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ANEXOS %

Comprobante de pago de la tasa de presentacion de la solicitud. '

Documento que acredita la existencia y representacién legal cuando el solicitante sea persona '
juridica.

Poderes, si fuere el caso. Adjunto copia simpte. Ver Exp. No, 06-007.246 '
Documento de cesion del inventor al solicitante o a3 su causante.

Declaraciones.

Copia de la solicitud internacional. (Resumen, descripcién, reivindicaciones, dibujos}.

Traduccion de 1a solicitud internacional al casteilano. (Resumen, descripcion, reivindicaciones,
dibujos).

Copia del examen preliminar internacional efectuado por la Autoridad Internacional de Examen
Preliminar (IPEA).

Traduccion del examen preliminar internacional efectuado por la IPEA.
De ser el caso, copia del contrato de acceso.

De ser el caso, documento que acredite la licencia o autorizacidn de uso de conocimientos '
tradicionales de las comunidades indigenas. '

De ser el caso, certificado de deposito del material bioldgico. |
Arte final 12 x 12,

De ser el caso, informacion sobre otras solicitudes de patente o titulos obtenidos en el extranjero :
por el mismo titular o su causante, relacionadas parcial o totalmente con 1a invencion de esta
solicitud.

De ser el caso, modificaciones efectuadas a la solicitud internacional.

Otros. Busqueda Internacional
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@ Solicito la concesion de la patente,

NOMBRE:_CARLOS R. OLARTE i
’ .C. 797782.747 Bta T.P._74.295

i Instrucciones para el diligenciamiento del presente formulario, ver reverso de esta pagina.
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Certificado de Wotario De Pinna en espaiol certificando que Peter John Giddings

es apoderado de $mithkline Beecham Corporation, firmado por James Kerr Milligan.

APOSTILLA
(Convencidén de la Haya del 5 de octubre de 1961)

1. Pais: Reino Unido de Gran Bretaia e Irlanda del Norte

- Este documento Publico
2. ha sido firmado por James Kerr Milligan

Quien ejerce funciones de Notario publico
4. Lleva el sello del Notario publico

CERTIFICADO

En Londres
E1 14 agosto 2003

Por el Secretario de Estado Principal de su Majestad para Asunto§
exteriores y de la Mancowunidad

No. 6229470 .
9. Gran Sello de la Oficina de Asuntos exteriores y de la Mancomunidad
10, Firma legible de J. Garbrah- Por e} Secretaric de Estado

Si @1 Jdocumento se usa en un pais que no pertenece a la Convencion de la Haya del

5 de octubre de 1961 debe pasar por la seccidn consular de la Misién que

representa el ‘pais,

Es traduccion fiel da) inylés, con copia archive para confrontacidn. Boyold 21 agosto-03,

Modu Mve.

Harlen Heira C
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social en 1, Franklin Plaza, Philadelphia, Pensilvania 19101, Bistados Unidos. de
América;

QUL el citado Sciior Don PETER JOHN GIDDINGS estd debida y

suficicntenente autorizado para firmar documentes de esta clase, en virtud del
Poder vlorgado en su favor por la relerida Sociedad fechado ¢l 11 de juliv de 2002,

copia del cual he tenido a la vista,

Y QUE los objelos para los cuales se otorgd dicho Poder se encuentran dentro de
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Power of Attorney

The vndersigned,

domiciled in

One Franklin Plaza, P O Box 7929, Philade!phia, PA 19101, United St

by tneaus of these presents heteby grants 1o Carlys
R. Olarte, J. Ian Raisbeck and Ana
Maria Fricri fun ang sullicient Power of
Altorney fo file, prosecule, ubtain, defend and
enforce any aud all of (Le coinpany’s Patents,
Utility Models und Industrial Deslgus in the
Republic of Colombia, (o which eud it enjpuwers
then 1o take all sleps nceessary before any
administrative or judicial authotity of any class for
the objects stated, to file petitions, appeals, teplies
and oppusitions, pay taxes and annuilies, request
testimenics, receive documents and securilics,
abaudon applications and collect refunds. Sufficient
power is licreby granted (o receive notificativas on
beliall of the Cumpany, 1o conler powers on those
who arg o represent the company judicially and
cxtrajudicially, to anawer in cowrt in the uatter of all
chims and demands that nay be presented in
cuiection with the objects stated, giving them
likevise puwer tv substitute tese presemts snud
icvoke such substitutions.

Signature/Firma;

/ MQQQ'G

Poder

Ll suscrito,

SmithKline Beccliun Corporation

domiciliado cn

ales of America
por medio del presente vtorga a Carlos K.
Olarte, J. Lan Raisheck ¥ Ana Muarija
Irieri poder especial, awplio y sulicienlc para
presemar, trawitar, oblener, defender y hacer
respelar lodas y cualguicra de Palentes, Modelos
de Utilidad y Diseiiys Industriales de la
coinpabia en lu Repiblica de Colombia, a cuyo
efecto lys faculta pata dar todos los pasos
uceesarios anle cualquier aulyridad adminisitrativa
v judicial de cualquier jerarquia para cunsplir con
lo encornendado, elevar solicitudes, apclaciones,
TOSpUestas y vposiciones, pagar impucstos y
anualidades, solicitar testimonios, recibir
dvcumealys y valores, desistir y percibir. Se ]
conicede poder baslante para recibir notificaciones
anombre de Ia compaiila, olorgar poderes a
quienes vayan a representar a la cowpailia judicial
Y extrajudicialmente, tesponder cn juicio a (udas
lus reclamaciones o demaidas que por wiotivo de
lo encomendado se presentaren, dindoles
asimismn Facultad para sustituir ¢l presepie y
revocar dichas sustiluciones.

Peter Jolu{ GUDDINGS

Datc/Fecha: 13 August 2003

Cily,Counlry/Ciudad,l’ais: Brentlord, Middlesex, Lngland
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INHIBITORS OF Akt ACTIVITY

FIELD OF THE INVENTION
This invention relates to novel 1H-imidazo[4,5-¢)pyridin-2-yl compounds, the
use of such compounds as inhibitors of protein kinase B (hereinafter PKB/Akt, PKB
or Akt) activity and in the treatment of cancer and arthritis.

BACKGROUND OF THE INVENTION
The present invention relates to 1H-imldazo[4,5-c]pyridin-2-y! containing
compounds that are inhibitors of the activity of one or more of the isoforms of the
serine/threonine kinase, Akt (also known as protein kinase B). The present

invention also relates to pharmaceutical composttions comprising such compounds
and methods of using the instant compounds In the treatment of cancer and
arthritis (Liu et al. Current Opin. Pharmacology 3:317-22 (2003)).

Apoptosis (programmed cell death) plays essential roles in embryonic
development and pathogenesis of various diseases, such as degenerative neuronal
diseases, cardiovascular diseases and cancer. Recent work has led to the
identification of various pro- and anti-apoptotic gene products that are involved in
the regulation or execution of programmed cell death. Expression of anti-apoptotic
genes, such as Bel2 or Bel-x, inhibits apoptotic celt death induced by various
stimuli. On the other hand, expression of pro-apoptotic genes, such as Bax or Bad,
leads to programmed cell death (Adams et al. Science, 281:1322-1326 (1998)).
The execution of programmaed cell death is mediated by caspase -1 related
proteinases, including caspase-3, caspase- 7, caspase-8 and caspase-9 etc
(Thornberry et al. Science, 281:1312-1316 (1998)).

