IN-(4-((3-Ciano-8- 349,17 | 2,965 7 |
HN
N AN (ciclopropilamino)imidazo[
\_N. - ' o
>’NN NN 1,2-blpiridazin-6-il)amino)-
i |
N e 0 -piridinil) acetamida
70 AN IN-(5-((3-Ciano-8- 402,0 | 3,56°
HN
Na F  [(ciclopropilamino)imidazo]
T X
>’”*~ N NH  [1,2-bpiridazin-6-ilyamino)-
/ ’us“\
"e6° l-fluorofenil
metanosulfonamida
71 3-((3-Ciano-8- 334,1 | 3,496°
" A (
NS (ciclopropilamino)imidazo|
NN N N@\TNHZ
py H 5 1,2-b]piridazin-6-il)amino)
benzamida
- 72 A 8-(Ciclopropilamino)-6-((4-{ 372,1 | 4,093°
HN
Nasr S Ny Imetil-2-oxo0-1,2-dihidro-6-
SR
i Hoo e quinoliniljamino)imidazo[1
N
,2-b]piridazina-3-
carbonitrilo

30




HN
N~ F. F
BN
}VN‘N ﬁ NH
i A

(ciclopropitamino)imidazo[
1,2-b]piridazin-6-il)amino)-
2,4-difluorofenil)

acetamida
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[Ejemplo Estructura Nombre [M+H] | Tiempo
| Ne de
Retencié
nde
HPLC
{min)*
73 A g-(Ciclopropilamino)-6-((3-] 374,1 | 3,978 ©
HN
Nao o [(2-oxo-1-pirrolidinil)
NN, = /@ , .
: N N fenil)amino)imidazo[1,2-
I{II
b]piridazina-3-carbonitrilo
74 A N-(3-((3-Ciano-8- 362,1 ; 3,858°
ﬁ @ g |(ciclopropilaminojimidazol
r,? m "¢ 1,2-blpiridazin-6-
ilamino)fenil)-N-
metilacetamida
75 PN 8-(Ciclopropilamino)-6-((1-| 408,1 | 3,956 ©
HN -
\"L, = m (metiisulfonil)-1H-indol-6-
N. =
N N_o illamino)imidazo[1,2-
y e
blpiridazina-3-carbonitrilo
76 N-(5-((3-Ciano-8- 384,11 3,481°

3
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Ejemplo Estructura Nombre [M+HT" | Tiempo
Ne de
Retencié
nde
HPLC
{min)*
77 A (5-((3-Ciano-8- 462 | 2,395
§j").>\;©:: . OME (ciclopropilamino)imidazol
U H H 1,2-b]piridazin-6-ilyamino)-
2,4-difluorofenil) |
carbamato de metilo
78 A (3-((3-Ciano-8- 382,1 [ 36737
§:~ N: ;DN J?\OMe (ciclopropilamino)imidazo]
i H H 1,2-bpiridazin-6-iamino)-
M-ﬂuorofeni]) carbamatg
de metilo
79 A 6-{({4-Cloro-3-(1,3-0xazol- | 392,1 | 4,368 °
N cl 5-ilffenil)amino)-8-
?/N‘"/ H%N (ciclopropilamino)imidazo]
1,2-b]piridazina-3-
carbonitrilo
80 HN/A 8-(Ciclopropilamino)-6-({(3-| 388,1 | 4,271°%

(2-metil-1,3-tiazol-4-
ihfenil)amino)imidazo[1,2-

blpiridazina-3-carbonitrilo

YA




OMe

(ciclopropilamino)imidazo|
1,2-b]piridazin-6-il)amino)-

2-metoxifenil) acetamida
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[Ejemplo Estructura Nombre [M+H] | Tiempo
Ne° de
Retencid
nde
HPLC
{min)*
81 A 6-((4-Cloro-3-(1,3-oxazol- | 392,1 | 4,201°
HN
N cl 2-il)fenilyamino)-8-
NN,z /q,n
NN - . S
,ﬁ’} A 0 j (ciclopropilamino)imidazo
1,2-b]piridazina-3-
carbonitrilo
82 A 8-(Ciclopropilamino)-6-((3-( 359,2 | 34°
HN
N (1,3,4-oxadiazol-2-
NN,z N/@\,}N\
p H LA ifYfeniyamino)imidazo[1,2-
b]piridazina-3-carbonitrilo
83 N 8-(Ciclopropilamino)-6-({3-] 373,2 | 3,688
: HN
\N~_ AN Mo (1-metil-1H-tetrazol-&-
N, = N
p v ;N [Dfenihamino)imidazol1,2-
bipiridazina-3-carbonitrilo
84 N(5-((3-Ciano-5- 378 | 2,492

1%
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[Ejemplo Estructura Nombre [M+H] | Tiempo
N° de
Retenct6
nde
HPLC
(min)*
85 /D' N-(2-Cloro-5-((3-ciano-8- | 382 | 2,6437
HN (ciclopropilamino)imidazo[
N s
\_N. 2 1,2-blpiridazin-6-
"N” "NH
I illamino)fenil)acetamida
9]
Me/U\N
Ho o
86 Py 8-(Ciclopropllamino)-6-((3-] 401 | 2,675° |
HN '
N Sy (metilsulfonil)fenil)amino)i
YOUSTER o
>’N‘N N Sso [Midazo[1,2-b]piridazina-3-
M Me '
carbonitrilo
87 A 3-((3-Ciano-8- 384 | 2,405°
HN
N (ciclopropilamino)imidazo]
%N i N/@SHME
p/ H R 1,2-blpiridazin-6-il)amino)-
N-
metilbencenosulfonamida

Bl




215
[Ejemplo Estructura Nombre [M+H]"| Tiempo
N°® | de
Retencid
n de
HPLC
(min)*
88 N A N-(5-((3-Ciano-6- 437 | 3,008°
Nawr OCF; |(ciclopropilamino)imidazo|
{?"“N’ ﬁ%;e 1,2-t.)]piridazin-ﬁ-.il)amino)-
2-(trifluorometoxi)
fenil)acetamida
89 We B-((3-Amino-4-((4-metii-1- | 432,71 | 2,008 7
VAN (Nj piperazinil)carbonil)fenil)a
N Hi /(fo mino)-8- |
)N‘N/ N NHz  l(ciclopropilamino)imidazo[
i 1,2-blpiridazina-3-
carbonitrilo
90 N (5-((3-Ciano-8- 448 | 3,298°
N OCF; |(ciclopropilamino)imidazo
>’N";: ﬁ/@”“ (1 2-b]iiri2azin-6—?l)amino)[-
i 040 ’ .
Me 2-(trifluorometoxi)
fenilycarbamato de metilo




N
A [NJ
Na S Q
\ N‘ s
% N ﬂ OZEH
J/
N/ OMe

(ciclopropilamino)imidazof
1,2-b]piridazin-6-il)amino)-
2-((4-metil-1-
piperazinil)carbonil)fenil)c

arbamato de metilo
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‘Ejemplo Estructura Nombre IM+H] | Tiempo
Ne° de
Retencié
n de
HPLC
{(min)*
1 a_ fk (3-((3-Ciano-8- 448 [ 3,136 °
" “i*j HNOMe 1 ciclopropilamino)imidazo]
>\,N‘N/ N 1,2-b]piridazin-B-il)amino}-
é" " ooy 4-(trifluorometoxi)
fenil)carbamato de metilo
92 r A »Q" e [(5-((3-Cfano-8- 462 | 2,395°
>\:N;: H/@:NH (C|clopr.o.pllar.n|no?lm|dfe120[
I o 1,2-b]piridazin-6-il)aminc)-
2-(4-metil-1-
piperazinil}fenil)
carbamato de metilo
93 Ne  [(5-((3-Ciano-8- 490 [ 2,272°

6
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(ciclopropilamino)imidazo|
1,2-b]piridazin-6-il)amino)-
4-metilfenil) carbamato de

metiio

Ejemplo]  Estructura Nombre [M+H] | Tiempo
N° de
Retencioé
nde
HPLC
(min)*
94 A (3-((3-Ciano-8- 462 | 2,283°
Na HN\ Oﬁsz (ciclopropilaming)imidazo[
/?"‘N’ g@ 1,2-blpiridazin-6-f)amino)-
SN .
Me/@ 4-(4-metil-1-
piperazinil)fenil)
carbamato de metilo
95 N A ~J(5-((3-Ciano-8- 378 | 2,916
}:N‘;: g ’@:Eom :cizcls]pr.o.piiarjnino')imidjazo[
N ,2-b]piridazin-6-il)amino)-
2-metilfenil) carbamato de
metilo
96 A (3-((3-Ciano-8- 378 [ 2,891°

SH
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Ejemplo Estructura Nombre Tiempo
N° de
Retencio
nde
HPLC
(min)*
97 N-(5-{(3-Clano-8- 2,838°
HN
NS Ve, (ciclopropilamino)imidazo{
N N‘N/ N 30
Y/ H Me 14 2-b]piridazin-6-iljamino)-
2-metilfenil)
metancsulfonamida
g8 AN N-(3-({3-Ciano-8- 2,66°
HN
s 0 ciclopropilamino)imidazo
>/N‘N’ ND‘N’U‘Ma ( Prov ) [
4 H H 1,2-blpiridazin-6-il)amino)-
4-metilfenil)acetamida
99 N-(5-((3-Ciano-8- 294"
HN
NSy CF;  [(ciclopropilamino)imidazo[
NN NA 1 2-blpiridazin-6-il)amino)-
;{.’ 0" Me
2.
(trifiluorometil)fenil)acetami
da




iS5
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Ejemplo Estructura Nombre [M+H]" [ Tiempo
N° de
Retencid
n de
HPLC
{min)*
100 a (5-((3-Ciano-8- 432,101 3,22°
HN
NS Cfs |(ciclopropilamino)imidazo|
\\QN/Q:NH . . . .
P H 1,2-b]piridazin-6-il)amino)-
07 "OMe
9.
(trifluorometil)fenil)carbam
ato de metilo
701 O N-(5-((3-Ciano-8-{(2- 380,00 12,434 °
[ B Meo .. . _
metoxietil)amino)imidazo
e LI, Iamino)imidazof
i 1,2-b]piridazin-6-il)amina)-
2-metilfenil)acetamida
102 8-(Ciclopropilamino)-6-((3-} 403,17 1,5°
HN OMe
V2N Q v Imetoxi-5-(5-metil-1H-
\_N.
,>( NN NN tetrazol-1-
Nl NN
ifenil)amino)imidazo[1,2-
b]piridazina-3-carbonitrilo
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Ejemplo Estruciura Nombre [M+H] [ Tiempo
N° de
Retencio
nde
HPLC
{mim)*
103 A TB(CIIopropiamine) B-((3- 425,12 | 2,045 °
HN CF;
Na Sy (1H-pirazoi-1-il)-5-
’{‘/ H ND (triffuorometil)fenil)amino)i
midazo[1,2-b]piridazina-3-
carbonitrilo
104 8-(Ciclopropilamino}-6-((3-{ 426,11| 1,958
HN CFy
Nas (1H-1,2,4-triazol-1-il)-5-
\ N ~
27 Nl VN [(trifluorometil)fenilyamino)i
N
midazo[1,2-b]piridazina-3-
carbonitrilo
105 HN/A 8-(Ciclopropilamino)-6-((3-| 386,10 | 3,370
N (3-etil-1H-1,2,4-triazol-5-
3 Now® N =N
i o Ny ihfenil)amino)imidazo[1,2-
Me
blpiridazina-3-carbonitrilo
106 A 8-(Ciclopropilamino)-6-((4-| 372,10 3,606 °
HN

metil-3-(4H-1,2,4-triazol-4-
il)fenil)amino)imidazo[1,2-

b]piridazina-3-carbonitrilo

o




soBey
}N.N/ N N/u\rMa
H
N

Me

(ciclopropilamino)imidazo|
1,2-bjpiridazin-6-il)amino)-
2-metilfenil)-2-

metilpropanamida

221
[Ejemplo Esfruciura. Nombre [M+HT [ Tiempo
N° de
Retencid
n de
HPLC
(min)*
107 A 8-(Ciclopropilamino)-6-((3-| 374,10 | 4,216
HN
NSy (1,3-tiazol-2-
\ N‘N/ N/Q\rS . . . . .
| H :Lf? ilYfenilyamino)imidazo[1,2-
b]piridazina-3-carbonitriio
108 A 8-(Ciclopropilamino)-6-((3-| 358,10 4,115 7
HN
Nap (1,3-oxazol-4-
\ N. = -
r{?( R 1.0 [ihfenil)amino)imidazo[1,2-
bipiridazina-3-carbonitrilo
109 J,Ol\ﬂe 8-((2-Metoxietil)amino)-6- [421,20] 1,675
HN OMe ((3-metoxi-5-(5-metil-1H-
L
>VN~N’ N A [fetrazol-1-
/ : N=p
N N ilffenil}amino)imidazo[1,2-
b]piridazina-3-carbonitrilo
170 A N-(5-((3-Ciano-&- 390,30 3,753 °

32|
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Ejemplo Estructura Nombre [M+H] | Tiempo
N° de
Retencid
nde
HPLC
(min)*
111 2 OMe 8-((5-Metoxi-2- 509,10 4,160 |
" ”“i\ N ocE,s piridinilyamino)-6-((3-(4H-
YNy NQNQN 1,2,4-triazol-4-il)-4-
P H oy
N " Ktrifluorometoxi)fenil)amin
0)imidazo[1,2-b]piridazina-
3-carbonitrilo
112 o 6-((3-Metoxi-5-(5-metl- 470,06 1,918
HNSNT oMo 1H-tetrazol-1-
so B,
}N,N/ yo Sy, [fenihamino)-8-((5-
i N=pN .
N metoxi-2-
piridinil)amino)imidazo[1,2
-b]piridazina-3-carbonitrilo
113 ie N-(5-({3-Ciano-8- 364,20] 3,556 °
HN" “Me
Neo Me,, (isopropilamino)imidazof1,
\ N & N N)Lme . - [ »
P H H 2-b]piridazin-6-iyamino)-2-
N
metilfenil)acetamida

3L
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Ejemplo Esfructura Nombre [M+H] | Tiempo
N° de
Retencid
nde
HPLC
(min)*
114 @ OMe B-((4-Fluoro-3-(4H-1,2,4- |443,04| 1,755
WS triazol-4-fenil)amino)-8-
Nop
}\QN/@NQ ((5-metoxi-2-
J H sy
N N piridinil)amino)imidazo[1,2
-b]piridazina-3-carbonitrilo
115 A 8-(Ciclopropilamino)-6-((3-{ 388,10 3,815~
HN OiMe
N /@ metoxi-5-(4H-1,2,4-triazol-
NN, A
,,? NN L -
iYfenil)amino)imidazo[1,2-
b]piridazina-3-carbonitrilo
116 8-(Ciclopropilamino)-6-((4-| 443,00 3,638 °
HN (o
[NSZEN N (4-morfolinil)-3-(4H-1,2,4-
i H LﬁN.N triazol-4-
il)fenil)amino)imidazo[1,2-
b]piri‘dazina-s-carbonitri!o