The phosphatidylinosito! 3'-CH kinase (PI3KYAKkY/PKB pathway appsars
important for regulating cell survivai/cell death (Kulik et al. Mol.Cell.Biol. 17:1595-
1606 (1997); Franke et al, Cell, 88:435-437 (1997); Kauffmann-Zeh et al. Nature
385:544-548 (1997) Hemmings Science, 275:628-630 (1997}, Dudek et al.,
Science, 275.661-665 (1997)). Survival factors, such as platelst derived growth
factor (PDGF), nerve growth factor (NGF) and insulin-like growth factor-1 (IGF-1),
promote cell survival under various conditions by inducing the activity of PI3K (Kulik
et al. 1997, Hemmings 1997). Activated PI3K leads to the production of
phosphatidylinosito! (3,4,5)-triphosphate (Ptdins (3,4,5)-P3), which in tum binds to,
and promotes the activation of, the serine/ threonine kinase Akt, which contains a
pteckstrin homology (PH)-domain (Franke et al Cel, 81:727-736 (1995); Hemmings
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écience, 277:534 (1997); Downward, Curr. Opin. Cell Biol. 10:262-267 (1998),
Alessi ot al., EMBO J. 15: 6541-6551 (1996)). Specific inhibitors of PI3K or
dominant negative Akt/PKB mutants abolish survival-promoting activitias of these
growth factors or cytokines. It has been previously disclosed that inhibitors of PI3K
{LY294002 or wortmannin) blocked the activation of Akt/PKB by upstream kinases.
In addition, introduction of constitutively active PI3K or Akt/PKB mutants promotes
cell survival under conditions in which cells normally undergo apoptotic cell death
(Kulik et al. 1997, Dudek et al. 1997).

Analysis of Akt levels in human tumors showed that Ak{2 is overexpressed
in a significant number of ovarian (J. Q. Cheung st al. Proc. Natl. Acad. Sci. U.S.A.
89:9267-9271(1992)) and pancreatic cancers (J. Q. Cheung et al. Proc. Natl. Acad.
Sci. U.S.A. 93:3636-3641 (1996)). Similarly, Akt3 was found to be overexpressed
in breast and prostate cancer cell lines (Nakatani et ai. J. Biol. Chem. 274:21528-
21532 {(1999). It was demonstrated that Akt-2 was over-expressed in 12% of
ovarian carcinomas and that amplification of Akt was especially frequent in 50% of
undifferentiated tumars, suggestion that Akt may also be associated with tumor '
aggressiveness {Bellacosa, et al., Int. J. Cancer, 64, pp. 280-285, 1995).
Increased Akt1 kinase activity has been reported in breast, ovarian and prostate
cancers (Sun et al. Am. J. Pathol. 159: 431-7 (2001)).

The tumor suppressor PTEN, a protein and lipld phosphatase that
specifically removes the 3' phosphate of PtdIns(3,4,5)-P3, is a negative regulator of
the PI3K/Akt pathway (Li et al. Science 275:1943-1947 (1997), Stambolic et a!. Cell:
95:29-39 (1998), Sun et al. Proc. Nati. Acad. Sci. U.5.A. 96:6199-6204 (1999)).
Germline mutations of PTEN are responsible for human cancer syndromes such as
Cowden disease (Liaw et al. Nature Genetics 16:64-67 (1997)). PTEN Is delsted in
a farge percentage of human tumors and tumor cell lines without functional PTEN '
show elevated levels of activated Akt (Li et al. supra, Guldberg et al. Cancer
Research 57:3660-3663 (1997), Risinger et al. Cancer Research 57:4736-4738
(1997)).

These observations demonstrate that the PISK/Akt pathway plays important
roles for regulating cell survival or apoptosis in tumorigenesis.

Three members of the Aki/PKB subfamily of second-messenger reguiated
serine/threonine protein kinases have been identified and termed Akt1/ PKBa,
Aki2/PKBB, and Akt3/PKBy respectively. The isoforms are homologous,
particularly In regions encoding the catalytic domains. Akt/PKBs are activated by
phosphorylation events occurring in response to PI3K signaling. PI3K
phosphorylates membrane inositol phospholipids, generating. the second

; 2
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' messengers phosphatidyl- inositoi 3,4,5-trisphosphate and phosphatidylinosito! 3,4-
bisphosphate, which have been shown to bind to the PH domain of AKVPKB. The
current mode! of Ak/PKB activation proposes rectuitment of the enzyme to the
membrane by 3-phosphorylated phosphoinositides, where phosphorylation of the
regulatory sites of AKUPKB by the upstream kinases occurs (B.A. Hemmings,
Sciance 275:628-630 (1997); B.A. Hemmings, Sclence 276:534 (1997); J.
Downward, Science 279:673-674 (1998)).

Phosphorylation of Akt1/PKBa accurs on two regulatory sites, Thr™ in the
catalytic domaln activation loop and on Ser””” near the carboxy terminus (D. R.
Alessi et al.. EMBO J. 15:6541-6551 (1996) and R. Meier et al. J. Biol. Chem.
272:30491-30497 (1997)). Equivalent regulatory phosphorylation sites occur in
Akt2/PKBB and Akt3/PKBy. The upstream kinase, which phosphorylates AKVPKB
at the activation loop site has been cloned and.termed 3 -phosphoinositide
dependent protein kinase 1 (PDK1), PDK1 phosphorylates not only Akt/PKB, but
also p70 ribogsomal S6 kinase, p90RSK, serum and glucocorticoid-regulated kinase
{SGK}, and protein kinase C. The upstream kinase phosphorylating the regulatory
site of AKYPKB near the carboxy terminus has not been identified yet, but recent
reports imply a role for the integrin-linked kinase (ILK-1), a serine/threonine protein
kinase, or autophosphorylation. '

Inhibition of Akt activation and activity can be achieved by Inhibiting PISK
with inhibitors such as LY294002 and wortmannin. However, PI3K inhibition has
the potential to indiscriminately affect not just alt three Akt isozymes but also other
PH domain-containing signaling molgecules that are dependent on Pdtins(3,4,5)-
P3, such as the Tec family of tyrosine kinases. Furthermore, it has been disclosed
that Akt can be activated by growth signals that are independent of PI3K.

Alternatively, Akt activity can be inhibited by blocking the activity of the
upstream kinase PDK1. The compound UCN-01 is a reported inhibitor of PDK1.
Biochem. J. 375(2):255 (2003). Agaln, inhibition of PDK1 would result in inhibition
of multiple protein kinases whose activities depend on PDK1, such as atypical PKC
isoforms, SGK, and S6 kinases (Williams et al. Curr. Biol. 10:439-448 (2000).

Small molecule inhibitors of Akt are useful in the treatment of tumors,
especially those with activated Akt (e.g. PTEN null tumors and tumors with ras
mutations). PTEN is a critical negative regulator of Akt and its function is lost in
many cancers, including breast and prostate carcinomas, glioblastomas, and
several cancer syndromes including Bannayan-Zonana syndrome (Mashama, 1. et
al. Annual Review of Biochemistry, 70. 247 (2001)), Cowden disease (Parsons, R;
Simpson, L, Methods in Molecular Biology (Totowa, NJ, United States), 222 (Tumor
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Suppressor Genes, Volume 1). 147 (2003)), and Lhermitte-Duclos disease
{Backman, S. et al. Current Opinion in Neurobiology, 12(5): 516 (2002)). Inhibition
of Akt has aiso been Implicated in the treatment of leukemias, (J.C. Byrd, S.
Stilgenbauer and LLW. Flinn “Chronic lymphocytic leukemia.” Hematology / the
Education Program of the American Society of Hematology. American Society of
Hematology. Education Program (2004), 163-83). Akt3 is up-regulated in estrogen
receptor-deficient breast cancers and androgen-independent prostate cancer cell
fines and Akt2 is over-expressed in pancreatic and ovarian carcinomas. Akt1is
amplified in gastric cancers {Staal, Proc. Natl. Acad. Sci. USA 84: 5034-7 (1987)
and upregulated in breast cancers (Stal et al. Breast Cancer Res. 5: R37-R44
(2003}). Therefore a small molecule Akt inhibitor is expected to be useful for the
treatment of these types of cancer as well as other types of cancer. Akt inhibitors
are also useful in combination with further chemotherapeutic agents.

It is an object of the instant invention to provide novel compounds that are
inhibitors of Akt/PKB.

It Is also an object of the presant invention to provide pharmaceutical
compositions that comprise a pharmaceutical carrier and compounds useful in the
methods of the invention,

ltis also an object of the present invention to provide a method for treating
cancer that comprises administering such Inhibitors of Akt/PKB activity.

) It is also an object of the present invention to provide a methad for treating
arthritis that comprises administering such inhibitors of Akt/PKB activity.

SUMMARY OF THE INVENTION

This invention relates to novel compounds of Formula (1):
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X Is absent or selected from the graup consisting of: O, S and CR20R21,

where R20R21 are independently selected from: hydrogen, fluorine,
cyclopropyl, substituted cyclopropyl, cyclobutyl, substituted cyclobutyl,
cyclopentyl, substituted cyclopentyl, -C1.C4alkyl, and substituted -C4.

Caalkyl,

or R20R21 taken together with the carbon to which they are attached form
cyclopropyl, substituted cyclopropyl, cyclobutyl, substituted cyclobutyl,

cyclopentyl or substituted cyclopentyl;

R2R2’ are independently selected from: hydrogen, fluorine, cyclopropyl,
substitutad cyclopropyl, cyclobutyl, substituted cyclobutyl, cyclopentyl,
substituted cyclopentyl, -C4.Cy4alkyl, and substituted -C4.Caalkyl,
or R2RZ’ taken together with the carbon to which they are attached form
cyclopropyi, substituted cyclopropyl, cyclobutyl, substituted cyclobutyl,

cyclopentyl or substituted cyclopentyl,

R3 is selected from the group consisting of: hydrogen, cyclopropy!,
substituted cyclopropyl, cyclobutyl, substituted cyclobutyl, cyclopentyt,
substituted cyclopentyl, cyclopropylmethyl, substituted cyclopropylmethyl,

-C1.Caalkyl, and substituted -C4.C4alkyl;
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R4R4 are independently selacted from: hydrogen, fluorine, cyctopropyl,
substituted cyclopropyl, cyclobutyl, substituted cyciobutyl, cyclopentyi,
substituted cyclopentyl, -C4.Cgalkyl, and substituted -C4.C4alkyl,
or R4R% taken together with the carbon 1o which they are attached form
cyclopropyl, substituted cyclopropyl, cyclobutyl, substituted cyclobutyl,
cyclopentyl or substituted cyclopentyl;

RSRS' are independently selected from: hydrogen, fluorine, cyclopropyi,
substituted cyclopropyl, cyclobutyl, substituted cyclobutyl, cyclopentyl,
substituted cyclopentyl, -C4.C4alkyl, and substituted -C4.Cgatkyl,
or RSR5’ taken together with the carbon to which they are attached form
cyclopropyl, substituted cyclopropyl, eyclobutyl, substituted cyclobuty!,
cyclopentyl or substituted cyclopentyl; and

R1 is selected from the group consisting of: hydrogen, -C4.C4alkyl and
substituted -C4.Caalkyl; and

when X is absent or CR20R21, R1 can additionally be fluorine;

and/or pharmaceutically acceptable salts, hydrates, solvates and pro-drugs thergof.

This invention relates to @ method of treating cancer, which comprises
administering to a subject in need thereof an effective amount of an Akt/PKB
inhibiting compound of Formula (1).

This invention relates to a methed of treating arthritis, which comprises
administering to a subject in need thereof an sffective amount of an Akt/PKB
inhibiting compound ot Formula (1).

The présent invention also relates to the discovery that the compounds of
Formula (1} are active as inhibitors of Akt/PKB.

In a further aspect of the invention there is provided novel processes useful
i preparing the presently invented Akt/PKB inhibiting compounds,

\
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Included in the present invention are pharmaceutical compositions that
comprise a pharmaceutical carrier and compounds usefu! in the methods of the
invention.

Also included in the present invention are methods of co-administering the
presently invented Akt/PKB inhibiting compounds with further active ingredients.

DETAILED DESCRIPTION OF THE INVENTION
international Application No. PCT/US2004/024340, having an International
filing date of July 28, 2004; International Publication Number WO 2005/011700 and
an International Publication date of February 10, 2005, the schemes, processes
and assays of which are hereby Incorporated by reference, discloses and claims

1H-imidazo{4,5-c]pyridin-2-yl containing compounds, along with pharmaceutically
acceptable salts, hydrates, solvates and pro-drugs thereof, as being useful as
inhibitors of serine/threonine kinase, Akt (also known as protein kinase B),
particularly in the treatment of cancer and arthritis. International Application No.
PCT/US2004/024340 doss not specifically disclose any of the compeounds within
the scope of this application.

It has now been found that the compounds of Formula (I) exhibit
advantages over what is considered to be the most structurally related compounds -
disclosed in International Application No. PCT/US2004/024340.

For example, the compounds of Examples 1, 3, 4 and 9 of the present
invention generally exhibit enhanced activity and enhanced selactivity for the
inhibition of tumor cell growth over Inhibition of normal cell growth when compared
to what is considered to bs the most structurally related compounds disclosed in
International Application No. PCT/US2004/024340. This enhanced activity and
enhanced sselectivity is expected to result in a wider therapeutic window.
Additionally, the compounds disclosed in International Application No.
PCT/US2004/024340 generally exhibit poor sclubility in water. One aspect of this
poor solubility is that it adversely affects the ability of these compounds to be
formulated into pharmaceutical dosage forms suitable for intravenous (hereinafter
IV) administration. In addition to generally having enhanced activity and enhanced
selectivity for the inhibition of tumor cell growth over inhibition of normal cell growth,
the compounds of Examples 1, 3, 4 and 9 of the present invention exhibit solubility
that Is considered suitable for formulation into dosage forms for IV administration.
Intravenous administration is an advantageous method for administering the
compounds of the present invention.
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While the compounds of International Application No. PCT/US2004/024340
are useful as inhibitors of serine/threonine kinase, AKT (also known as protein
kinase B), the compounds of Formuta (1), particularty the compounds of Examples
1,3, 4 and 9, generally exhibit advantageous properties, such as appropriate
solubility, activity, selectivity, clearance and exposure, which overall render them
advantagsous over what is considered to be the most structurally related
compounds disclesed in International Application No. PCT/US2004/024340.

This invention relates to compounds of Formula (1) as described above.

The presently invented compounds of Formula (I) inhibit AKV/PKB activity.
In particular, the compounds disclosed herein inhibit each of the three Akt/PKB

isoforms.
. Included among the presently Invented compounds of Formula () are those

wherein:

X is absent or selected from the group consisting of: O, S and CR20R21,
where R2OR21 are independently selacted from: hydrogen, fluorine,
cyclopropyl, cyclobutyl, cyclopentyl, and -C4.C4alkyi,
or R2OR21 taken together with the carben to which they are attached form
cyclopropyl, cyclobutyt or cyclopentyl;

R2R2’ are independently selected from: hydrogen, fluorine, cyclopropyl,
cyclobutyl, cyclopentyl, and -C4_Cgzalkyl,
or R2R2’ taken together with the carbon to which they are attached form
cyclopropyl, cyclobutyl or cyclopentyl;

R3 is selected from the group consisting of: hydrogen, cyclopropyl,
cyclobutyl, cyclopentyl, and -C4.Cgalkyl;

R4ARY are Independently selected from: hydrogen, fluorine, cyclopropyl,
cyclobutyl, cyclopentyl, and -C4_Cgalkyl,
or R4R¥ taken together with the carbon to which they are attached form
cyclopropyl, cyclobutyl or cyclopentyl;