YA
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Ejemplo Esfructura Nombre TIM+H]" | Tiempo
N° de
Retencid
n de
HPLC
(min)*
117 2 OMe 8-((5-Metoxi-2- 455,101 4,118 °
KNTONT oM piridinil)amino)-6-((3-
L0
}N-N’ N NSy metoxi-5-(4H-1,2 4-triazol-
1) H b=y
N 7 4 -
ilYfeni)amino)imidazo[1,2-
b]piridazina-3-carbonitrilo
118 7 i‘OMe 8-((5-Metoxi-2- 510,20( 3,951°
HN N (0 i din Y- B((A-(4-
"ﬁ)‘i N piridinil)amino)-6-({(4-(4
>\/”-N’ ﬁ/@{%“ morfolinil)-3-(4H-1,2,4-
i =N
N " lriazol-4-
ifenil)amino)imidazo[1,2-
blpiridazina-3-carbonitrilo
119 J/OMB 8-((2-Metoxietilamino)-6- {461,201 3,445 °
A O’ ((4-(4-morfolinil)-3-(4H-
OO
NNy Y, |1,2/4-triazol-4-
0 H =y

iNfenilamino)imidazo[1,2-

b]piridazina-3-carbonitrilo

Y
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[Ejemplo Esfructura Nombre [M+H]" | Tiempo
N° de
Retencio
nde
HPLC
(min)*
120 J/OME 8-((2-Metoxietil)amino)-6- [406,10| 3,628 °

N% /& ((3-metoxi-5-(4H-1,2,4-

>\r—N~N’ N ,QN triazol-4-

H N

N ilffenilyamino)imidazo(1,2-
b]piridazina-3-carbonitrilo

121 A e 8-(Ciclopropilaming)-6-((4-| 456,10 | 2,883 ©
§:NN~; N @:A (4-metil-1-piperazinil)-3-

g RS (4H-1,2,44riazol-4-
ifenilyamino)imidazo[1,2-
b]piridazina-3-carbonitrilo

122 A Hm\j w 1B-(Ciclopropilamino)-6-((4-[ 444,10( 2,800 ©

i = (dimetilamino)etilyamino})-
3-(4H-1,2,4-triazol-4-
ihfenil)amino)imidazo[1,2-
blpiridazina-3-carbonitrilo |

225
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Ejemplo Estructura Nombre [M+H] | Tiempo
N° de
Retencid
nde
HPLC
(min)*
123 _HN/A ome 8-(Ciclopropilamino)-6-((4-| 431,10 3,561 °
§f~.; N /CE:,\ ((2-metoxietil)amino)-3-
¢ " S (4H-1,2,4-triazol4-
ilfenil)amino)imidazo[1,2-
blpiridazina-3-carbonitrilo
124 HNS-OMe G-((3-Crano-5- 364,011 1,783 °
%‘@N _ metoxifenijamino)-8-((2-
1l ; "™ Imetoxietil)amino)imidazof
1,2-b]piridazina-3-
carbonitriio
125 2 OMe 6-({3-Ciano-5- 413,02 1,983 °
HN SN OMe métoxifenil)amino)-8-((5—
§I:N‘; N S, metoxi-2-
W piridinillamino)imidazo[1,2

-b]piridazina-3-carbonitrilo

36
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Ejemplo Estructura Nombre [M+H]" | Tiempo
N° de
Retencid

nde

HPLC

(min)*
126 A " B-(Ciclopropilamino)-6-((4-] 432,00 | 3,666 °

?ﬁu /C[::\: (2-metoxietoxi)-3-(4H-

1 ey 1,2,4-triazol-4-
ilffenil)yamino)imidazo[1,2-
b]piridazina-3-carbonitrilo

127 A Mo, e 8-(Ciclopropilamino)-6-((4- 445,10 2,905 7|
§ﬁ~ ,@:\,i (2-(dimetilamino)etoxi)-3-

1 "W |[(4H-1,2,4-triazol-4-
ilYfenilyamino)imidazo[1,2-
blpiridazina-3-carbonitrilo

128 We  [B-(Cicloproplaming)-6-((4-| 471,10 | 3,040 °

((1-metil-4-piperidinil)oxi)-
3-(4H-1,2,4-triazol-4-

ilffenilyamino)imidazo[1,2- | -

b]piridazina-3-carbonitrilo
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Ejemplo " Estructura Nombre [M+H]' | Tiempo
N° de
| Retencio
n de
HPLC
(min)*
129 Ve 8-{Ciclopropilamino)-6-((4-| 458,1 2,938 °
Me’N
A (3-
Nar ™S M dimetilami ropiljamino
}A > N/@N«\ (dimetilamino)propil)ami
1l H =" )-3-(4H-1,2,4-triazol-4-
N
iYfenilyamino)imidazo{1,2-
blpiridazina-3-carbonitrilo
130 We 8-(Ciclopropilamino)-6-{(3-{ 456,10 | 2,405
| :
- A Nj (4-metil-1-piperazinil}-5-
N ™ (4H-1,2,4-triazol-4-
>’N‘N’ N NN
h;‘, H \e,' filfeniljamino)imidazo[1,2-
blpiridazina-3-carbonitriio
131 Me 8-(Ciclopropilamino)-6-((3- 444,10 2,440°
Me’N
HN/A HNj (-
Ner ™ (dimetilamino)etil)yamino)-
>’N‘N’ N N
1) H " [5-(4H-1,2,4-triazol-4-

ifenil)amino)imidazof1,2-

blpiridazina-3-carbonitrilo

33




(4H-1,2,4-triazol-4-
iYfenil)amino)imidazo[1,2-

blpiridazina-3-carbonitrilo
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‘Ejempio Estructura Nombre [M+H]" | Tiempo
N° de
Retencid
nde
HPLC
(min)*
132 Me. -Me [8-(Ciclopropilamino)-6-((4-{ 458,10 | 3,041 °
N\“”:A NHM _ [(2-(dimetilamino)etil)
>’N‘N’ H/CE’C‘N (metil)amino)-3-(4H-1,2,4-
v " triazol-4-
ilYfenilyamino)imidazo(1,2-
blpiridazina-3-carbonitriio
133 OH 8-(Ciclopropilamino)-6-({(3-{ 486,10 | 2,437 ©
HN (4-(2-hidroxietil)-1-
HN’A [Nj piperazinil)-5-(4H-1,2,4-
>\N:N\;: EQN‘/\\N triazol-4-
o N lifenilyamino)imidazo[1,2-
blpiridazina-3-carbonitrilo
134 l‘b,:le 8-(Ciclopropilamino)-6-{(3-] 445,10 | 2,468 ©
HN,AWOJ ' l2-(dimetitamino)etoxi)-5-

LY
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Ejemplo Estructura Nombre [M+HT | Tiempo
N° de
Retencid
nde
HPLC
(min)*
135 ome [8-(Ciclopropilamino)-6-((4-| 445,10 3,791 °
HN/A H ((2
Nawr S N'Me -
) N., = /@ - — . .
P NN L\'N metoxieti)(metil)amino)-3-
N
N
(4H-1,2 4-triazol-4-
ilffenilyamino)imidazo{1,2-
b]piridazina-3-carbonitrilo
136 8-(Ciclopropilamino)-6-{((3-{ 387,98 1,803 °
HN OMe
AN metoxi-5-(1H-1,2,4-triazol-
\ N. =
“NTN N
ifenil)amino)imidazo[1,2-
b]piridazina-3-carbonitrilo
137 N 8-(Ciclopropilamino)-6-((3-] 441,91 1,793 "
HN
Na OCFy  {(1H-1,2,4-triazol-1-il)-4-
\ N‘ < NQN’\N - . . .
I H v |(trifluorometoxi)fenilyamin
o)imidazo[1,2-b]piridazina-
3-carbonitrilo

3%
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Ejemplo Estructura Nombre [M+H] | Tiempo
N° de
Retencid
n de
HPLC
(min)*
138 QNH - 8-(Ciclobutilamino)-6-((3- | 402,71 [ 1.76°
\N\ N metoxi-5-(4H-1,2 4-triazol-
'{?N“"{ N 'L’:N 4-
iNffenil)amino)imidazo1,2-
blpiridazina-3-carbonitrilo
138 HN/A ] 8-(Ciclopropilamino)-6-((4- 470,1Q 2,851°
(LA e
" S binolidinietiamino)-3-
(4H-1,2,4-triazof-4-
ifenil)amino)imidazo(1,2-
| blpiridazina-3-carbonitrilo
140 8-(Ciclopropilamino)-6-((4-] 459,00 | 2,920 °

(3-(dimetilamino) propoxi)-
3-(4H-1,2 4-triazol-4-
ifenilyamino)imidazo[1,2-

blpiridazina-3-carbonitrilo

ol
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Ejemplio Esfruciura Nombre TM+H] | Tiempo
N° de
Retencié
nde
HPLC
(min)*
141 OH 8-(Ciclopropilamino)-6-((3- 457,00| 2,545°
HNA flj (4-hidroxi-1-piperidinil)-5-
N ™ @\ (4H-1,2,4-triazol-4-
>’N‘N’ N N
il H \<' [ihfenil)amino)imidazol1,2-
b)piridazina-3-carbonitrilo
142 0 8-(Ciclopropilamino)-6-((3-[ 498,00 | 2,753 "
N
A fl\f“ ((3aR,7aS)-2-
S oxohexahidro[1,3]oxazolo]
N
>/N'N/ N nL’\\N 5,4-c]piridin-5(2H)-i1)-5-
it =N
N (4H-1,2,4-triazol-4-
ilffenil)amino)imidazo[1,2-
b]piridazina-3-carbonitrilo
143 HN,A 8-(Ciclopropilamino)-6-({(4-j 471,00 | 2,846 ©
Moy O~ : g :
>\’N iy /@:N,\\N ¥ [(2-(1-pirrolidinil)etoxi)-3-
V] " Ly

(4H-1,2 4-triazol-4-
ifenil)amino)imidazo[1,2-~

b]piridazina-3-carbonitrilo

332
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[Ejemplo Estructura Nombre [M+H] | Tiempo
N© de
Retencié
n de
HPLC
(min)*
144 A O’NHZ B-((4-(4-Amino-1- 456,10 3,053 °C |
N N N . . ge v
= piperidinil}-3-(4H-1,2,4-
§\/N,N/ NQN/‘\'N
I H b=y triazol-4-il)fenil)amino)-8-
(ciclopropilamino)imidazo]
1,2-blpiridazina-3-
carbonitrilo
145 AN 8-(Ciclopropilamino)-6-((5- 358,92 1,633 °
HN
Ny ,Nl (1H-1,2,4-triazol-1-il)-3-
\ P
%N‘N ﬁ\ Ny [piridinilyamino)imidazo[1,2
1t N=/
N _b]piridazina-3-carbonitrilo
146 Me  8-(Ciclopropilamino)-6-{(3-1444,98| 1,420°
NkMe
AN (2-(dimetilamino)etoxi)-5-
N ™ /@\ (1H-1,2,4-triazol-1-
\ N. =
}"N N Ny | . R
Vi H n= lillfenil)amino)imidazo[1,2-
N
blpiridazina-3-carbonitrilo




triazol-4-
ifenil)yamino)imidazo[1,2-

blpiridazina-3-carbonitrilo
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Ejemplo Estructura Nombre [M+H]"| Tiempo
N° de
Retencid
nde
HPLC
{min)*
147 Me  [8-Anilino-6-((3-(2- 48122 1,532°
N.
L) I dimetiaminojetoxi-5-
HN O
N*ﬁ)‘j\ @ (1H-1,2,4-triazol-1-
>’N‘N’ N N
H v N | . . .
4 n= (i)fenil)amino)imidazo[1,2-
b]piridazina-3-carbonitrile
148 on 8-(Ciclopropilamino)-6-((4-| 486,22 | 1,310 °
A " 24
HN
Naoty, o~ oM morfolinif)etiamino)-3-
Y N. = /@ A .
NN N N |(1H-1,2 4-triazol-1-
I{If N=/
ilYfenil)yamino)imidazo[1,2-
blpiridazina-3-carbonitrilo
148 N @NOH 8-(Ciclopropilamino)-6-((4-| 486,10 | 2,825
M2 N {T.hi Cmiy A
>\/“~n’ H /C[MN (4-(2-hidroxietil)-1
i W piperazinit)-3-(4H-1,2,4-

534
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Ejemplo Estructura Nombre [M+H]"| Tiempo
N° de
Retencié
n de
HPLC
(min)*
150 A 8-(Ciclopropiiamino)-6-((4-| 487,10 | 2,636 °
L o - \

>’ij b @[5'@ (2-(4-morfolinil)etoxi)-3-

N N (4H-1,2,4-triazol-4-
ilffenilyamino)imidazo([1,2-
b)piridazina-3-carbonitrilo

151 N HN,A n\/[oj 8-(CicloprfJ;?ilam‘ino)—tii-(M- 472,00 2,910°
>\:"‘r;: N,@m\ K" [((3-morfoliniimetilyamino)-

g "N 3(4H-1,2 4-triazol-4-
iYfenil)amino)imidazof1,2-
blpiridazina-3-carbonitrilo

152 :,fe 8-(Ciclobutilamino)-6-((3- | 470,3 | 1,45"

B, N] (4-metil-1-piperazinil)-5-

:\N : /@\ (4H-1,2,4-triazol-4-

}"N N N b ]

/ =y [ihfenil)amino)imidazo[1,2
b]piridazina-3-carbonitrilo

388
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Ejemplo Estructura Nombre [M+H]" | Tiempo
N° de
Retencio
n de
HPLC
{min)*
153 A e 8-(Ciclopropilamino)-6-((4-] 431,00 | 2,798 ° |
N 0. . . .
STS 2-(metilamino)etoxi)-3-

>’N N N’@N’%N ( ( ) )

14 " S [(4H-1,2,4-triazol-4-
ifenil)amino)imidazo[1,2-
b]piridazina-3-carbonitrilo

154 HNA 8-(Ciclopropitamino}-6-((3-1 390,10 2,243"°
M (4-hidroxi-1-piperidinil)

P Yo

L cn [fenilyamino)imidazo[1,2-
blpiridazina-3-carbonitrilo

165 A 8-(Ciclopropilamino)-6-((3-| 372,14 | 1,808~
HN Me
qu)j metil-5-(1H-1,2,4-triazol-1-
NNy -

VR N N lihfenilamino)imidazo[1,2-

N
b]piridazina-3-carbonitrilo

156 A 6-((3-Cloro-5-(1H-1,2,4- 392,05] 1,910°
HN Cl
Nﬁ triazol-1-il)feniyamino)-8-
YNy N ;
i H e (mclop_ropilamino)imidazo[

1,2-b]piridazina-3-

carbonitrilo

536




833
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Ejemplo Estructura Nombre [M+H] [ Tiempo
N° de
Retencid
n de
HPLC
(min)*
157 CF; 8-(Ciclopropitfamino)-6-((3-| 456,12 | 1,928 ©
HN/A 0)
Ne (1H-1,2,4-triazol-1-i1)-5-
>’N‘N' N Ny [(2,2,2-trifluoroetoxi)
1 N=/
N fenil)amino)imidazo[1,2-
b]piridazina-3-carbonitrilo
158 o 8-(Ciclopropilamino)-6-((4-| 457,15 | 1,623 "
HN Q (tetrahidro-2H-piran-4-
spBeu ‘
}’"*N’ N/@m lamino)-3-(1H-1,2,4-
4 B s/
N triazol-1-
iIifenilyamino)imidazo[1,2-
b]piridazina-3-carbonitrilo
J T 0 T
159 HN/A oH 8-(Cicloproptlamino)-6-((3- 388,13 | 1,533
Nﬁ)j /é\ (hidroximetil)-5-(1H-1,2,4-
\_N. 2
{?V NN 'sl:\JN triazol-1-
ilffenilyamino)imidazo[1,2-
b]piridazina-3-carbonitrilo
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Ejemplo Estructura Nombre [M+H]" | Tiempo
Ne de
Retencid
nde
HPLC
(min)*
160 8-(Ciclopropilamino)-6-((2-] 388,00 3,083 °
HN
No oy, MeO metoxi-5-(1H-1,2,4-triazol-
W " L‘“1~i> 1-
iYfenil)amino)imidazof1,2-
b]piridazina-3-carbonitrilo
161 6-((3-Ciano-5- 384 | 34307
HNA CF,
'Nﬁ @\ (trifluorometil)fenilyamino)-
N_N. .=
/?f NR Sy 8-
N (ciclopropilamino)imidazo[
1,2-blpiridazina-3-
carbonitrilo
162 B-(Ciclopropilamino)-6-((2-{ 372,20| 1,72°
NH
N \Mem metil-5-(1H-1,2 ,4-triazol-1-
\_N.
}"‘N NSNS lipfenihamino)imidazof1,2-
i =N )
b]piridazina-3-carbonitrilo

259
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[Ejemplo Estructura Nombre [M+H]" | Tiempo
N° de
Retencié
n de
HPLC
(min)*
163 A 8-(Ciclopropitamino)-6-((4-| 376,09 1,68
NH
Nar F fluoro-3-(1H-1,2 4-triazol-
1 H EN>
ilYfenil)amino)imidazo[1,2-
b)piridazina-3-carbonitrilo
164 A 8-(Ciclopropilamino}-6-  [386,00| 4,170 °
HN e )
Nﬁ @\)1 ((1,4-dimetil-2-ox0-1,2-
\ N. =
,}' MR T N ° (dihidro-7-
quinolinillamino)imidazo[1
,2-blpiridazina-3-
carbonitrilo
165 8-(Ciclobutilamino)-6-((3- {440,098 1,983 °
NH CF,
Neer S (1H-1,2,4-triazol-1-il)-5-
POL N A . : . o
r/?r NN YN ((trifluorometil)fenityamino)i
midazo[1,2-b]piridazina-3-
carbonitrilo
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Ejemplo Estructura Nombre [M+HT | Tiempo
N° de
Retencio
nde
HPLC
(min)*
166 @L 8-Anilino-6-((4-((2- 480,19 1,46°
NH " N . .
Neoy ,@N\/\NM (dimetilamino)etil)amino)-
N 2 IB
}"‘N NS 13(4H-1,2,4-triazok4-
r{a/ =N
ilffenilyamino)imidazo[1,2-
b]piridazina-3-carbonitrilo
167 ANH 8-(Ciclopropilamino)-6-((5-| 441,99 1,81~
quiﬁco (1H-1,2,4-triazol-1-i)-2-
Iﬂ/ H L‘*N> (trifluorometoxi)fenil)amin
0)imidazo[1,2-b]piridazina-
3-carbonitrilo
168 6-((4-Ciano-2- 317,001 2,796
HN’A
Nery, N7 piridinilyamino)-8-
N\ N, = . | . , . .,
°N N N (ciclopropilamino)imidazo[
i
N

1,2-bpiridazina-3-

carbonitrilo

Y0
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Ejemplo Estructura Nombre [M+H] | Tiempo
Ne° de
Retencio
n de
HPLC
(min)*
169 8-(Ciclopropilamino)-6-((3-] 425,90 | 3,073 " |
N Hi C (4H-1,2,4-triazol-4-il)-5-
”\}N‘”/ ¥ (trifluorometil)fenilyamino)i
" midazo[1,2-b]piridazina-3-
carbonitrilo
170 ANH 8-(Ciclopropilamino)-6-((2-| 376,02| 1,760 ~
F. -5 - -tri -
§:N~; N]@ :Iuoro 5-(1H-1,2,4 tnazq[
i H )
ihfenilyamino)imidazo[1,2-
b]piridazina-3-carbonitrilo
171 o 3-((3-Ciano-8- 485,141 1,705
ANH o Eﬁ (ciclopropilamino)imidazof
N Xy 5\ 1,2-b]piridazin-6-il)amino}-
}N“"/ N N-(tetrahidro-2H-piran-4-
N
i)-5-(1H-1,2,4-triazol-1-
illbenzamida

349¢(
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Ejemplo Estructura Nombre [M+H] | Tiempo
N° de
Retencid
n de
HPLC
(min)*
172 AL 8-(Ciclopropilamino)-6-((3-| 376,03 | 1,832°
NH F
Ne N Q fluoro-5-(1H-1,2 4-triazol-
NN 2
“NTTN N
r{?” H v (T
ilyfenifyamino)imidazof1,2-
blpiridazina-3-carbonitrilo
173 A N/,—I;l 8-(Ciclopropllamino)-6-  [425,05| 1,757 ©
Y i” ((3,5-di-1H-1,2,4-triazol-1-
>’N‘N/ N Ny fifenifyamino)imidazo[1,2-
W N=/
N blpiridazina-3-carbonitrilo
174 Hmle 8-(Ciclopropilamino)-6-((3-] 431,13 | 1,377~
A\NH \Lo (2-(metilamino)etoxi)-5-
Nap ™ /@\ (1H-1,2,4-triazol-1-
YNy sy N
i H v=" ll)fenil)amino)imidazo[1,2-
b)piridazina-3-carbonitrilo
175 NH,  CF, 8-Amino-6-({(3-(1H-1,2,4- 385,99 1,75"
S /@ . :
},N.N/ N Ny triazol-1-il)-5-
¥ N=/ (trifluorometil)fenilyamino)i
midazo[1,2-b]piridazina-3-
carbonitrilo

34 -
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Ejemplo]  Estructura Nombre Tiempo
N° de
Retencié
n de
HPLC
(min)*
176 N-(3-((3-Ciano-8- 9,139"
HN’A CFy ( ((
Nﬁ/l‘j\ Q o (ciclopropilamino)imidazo[
Y N‘N/ N N'E?I\?’!e
il H H 1,2-b]piridazin-6-ilyamino)-
H-
(trifluorometil)fenilimetano
sulfonamida
H {(A-Ci _a_ a4
177 HN,E o NC" (3-((3-Ciano-8 3,690
N\ R . - - . "
%\QN 5\" )OLO,Me (ciclopropilamino)imidazo[
i ; : 1,2-b]piridazin-6-il)amino)-
5-(tetrahidro-2H-piran-4-
ilcarbamoil)fenil)
carbamato de metilo
178 A 9 H 3-Ciano-5-{(3-ciano-8- 408,90( 2,800°
HN 0::“5’ “Me
Ne (ciclopropilamino)imidazof
>\/”~N’ NQ\Q 1,2-b]piridazin-6-il)amino)-
0 H N
N N-
‘Imetilbencenosulfonamida

M3




(ciclopropilamino)imidazo|
1,2-b]piridazin-6-ilJamino)-
5-(metilsulfonil)

fenil)carbamato de metilo

244
[Ejemplo Estructura Nombre [M+H] | Tiempo
N° de
Retencié
nde
HPLC
(min)*
179 A N N-(3-Ciano-5-((3-ciano-§- 409,00 2,773°
NH  HN O . U
N W/Lj (ciclopropilamine)imidazo|
>’”~N’ N <. |1,2-b]piridazin-6-
i H N
N ilamino)fenil)metanosulfo
namida
180 H 3-Ciano-5-((3-ciano-8- 42290| 2,925°
HN/A O""-“S'N\.-Me
Nawpr X @\ (ciclopropilamino)imidazo|
N\ P
/}/’N“N N ¥y [1,2-blpiridazin-6-il)amino)-
N N-etilbencenosulfonamida
181 A 6-((3-Amino-4- 324,00} 3,386°
HN
N F  [fluorofenil)amino)-8-
I X o
>’N‘N N NH, |(ciclopropilamino)imidazo]
i
N 1,2-b]piridazina-3-
carbonitrilo
182 AN 9 (3-((3-Ciano-8- 442,00 3,561°

24y
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Ejemplo Estructura Nombre [M+H]" | Tiempo
N° de
Retencidj
nde
HPLC
(min)*
183 NGN)ME 3-((3-Ciano-8- 500,19 1,410
(ciclopropilamino)imidazo[
A\NH Oy 1,2-b]piridazin-6-il)amino)-
§:~,;§ NbN . IN-(2-(dietilamino) eti)-5-
4 " v (1H-1,2,4-triazol-1-
iNbenzamida
184 ANH o 6-((3-Cloro-5- 350,081 1,967
Nﬁ /@\ cianofenil)amino)-8-
>\’N‘N/ N s, [(ciclopropilamino)imidazo]
i
N 1,2-b]piridazina-3-
carbonitrilo
185 o 3-Ciano-5-((3-ciano-8- 479,00] 2,850~
AN (ciclopropilamino)imidazof
\Nﬁ 1,2-b]piridazin-6-il)amino)-
2"” ¥ SN N-(tetrahidro-2H-piran-4-il)
§ bencenosulfonamida

i)
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Ejemplo Estructura Nombre [M*H] | Tiempo
Ne de
Retencié
n de
HPLC
(min)*
186 Me B-((3-Ciano-5-((4-metil-1- |478,00( 2,661 "
N
iperazinil)sulfonil)fenil)a
A En«j piperaziniljsulfonil)fenil)
HN 0=8=0 mjno)_e-
N
&’mv@\\ (ciclopropilamino)imidazo]
H =N
4 1,2-bpiridazina-3-
carbonitrilo
187 A\ N 3-Ciano-5-((3-ciano-8- 395,00 2,562 °
HN” ~ 0=8=0
Nﬁ Q (ciclopropilamino)imidazo[
A P
>/N“N N sy [1.2-blpiridazin-6-it)amino)
"
N bencenosulfonamida
188 A\ me Acido 3-((3-ciano-8{ 413 | 2,626°
HN 0=5=0
N (ciclopropilamine)imidazo[
\ NN/ N OH - . . - -
p b i 1,2-b]piridazin-8-ilyamino)-
N
5-(metilsuifonil)benzoico
188 8-Anilino-6-((3-ciano-5-  [420,00( 4,460

(trifluorometil)fenilyamino)i
midazo{1,2-b]piridazina-3-

carbonitrilo

Y6
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Ejemplo " Estructura Nombre [M+H]" | Tiempo
N° de
Retencid
n de
HPLC
(min)*
190 OH 6-((3-Ciano-5- 388,00] 3,958 7 |
HN CFy (trifluorometil)fenilyamino)-
W hidroxietil)amino)imidazo{
| 1,2-b)piridazina-3-
carbonitrilo
191 B-((3-Ciano-5- 457,00 3.376 7
N\) (trifluorometil)fenil)amino)-
‘/K,L @\ B-((2-(4-
>’” 7 morfoliniletil)amino)imida
z0[1,2-b]piridazina-3-
carbonitrilo
192 3-((3-Ciano-8- 401,14 | 1,700 °
5\ (ciclopropilamino)imidazo]
}N g 1,2-b]piridazin-6-if)amino)-
5-(1H-1,2,4-triazol-1-
ilybenzamida

2M%
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'Ejemplo Esfructura Nombre [M+H]™ | Tiempo
N° de
Retencid
n de
HPLC
(min)*
193 NH;  CF 8-Amino-6-((3-ciano-5- | 344,00 0,900 © |
N‘--
}ﬁ Q\ (trifluorometilfeniijamino)i
NT N S
1 H " Imidazo[1,2-b]piridazina-3-
carbonitrilo
194 A e 3-((3-Ciano-8- 415,13 1,975°
NH O, -NH
NN (ciclopropilamino}imidazof
\_N. - ng
%“*n N Ny [1,2-b]piridazin-6-il)amino)-
M N=/
N N-metil-5-(1H-1,2,4-
triazol-1-il)benzamida
195 a 6-((3-Ciano-5- 371 [ 3423°
HN N F fluorofenil)amino)-8-(2-
Nowr 22 ‘
\ NJ@\ piridinilamino)imidazol[1,2-
H =N
i b]piridazina-3-carbonitrilo
196 2 6-((3-Ciano-4- 367 | 3,396°
HN" N metilfenil)amino)-8-(2-
Now s Me
\_N., ~ N,_©/\\ piridinitamino)imidazo[1,2-
H =N
.f.’ blpiridazina-3-carbonitrilo
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Ejemplo Estructura Nombre [M+H]" | Tiempo
N° de
Retencid
n de
HPLC
(min)*
197 NF,  F 8-Amino-6-{{(3-clano-5- | 294 | 2,831°
§QNQ fluorofenil)amino)imidazo[
4 H N 1,2-b]piridazina-3-
carbonitrilo
108 NH; 8-Amino-6-((3-cianc-4- 290 | 2,813°
Now g Me
>\’"‘N’ N@[I\:\\ metilfenilyamino)imidazo[1
il H N | 2-pipiridazina-3-
carbonitrilo
199 MEOI 6-((3-Ciano-5- 352 |3,0688°
NH 3 fluorofenilyamino)-8-((2-
§:qu metoxietil)amino)imidazo{
K " A |1,2-bjpiridazina-3-
carbonitrilo
200 | Meo 6-((3-Ciano-4- 348 | 3,067

metilfenil)amino)-8-((2-
metoxietillamino)imidazo[
1,2-b]piridazina-3-

carbonitrilo

34l
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Ejemplo Estructura Nombre [M+H]" | Tiempo |
N° de
Retencid
n de
HPLC
(min)*
501 CkF 5 I(3-Crano5- 37600 [ 2.700°
N% 1 fluorofenilyamino)-8-
}m,( EQ\*‘N ((2,2,2-
v rifiuoroetiljamino)imidazo]
1,2-b]piridazina-3-
carbonitrilo
202 Csz 6-((3-Ciano-5- 426,201 1,000°
N_% T |trifluorometilyeniamino)-
}Nf HQN 8-((2,2,2-
I‘/J/ trifluoroetil)amino)imidazo
1,2-b]piridazina-3-
carbonitrilo
203 6-((3-Ciano-5- 398,10( 2,270°
N I {°  ktrifluorometitfenihamino)-
I>\/ o N Sy B
N (ciclobutilamino)imidazo[1,
2-b]piridazina-3-
carbonitrilo

359




35\
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[Ejemplo " Estructura Nombre [M+H] | Tiempo
N° de
Retencid
n de
HPLC
(min)*
204 N-\{Ti%i ocr, 8-Amino-6-({3-ciano-4- 360 | 3,135°
>’"*N" \ ,Ck (trifluorocmetoxi)fenil)amin
U " Y lojimidazo[1,2-blpiridazina-
3-carbonitrilo
205 N,}(I%i - (5-((8-Amino-3- 338 | 2,377
%"‘n’ H@HAOW cianoimidazo[1,2-
14 b]piridazin-6-il)amino)-2-
metilfenil)carbamato  de|
metilo
206 B-((3-Cloro-5- 364,30} 1,030 °
7)\/]\ cianofenil}amino)-8-
>’N 7 ’©\ (ciclobutilamino)imidazo[1,
2-b)piridazina-3-
carbonitrilo
207 8-Amino-6-((3-flucro-5- 336,30 0,7/0°
}:ﬁ ,@m (1H-1,2,4-triazol-1-
N=/"lihfenil)amino)imidazo[1,2-
b]piridazina-3-carbonitrilo
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[Ejemplo Estructura Nombre [M+H] | Tiempo
N° de
Retencid
nde
HPLC
(min)*
208 oY 8-(Ciclobutilamino)-6-((3- (417,30 0,930 °
NH OMe
NN Q ye [MEtoxi-5-(5-metii-1H-
NS =
Ny NNy ftetrazol-1-
i H N=y
N ilfenilJamino)imidazo[1,2-
b]piridazina-3-carbonitrilo
209 AN 8-(Ciclopropilamino}-6-((2-1 360,14 | 1,69"
NH
Nawr Sy oxo-1,2,3,4-tetrahidro-7-
\.N‘ # Nmo . . s . L
p/ H H quinolinilyamino)imidazof1
N
,2-b]piridazina-3-
carbonitrilo
210 N~ O (5-{{3-Ctano-8-((2- 396 | 2,715°
Me
§:ﬁ /?L metoxietil)amino)imidazo|
"N }Nl INl OMe
b 1,2-b]piridazin-6-ilJamino)-
2-metilfenil) carbamato de
metilo