R5R5' are independently selected from: hydrogen, fluorine, cyclopropyl,
cyclobutyl, cyclopentyl, and -C1.Caalkyl,
or RSRS' taken together with the carbon to which they are attached form
cyclopropyl, cyclobutyl or cyclopentyl; and
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R1is selected from the group consisting of: hydrogen and -C1.Cg4alky!; and
when X is absent or CR20R21, R1 can additionally be fluorine;

and/or pharmaceutically acceptable salts, hydrates, solvates and pro-drugs thereof.

included among thea presently invented compounds of Formula {l) are those
wherein:

X is absent or selected from the group consisting of: O, S and CRZ0R21,
where R2OR21 are independently selected from: hydrogen, fluorine,
cyclopropyl, substituted cyclopropyi, cyclobutyl, substitited cyclobutyl,
cyclopentyl, substituted cyclopentyl, -C4_Cgalkyl, and substituted -C4_ -
Caalkyl,
or R20R21 taken together with the carbon to which they are attached form
cyclopropyl, substituted cyclopropyl, cyclobutyl, substituted cyclobutyl,
cyclopentyl or substituted cyclopentyl;

R2R2’ are independently selected from: hydrogen, fluorine, cyclopropyl,
substituted cyclopropyl, ¢yclobutyl, substituted cyclobutyl, cyclopentyl,
substituted cyclopentyl, -C1.Caalky), and substituted -C4.C4alkyl,
or R2R2’ taken together with the carbon to which they are attached form
cyclopropyl, substituted cyclopropyl, cyclobutyl, substituted cyclobutyl,
cyclopentyl or substituted cyclopentyl;

R3 is selected from the group consisting of: hydrogen, cyclopropyl,
substituted cyclopropyl, cyclobutyl, substituted cyclobutyl, cyclopentyl,
substituted cyclopentyl, -Cy.Caalkyl and substituted -C4_Cgalkyl;

R4R4 are independently selected from: hydrogen, fluorine, cyclopropyl,
substituted cyclopropyl, cyclobutyl, substituted cyclobutyl, cyclopentyl,
substituted cyclopentyl, -C4.C4alkyl, and substituted -C4.Cgalkyl,
or R4R# taken together with the carbon to which they are attached form
cyclopropyl, substituted cyclopropyl, cyclobutyl, substituted cyclobutyl,
cyclopentyi or substituted cyclopentyl;
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R5R5' are independently selected from: hydrogen, fluorine, cyclopropyl,
substituted cyciopropyl, ¢yclobutyl, substituted cyclobutyl, cyclopentyl,
substituted cyclopentyl, -C4_C4alkyl, and substituted -C4.Cgalkyl,
or RSR5’ taken together with the carbon to which they are attached form
cyclopropyl, substituted cyclopropyl, cyclobutyl, substituted cyclobutyl,
cyclopentyl or substituted cyclopentyl; gmd

R1 is selscted from the group consisting of: hydrogen, -C1.C4atkyl and
substituted -C4.Cgalkyl; and

when X is absent or CR20R21, R1 can additionally be flucrins;

and/or pharmacsutically acceptable salts, hydrates, solvates and pro-drugs thereof.

Included among the presently invented compounds of Formula (1) are thosa
wherein:

X is absent or selected from the group consisting of: O, S and CR20R21,
where R20R21 are independently selected from: hydrogen, fluorine,
cyclopropyl, cyclobutyl, ¢yclopentyl, and -C4_Cjalkyl;

R2R?’ are Independently selected from: hydrogen, fluorine, cyclopropyl,
cyclobutyl, cyclopentyl, and -C4.Cgzalkyl;

R3 is selected from the group consisting of: hydrogen, cyclopropy,
cyclobutyl, cyclopentyl, and -Cq_Cgalkyl;

R4R4 are independently selected from: hydrogen, fluorine, cyclopropyl,
cyclobutyl, cyclopentyl, and -C4.Cgalkyl;

R5R5’ are independently salected from: hydrogen, fluorine, cyclopropyl,
cyclobutyl, cyclopentyl, and -C4_Cgaalkyl; and

R1is selected from the group consisting of: hydrogen and -C4_Cga'kyl; and

when X is absent or CR20R21 R1 can additionally be fluorine;

and/or pharmaceutically acceptable salts, hydrates, solvates and pro-drugs thereof,

10
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Included among the presently invented compounds of Formula (1) are those

wherein:

X Is absent or selscted from the group consisting of: O, S and CR2CR21,
where R20R21 are independently selected from: hydrogen, fluorine,
cyclopropyl, substituted cyclopropyl, cyclobi.rtyl, substituted cyclobutyl,
cyclopentyl, substituted cycolpentyl, -C4_C4alkyl and substituted -C4.
Cgaalkyl;

R2R2’ are independently selected from: hydrogen, fiuorine, cyclopropyt,
substituted cyclopropyl, eyclobutyl, substituted cyclobutyl, cyclopentyl,
substituted cycolpentyl, -C1.C4alkyl and substituted -C4.C4alkyl;

R3 is selected from the group consisting of: hydrogen, cyclopropyl,
substituted cyclopropyl, cyclobutyl, substituted cyclobutyi, cyclopentyl,
substituted cyclopentyl, -C4_Cgalkyl and substituted -C4.Cgaalkyl;

R4R4 are independently selected from: hydrogen, fluorine, cyclopropyi,
substituted cyclopropyl, cyclobutyl, substituted cyclobutyl, cyclopentyl,
substituted cycoipentyl, -Cq_.Cgalkyl and substituted -C4.Cgalkyl;

RSRS' are independently selected from: hydrogen, fluorine, cyclopropyl,
substituted cyclopropyl, cyclobutyl, substituted cyclobutyl, cyclopentyl,
substituted cycolpentyl, -C4.C4alkyl and substituted -C.C4alkyl; and

R1 is selected from the group consisting of: hydrogen, -C4.C4alkyl and
substituted -C1_Cgalkyl; and

when X is absent or CRZ0R21, R1 can additionally be fluorine;
and/or pharmaceutically acceptable salts, hydrates, solvates and pro-drugs thereof.

Included among the presently invented compounds of Formula (1) are:

4-(2-(4-amino-1,2,5-oxadiazol-3-yl)-1-ethyl-7-{{(3S)-3-piperidinytmethyl]oxy}-
1H-imidazo[4,5-c]pyridin-4-yl)-2-methyl-3-butyn-2-0l;

4-{2-(4-amino-1,2,5-oxadiazol-3-yl)-1-ethyl-7-[(2-morpholinylmethyl)oxy]-1H-
imidazo[4,5-c}pyridin-4-yl}-2-methyl-3-butyn-2-of,

11
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4.(2-(4-amino-1,2,5-oxadiazol-3-yl)-1-ethyl-7-{[(25)-2-
thiomorpholinylmathylloxy}-1H-imidazo[4,5-c]pyridin-4-yl)-2-methyl-3-butyn-2-ol;

A-(2-(4-amino-1,2,5-oxadiazol-3-yl)-1-ethyl-7-{{(2S)-2-
morpholinylmethyljoxy}-1H-imidazo[4,5-c]pyridin-4-yl)-2-methyl-3-butyn-2-ol;

4-(2-(4-amino-1,2,5-oxadiazol-3-yt)- 1-ethyl-7-[(3-pyrrolidinylmethyl)oxy]-1H-
imidazo[4,5-clpyridin-4-yl}-2-methyl-3-butyn-2-ol;

4-[2-(4-amino-1,2,5-oxadlazol-3-yl)-1-ethyl-7-({{(35)-1-methyl-3-
pipsridinyllmethyloxy)-1H-imidazo{4,5-c]pyridin-4-yf]-2-methyi-3-butyn-2-oi;
4-[2-(4-amino-1,2,5-oxadiazoil-3-yi)-1-ethyl-7-({{(25)-4-methyi-2-
thiomorpholinyl)methyl}oxy)-1H-Iimidazo[4,5-c]pyridin-4-yl]-2-methyt-3-butyn-2-ol;
4-[2-(4-amino-1,2,5-oxadiazol-3-yl)-1-ethyl-7-({[{25)-4-methyl-2-
morpholinyljmethyl}oxy)-1H-imidazo(4,5-c]pyridin-4-yl}-2-methyl-3-butyn-2-ol;
4-[2-(4-amino-1,2,5-oxadiazol-3-yl)-1-ethyl-7-({[ (2R)-6-methyl-2-
morpholinyljmethyl}oxy)-1H-imidazo[4,5-c]pyridin-4-yl]-2-methyl-3-butyn-2-of; and
4-[2-(4-amino-1,2,5-oxadiazol-3-yl)-1-ethyl-7-({[(25)-4-ethyl-2-
morpholinylimethylloxy)-1H-imidazo[4,5-c]pyridin-4-yl}-2-methyl-3-butyn-2-ol;

and/or pharmaceutically acceptable salts, hydrates, solvates and pro-drugs thereof.