3N
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Ejemplo Estructura Nombre [M+H]" [ Tiempo
N° de
Retencio
n de
HPLC
(min)*
2T 4, 6-((5-Ciano-2- 360,30| 1,000 |
Na ME";@\ metoxifeniljamino)-8-
”\ Ny SN [(ciclobutilamine)imidazo[1,
" 2-blpiridazina-3-
carbonitrilo
212 Q\NH 6-((2-Cloro-5- 364,301 1,030°
Ne A C cianofenil)amino)-8-
YNoy? E:Q\Q\N (ciclobutilamino)imidazo[1,
]
N 2-blpiridazina-3-
carbonitrilo
213 ANH B6-((5-Ciano-2- 346,30] 0,950
No oy, MeO metoxifenilyamino)-8-
//\ Non n/\Q\Q\N (ciclopropilamino)imidazo[
N 1,2-b]piridazina-3-
carbonitriio

%53
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'Ejemplo Estructura Nombre [M+AT | Tiempo
N° de
Retencio
n de
HPLC
(min)*
214 ANH 8-(Ciclopropiiamino)-6-((3-| 368,14 | 2,87 °
:\N\\: N
y b [ )} piridinifyfenil)amino)imidaz
" o[1,2-b]piridazina-3-
carbonitrilo
215 o ~OMe B-((3-Ciano-4- 418 [ 33217
\Nﬁ /@,\oc P trifluorometoxi)fenilyamin
h,? S B OF:2 (2
metoxietil)aminc)imidazo[
1,2-b]piridazina-3-
carbonitrilo
216 8-(Ciclopropilamino)-6-((3-1 368,14 | 1,51°
N T (4-
\_N. -
,}’“” N (), |piridinilyfenil)amino)imidaz
" o[1,2-b]piridazina-3-
carbonitrilo

Ko
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Ejemplo Estructura Nombre [M+H] | Tiempo
N° de
Retencid
nde
HPLC
(min)*
217 @ 6-((3-Ciano-4- 437 | 3,633°
" “’f\ N ocr, [(trifluorometoxijfenihamin
NN 2 S 0)-8-(2- |
4 piridinilamino)imidazo[1,2-
b]piridazina-3-carbonitrilo
218 NH, Me  [B-AMIno-b-((4-meti-2-oxod 332 | 2,681 °
4 " " quinolinii)amino)imidazo[1
,2-b]piridazina-3-
carbonitrilo
219 B ] B-Amno-6-((4-metil-3-oxo-| 336 | 2,725
S N,@Nlo 3,4-dihidro-2H-1 4-
W " e benzoxazin-6-

iyamino)imidazo[1,2-

b]piridazina-3-carbonitrilo

ke

2

59
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Ejemplo Estructura Nombre [M+H] | Tiempo
N° de
Retencid
nde
HPLC
(min)*
220 A\NH 8-(Ciclopropilamino)-6-((4-| 376 3170
\ri\N‘;: N /Q::lo metil-3-oxo-3,4-d:.h|dro—
p H e 2H-1,4-benzoxazin-6-
ilamino)imidazo[1,2-
blpiridazina-3-carbonitrilo
221 iFa 6-((3-Ciano-4- 372,10] 1,070~
oy we |metilfeniljaming)-8-((2,2,2-
j;\ N @ ﬁ’@/\‘\m triflucroetil)amino)imidazo[
N 1,2-bjpirndazina-3-
carbonitrilo
222 CFy 6-((3-Metoxi-5-(1H- 431,170 1,010 ¥

tetrazol-1-il)fenilyamino)-8-
((2,2,2-
trifluoroetilyamino)imidazo]
1,2-b]piridazina-3-

carbonitrilo

256
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Ejemplo Estructura Nombre [M+H] | Tiempo
N° de
Retencié
nde
HPLC
(min)*
223 8-(Ciclopropiiamino)-6-((2-| 426,20 | 1,030 © |
N N\H d{ oxo-4-(trifluorometit)-1,2-
,?\'N‘"/ NN Wihidro-7-
" quinolinil)amino)imidazo[1
,2-blpiridazina-3-
carbonitrilo
224 A (5-((3-Ciano-8- | 363 | 2,093° |
Ner s Me o lciclopropilamino)imidazo]
,{?V " ﬁm{’ 1.2-bpiridazin-6-ilyamino)-
2-metilfenil) acido aceético
225 6-((2-Cloro-5-ciano-4- 364 | 3,296°

metilfenilyamino)-8-
(ciclopropilamino)imidazo[
1,2-b]piridazina-3-

carbonitrilo

351
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'Ejemplo

NO

Estructura

Nombre

[M+H] | Tiempo

de
Retencié
n de
HPLC

(min)*

226

8-Amino-6-{(2-cloro-5-
ciano-4-
metilfenil)amino)imidazo[1

2-blpiridazina-3-

324

3.873°

(trifiuorometil}feniiyamino)-
8-
(ciclopropilamino)imidazo[
1,2-b]piridazina-3-

carbonitrilo

carbonitrilo
227 NH; 8-Amino-6-((2-cloro-5- 310 | 2678°
:L‘N‘I;: C:;Q\\ cianofenil)amino)imidazo|
'fl/ H N 1,2-b]piridazina-3-
carbonitrilo
228 . N\HZMeO B-Amino-6-((5-ciano-2- 306 | 2,613°
N_N. =z NJ@\\ metoxifenil)aminc)imidazo
o ) " [1,2-b]piridazina-3-
carbonitrilo
229 ANy 6-((5-Ciano-2- 384,200 1,290 %

253
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Ejemplo “Estructura Nombre [M+H]"| Tiempo
N° de
Retencié
n de
HPLC
(min)*
230 fﬁa B-((5-Ciano-2- 426,10 1,280 ¢ |
" U re (trifluorometilyfeniljaming)-
>\,N,N/ HJ@\‘»‘N 8-((2,2,2-
¥ trifluoroetil)amino)imidazo|
1,2-b]piridazina-3-
carbonitrilo
231 CkFa 6-((3-Ciano-4- 426,10 1,090°
" ”: cr, [(trifluorometilfenilyamino)-
}“w’ N’@\ 8-((2,2,2-
i H N
N trifluoroetilamino)imidazof
|1,2-b]piridazina-3-
carbonitrilo
232 B-((3-Clano-4- . 384,12( 2,970 °
N N\H cr; |(trifluorometil)feni)amino)-
/>\, o ﬁ/(LN 8-
N (ciclopropilamino)imidazo[
1,2-b]piridazina-3-
carbonitriio

554
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Ejemplo Estructura Nombre [M+H] | Tiempo
N° de
Retencio
nde
HPLC
{(min)*
233 6-((2-Cloro-5-ciano-4- 407 | 3,228°7 |
o Ve metilfenit)amino)-8-(2-
N Nm piridinilamino)imidazof1,2-
b]piridazina-3-carbonitrilo
234 4 6-((5-Ciano-3-fluoro-2- 406,20] 1,030 |
\’/Lj\o Kj\ metoxifenil)amino)-8-
N < [((2,2,2-
trifluoroetilyamino)imidazo|
1,2-b]piridazina-3-
carbonitrilo
235 )N—(S-((S—Ciano-s- 412 | 2,58°
o (ciclopropilamino)imidazo(
. 1,2—b]piridazin—6—il)am.ino)-
2-etilfenil)
metanosulfonamida
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Ejemplo Estructura Nombre [M+H] | Tiempo
N° de
Retencié
nde
HPLC
(min)*
L"z":’i‘s“ NH;  CFs 8-Amino-6-((3-(4H-1,24- | 386 | 2,46°
}\t‘fp\ﬁ /@"/‘\N triazol-4-il)-5-
W sy (trifluorometilfenil)amino)i
midazo[1,2-b]piridazina-3-
carbonitrilo
237 A\NH 6-{(5-Ciano-2- 400,20] 1,150°
Nﬁco/\@\ (trifluorometoxi)fenii)amin
PN
" (ciclopropilamino)imidazof
1,2-bjpiridazina-3-
carbonitrilo
238 o B-((5-Ciano-2-(2-(4- 44530 0,870°
(Nj morfolinil)etoxi)fenil)amino
DY OH )-8-
>'N~N” ﬁ:@\% (ciclopropilamino)imidazo|
it
N 1,2-b]piridazina-3-
carbonitrilo

36(
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‘Ejemplo Estructura Nombre [M+H] | Tiempo
Ne de
Retenci6
n de
HPLC
(min}*
2397 A, ] B-((5-Ciano-3-fluoro-2- | 364,20] 0,970 ©
\N\N..\: Me‘j@\ metoxifenil}amino)-8-
P N SN {(ciclopropilamino)imidazo[
’ 1,2-b]piridazina-3-
carbonitrilo
240 ANH 6-((4-Cloro-3- 350,901 1,91°
Neo S\ ¢l [cianofenil)amino)-8-
YNey? ”@\N (ciclopropilamino)imidazo]
'/4/ 1,2-b]piridazina-3-
carbonitrilo
241 ) J%tac 8-Amino-6-((5-ciano-2- 344 18| 3,097
%N“N/ ; S, (trifluorometil)fenil)amino)i
l midazo[1,2-b]piridazina-3-
carbonitrilo
242 N AN 8-(Ciclopropilamino)-6-((2-] 398,22 1,59°
}\N:N* l;: MeQ N metoxi-5-(4-piridinil)
il |\ [fenil)amino)imidazo[1,2-
b]piridazina-3-carbonitrilo

B67C




10
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Ejemplo “Estructura Nombre [M+H] | Tiempo |
N° de
Retencio
nde
HPLC

(min)*

243 " A N-(4-Cloro-5-((3-clano-8- | 432 | 2,67 ° |
N Sy © Me ciclopropilamino)imidazo
T O o focemonamiraimcers
4 H H 1,2-b]piridazin-6-il)amino)-
2-metilfenil)

metanosuifonamida

* = Condiciones de HPLC

2 YMC S5 ODS de 4,6 x 50 mm, metanol acuoso al 10-90% que contiene
HiPO4 al 0,2%, gradiente de 4 min, controlado a 220 nm

® columna de CHROMOLITH® de 4,6 x 50 mm eluyendo con metanol acuoso al
10-80% durante 4 min que contenia TFA al 0,1%, 4 mi/min, controlado a 220
nm.

* PHENOMENEX® Luna 5 micréometros C18 de 4,6 x 30 mm, B del 0 al 100 en
2 min con 1 min de tiempo de retencidn, caudal = 5 mlfmin, deteccion a 254
nm, Disolvente A: metanol al 10%/agua al 90%/TFA al 0,1%; Disclvente B:
agua a!l 10%/metanol al 90%/TFA al 0,1%

¢ YMC S5 ODS, de 4,6 x 50 mm. 1 ml/min, Agua-Metanol al 0-100% en H;PO,
al 0,2%, gradiente durante 15 min.

® BEH C18 de 2,1 x 50 mm, 1,7 p, B del 0 al 100 en 1 min con 0,5 min de

tiempo de retencién, caudal = 1 ml/min, deteccién a 254 nm, Disolvente A;

2675




364

264

agua al 100%/TFA al 0,1%; Disolvente B: ACNI al 100%/TFA al 0,1%

f Columna: PHENOMENEX® Luna C18 de 4,6 x 30 mm 3 p, Metanol acuoso al

10-90% que contenia TFA al 0,1% en 2 min; caudal de 4 ml/min

8 Waters Sunfire C18 de 4,6 x 150 mm 5 micras de 1 mi/min, Agua-Metano! al

5 0-100% en HiPO, al 0,2%, gradiente durante 4 min.

h Sunfire-S5-C18 de 4,6 x 50 mm (grad. de 4 min) en metanol acuoso al 10-

90% durante 4 min que contenia TFA al 0,1%, 4 ml/min, controlado a 220 nm.

' PHENOMENEX® Luna de 4,6 x 50 mm S10 Disolvente A = ACN al $%-H20 al

95%- NHAc 10 mM, Disolvente B = ACN al 95%-H;0 al 5%-NH:Ac 0 mM,
10 caudal = 4 ml/min, deteccién a 220 nm, gradiente durante 4 min.

I PHENOMENEX® Luna de 3,0 x 50 mm $10, Agua-Metanol al 10-800% en

TFA al 0,1%, gradiente durante 2 min, controlado a 254 nm.

EJEMPLO 244
15  8-(Ciclopropilamino)-6-((4-(dietilamino)fenil)amino)imidazo[t,2-b]piridazina-3-

carbonitrilo

HN/A I‘.fle\I
N._-Me
°N

LY
N\ P

v H

N

244A: 8-(Ciclopropil(4-metoxibencil)amino)-6-(4-

20 (dietilamino)fenilamino)imidazo[1,2-b]piridazina-3-carbonitrilo
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OlMe

EN/A Me\l
L
A\
>’N‘N" N
I H
N

244A

Se cargé un tubo para microondas con 1G (30 mg, 0,085 mmol), N, N'-
dietilbenceno-1,4-diamina (139 mg, 0,85 mmol) y NMP (1 ml). La mezcla se
irradié en un microondas durante tres ciclos de 15 min (300 W), 120°C. La
mezcla de reaccion en bruto se disolvié en una pequefia cantidad de MeOH y
se purificd por HPLC de fase inversa (YMC ODS-A 5 um de 30 x 250 mm,
metanol acuoso al 10-90% que contenia TFA al 0,1%, 25 mi/min, gradiente de
30 min, controlado a 220 nm), produciendo 244A, (5 mg, rendimiento de! 9,0%).
HPLC: Tr = 3,896 min (YMC S5 ODS de 4,6 x 50 mm, metanol acuoso al 10-
90% que contiene HiPO, al 0,2%, gradienie de 4 min, controlado a 220 nm).

EM (EN): m/z = 4821 [M+HT".

Ejemplo 244:. 8-(Ciclopropilamino)-6-({4-(dietilamino)fenil)aminec)imidazo[1,2-

b]piridazina-3-carbonitrilo

HN/A I\.flej
N._ Me
°N

vo U]
N\

Vi H

N

Y5
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Una solucién de 244A (5 mg, 10,38 umol) en DCM (1 ml) se tratd con
TFA (1 ml, 12,8 mmaol) y se agitd a temperatura ambiente durante tres horas.
| a mezcla de reaccién se concentrd, se disolvid en una pequefa cantidad de
MeOH y se purificd por HPLC de fase inversa (YMC ODS-A 5 um de 30 x 250
mm, metanol acuoso al 10-90% que contenia TFA al 0,1%, 25 mi/min,
gradiente de 20 min, controlado a 220 nm}), dando el Ejemplo 244, (1,2 mg,
rendimiento del 22,12%). HPLC: Tr = 3,178 min (YMC S5 ODS de 4,6 x 50 mm,
metanol acuoso al 10-90% que contiene HiPO, a! 0,2%, gradi_ente de 4 min,
controlado a 220 nm). EM (EN): m/z = 362,1 [M+H]". 'H RMN (400 MHz,
DMSO-dg) & ppm 11,09-11,33 (1 H, m}, 9,70 (1 H, s), 8,15 (1 H, s), 7,82-8,05 (2
H, m), 7,51-7.67 (2 H, m), 6,24 (1 H, s), 1,01 (6 H, t, J = 6,80 Hz), 0,72-0,86 (2
H. m. J =554 Hz), 0,53-0,72 (2 H, m, J = 2,77 Hz).