Compounds of Formula (1) are included in the pharmaceutical compositions
of the invention and used in the methods of the invention.

As used herein, the substituents cyclopropyl, cyclopropylmethyl, cyclobutyl,
cyclopenty! and -C4.Caalkyl, are optionally substituted with from 1 fluorine atom to
where the substituent is perfluorinated. Suitably, the substituent is optionally
substituted with from 1 to 8 fluorine atoms. Suitably, the substituent is optionally
substituted with from 1 to 5 fluorine atoms. Suitably, the substituent is optionally
substituted with from 1 to 3 flucrine atoms.

By the term “perfluorinated” as used herein is meant a substituent where all
of the hydrogen atoms have been replaced by fluorine atoms.

By the term “substituted” as used herein, unless otherwise defined, is meant
that the subject chemical moiety is substituted with from 1 fluorine atom to where
the chemical moiety is perfluorinated. Suitably, the chemical moiety is substituted
with from 1 to 8 fluorine atoms. Suitably, the chemical molety is substituted with
from 1 to 5 fluorine atoms. Sultably, the chemical moiety is substituted with from 1
to 3 fluorine atoms.

12
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By the term "-C1.C4alkyl" as used herein, is meant a linear or branched,
saturated or unsaturated hydrocarbon chain, containing from 1 to 4 carbon atoms.
Examples of -C1.Cjalkyt as used hereln include: -CHa, -CH-CHg, -CHo-CHo-
CHg, -CH(CHag)p, -CH2-CFg, -C(CH3)3, -(CH2)3-CH3, -CHz-CH(CH3)2,
-CH(CHg)-CHo-CHg, -CH=CHp, and -C=C-CHag.

Untess otherwise stated, the compounds disclosed herein also include all
stereochemical forms of the structurs; i.e., the R and S configurations for each
asymmetric center. Therefore, single stereochemical isomers as well as
enantiomeric and diastereomearic mixtures of the present compounds are within the
scope of the invention. .

By the term "“treating” and derivatives thereof as used herein, is meant
prophyiatic and therapeutic therapy. )

As used herein, the term "effective amount” and derivatives thereof means
that amount of a drug or pharmaceutical agent that will elicit the biological or
medical response of a tissue, system, animal or human that Is being sought, for |
instance, by a researcher or clinician. Furthermore, the term “therapeutically
effective amount” and derivatives thereof means any amount which, as compared
to a corresponding subject who has not received such amount, results in improved
treatment, healing, prevention, or amelioration of a dissase, disorder, or side effect,
or a decrease in the rate of advancement of a disease or disorder. The term also
includes within its scope amounts effective to enhance normal physiological
function,

The novel compounds of Formula | are prepared as shown in Scheme 1
below, or by analogous methods. All of the starling materials are commercially
available or are readily made from commercially available starting materials by
those of skill in the art.

13
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(a) Bry, NaQAc; (b) EtNHy; (¢) SnCle, HCI; (d) ethyl cyancacetate, 190 °C; (e)
NaNQ,, HC!; (f) NH:OH; (g) Et;N, dioxane; (h) n-Buli, THF; (i) B(OMe)s; {j) H202,
NaOH; (k) 1,1-dimethylsthyl 3-(hydroxymethyl)-1-piperidinecarboxylate, DEAD,
polymer bound PPh;, CH;Clz; (i) Pd(PPh),, iPr.NH, dioxane, 100 °C; (m) TFA,
CHCl,.

Compounds of Formula (I} can be prepared in a manner analogous té those shown
in Scheme 1. Bromination of 3-nitro-4-ethoxy pyridine (1-Scheme 1) using bromine
buffered in sodium acetate gives 3-bromo-4-{ethyloxy}-5-nitropyridine (2-Schems
1). Other alternative methods exist and are known to those skilied in the art for
carrying out this transformation. A compilation of these methods can be found in
standard organic synthesis texts such as Larock, "“Comprehensive Organic
Transformations,” VCH, N.Y.(1989). The ethoxy group is then displaced by a
primary amine such as ethyl aming in a polar solvent such as ethanol to give
compounds such as 3-Scheme 1. In the case liquid amines, the reaction can be
carried out in the absence of solvent. The reduction of the nitro group with

14
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concomitant introduction of the chloro group is achieved using tin (1) chloride
according to the method described by Kelley et al. J. Med. Chem. 1995, 38(20),
4131-34. The corresponding 5-bromo-2-chloro diaminopyridine is condensed with
an appropriate acld or ester such as ethyl cyanoacetate. Continued heating affects
a cyclodehydration reaction to give imidazopyridines such as 4-Scheme 1.
Reaction with NaNQ, in concentrated HCI following by reaction with hydroxylamine
gives a bis-oxime that cyclodehydrates in the presence of an appropriatg base such
as triethylamine to give an aminofurazan such as 5-Scheme 1. The hydroxyl group
is introduced by generating an aryl anion by halogen-metal exchange using a
suitable base such as n-butyl lithium, reacting the anion with an appropriate boron
electrophile such as trimethyl borate and oxidizing the resulting aryl boronate with
an appropriate oxidizing agent such as hydregen peroxide in aqueous base to give
imidazopyridinols such as 6-Scheme 1. Other bases such as Grignard reagents
can also be used to affect the halogen metal exchange. Etherification of the
imidazopyridinol is carried out with an appropriate alcohol such as 1,1-dimethylethyl
3-(hydroxymethyl)-1-piperidinecarboxylate using the methods described by
Mitsunobu, Synthesis 1981, 1 to give ethers such as 7-Scheme 1. Altematively,
the etherification can be carried out by reacting an appropriate halide such as 1,1-
dimethylethyl 3-(chloromethyl)-1-piperidinecarboxylate with a suitable alcoho! such
as 6- Scheme 1 in the presence of a suitable base such as potassium carbonate.
Treatment of an appropriate aryl halide such as 7-Scheme 1 with an appropriate
catalyst such as tetrakistriphenylphosphine paltadium and a terminal alkyne in the
presence of a suitable base such as di-isopropylamine in an appropriate solvent
such as dioxane gives the corresponding aryl alkyne such as 8-Scheme 1.
ﬁemoval of the protecting groups is achieved using a protic or Lewis acid such as
trifluoroacetic acid in a polar solvent such as methylene chloride giving compounds
of Formula (1) such as 9-Scheme 1.

By the term "co-administering” and derivatives thereof as used herein is
meant either simultaneous administration or any manner of separate sequential
administration of an AKT Inhibiting compound, as described herein, and a further
active ingredient or Ingredients, known to be useful in the treatment of cancer,
including chemotherapy and radiation treatment, or to be usefui in the treatment of
arthritis. The term further active ingredient or ingredients, as used herein, includes
any compound or therapeutic agent known to or that demonstrates advantageous
properties when administered to a patient in need of treatment for cancer or
arthritis. Preferably, if the administration is not simultaneous, the compounds are
administered in a close time proximity to each other. Furthermors, it does not
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matter if the compounds are administered in the same dosage form, e.g. one
compound may be administered topically and another compound may be
administered orally.