EJEMPLO 245
8-(Ciclopropilamino)-6-((3-((2-{dimetilamino)etilyamino)-5-(4H-1,2,4-triazol-4-

iYfenil}amino)imidazo[1,2-b]piridazina-3-carbonitrilo
I\Ia'le
C)
HN/A N

L

Y

>"N‘N/ N N
|<| / H -

Una mezcla del Ejemplo 36 (30 mg, 0,090 mmol) y 1-metilpiperazina
(100 ul) en NMP (1 ml) se calentd en un microondas a 160°C durante 1 hora y
15 min. La mezcla de reaccion se purificd por HPLC prep. Las fracciones se

concentraron, se diluyeron con NaHCO; acuoso saturado y se extrajeron con

266
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EtOAc. La fase organica se secd con Na,S04, se filtrd, se concentrd y se
purificé por cromatografia uitrarrapida, gel de silice (4 g, gradiente por etapas
de! 100% en diclorometano al 10% en metanol/diclorometano), dando el
Ejemplo 245 (8,0 mg, rendimiento del 21%) en forma de un sdlido de color
blanco. HPLC: Tr = 2,608 min {columna de CHROMOLITH® de 4,6 x 50 mm
eluyendo con metanol acuoso al 10-90% durante 4 min que contenia TFA al

0,1%, 4 ml/min, controladeo a 220 nm). EM (EN): m/z = 414 [M+H]".

EJEMPLO 246
6-((3-Ciano-5-(4-morfolinihfenil)amino)-8-(ciclopropilamino)imidazo[1,2-

b]piridazina-3-carbonitrilo
NG
HN N

\_N. =
N

El Ejemplo 246 se prepard a partir del Ejemplo 36 y morfolina siguiendo
el procedimiento empleado para la preparacion del Ejemplo 245, HPLC: Tr =
3,466 min {columna de CHROMOLITH® de 4,6 x 50 mm eluyendo con metanol
acuoso al 10-90% durante 4 min que contenia TFA al 0,1%, 4 mi/min,

controlado a 220 nm). EM (EN): m/z = 401 [M+H]".

EJEMPLO 247
8-((3-Ciano-4-(4-morfolinil)fenii)amino)-8-(ciclopropilamino)imidazo{1,2-

blpiridazina-3-carbonitrilo

36+
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El Ejemplo 247 se prepard a partir del Ejemplo 25 y morfolina siguiendo
el procedimiento empleadd para la preparacion del Ejemplo 245. HPLC: Tr =
3,188 min {columna de CHROMOLITH® de 4,6 x 50 mm eluyendo con metanol
acuoso al 10-90% durante 4 min que contenia TFA al 0,1%, 4 mi/min,
controlado a 220 nm). EM (EN): m/z = 401 [M+H]". "H RMN (400 MHz, DMSO-
dg) & ppm 9,52 (1 H, s), 8,21 (1 H, d, J =2,77 Hz), 8,14 (1 H, s), 7,93 (1 H, s},
7,77 (1 H,dd, J=8,94, 264 Hz), 7,20 (1 H, d, J=9,07 Hz), 6,18 (1 H, s), 3,70-
3,82 (4 H, m), 3,03-3,11 (4 H, m), 2,51-2,59 (1 H, m), 0,76-0,86 (2 H, m), 0,62-
0,71 (2 H, m).

EJEMPLO 248
6-((3-Ciano-4-{4-metil-1-piperazinil)fenil)amino)-8-(ciclopropilamino)imidazof1,2-

blpiridazina-3-carbonitrilo

HN/A I/\N Me
L OO
N\ N. = '
N
El Ejemplo 248 se prepard a partir de Ejemplo 25 y 1-metilpiperazina

siguiendo el procedimiento empleado para la preparacién del Ejemplo 245.

HPLC: Tr = 3,188 min (columna de CHROMOLITH® de 4,6 x 50 mm eluyendo
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con metanol acuoso al 10-90% durante 4 min que contenia TFA al 0,1%, 4
ml/min, controlado a 220 nm). EM (EN): m/z = 401 [M+H]". 'H RMN (400 MHz,
DMSO-dg) 5 ppm 9,47 (1 H, s), 8,19 (1 H, d, J = 2,77 Hz), 8,13 (1 H, s), 7,92 (1
H, 8), 7,74 (1 H, dd, J = 9,06, 2,52 Hz), 7,18 (1 H, d, J = 8,06 Hz), 6,17 (1 H, s),
3,01-3,13 (4 H, m), 2,42-2,60 (5 H, m), 2,25 (3 H, s), 0,74-0,87 (2 H, m), 0,61-
0,71 (2 H, m).

EJEMPLO 249
N-(3-((3-Ciano-8-(ciclopropilamino)imidazo[1,2-b]piridazin-6-

illamino)fenil)sulfamida

A una solucién enfriada con hielo de 3A (0,0073 g, 0,017 mmol) y DIEA
(6,59 !, 0,038 mmol) en DCM (0,5 ml) en atmésfera de nitrdgeno se ie afadid
cloruro de sulfamoilo (0,017 ml, 0,034 mmol; solucion 2 M en MeCN). La
solucién resuitante se agitdé durante 30 min. La reaccién se interrumpid con
agua y se repartid entre agua y DCM, después de lo cual se formd un
precipitado. La mezcla de reaccion se filtrd y el filtrado se concentrd. El residuo
se disolvido en DCM (0,2 ml), se tratd con trietilsilano (10,9 ul, 0,069 mmol) y
TFA (0,2 ml) y se agitdé a temperatura ambiente durante 20 min. Los volatiles se
retiraron mediante una corriente de nitrogena, el solido se disolvid en DMF y se
purificé por HPLC preparatoria usando una columna YMC ODS C-18 (30 x 250
mm), B al 0%-100%. Disolvente B: (MeOH al 90%, H,O al 10%, TFA al 0,1%).
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Disolvente A: (MeCH al 10%, H20 al 90%,.TFA al 0,1%). Gradiente, % de inicio
de B = 0, % final de B = 100, tiempo de gradiente 180 min (tiempo de proceso
total 200 min), caudal 25 mli/min (controlado a 254 nm). Las fracciones
apropiadas se concentraron al vacio y el residuo restante se suspendié en 2 mi
de 1:1 de MeCN/HCI 1 N y se liofilizé durante una noche, proporcionando el
Ejemplo 249 (0,002 g, rendimiento del 28%) en forma de un sélido de color
amarillo claro. HPLC: Tr = 3,390 min (columna YMC S5 ODS-A (4,6 x 50 mm).
B al 0%-100%. Disolvente B: (MeOH al 90%, HO al 10%, HiPO,4 al 0,2%).
Disolvente A: (MeOH al 10%, H,O al 90%, H3PO,4 al 0,2%). Gradiente, % de
inicio de B = 0, % final de B = 100, tiempo de gradiente 4 min, mantenido al
100% durante 1 min, caudal 4 mi/min). EM (EN):. m/z = 385,1 [M+H]*. "H RMN
(400 MHz, CD30D) & ppm 7,89 (1 H, s), 7,57 (1 H, s), 7,44 (1 H, d, J = 1,76 Hz),
7,23 (1 H,d, J=8,06 Hz), 6,84 (1 H, d, J=1,51 Hz), 6,36 (1 H, s), 3,68-3,74 (1
H, m), 2,86 (1 H, s), 2,62 (1H,s), 1,82-1,89 (1 H, m), 1,39 (1 H, s), 1,27-1,34 (1
H, m}, 0,85-0,84 (2 H, m), 0,67 (2 H, s).

EJEMPLO 250
1-(3-((3-Ciano-8-(ciclopropilamino)imidazo[1,2-b]piridazin-6-il)amino)fenil)-3-

metilurea

A

HN

vo Bl

N\ P

>’N‘N N N/U\N'Me
p H H
N

A una solucién de 3A (0,065 g, 0,153 mmol) en DCM (1 ml) a 0°C se le

afiadié isocianato de metilo (9,15 mg, 0,16 mmeol). La reaccién se calentd

340




10

15

20

271

lentamente a 22°C y se agitd durante una noche. La mezcla de reaccién se
filtrd y el solido se lavd con DCM frio. Después, el sdlido se disolvié en THF y
se concentré al vacio, poniendo de manifiesto un sélido de color pardo claro,
que se disolvidé en una solucién que contenia 1:1 de TFA/DCM y 0,1 ml
trietilsilano. La mezcla se agité a 22°C durante 30 min. Los volatiles se retiraron
por una corriente de nitrégeno y el residuo se recogié en EtOAc/DCM, después
de lo cual se formé un precipitado. El sélido se filtro, se lavé con DCM y se
secd durante una noche. E! solido resultante se recogidé en HCI 1 N (2 ml) y se
liofilizd durante una noche, proporcionando el Ejemplo 250 (0,041 g,
rendimiento del 67%) en forma de un sdélido de color blanco. HPLC: Tr = 3,573
min (columna YMC S5 ODS-A (4,6 x 50 mm). B al 0%-100%. Disolvente B:
(MeOH al 90%, H,0 al 10%, HsPO, al 0,2%). Disolvente A: (MeOH al 10%,
H20 al 90%, H3PO, al 0,2%). Gradiente, % de inicio B = 0, % final de B = 100,
tiehpo de gradiente 4 min., mantenido al 100% durante 1 min, caudal 4 ml/min).
EM (EN): m/z = 363,1 [M+H]*. "H RMN (400 MHz, DMSO-ds) & ppm 9,24 (1 H,
s), 845 (1 H,s), 811 (1H,s),7,81(1H,s),7,62(1H,dd, J=8,06, 1,26 Hz),
750(1H,d J=176Hz), 7,12 (1 H,t, J=8,18 Hz), 6,82-6,92 (1 H, m), 6,29 (1
H, s), 5,95-6,13 (1 H, m), 2,60-2,67 (3 H, m), 2,43-2,55 (1 H, m), 0,73-0,83 (2 H,
m), 0,58-0,69 (2 H, m).

EJEMPLO 251
N-(5-({3-Ciano-8-({5-hidroxi-2-piridinilyamino)imidazo[1,2-bipiridazin-6-iljamino}-

2-metilfeniljacetamida

KSea
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A una suspensién del Ejemplo 5 (65 mg, 0,15 mmol) en DCM (4 ml) se le
afiadiod gota a gota BBrs (solucion 1,0 M, 1,52 ml, 1,52 mmol) a temperatura
ambiente en atmdsfera de nitrdgeno y la suspension resultante se agité a
temperatura ambiente durante 1 hora. Se afiadié mas cantidad de BBr;
(solucién 1,0 M, 0,5 ml, 0,5 mmol) y la mezcla se agitoé a temperatura ambiente
durante 18 horas. La reaccion se interrumpié con agua y se neutralizé a pH 8
con NaOH 1 N. La mezcla resultante se agitd a temperatura ambiente durante
40 minutos y el sdélido se recogié por filtracién, se aclard con agua y se seco al
aire. El residuo se purifico por HPLC de fase inversa y se liofilizé con HC| 1,0 N
dando el Ejempio 251, (34,5 mg, 0,083 mmol, rendimiento del 54,8%). HPLC:
Tr = 3,428 min (YMC S5 ODS (4,6 x 50 mm). B al 0%-100%. Disolvente B:
(MeOH al 90%, H2O al 10%, H3;PO4 al 0,2%). Disolvente A: (MeOH al 10%,
H.0 al 90%, H3PQ4 al 0,2%). Gradiente, % de inicio B = 0, % final de B = 100,
tiempo de gradiente 4 min, mantenido al 100% durante 1 min, caudal 4 m{/min).
EM (EN): m/z = 415,0 [M+H]*. '"H RMN (400 MHz, DMSO-dg) & ppm 9,74 (1 H,
s), 9,37 (1H,s),920(1H,s), 816 (1H,s),7,95(1H,s),791(1H,d, J=276
Hz), 7,59-767 (2H, m), 7,32 (1 H,d, J=9,04 Hz), 7,19 (1 H, dd, J = 8,78, 3,01
Hz), 7,07 (1 H, d, J = 8,28 Hz), 6,88-6,95 (1 H, m).

EJEMPLO 252

2r2
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N-(5-((3-Ciano-8-((5-(2-hidroxietoxi)-2-piridinilyamino)imidazo[1,2-b]piridazin-6-

ilamino)-2-metilfenil)acetamida

Ly
.
HN™ N

soNe

N\

}’N‘N/ N H)LMe
U
N

~ Auna solucién de! Ejemplo 251 (15 mg, 0,036 mmol) en DMF (0,5 ml) se
le afadid 2-bromoetanol (0,013 ml, 0,18 mmol) seguido de K,COs (20,01 mg,
0,145 mmol} y la suspension resultante se agitdé a 100°C durante una noche, El
materia! insoluble se retird por filtracion y las aguas madre se purificaron por
HPLC de fase inversa. Las fracciones apropiadas se concentraron. El residuo
se disolvié en una pequefa cantidad de CHsCN, se diluyé con HCI 0,5 N y se
liofilizé, produ‘ciendo el Ejemplo 252 (6,86 mg, 0,012 mmol,r al 33,2%). HPLC:
Tr = 3,481 min (columna YMC S5 ODS (4,6 x 50 mm). B al 0%-100%.
Disolvente B: (MeOH al 90%, H,O al 10%, H3;PO4 al 0,2%). Disolvente A:
(MeOH al 10%, H20 al 90%, HiPOy al 0,2%). Gradiente, % de inicio B = 0, %
final de B = 100, tiempo de gradiente 4 min, mantenido al 100% durante 1 min,
caudal 4 ml/min). EM (EN): m/z = 459,1 [M+H]". "H RMN (400 MHz, DMSO-ds)
3 ppm 9,94 (1 H, 8), 8,49 (1 H, s), 8,29 (1 H, s), 8,25 (1 H, s), 8,05-8,12 (2 H,
m), 7,71 (2 H, s), 7,50 (2 H, d, J = 1,76 Hz), 7,15 (1 H, d, J = 8,28 Hz), 4,06-
410 (2H,m), 3,74 (2H,t, J=4,89 Hz), 3,51 (1 H, s), 2,17 (3H, s}, 2,07 (3 H,
s).

EJEMPLO 253
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3-(6-(3-Acetamido-4-metilfenilamino)-3-cianoimidazo[1,2-b]piridazin-8-itamino)-
N-(2-(dimetilamino)etil}benzamida

H
0 N\/\N,Me
I
Me

HN
OO0
N\ P
>’N‘N N NJLMe
n H H
N

5 253A: 3-(4-Metoxibencilamino)benzoato de terc-butilo

0. 0. Me

MeMe
N
/@/\H
MeQ

253A
Se prepard 253A a partir de 4-metoxibenzaldehido y 3-aminobenzoato
de terc-butilo siguiendo el procedimiento que se ha descrito en 4A. HPLC: Tr =
10 3,82 min (PHENOMENEX® Luna C18 de 4,6 x 30 mm 3 p, metanol acuoso al

10-90% que contenia TFA al 0,1% en 2 min; caudal de 4 ml/min). EM (EN): m/z
= 314,0 [M+H]".

253B: 3-({(6-Cloro-3-cianoimidazo[1,2-b]piridazin-8-il)(4-

15 metoxibencil)amino)benzoato de ferc-butilo

3
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N

253B
Se prepard 253B a partir de 253A y una mezcla de 1F siguiendo el
procedimiento que se ha descrito en 1G. HPLC: Tr = 4,99 min
5 (PHENOMENEX® Luna C18 de 4,6 x 30 mm 3 p, metanol acuoso al 10-80%
que contenia TFA al 0,1% en 2 min; caudal de 4 ml/min). EM (EN): m/z = 490,1
[M+H]".