Typically, any anti-neoplastic agent that has activity versus a susceptible
tumor being treated may be co-administered in the treatment of cancer in the
present invention. Examples of such agents can be found in Cancer Principles and
Practice of Oncology by V.T. Devita and S. Hellman (editors), 6™ edition (February
15, 2001), Lippincott Williams & Wilkins Publishers. A person of ordinary skill in
the art would be able to discem which combinations of agents would be useful
based on the particular characteristics of the drugs and the cancer involved.
Typical anti-neoplastic agents useful in the present invention include, but are not
limited to, anti-microtubule agents such as diterpenoids and vinca alkaloids;
platinum coordination complexes; alkylating agents such as nitrogen mustards,
oxazaphosphorines, alkylsulfonates, nitrosoureas, and triazenes; antibiotic agents
such as anthracyclins, actinomycins and bleomyeins; topoisomerase Il inhibitors
such as epipodophyllotoxins; antimetabolites such as purine and pyrimidine
analogues and anti-folate compounds; topoisomerase | inhibitors such as
camptothecins; hormones and hormona! analogues; signal transduction pathway
inhibitors; non-receptor tyrosine kinase angiogenesis inhibitors; immunctherapeutic
agents; proapoptotic agents; and cell cycle signaling inhibitors.

Examples of a further active ingredient or ingredients (anti-neoplastic agent)

for use in combination or co-administered with the presently invented AKT inhibiting -

compounds are chemotherapeutic agents.

Anti-microtubule or anti-mitotic agents are phase specific agents active
against the microtubules of tumor cells during M or the mitosis phase of the cell
cycle. Examples of anti-microtubule agents include, but are not limited to,
diterpenoids and vinca alkaloids.

Diterpenoids, which are derived from natural sources, are phase specliic
anti -cancer agents that oparate at the G/M phases of the cell cycle. It is balieved
that the diterpenoids stabilize the fi-tubulin subunit of the microtubules, by binding
with this protein. Disassembly of the protein appears then to be Inhibited with
mitosis being arrested and cell death following. Examples of diterpenoids include,
but are not limited to, paclitaxe! and its analog docetaxel.

Paclitaxel, 5p,20-epoxy-1,2¢,4,7B,10B,13a-hexa-hydroxytax-11-en-9-one
4,10-diacetate 2-benzoate 13-ester with (2R,3S)-N-benzoyi-3-phenylisoserine; Is a
natural diterpene product isolated from the Pacific yew tree Taxus brevifolia and is

cammercially available as an Injectable solution TAXOL®. It is a member of the
16
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taxane family of terpenes. It was first isolated in 1971 by Wanietal. J. Am.
Chem, Soc., 93:2325. 1971), who characterized its structure by chemical and X-ray
crystallographic methods. One mechanism for its activity relates to paclitaxel's
capacity to bind tubulin, thereby inhibiting cancer cell growth. Schiff et al., Proc.
Natl, Acad, Sci. USA, 77:1561-1565 (1980); Schiff et al., Nature, 277:665-667
(1979); Kumar, J. Biol, Chem, 266: 10435-10441 (1981). For a review of synthesis
and anticancer activity of some paclitaxel derivatives see: D. G. I. Kingston et a/.,
Studies in Organic Chemistry vol. 26, entitied “New trends in Natural Products
Chemistry 1986", Attaur-Rahman, P.W. Le Quesne, Eds. {Elsevier, Amsterdam,
19886) pp 219-235.

Paclitaxel has been approved for clinical use in the treatment of refractory
ovarian cancer in the United States (Markman et al., Yale Journal of Biology and
Medicine, 64:583, 1991; McGuire et al., Ann. Intem, Med., 111:273,1989) and for
the treatment of breast cancer (Holmes et al., J. Nat. Cancer Inst., 83:1797,1991.)
It is a potential candidate for treatment of neoplasms in the skin (Einzig et. al.,
Proc. Am. Soc. Clin. Oncol., 20:48) and head and neck carcinomas (Forastire et.
al., Sem. Oncol., 20:56, 1990). The compound also shows potential for the
treatment of polycystic kidney disease (Woo et. al., Nature, 368:750. 1984), lung
cancer and malaria. Treatment of patients with paclitaxel results in bone marrow
suppression (multiple cell lineages, Ignoff, R.J. et. al, Cancer Chemotherapy
Pocket Guide, 1998) related to the duration of dosing above a threshold
concentration (50nM) (Kearns, C.M. &t. al., Seminars in Oncology, 3(6} p.16-23,
1995).

Docetaxel, (2R,3S)- N-carboxy-3-phenylisoserine,N-tert-butyl ester, 13-ester
with 5B-20-epoxy-1,2a,4,78,10B,130-hexahydroxytax-11-en-8-one 4-acetate 2-
benzoate, trihydrate; is commercially available as an injectable solution as
TAXOTERE®. Docetaxel is indicated for the treatment of breast cancer. Docetaxel
is a semisynthetic derivative of paclitaxel q.v., prepared using a natural precursor,
10-deacetyl-baccatin lll, extracted from the needle of the Europsan Yew tree. The
dose limiting toxicity of docetaxel is neutropenia. )

Vinca alkaloids are phase specific anti-neoplastic agents derlved from the
periwinkle plant. Vinca alkaloids act at the M phase (mitosis) of the cell cycle by
binding specifically to tubulin. Consequently, the bound tubulin molecule is unable
to polymerize into microtubules. Mitosis is believed to be arrested in metaphase
with cell death following. Examples of vinca alkaloids include, but are not limited to,
vinblastine, vincristine, and vinorelbine.
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Vinblastine, vincaleukoblastine sulfate, is commercially available as

VELBAN® as an injectable solution. Although, it has possible indication as a
second line therapy of various solid tumors, it is primarily indicated in the treatment
of testicular cancer and various lymphomas including Hodgkin's Disease; and
lymphocytic and histiocytic lymphomas. Myelosuppression is the dose limiting side
effect of vinblastine.

Vincristine, vincaleukoblastine, 22-oxo-, sulfate, is commercially available as
ONCOVIN® as an injectable solution. Vincristine is indicated for the treatment of
acute leukemias and has also found use in treatment regimens for Hodgkin's and
non-Hodgkin's malignant lymphomas. Alopecia and neurologic effects are the
most common side effect of vincristine and to a lesser extent myelosupression and
gastrointestinal mucositis effects occur.

Vinorelbine, 3'.4'-didehydro -4’-deoxy-C'-norvincaleukoblastine [R-(R*,R")-
2,3-dihydroxybutanedioate (1:2){salt)], commercially available as an injectable
solution of vinorelbine tartrate (NAVELBINE®), is a semisynthetic vinca alkaloid.
Vinorelbine is indicated as a single agent or in combination with other
chemotherapeutic agents, such as cisplatin, in the treatment of various solid
turnors, particularly non-small cell lung, advanced breast, and hormone refractory
prostate cancers. Myelosuppression is the most common dose limiting side effect
of vinoreibine. ,

Piatinum coordination complexes are non-phase specific anti-cancer
agents, which are interactive with DNA. The platinum complexes enter tumor cells,
undergo, aquation and form intra- and interstrand crosslinks with DNA causing
adverse biological effects to the tumor. Examples of platinum coordination
complexes include, but are not limited to, cisplatin and carboplatin.

Cisplatin, cis-diamminedichloroplatinum, is commercially avalilable as
PLATINOL® as an injectable solution. Cisplatin is primarily indicated in the
treatment of metastatic testicular and ovarian cancer and advanced bladder
cancer. The primary dose limiting side effects of cisplatin are nephrotoxicity, which
may be controlled by hydration and diuresis, and otatoxicity:

Carboplatin, platinum, diammine [1,1-cyclobutane-dicarboxylate(z-)-0,0'], is
commercially available as PARAPLATIN® as an injectable solution. Carboplatin is
primarily indicated in the first and second line treatment of advanced ovarian
carcinoma. Bone marrow suppression is the dose limiting toxicity of carboplatin.