253C: Acido 3-((B-cloro-3-cianoimidazo[1,2-b]piridazin-8-il)(4-

\Y
>’N N" el
H
N

253C

10 metoxibencil)amino)benzoico

Una solucion de 253B (100 mg, 0,20 mmeol) en acetonitrilo (5 ml) se trato

con yodo (15,564 mg, 0,061 mmol} y agua (50 pl, 2,78 mmol). La mezcla de

3135
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reaccion se agitd a 80°C durante 8 horas. La mezcla de reaccion se diluyd con
acetato de etilo y se lavd con agua. La capa acuosa se extrajo con acetato de
etilo (4 x 20 ml). La fase orgénica combinada se sect sobre Na;S0s y se
concentro. El residuo se trituré con DCM vy se filtrd. E! filirado se concentro, se
disolvié en DCM y se purificd por cromatografia ultrarrépida, columna de silice
(12 g, gradiente de elucidén de hexanos-acetato de etilo en 15 min). La fraccidn
apropiada se concentré a presion reducida y se secé al vacio, produciendo
253C (57,5 mg, rendimiento del 64,9%) en forma de un solido de color amarillo.
HPLC: Tr = 4,23 min (PHENOMENEX® Luna C18 de 4,6 x 30 mm 3 p, metanol
acuoso al 10-90% que contenia TFA al 0,1% en 2 min; caudal de 4 m{/min). EM

(EN): m/z = 434,0 [M+H]".

253D: 3-((6-Cloro-3-cianoimidazo[1,2-b]piridazin-8-il)(4-metoxibencil)amino)-N-
(2-(dimetilamino)etil)benzamida

OMe

H
O N\/\N,Me
,5 .
S

N
N.ﬁ
N\ z
>/N\N

I

N

Cl

253D
Una solucién en agitaciéon de 253C (55 mg, 0,127 mmol) en DMF (1,0
mi) se traté con N, N'-dimetiletano-1,2-diamina (0,021 ml, 0,190 mmol), BOP
(72,9 mg, 0,165 mmol) y TEA (0,035 ml, 0,254 mmol) y la mezcla de reaccidn

se agitd a temperatura ambiente durante 1 hora. La mezcla de reaccién se

KZ1
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concentro, se trituré con agua y el sdlido de color blanco resultante se recogid
por filtracién, produciendo 253D (60,0 mg, rendimiento del 93,7%). HPLC: Tr =
3,47 min (PHENOMENEX® Luna C18 de 4,6 x 30 mm 3 p, metanol acuoso al
10-90% que contenia TFA al 0,1% en 2 min; caudal de 4 ml/min). EM (EN): m/z
= 504,1 [M+H]".

Ejemplo 253: 3-(6-(3-Acetamido-4-metilfenilamino)-3-cianoimidazo[1,2-

b]piridazin—8-ilamino)-N-(2-(dimetiIamino)etil)benzamida

H
¢] N\/\N,Me
I
Me

HN
Nﬁ /@Meo
Né\’N‘N/ N EJ\Me
El Ejemplo 253 se preparé a partir de 253D y N-{(5-amino-2-

metilfenil)acetamida siguiendo el procedimiento que se ha descrito en el
Ejemplo 6. HPLC: Tr = 3,110 min (YMC S5 ODS (4,6 x 50 mm). B al 0%-100%.
Disolvente B: (MeOH al 90%, H;O al 10%, H3PQO4 al 0,2%). Disolvente A:
(MeOH al 10%, H>0 al 90%, H3PO4 al 0,2%). Gradiente, % de inicio B = O,‘ %
final de B = 100, tiempo de gradiente 4 min, mantenido al 100% durante 1 min,
caudal 4 ml/min). EM (EN): m/z = 512,2 [M+H]". "H RMN (400 MHz, DMSO-ds)
& ppm 10,04 (1 H, s a), 9,52-9,58 (2 H, m), 9,21 (1 H, s), 8,94 (1 H, t, J=5,52
Hz), 8,18 (1 H, s), 7,87 (1 H, 8), 7,59-7,63 (2 H, m), 7,44-7,54 (2 H, m}), 7,06 (1
H, d, J = 8,28 Hz), 6,81-6,85 (1 H, m), 3,59 (3 H, ¢, J = 5,69 Hz), 3,24 (2 H, ¢, J
=5,86 Hz), 2,73-2,84 (6 H, m), 2,08 (3H, s), 1,98 (3 H, s).

Ky
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EJEMPLO 254
3-((3-Ciano-6-({3-metoxi-5-(5-metil-1H-tetrazol-1-il)fenilyamino)imidazo[1,2-

b]piridazin-8-iljamino)-N-metil-N-(1-metil-3-pirrolidinil)benzamida

254A: 3-((6~CIoro-3-cianoimidazo[1,2—b]pir'|dazin-8-il)(4—rnetoxibencil)amino)—N-

metil-N-(1-metilpirrolidin-3-il)benzamida

OMe I\lﬂe
KPO N
o
N
%N\ "
fif
N

N~ °Cl

254A
10 Una solucion en agitacién de 253C (500 mg, 1,152 mmel) en DMF (1 ml)
se tratd con N,1-dimetilpirrolidin-3-amina (0,217 ml, 1,73 mmol), BOP (663 mg,
1,5 mmol) y TEA (0,32 mi, 2,30 mmol) y la mezcla de reaccion se agitd a
temperatura ambiente durante 1 hora. La mezcla de reaccion se triturd con

agua, el solido se recogid por filtracion y se sectd al vacio, obteniendo 254A
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(337 mg, 0,636 mmol, rendimiento del 55,2%) en forma de un sélido de color

" gris claro. HPLC: Tr = 1,56 min (PHENOMENEX® Luna 5 micrometros C18 de

4.6 x30mm, Bde 0a100en 2 min con 1 min de tiempo de retencion, caudal =
5 ml/min, deteccion a 254 nm, Disolvente A: metanol al 10% /agua al 90%/TFA
al 0,1%; disclvente B: agua al 10%/metanol al 90%/TFA al 0,1%). EM (EN): m/z
= 531,97 [M+H]".

Ejemplo 254: 3-((3-Ciano-6-((3-metoxi-5-(5-metil-1H-tetrazol-1-

ilYfenil)amino)imidazo[1,2-b]piridazin-8-il)amino)-N-metil-N-(1-metil-3-

I‘ine
0. _N
\CNfMe
| HN” % o' Me
soNeW,
N\
i
N

pirrolidinillbenzamida

v N

4

N=pN

El Ejemplo 254 se prepard a partir de 254A y 3-metoxi-5-(5-metil-1H-
tetrazol-1-il)anilina utilizando el procedimiento que se ha descrito en el Ejemplo

6. HPLC: Tr = 1,53 min (PHENOMENEX® Luna 5 micrometros C18 de 4,6 x 30

mm, B de 0 a 100 en 2 min con 1 min de tiempo de retencién, caudal = 5

ml/min, deteccién a 254 nm, Disolvente A: metanol al 10%/agua al 90%/TFA al
0,1%; Disolvente B: agua al 10%/metanol al 90%/TFA al 0,1%). EM (EN). m/z =
579,13 [M+H]".

EJEMPLO 255

79
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3-({3-Ciano-6-{(3-metoxi-5-(5-metil-1H-tetrazol-1-il}fenilyamino}imidazo[ 1,2-

blpiridazin-8-il)amino)-N-(2-(dimetilamino)etil}benzamida

H
0] N\/\N,Me
|

Me
HN oMe
Y
}N\N/ N/&N
H \
i N=N
N

El Ejemplo 255 se prepard a partir de 253D y 3-metoxi-5-(5-metil-1H-
5 tetrazol-1-il)anilina siguiendo el procedimiento que se ha descrito en el Ejemplo
6. HPLC: Tr = 3,11 min {YMC S5 ODS de 4,6 x 50 mm, metanol acuoso al 10-

90% que contiene H3PO, al 0,2%, gradiente de 4 min, controlado a 220 nm).

EM (EN): m/z = 512,2 [M+HJ".

10 | EJEMPLO 256
2-(5-((3-Ciano-8-(ciclopropilamino)imidazo[1,2-b]piridazin-6-il)amino)-2-

metilfenil)acetamida

NH
S
>’N‘N/ N o
y H
N

Una mezcla de 1G (50 mg, 0,14 mmol), acido 2-{5-amino-2-

15 metiifenil)acético (46,7 mg, 0,17 mmol), Pdx(dba); (12,9 mg, 0,014 mmol},
xantphos (16,4 mg, 0,028 mmo!), yoduro de cobre (1) (13,5 mg, 0,071 mmol) y
Cs,CO; (184 mg, 0,56 mmol) en DMA (1 ml) se purgd con nitrégeno y se
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calentd a 125°C. Después de 5 horas, la mezcla de reaccidn se diluyd con
metanol al 10%/cloroformo y se filiré a través de una columna corta de gel de
silice lavando con un lavado de metanol al 10%/diclorometano. El filtrado se
concentré y se purific6 por HPLC de fase inversa. Las fracciones se
concentraron, se disolvieron en DCM (0,5 ml) y se ftrataron con (24-
dimetoxifenil)ymetanamina (31,2 mg, 0,19 mmol), TEA (0,043 m, 0,31 mmol) y

HATU (47,3 mg, 0,12 mmol). La mezcla de reaccidén estuvo a temperatura

ambiente durante 30 minutos, se concentrd, después se disolvié en DCM (0,5

mi), se traté con trietilsilano (0,2 ml) y TFA (1 ml) y se calenté a 60°C durante
40 min. La mezcla de reaccidon se concentré y se purificé usando HPLC de fase
inversa, aislando el Ejemplo 256 (6,2 mg, rendimiento del 12%) en forma de un
sélido de color blanco. HPLC: Tr=2,77 min (BEH C18de 2,1 x50 mm, 1,7 ., B
de 0 a 100 en 1 min con 0,5 min de tiempo de retencion, caudal = 1 ml/min,
deteccién a 254 nm, Disolvente A: agua al 100%/TFA al 0,1%; Disolvente B:
ACNI al 100%/TFA al 0,1%). EM (EN): m/z = 362 [M+H]".

39|
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Habiendo descritola invencion como antecede, se declara como propiedad lo

contenido en las siguientes

REIVINDICACIONES

1. Un compuesto de acuerdo con la Férmula (1)

Ra, /R5
N

N,____ RSN 'RS
R1-S\,N\ . Rz

nee NN
I

o una sal farmacéuticamente aceptable del mismo, en el que

R se selecciona de H, F, Cl, Br, CN, y alquilo Cy;

R2 se selecciona de arilo sustituido con 0-5 Ry, y heteroariio sustituido
con 0-5 Raa; |

R2a, en cada caso, se selecciona independientemente entre H, F, Cl, Br,
=0, CN, NOg, -ORy, -S(O)pR¢, -C(=0)Rg, -NRaRa, -(CR2:R20)-C{(=0)NR.R;, -
NR.C(=0)Rq, -NR.C(=0)COR, -OC(=0)NRaR,,
-NR.C(=O)NR:R;, -(CRzR320)C(=0)ORp, -S(O)2NRaRa, -NRaS{O):NRaR,,
-NR.S(O)2R., alquilo Cqs sustituido con 0-5 R, -(CRzpRzc)~carbociclilo Cig
sustituido con 0-5 R, y -(CR2uRac)-heterociclilo sustituido con 0-5 Re;

Rz, €N cada caso, se selecciona independientemente entre H y alquilo
C1.6 sustituido con 0-5 Re;

Raz¢, en cada caso, se selecciona independientemente entre H y alquilo
C1.s sustituido con 0-5 Re;

R; se selecciona de H, F, Cl, Br, CN, -ORp, -NR;R,, -C(=0)NRR,,

3BL
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-NR2S(0O)2R¢, -NR,C(=0)Rg4, -NR,C(=0)ORy, y alquilo Cis sustituido con 0-5
Re;
R, se selecciona de H, alquilo C45 sustituido con 0-5 R, -(CR4pR4¢):ORy,

~(CRapR4c)S(O)R, «(CRupR4e)C(=0)Ry, -(CRaR4c)NRJR,,
-(CR4R4c)/C(=0)NR4R,, -(CR4pR4c):NRJC(=O)Rq,
(CR4sR4c)NR,C(=0)ORG, «(CRusR4c)OC(=O)NR:R,,
~(CR4pR4c)INRaC(=O)NR,Rs, «CR4bR40)C(=0)OR,
(CR4R4):S(0)2NRaR, ~(CR4pR4):NRaS(0)2NR,Rs,

-(CR4pR4c);NR2S(0):R, —(CR4bR49),-carbocicIilo Cs¢ sustituido con 0-5 Ry, -
(CR4pR4c)-heterociclilo sustituido con 0-5 Ryz;

Raa, €n cada caso, se selecciona independientemente entre F, Cl, Br,
alquilo Cy.¢ sustituido con 0-5 R, alquenilo C,s, alquinilo Cas, NOz, =0, CN,
-SO3H, -S(O)R, -S(0O)2NRaR,, -NR.S(O)R,, -ORy, -NRaR,,
-NRaC(=0)Ry, -NRaC(=O)NRaRa, -C(=0)OR,,  -C(=0)Rq, -OC(=O)Rd,
-C(=O)NRgRa,, cicloalquilo Ca, heterociclilo y arilo;

R4, €n cada caso, se selecciona independientemente entre H y alquilo
C1 sustituido con 0-5 Rg;

R4c, en cada caso, se selecciona independientemente entre H vy alquilo
C1.s sustituido con 0-5 Re;

Rs se selecciona de hidrogeno y alquilo Cy.¢ sustituido con 0-5 Re;

Rs se selecciona de hidrogeno y alquilo Cy.s sustituido con 0-5 Re;

Ra, en cada caso, se selecciona independientemente entre H, CN,
alquilo C4 sustituido con 0-5 R, alquenilo Cos sustituido con 0-5 R,, alquinilo
Cas sustituido con 0-5 R, -(CHp)-carbociclilo Cj.q0 sustituido con 0-5 R y

-(CHgz)r-heterociclilo sustituido con 0-5 Re; 0 R, y R, junto con el atomo de
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nitrégeno al que estan unidos forman un anillo heterociclico sustituido con 0-5
Re;

Re, en cada caso, se selecciona independientemente entre H, alquilo C4.
s sustituido con 0-5 R, alquenilo C,g sustituido con 0-5 Re, alquinilo Cag
sustituido con 0-5 R, -{CHj)-carbociclio Cs.qp sustituido con 0-5 Rg vy
-(CH2)-heterociclilo sustituido con 0-5 Re;

R¢, en cada caso, se selecciona independientemente entre alquilo Cy¢
sustituido con 0-5 Re, alquenilo Cag sustituido con 0-5 R., alquinilo Cog
sustituido con 0-5 R, carbociclilo Cs¢ y heterociclilo;

Rq, en cada caso, se selecciona independientemente entre H, alquilo C;.
e sustituido con 0-5 R, alquenilo C.s sustituido con 0-5 Re, alquinilo Cog
sustituido con 0-5 Re, ~(CHg)-carbociclilo Cs.o sustituido con 0-5 Re vy
-(CHy)-heterociclilo sustituido con 0-5 Re;

Re, en cada caso, sé selecciona independientemente entre alquilo Cq5
sustituido con 0-5 Ry, alquenilo Css, alquinilo C.s, -(CHa)-cicloalquilo Ca
& F, Cl, Br, CN, NO;, =0, COzH, -{CH}O-alquilo Cys, ~(CHz)OH, SH vy
-(CH2)NRR;

Rr, en cada caso, se selecciona independientemente entre H, alquilo Cs.
5, cicloalquilo Ca. y fenilo, 0 Ry y Ry junto con el atomo de nitrégeno al que estéan
unidos forman un anillo heterociclico;

p, en cada caso, se selecciona independientemente entre cero, 1y 2,y

r, en cada caso, se selecciona independientemente entre cero, 1, 2,3y

2. El compuesto de acuerdo con la reivindicacion 1 de la Farmula (1) o una

324
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sal del mismo,

en la que
Rz se selecciona de arilo sustituido con 0-4 R, v heteroarilo sustituido con 0-4
5 R2a, donde dicho heteroarilo comprende atomos de carbono y 1-4

heteroatomos seleccionados entre N, O y S(O)p;

Raa, en cada caso, se selecciona independientemente entre H, F, Cl, Br,
=0, CN, -ORp, -S(O)Rc, -C(=O)R4, -NRaR,;, -(CRzpR2:)C(=OINR,R,,
NR.C(=0)Rg, -NR.C(=0)OR,, -OC(=O)NR;R,, -NR,C(=O)NR.R,, -

10 {CR2pR2)/C(=0)ORy, -S(0)2NRaR;, -NR,S(0):NRR,, -NR2S(O):R,, alquilo Ciy
sustituido con 0-3 R, -(CRaRz)-carbociclilo Cas sustituido con 0-3 R,
heterociclilo-(CRapR2¢)~ sustituido con 0-3 Re:

Rap, €n cada caso, se selecciona independientemente entre H y alquilo

Cia;
15 Rzc, en cada caso, se selecciona independientemente entre H vy alquilo
Cia;

R4 se selecciona de H, alquilo C.4 sustituido con 0-5 Re, -(CR4pR4c)OR,
-(CR4pR4c)S(O)Re, «{CR4pR4c)C(=O)Ry, ~(CRapR4c)NRaR.,
~(CR4pR4chC(=O)NR,R,, -(CRapR4¢)NR.C(=0)Rg,

20  -(CRupR4)NR,C(=0)OR,, ~(CR4pR4c):OC(=O)NR.R,,
~(CR4R4c)NR,C(=0)NR,R., ~(CR4pR4c):C(=0)ORY,

~(CR4pR4c)NRaS(0)Re, -(CRapRach-carbociclilo Cas sustituido con 0-4 Ry, -




10

15

20

25

286

(CRapRac)-heterociclilo sustituido con 0-4 Ryg;

Raa, en cada caso, se selecciona independientemente entre F, Ci, Br, alquiio
C15 sustituide con 0-3 R, alquinilo C, sustituido con 0-3 R,, -SR¢, -
S(O)R., -S(0)2NRaR,, -NR,S(0)2R,, -ORy, -NRaRa,
-NRaC(=0)R4, -NRiC(=O)NR.R,;, -C(=O)OR,, -C(=O)R4, -OC(=O)Rq,
-C(=0O)NR.Ra, cicloalquilo Ca, heterociclilo y arilo;

Rab, €n cada caso, se selecciona independientemente entre H vy alquilo

Cia;

R4c, €n cada caso, se selecciona independientemente entre H y alquilo
Ciary

r, en cada caso, se selecciona independientemente entre cero, 1, 2y 3.
3. El compuesto de acuerdo con la reivindicacién 2 en el que

R2 se selecciona entre un arilo de 4 a 7 miembros monociclico o de 8 a
12 miembros biciclico sustituido con 1-4 Rz, ¥ un heteroarilo de 4 a 7 miembros
monociclico o de 7 a 12 miembros biciclico sustituido con 0-4 Ry,;

Rza, €N cada caso, se selecciona independientemente entre H, F, Cl, Br,
=0, CN, -ORy, -S(O)Rc, -C(=0)Rqy, -NRaRa, -(CH2),C(=O)NRzR,, -NHC(=O)Ry, -
NHC(=0)ORp, -OC(=0O)NR;R,, -NHC(=O)NRiR,, -(CH2)C(=0)OR,, -
S(0)2NRaRa, -NHS(0)2NR4R,, -NHS(O),R; 0 alquilo C1¢ sustituido con 0-3 R, -
(CH2)carbociclilo Cs sustituido con 0-3 R, y -(CHy)-heterociclilo sustituido
con 0-3 Re;

R4 se selecciona entre H, alquilo C14 sustituido con 0-5 Re, -(CH2),0ORy, -
(CH2)S(O)pRe,  -(CH2)C(=O)Rg4, -(CH2)NR,R,;, -(CH2)C(=O)NR.R., -
(CH2)NR.C(=0O)Rq, -(CH2)[NR.C(=O)OR,, -(CHz2c)fOC(=0O)NR.R,, -

286
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(CH2)NR,C(=O)NRzR,s,  -(CH3),C(=0O)ORs, -(CHz)rNRaS(O)zRC, -(CH2)r
cicloalquilo Cs.s sustituido con 0-3 R4s, -(CHa)e-arilo sustituido con 0-3 Raa, -
(CH2)-heterociclilo sustituido con 0-3 Re;

Ra4a, €n cada caso, se selecciona independientemente entre alquilo Cq4
sustituido con 0-3 Re, -SR¢, -S(0)2Rc, -S(0)2NRaRa, -NHS{O);:Rc, -ORp, -NRaR,,
-NHC(=0)Rq4, -NHC(=O)NR;Rs;, -C(=0O)OR,, -C(=O)R4, -OC(=O)R4, -

C(=0O)NR;R,, cicloalquilo Ca., heterociclilo y arilo.

4. E! compuesto de acuerdo con la reivindicacion 3 de la Férmula (I1i) o sal
del mismo,
HN-Re
g\ﬁﬁ /@:—-(Rza)n
ne NN

()

en la que

R2a, en cada caso, se selecciona independientemente entre H, F, Cl, Br,
=0, CN, -ORy, -S(Q)sRe, -C(=0)Ry, -NRaR,, -(CH2),C(=0)NR;R,, -NHC(=0)Ry, -
NHC(=O)OR,, -OC(=O)NR.R,, -NHC(=OJNR,R,, -(CH2)C(=O)OR,, -
S(0)2NRgRa, -NHS(O):NRaR,, -NHS(0);R 0 alquilo C44 sustituido con 0-3 Re, -
(CHz)-carbociclilo Ca.s sustituido con 0-3 R, y -(CHy)-heterocicliio sustituido
con 0-3 Re;

R4 se selecciona entre H, alquilo Cq.g sustituido con 0-5 Re, -(CH2);OR, -
(CH2)NRaRa, -(CHz)-cicloalquilo Cas sustituido con 0-3 Ry, -(CHa)-arilo
sustituido con 0-3 Raa y-(CHa)-heterociclilo sustituido con 0-3 Rya;

R4a, €n cada caso, se selecciona independientemente entre alquilo Cig

et
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sustituido con 0-3 Re, -SR., -S(0):NRaRa, -NHS(O)}R., -OR,, -NRaR,, -
NHC(=O)Rg, -NHC(=0O)NR,R,, -C(=O)OR,, -C(=O)Rq, -OC(=O)Rq4, -
C(=0)NRR,, cicloalquilo Css, heterociclilo y arilo,

Ra, en cada casc, se selecciona independientemente entre H, CN,
alquito Cq sustituido con 0-5 Re, -{CHy)-carbociclilo C3.1¢ sustituido con 0-5 R,
y -(CHp)-heterociclilo sustituido con 0-5 Re; 0 R; v R, junto con el atomo de
nitrdgeno al que estan unidos forman un anillo heterociclico sustituido con 0-5
Re,;

Rp, en cada caso, se selecciona independientemente entre H, alquilo
C1.s sustituido con 0-5 Re, -(CHy)-carbociclilo Cs.1p sustituido con 0-5 Re vy -
(CH2)-heterociclilo sustituido con 0-5 Rg; _

Re, en cada caso, se selecciona independientemente entre alquilo Ci.s
sustituido con 0-5 R, carbociclilo Cs ¢ y heterociclilo;

| R4, en cada caso, ée selecciona independientemente entre H, alquilo
C1.s sustituido con 0-5 Re, -(CHg)-carbociclilo Ca.p sustituido con 0-5 Re vy -
(CHy)-heterociclilo sustituido con 0-5 Re;

Re, en cada caso, se selecciona independientemente entre alquile Cyig
sustituido con 0-5 Ry, -(CHy)-cicloalquilo Csg, F, Cl, Br, CN, NO;, =0, COzH, -
(CHy):O-alquilo Cy.s, -(CH2);OH, SH y -(CH;)NR¢R;;

Rt, en cada caso, se selecciona independientemente entre H, alquilo Cy.

y fenilo, o Rs y Ry junto con ei atomo de nitrégeno al que estan unidos forman

un anillo heterociclico; y

n, en cada caso, se selecciona independientemente entre cero, 1,2, 3y

33
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5. El compuesto de acuerdo con la reivindicacion 4, en el que

R4 se selecciona entre H, alquilo Cq. sustituido con 0-3 R, -(CH3)OR, -
(CH2).NR.R3, -cicloalquilo Css sustituido con 0-3 Ra,, arilo sustituido con 0-3
R4a, heterociclilo monociclico no aromatico de 4, 5 6 6 miembros sustituido con
0-3 R4z y heteroarilo de 5 6 6 miembros sustituido con 0-3 Ry,;

R4a, €n cada caso, se selecciona independientemente entre alquilo Cq4
sustituido con 0-3 R, -S{0)2NRyRa, -NHS(O)2R,, -ORg, -NRaRa, -NHC(=0)Ry, -
NHC(=0O)NRzR,, -C(=0)0ORy, -C(=0)R4, -OC(=0)R4, -C(=O)}NRzR;, cicloalquilo
Cs.s, heterociclilo y arilo;

Ra, en cada caso, se selecciona independientemente entre H, CN,
alquilo C14 sustituido con 0-3 R., -(CH2)-heterociclilo sustituido con 0-3 Re; ©
Ra ¥ Ra junto con el atomo de nitrégeno al que estan unidos forman un anillo
heterocicliclo monociclilo sustituido con 0-3 Rg;

Rb‘, en cada caso, se selécciona independientemente entre H y alquilo
C1-4 sustituido con 0-3 R, y heterociclilo;

Rc, en cada caso, se selecciona independientemente entre alquilo Cq
sustituido con 0-3 R, y heterociclilo;

R4, en cada caso, se selecciona independientemente entre H, alquilo

C1.4 sustituido con 0-3 R,, -(CHz)-carbociclilo Cj.4p sustituido con 0-3 Re y -

{CHz)-heterociclilo sustituido con 0-3 Re;

Re, en cada caso, se selecciona independientemente entre alquilo Cq.4
sustituido con 04 Ry, F, Cl, Br, CN, NO;, =0, CO.H, -(CH,)0-alquilo Cy.s, -
(CH2):OH, SH y -(CH2)NRR;;

Ry, en cada caso, se selecciona independientemente entre H y alquilo

Ci4 0 Rry Ry junto con el dtomo de nitrogeno al que estan unidos forman un
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anillo heterociclico.

6. El compuesto de acuerdo con la reivindicacion 4, enelque

Raa, en cada caso, se selecciona independientemente entre H, F, Cl, Br,
CN, =0, O-alquilo Ci.4 sustituido con 0-3 R, -O(CH;)NRz-alquilo Cq4 -O-
(CH2)/O-alquilo Cq4, -O(CHg)-heterociclilo, -S(0)-alquilo Cy4, -C(=0)alquilo C;.
4, -NHz, -N(alquilo C44), -NHCN, -NR,(CHz)NRaalquilo Cq4, -NRa{CH,)O-
alquilo Cq4, -NH(CHz)-heterociclilo, -(CH,),C(=0)NH,, -C(=0)NH-heterociclilo, -
C(=0)NH(CHaz)N(alguilo C14)2, -C(=0)-heterociclilo, -NHC({(=0)alquilo Ci4, -
NHC(=0)O-alquilo Ci4, -NHC(=O)NH-alquilo Ci4, C(=0)O-alquilo Cis, -
(CH2),C(=0)OH, -S(0):NH;, -S(O);NH-heterociclilo, -S(O);NH-alquilo Ci4, -
S(O)2-heterociclilo sustituido con 0-3 Re, -NH2S(0)2NH,, -NHS(0)s-alquilo Cy.,
alquilo Cq4, CF3, -(CH2)OH, carbociclilo C;5 sustituido con 0-3 Re, heterociclilo
no aromatico sustituido con 0-3 R, y heteroarilo de 5 6 6 miembros sustituido

con 0-3 Re.

7. El compuesto de acuerdo con la reivindicacion 3, en el que

R, se selecciona entre

™ N':bl N
m {R2a)m /@;)’_(Rh)m %(RZE)m
of S of S '

K

(SN &
o N B
N (i ‘%ﬁ R o NN Rl

iﬁ ; , Raap
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N

(Raa)m
Ve X ~N
/@ - Raahm N»ﬂ’z %LL/;—(RH)H, %ﬁl —(Raa)m

==
RZab , 3 t y

I — (Rza}m
Y N

---- representa un enlace opcional;
Rzap, €N cada caso, se selecciona independientemente entre alquilo Cy4
sustituido con 0-3 Re, -S(O)sR., -C(=0)Rq4, C(=0)ORy, vy

m, en cada caso, se selecciona independientemente entre cero, 1, 2y 3,

8. El compuesto de acuerdo con la reivindicacion 7, en el que

R4 se selecciona entre H, alquilo Cq4 sustituido con 0-5 Re, -(CH2)OR, -
(CH2)NR3Ra, -(CHy)-cicloalquilo Csg sustituido con 0-3 Rgsa, -(CHy)~ arilo
sustituido con 0-3 R4, ¥ -(CHa)-heterocicliio sustituido con 0-3 Ry..

9. El compuesto de acuerdo con la reivindicacién 2, en el que

R> se selecciona entre fenilo sustituido con 1-3 Ry, y heteroarilo
sustituido con 0-3 Ry,;

Raza, €n cada caso, se selecciona independientemente entre H, F, Cl, Br,
=0, CN, -ORy, -S(O):R¢, -C(=0)Ry, ~NRaRs, -(CH2),C{(=0)NR.R,, -NHC(=0)Ry, -
NHC(=0)ORy, -NHC(=O)NRaRa, -(CH2)C(=0)OR,,  -S{O):NR.R., -
NHS(0):NR4Ra., -NHS(O).R,, alquilo Cq4 sustituido con 0-3 R., heterociclilo no
aromatico sustituido con 0-3 R, y heteroarilo sustituido con 0-3 Re;

R4 se selecciona entre H, alquilo C4 sustituido con 0-3 Re, -(CH2).ORy, -

cicloalquilo Csg sustituido con 0-3 R, arilo sustituido con 0-3 Raa, -(CHa)-
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heterociclilo monociclilo saturado de 4 a 6 miembros sustituido con 0-3 Rss vy -
(CHy)-heteroarilo de 5a 6 miémbros sustituido con 0-3 Ryg;

R4a, €n cada caso, se selecciona independientemente entre alquilo Cy4
sustitﬁido con 0-3 Re, -ORp, ¥ C(=O)NRaR3;

Ra, en cada caso, se selecciona independientemente entre H, CN,
alquilo Cs.4 sustituido con 0-5 R, -(CH2)-heterociclilo sustituido con 0-3 Rg; o
Ra y Ra junto con el atomo de nitrogeno al que estan unidos forman un anillo
heterociclico, que tiene de 1 a 3 heteroatomos seleccionados entre N, O, S y
sustituido con 0-3 R,;

Ry, en cada caso, se selecciona independientemente entre H, alquilo
C14 sustituido con 0-3 R, y heterociclilo;

Rc. en cada caso, es independientemente alquilo C1.4 sustituido con 0-3
Re;

R4, en cada caso, se selecciona independientemente entre H ylalquilo
C1.4 sustituido con 0-3 Re;

Re, en cada caso, se selecciona independientemente entre alquilo Ci4
sustituido con 0-4 R;, F, Cl, Br, =0, -(CH,)0-alquilo Cy.5, -(CH2)OH y -
(CH2)NRiRy, y

Rt, en cada caso, se selecciona independientemente entre H y alquilo
Ci3 0 R ¥y Ry junto con el atomo de nitrdgeno al que estan unidos forman un
anillo heterociclico;

r, en cada caso, se selecciona independientemente entre cero, 1, 2y 3;

m, en cada caso, se selecciona independientemente entre cero, 1,2y 3.