Alkylating agents are non-phase anti-cancer specific agents and strong
electrophiles. Typlcally, alkylating agents form covalent linkages, by alkylation, to
DNA through nucleophilic moietles of the DNA molecule such as phosphate, amino,
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sulfhydryl, hydroxyl, carboxyl, and imidazole groups. Such alkylation disrupts
nucleic acid function leading to cell death. Examples of alkylating agents include,
but are not limited to, nitrogen mustards such as cyclophosphamide, meiphalan,
and chlorambucil; alkyl sulfonates such as busulfan; nitrosoureas such as
carmustine; and triazenas such as dacarbazine.

Cyclophosphamide, 2-[bis(2-chlorosthyl)aminoltetrahydro-2H-1,3,2-
oxazaphosphorine 2-oxide monohydrate, is commercially available as an injectable
solution or tablets as CYTOXAN®. Cyclophosphamide is indicated as a single
agent or in combination with other chemotherapeutic agents, in the treatment of
malignant lymphomas, muttiple myeloma, and leukemias. Alopecia, nausea,
vomiting and leukopenia are the most common dose limiting side effects of
cyclophosphamide.

Melphalan, 4-[bis(2-chloroethyl)amino]-L-phenylalanine, is commercially
.available as an injectable solution or tablets ag ALKERAN®. Melphalan is
indicated for the palliative treatment of multiple myeloma and non-resectable
epithelial carcinoma of the ovary. Bone marrow suppression is the most commoen
dose limiting side effect of melphalan.

Chlorambucil, 4-[bis(2-chloroethyl)aminoibenzenebutanoic acid, is
commercially available as LEUKERAN® tablets. Chlorambucil is indicated for the
palliative treatment of chronic lymphatic leukemia, and malignant lymphomas such
as lymphosarcoma, giant follicular lymphoma, and Hodgkin's disease. Bone
marrow suppression is the most common dose limiting side effect of chlorambucil.-

Busulfan, 1,4-butanediol dimethanesulfonate, is commercially available as
MYLERAN® TABLETS. Busulfan is indicated for the palliative treatment of chronic
myelogenous leukemia. Bone marrow suppression is the most common dose
. limiting side effects of busulfan.

Cammustine, 1,3-[bis(2-chloroethyl)-1-nitrosourea, is commercially available
as single vials of lyophilized material as BICNU®. Canmmustine is indicated for the
" paliiative treatment as a single agent or in combination with other agents for brain
tumors, multiple myeloma, Hodgkin's disease, and non-Hodgkin's lymphomas.
Delayed myelosuppression is the most common dose limiting side effects of
carmustine,

Dacarbazine, 5-(3,3-dimethyl-1-triazeno)-imidazole-4-carboxamids, is
commercially available as single vials of material as DTIC-Dome®. Dacarbazine is
indicated for the treaiment of metastatic malignant melanoma and in combination
with other agents for the second line treatment of Hodgkin's Disease. Nausea,
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vomiting, and anorexia are the most common dose limiting side effects of
dacarbazine.

Antihiotic anti-neoplastics are non-phase specific agents, which bind or
intercalate with DNA. Typically, such action results in stable DNA complexes or
strand breakage, which disrupts ordinary function of the nucleic acids leading 1o
cell death. Examples of antibiotic anti-neoplastic agents include, but are not limited
to, actinomycins such as dactinomycin, anthrocyclins such as daunorubicin and
doxorubicin; and bleomycins.

Dactinomycin, also know as Actinomycin D, is commercially available in
injectable form as COSMEGEN®. Dactinomycin is indicated for the treatment of
Wilm’s tumor and rhabdomyosarcoma. Nausea, vomiting, and anorexia are the
most common dose limiting side effects of dactinomycin,

Dauncrubicin, (8S-cis-)-8-acetyl-10-[(3-amino-2,3,6-trideoxy-o-L-lyxo-
hexopyranosyl)oxy]-7,8,9,10-tetrahydro-6,8,11-trihydroxy-1-methoxy-5,12
naphthacenediona hydrochloride, is commercially available as a liposomal
injectable form as DAUNOXOME® or as an injectable as CERUBIDINE®.
Daunorubicin is indicated for remission induction in the treatment of acute
nonlymphocytic leukemia and advanced HiV associated Kaposi's sarcoma.
Myelosuppresston is the most common dose limiting side effect of daunorubicin.

Doxorubicin, (8S, 10S)-10-[(3-amino-2,3,6-trideoxy-c-L-lyxo-
hexopyranasyl)oxy]-8-glycoloyl, 7,8,9,10-tetrahydro-6,8,11-trihydroxy-1-methoxy-
5,12 naphthacenedione hydrachloride, is commercially available as an injectable
form as RUBEX® or ADRIAMYCIN RDF®. Doxorubicin is primarily indicated for -
the treatment of acute lymphoblastic leukemia and acute myeloblastic leukemia,
but is also a useful component In the treatment of some solid tumors and
lymphomas. Myelosuppression is the most common dose limiting side effect of
doxorubicin.

Bleomycin, a mixture of cytotoxic glycopeptide antibiotics isolated from a
strain of Streptomyces verticiflus, is commercially available as BLENOXANE®.
Bleomycin is indicated as a palliative treatment, as a single agent or in combination
with other agents, of squamous cell carcinoma, lymphomas, and testicular
carcinomas. Pulmonary and cutaneous toxicities are the most common dose:
limiting side effects of bleomyecin.

Topoisomerase 1 inhibitors include, but are not limited to,
epipodophyllotoxins.

Epipodophyllotoxins are phase specific anti-neoplastic agents derived from
the mandrake plant. Epipodophyllotoxins typically affect cells in the S and Gz
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phases of the cell cycle by forming a temary complex with topoisomerase Il and
DNA causing DNA strand breaks. The strand breaks accumulate and cell death
follows. Examples of epipodophyllotoxins include, but are not fimited to, etoposide
and teniposide.

Etoposide, 4'-demethyl-epipodophyliotoxin 9[4,6-0-(R )-ethylidene-B-D-
glucopyranoside], is commercially available as an injectable solution or capsules as
VePESID® and is commonly known as VP-16. Etoposide is indicated as a single
agent or in combination with other chemotherapy agents in the treatment of
testicular and non-smail cell lung cancers. Myelosuppression is the most common
side effect of etoposide. The incidence of leucopenia tends to be more severe than
thrombocytopenia.

Teniposide, 4'-demethyl-epipodophyllotoxin 8[4,6-0-(R )-thenylidene-3-D-
glucopyranoside], is commercially available as an injectable solution as VUMON®
and Is commonly known as VM-26. Teniposide is indicated as a single agent or in

. combination with other chemctherapy agents in the treatment of acute leukemia in

children. Myelosuppression is the most common dose limiting side effect of
teniposide. Teniposide can induce both lsucopenia and thrombocytopenia.

Antimetabolite neoplastic agents are phase specific anti-neoplastic agents
that act at S phase (DNA synthesis) of the cell cycle by inhibiting DNA synthesis or
by inhibiting purine or pyrimidine base synthesis and thereby limiting DNA
synthesis. Consequently, S phase does not procead and cell death follows.
Examples of antimetabolite anti-neoplastic agents include, but are not limited to,
flucrouracil, methotrexate, cytarabine, mecaptopurine, thioguanine, and
gemcitabine.