3al
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10.  Una composiciéon farmacéutica que comprende uno o mas compuestos

de la reivindicaciéon 1 y un vehiculo farmacéuticamente aceptable.

11.  Una composicion farmacéutica que comprende uno ¢ mas compuestos
de acuerdo con la reivindicacion 1 junto con un vehiculo farmacéuticamente

aceptable y uno o mas agentes anticancerosos o citotoxicos distintos.

12.  Un procedimiento para inhibir la angiogénesis que comprende
administrar a una especie de mamifero que lo necesita una cantidad
terapéuticamente eficaz de uno o mas compuestos de acuerdo con la

reivindicacion 1.

13.  Un procedimiento para tratar cancer, psoriasis y artritis reumatoide, que

comprende administrar a una especie de mamifero que lo necesita una

cantidad terapéuticamente eficaz de uno 0 mas compuestos de acuerdo con la

reivindicacion 1.

14. El procedimiento de la reivindicacién 13 en el que el cancer es
carcinoma de la préstata, adenocarcinoma ductal pancreético, de mama, colon,
pulmén, ovario, péancreas y ftiroides, neuroblastoma, glioblastoma,

meduloblastoma y melanoma, mieloma muitiple y/o leucemia mieldgena aguda

(AML). .

x5
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IMIDAZOPIRIDAZINACARBONITRILOS UTILES COMO INHIBIDORES DE
QUINASA

RESUMEN DE LA INVENCION

5 La invencién proporciona compuestos de Férmula (1)

R4‘N Rs

N_\ R R3
R1_§,N\N/ N/Rz
NC “Rg
(I
% y sales farmaceuticamente aceptables de los mismos. Las imidazopiridazinas

de Foérmula (l) inhiben la actividad de proteina quinasas haciéndolas (tiles

como agentes contra el cancer.
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TRADUCCION OFICIAL N° 0507071 al espafiol de un documento escrito en inglés, efectuada por
Jaime Armando Garavito Burgos, ¢.c. N° 19.130.702 de Bogotd, Traductor e Intérprete Oficial
inglés-espafiol-inglés segin Resolucion N° 034 de enero 11 de 1983 expedida por el Ministerio de
Justicia de la Reptblica de Colombia

PODER OTORGADO POR BRISTOL-MYERS SQUIBB COMPANY

APOSTILLA

1. PAIS: ESTADOS UNIDOS DE AMERICA

2. ESTE DOCUMENTO PUBL!CO HA SIDO FIRMADO POR:
SALLY B. HANSEN

3. QUIEN ACTUA EN CALIDAD DE NOTARIO PUBLICO DE NUEVA JERSEY
4 LLEVAEL SELLO DE:
SALLY B. HANSEN, NOTARIO

CERTIFICADO

5. EN TRENTON, NUEVA JERSEY

6.  EL 28 DE JUNIO DE 2007

7. POR BRADLEY ABELOW, TESORERO DE NUEVA JERSEY
8.  N°A295716

9.  SELLO (APARECE ADHERIDO SELLO DORADO)

10. FIRMA (FIRMADO) BRADLEY ABELOW

Texto en inglés y en espafol mediante el cual BRISTOL-MYERS SQUIBB
COMPANY domiciliada en Nueva York, Nueva York, otorga poder a ALVARO
CORREA ORDONEZ ylo OLGA GEORGETTE OTERO y/o RICARDO METKE

ylo JUAN PABLO CONCHA

Dado y suscrito el 8de mayo de 2007

L,
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l
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TRADUCCION OFICIAL N° 0507071 al espafiol de un documento escrito en inglés, efectuada por
Jaime Armando Garavito Burgos, c.c. N° 19.130.702 de Bogota, Traductor e Intérprete Oficial
inglés-espafiol-inglés seglin Resoluciéon N° 034 de enero 11 de 1983 expedida por el Ministerio de
Justicia de la Replblica de Colombia

CERTIFICACION NOTARIAL

Texto en inglés y en espafiol mediante el cual el suscrito Notario certifica el 30 de
mayo de 2007 la existencia legal de la sociedad BRISTOL-MYERS SQUIBB
COMPANY asi como las funciones y firma de su representante autorizado
Anastasia P. Winslow, Senior Patent Counsel (Abogado de Patentes Senior) para
lo cual se basé en los documentos relacionados en ingiés en el punto 6 de la
certificacion los cuales se traducen aqui al espafol, a saber:

Certificacion suscrita por el Vicepresidente Senior y el Asesor Legal de Bristol-
Myers Squibb Company el 7 de abril de 2007.

Certificado de Constitucion Enmendado y Replanteado de Bristol-Myers Squibb
Company fechado mayo 24, 2005,

[Firmado] SALLY B. HANSEN, Notario Publico

[Selio en tinta que dice: “SALLY B. HANSEN. Notario Plblico de Nueva Jersey. Mi
comision vence el 6 de junio de 20107

[Aparece sello realzado]

La anterior es traduccion fiel y completa de la cual se deja copia en esta oficina

para su confrontacion.

M
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T
A A A A
APOSTILLE
(CONVENTION DE LA HAYE DU 5 OCTOBRE 1961)
=
COUNTRY: UNITED STATES OF AMERICA ‘§§§§
) —_—1
THIS PUBLIC DOCUMENT HAS BEEN SIGNED BY: §§§§%
SALLY B HANSEN )
=
ACTING IN THE CAPACITY OF: =
NOTARY PUBLIC OF NEW JERSEY

<)
BEARS THE SEAL/STAMP OF: =
SALLY B HANSEN, NOTARY £==9)
==
CERTTFIED %
==
AT TRENTON, NEW JERSEY @E
=
THE 28TH DAY OF JUNE 2007 %gga
BY: Bradley Abelow, NEW JERSEY TREASURER @
NO. A295716 %

SEAL/STAMP: 10. SIGNATURE
=9)
)
=)
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=)
=39)
N
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POWER OF ATTORNEY

The undersigned.
BRISTOL-MYERS SQUIBR COMPANY
domiciled in

Route 206 and Province Lino Road, Princeton,
New Jersey 08543-4000 United States of America

declares that it hereby grants to

ALVARO CORREA-ORDONEZ and/or

OLGA GEORGETTE OTERO and/or

RICARDO METKE undfor

JUAN PABLO CONCHA
with domicile at Av, B2 No. 10 — §2, 6Th floor, of Bogoti D,
C.. Colombia, a full and sufficient power of ajtorney to obrain
the protection of my (our) industrial property and against the
unfiir competition, for which purpose 1 (we) aurborize 1he qaid
attorneys 10 repregent me (us) befors any authorities or persons,
with or without jurisdiction, specially those administrative,

inistrative contcatious and judicial, as well as befere
itrarion Court, in gll matters concerning the following: a)

Obuinmenr of patents, urility models, industrinl designs,
integrated circuits, layour-desipns and vegetnl varieties; the
registration of tradermnarks, denominations of origin, commereial
names, rade emblems, slogans and domain names; its venewal,
assignnerts, chenge of nome or -domicile, voluntary
cancellation; and the registration of licenses of use of the above
rights; b)Processes of protecton to the consumer, pnfaic
competition, oppositions, cancellations, rmullity, precautionary
imjunttions, infringement, gronting of licenses, writ mandamus,
the protection of wrede secrets, and in genexal the civil, penal, an
adminisirative processes relating to those rights. And that in all
the above mariers they may aubstitute this Power of Attomney,
comprovise, concilizte, admijt the facts of the case, desist,
<ancel, receive, resign, and ratify ects done by representatives
without & power of attorncy.

L hereby ratify ail actlons previously taken on behalf of this
company by the aforementioned attorneys with respect to the
mentioned matrers.

Done and subscribed in

6"“‘ 30

Signature of the pergon issuing the Power

QV?UPW .

Anastasia P. Winslow
Senior Patent Counsel

doy ofm G of 2007

RAISBECK

(B&M) BTA COL. #6049 P.00¢

Ralebeck, Larz, Rodriguor & Ruoda
Aw, 82 Mo, 10 - B2 §th Flaor

Bogota. Colomdin

NIT: 800.068 &640~3
Tol; +57 1 834 1500
Fax 67 1 376 2211
Vewrw, IKSITIOL Com

PODER DE ABCGADO
La abajo firrnada,
BRISTOL-MYERS SQUIBB COMPANY
domiciliada en

Route 206 and Province Line Road, Peinceton,
New Jersey 08543-4000 Estades Unidos de América

declara por el pregeunte que otorgz a

ALVARO CORREA-ORDORNLEZ y/o

OLGA GEORGETTE OTERO y/o

RICARDO METKE y/o

JUAN PABLO CONCHA
con domicilio en la Av. 82 No. 10 -~ 62 Piso 6 en Bogoti 0. C.,
Colombia, poder especial amplio y suficiente, para obtener Ia
proteceidn de mi (nuestra) propiedad industrial y contra la
compeisncia desleal, a cuyo efecto autorizo (amos) & los dichos
apoderados para que me (nos) representen ante cualesquiera
sutoridedes o personas, ejerzan ¢ no jurisdiceién, especialmente
ante las del orden administrativo, centencioso-administrative v
judicial, esi como los tribunzles de arbitramento, en todo lo
concerniente a los siguientes asuntos: o) Obtencion de patentss
de invencién, mwodelos de utilidad, disefios indusrriales,
esquemas de trazado de circuitos integrados y veriedades
vegetales; el registre de marcas, denominaciones de origen,
nombres comexcizles, ensefias, lemms comerciales y nombres de
dominio; su renovacidén, traspaso, cambic de nombre o
domicilio, cancelacién voluntaria; v el regisiro de licencias de
uvso de esos derechos; b) Los proceses parz la proteccién del
consumidor, commpetencia desleal, oposisiones, cancelaciones,
nulidades, wmedidas cautelares, infracciones, concesidm de
licenciag, la tutels, la proteccién de secretos industrisles, y en
geneml proceses civiles, penales, adminismativos relacionados
con estos derechos. Y pam que en todos los asumtos arriba
determinndos, puedan sustituir este mandato, transigir, conciliar,
admitir tos hechos del ceso, desistir, cancelar, recibix, renunciar,
y ratificar 1o actos de agentes oficiosos.

Ignalmente, ratifico todo lo actuado hasta el momento en los
misrnoes asunios, por cualquiers de los mencionados apoderados
en representocion de £sta sociedad.

Dado y fimmado en
30

A los dias del mes de de 2007

mayo

Firma de Ia persooa que firtmn el Poder

399
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NOTARIAL CERTIFICATION
On this SO dayof /7]
2007 , the undemsigned Notary
CERTIFIES
1. Thar Name of the person §ssolng the power

Anastasia P. Winslow
of legal age and domiciled in

Princeton, NJ USA
Mdrms, city, state, country

set his hand on the forcgoing document.

2. That the grentor fs to me personally known. and that he/she has
lcgal capacity to cxccute the instrumen,

3. That the grentor bas executed the forepoing document as

Senior Patent Counsel
FPasition of che person Jesning the Power

of the judicial person BRISTOL-MYERS SQUIBB

COMPANY
4." That the judicial person ~ BRISTOL-MYERS SQUIBB
COMPANY

having its home office in

Route 206 and Province Line Road, Princeton,
New Jersey (#13543-4000 United States of Amerfea

is duly organized, has prescnt legal existence and that the
purposes for which the power of attotney i8 granted are within
the scope of its corporate purposes.

5. Thar the grantor has in fact the referred to authoriry and thar
his/her representation is legal,

6. That ! have based certifications 3, 4 and 5§ above on the
following authentic documents for ruch purpoge exhibited 10 me
and which T mention specifically, giving their dates and their

._origin or sonrce:

‘ease indlcate Irere the documents such as the articles of
corporation, by laws or repoluztdan from the Board of

Directors and their dates, an which the notary rollcd to

grant the certification)

- Certification executed by Sr. Vice President

and General Counsel of Bristol-Myers Squibb Company

on Apxil 7, 2007

(B&M)

BTA COL. #6649 P.OO5

34

CER CACTON NOTA +

Aldos 30 dias del mes de mayc

de 2007 |, e} swscrito Notario

_ DAFE
1 Quc Anastasia P. Winslow

mayor y domiciliado en Princeton, NJ
Estados Unidos de América

guscribié de su puilo y letrm €] docurmnento que antecede.

2. Que conozco al otorgante y que £ste riene capacidad Iegai
para ¢l otorgamiento,

3 Que ¢l otorgante ba suserito el referido documento en su
cardcter de

Abogados de Patentes Senior

de la persona juridica BRISTOL-MYERS SQUIBB
COMPANY
4  Que lapersona juridice RRISTOL-MYERS SQUIBB
COMPANY

comn gede en

Route 206 and Proviuce Line Road, Pripcecton,
New Jerscy 085434000 Estados Unfdos de Amérlea

esti legnlmente constitefda, que tiene existencia legal
actund y que ¢l acto pera ¢l cual se otorga el poder esrd
comprendido entre los que constituyen su objeto social,

5  Que el otorgante ticne efectivamente [a representacién que
ostenta y que ésta es legitima.

6. Que he basado las certificacionss 3, 4 y S anterjores en los
siguientss  documentos sutdnticoz que al efécto §¢ me
exhibieron ¥ que menciono especificamente con expresién
de sus fechas y de su origen o procedencia:

- Cettificacion suscrita por el Vicepresidente

Senior y el Asesor Legal de Brkstol-Myers
Squibb Company el 7 de abril de 2007.

~ Certificado de Constitucidn Enmendado y
Replanteado de Bristol-Myers Squibb
Compdny fechado el 4 de mayo de 2005.

—~ Amended and Restated Certificate of Incorporation

of Bristol-Myers Squibb Company dated May 24,

k Ly %ﬁ'i&a’,\w\

2005

El Notario Piiblco
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SUPERINTENDENCIA DE INDUSTRIAY COMERGIO

LI PRI

. -00000-0000
043111 2020 IR NUEVASCR

Industria v Comercio

SUFERTNTENDENCITA 47152100 Dep
| oo, 2 RTENTEI Eve: 378 FASENACIONAL
: olios. ,
PATENTE DE INVENCION [ | MODELODE  Act 411 PRESENTACION 7 —
‘ ’ ] ESENTACION Folios: 399 )

Indicacion que se solicita una patente.
Datos de identificacién del solicitante o de la persona que presenta la solicitud

Descripcidn de la invencion

Dibujos de ser estos pertinenies
Comprobante de pago de las tasas establecidas {De ser el caso formato de descuento)

Completa - D / _ Incompleta EI
PATENTE WENC]ON PCT [%ODELO DE UTILIDAD PCT [:' Art.33 Decisién 486/00, Circular Unica

E Indicacién que se solicita una PCT

Copia de la solicitud en espafiol, tal como fue presentada inicialmente (capituio descriptivo,

EEREE

reivindicatario, resumen)
D Dibujos de ser estos pertinentes

Comprabante de pago de |as tasas establecidas (de ser el caso formato de descuento)

Completa I:l Incompleta D

DISENO INDUSTRIAL D ' ‘ {Art. 119 Decision 486/00)
[:’ Indicacién que se solicita Disefio industrial
D Datos de identificacidn del solicitante o de la persona que presehta la solicitud

l:] Representacidn grafica y fotografica del Disefio industrial o muestra del material que incorpora el
disefio

EI Comprobante de pago de las tasas establecidas

Completa l:l : Incompleta D |

ESQUEMA DE TRAZADO {_] (Art. 92 Decision 486/00)

Indicacion que se solicita un esquema de trazado
Datos de-identificacién del solicitante o de la persona que presenta la solicitud:
Representacién grafica de un esquema de trazado

Comprobante de pago de las tasas establecidas

Completa [:I Incompleta D

O0og

PI02-F04 {2009-11-18)