5-fluorourach), 5-fluoro-2,4- (1H,3H) pyrimidinedione, is commercially
available as fluorouracil. Administration of 5-fluorouracil leads to inhibition of
thymidylate synthesis and Is also incorporated into both RNA and DNA. The result
typically is cell death. S-fluorouracil is indicated as a single agent or in combination
with other chemotherapy agents in the treatment of carcinomas of the breast,
colon, ractum, stomach and pancreas. Myelosuppression and mucositis are dose
limiting side effects of 5-fluorouracil. Other fluoropyrimidine analogs include 5-
fluoro deoxyuridine (floxuridine) and 5-fluorodeoxyuridine monophosphats.

Cytarabine, 4-amino-1-B-D-arabinofuranosyl-2 (1H)-pyrimidinone, is
commercially availabte as CYTOSAR-U® and Is commonly known as Ara-C. It is
believed that cytarabine exhibits cell phase specificity at S-phase by inhibiting DNA
chain slongation by terminal incorporation of cytarabine into the growing DNA
chain. Cytarabine is indicated as a sindle agent or in combination with other

21



WO 2007/038850 PCT/US2006/043513

chemotherapy agents in the treatment of acute leukemia. Other cytidine analogs
include 5-azacytidine and 2',2'-difluorodeoxycytidine (gemcitabine). Cytarabine
induces leucopenia, thrombocytopenia, and mucositis.

Mercaptopurine, 1,7-dihydro~-6H-purine-6-thione monohydrate, is
commerclally available as PURINETHOL®. Mercaptopurine exhibits cell phase
specificity at S-phase by inhibiting DNA synthesis by an as of yet unspecified
mechanism. Mercaptopurine is indicated as a single agent or in combination with
other chamotherapy agents in the treatment of acute leukemia. Myelosuppression
and gastrointestinal mucositis are expected side effects of mercaptopurine at high
doses. A useful mercaptopurine analog is azathioprine.

Thioguanine, 2-amino-1,7-dihydro-6H-purine-6-thicne, is commercially
available as TABLOID®. Thioguanine exhibits cell phase specificity at S-phase by
inhibiting' DNA synthesis by an as of yet unspecified mechanism. Thioguanine is
indicated as a single agent or in combination with other chemotherapy agents in the
treatment of acute leukemia. Myelosuppression, including leucopenia,
thrombocytopenia, and anemia, is the most common dose limiting side effect of
thioguanine administration. However, gastrointestinal side effects occur and can
be dose limiting. Other purine analogs include pentostatin,
erythrohydroxynonyladenine, fludarabine phosphate, and cladribine.

Gemcitabine, 2'-deoxy-2’, 2'-difluorocytidine monohydrochloride (B-isomer),
is commercially available as GEMZAR®. Gemcitabine exhibits cell phase
specificity at S-phase and by blocking progression of cells through the G1/S
boundary. Gemcitabine is indicated in combination with cisplatin in the treatment of
locatly advanced non-small cell lung cancer and alone in the treatment of locally
advanced pancreatic cancer. Myelosuppression, including leucopenia,
thrombocytopenia, and anemia, is the most common dose limiting side effect of
gemcitabine administration.

Methotrexate, N-[4[[{2,4-diamino-6-pteridinyl) methyljmethylamino)] benzowl}-
L-glutamic acid, is commercially available as methotrexate sodium. Methotrexate
exhibits cell phase effects speacifically at S-phase by inhibiting DNA synthesis,
repair and/or replication through the inhibition of dyhydrofolic acid reductase which
is required for synthesis of purine nucleotides and thymidylate. Methotrexate is
indicated as a single agent or In combination with other chemotherapy agents in the
treatment of choriocarcinoma, meningeal leukemia, non-Hodgkin's lymphoma, and
carcinomas of the breast, head, neck, ovary and bladder. Myelosuppression
(leucopenia, thrombocytopenia, and anemia) and mucositis are expected side
oifect of maethotrexate administration.
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Camptothecins, including, camptothecin and camptothecin derivatives are
available or under development as Topoisomerase | inhibitors. Camptothecins
cytotoxic activity is believed to be related to its Topoisomarase ! inhibitory activity.
Examples of camptothecins include, but are not limited to irinotecan, topotecan,
and the various optical forms of 7-(4-methylpiperazino-methylene)-10,11-
ethylenedioxy-20-camptothecin described below.

Irinotecan HCI, (4S)-4,11-diethyl-4-hydroxy-3-[{4-piperidinopiperidino)
carbonyloxy]-1H-pyrano[3',4',6, 7lindolizino{1,2-b]quinoline-3,14{4H, 12H)-dione
hydrochloride, is commercially available as the injectable solution CAMPTOSAR®.

Irinotecan is a derivative of camptothacin which binds, along with its active
metabolite SN-38, to the topoisomerase | — DNA complex. It is believed that
cytotoxicity occurs as a result of irreparable double strand breaks caused by
interaction of the topoisomarase | : DNA : irintecan or SN-38 temary complex with
replication enzymes. |rinotecan is indicated for treatment of metastatic cancer of
the colon or rectum. The dose limiting side effects of irinotecan HCl are
myelosuppression, including neutropenia, and GI effects, Including diarrhea.

Topotecan HCI, (S)-1 0—[(dimethylamlno)methyl]'-4~et’ny1-4,9-dihydroxy-1 H-
pyrano[3',4',6,7]indolizino[1,2-b]quinoline-3,14-(4H,12H)-dione monohydrochloride,
is commercially available as the injectable solution HYCAMTIN®. Topotecan is a
derivative of camptothecin which binds to the topoisomerase | = DNA complex and
prevents religation of singles strand breaks caused by Topcisomerase | in
response to forsional strain of the DNA molecule. Topotecan is indicated for
second line treatmant of metastatic carcinoma of the ovary and smail cell lung
cancer. The doss limiting side effect of topotecan HCI Is myelosuppression,
primarily neutropenia.

Also of interest, is the camptothecin derivative of formula A following,
currently under development, including the racemic mixture (R,S) form as well as
the R and S enantiomers:
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" known by the chemical name “7-(4-methylpipsrazinoc-methytene)-10,11-

sthylenedioxy-20(R,S)-camptothecin (racemic mixture) or “7-(4-methylpiperazino-
methylene)-10,11-ethylenedioxy-20{R)-camptothecin (R enantiomer) or *7-(4-
methyipiperazino-methylene)-10,11-ethylenedioxy-20(S)-camptothecin (S
enantiomer). Such compound as well as related compounds are described,
including methods of making, in U.S. Patent Nos. 8,063,923; 5,342,947, 5,559,235,
5,491,237 and pending U.S. patent Application No. 08/977,217 filed November 24,
1967.

Hormones and hormonal analogues are usefu! compounds for treating
cancers in which there is a relationship between the hormone(s) and growth and/or
lack of growth of the cancer. Examples of hormones and hormonal analogues
useful in cancer treatment include, but are not limited to, adrenocorticosteroids
such as prednisone and prednisolone which are useful in the treatment of
malignant lymphoma and acute leukemia in children; aminoglutethimide and other
aromatase inhibitors such as anastrozole, letrazole, vorazole, and exemestane
useful in the treatment of adrenocortical carcinoma and hormone dependent breast
carcinoma containing estrogen receptors; progestrins such as megestrol acetate
useful in the treatment of hormone dependent breast cancer and endometrial
carcinoma; estrogens, androgens, and anti-androgens such as flutamide,
nilutamide, bicalutamide, cyproterong acetate and So-reductases such as
finasteride and dutasteride, useful in the treatment of prostatic carcinoma and
benign prostatic hypertrophy; anti-estrogens such as tamoxifen, toremifene,
raloxifene, droloxifene, iodoxyfene, as well as selective estrogen receptor
modulators (SERMS) such those described in U.S, Patent Nos. 5,681,835,
5,877,219, and 6,207,716, useful in the treatment of hormone dependent breast
carcinoma and other susceptible cancers; and gonadotropin-releasing hormone
(GnRH) and analogues thereof which stimulate the release of lautinizing hormone
(LH) and/or follicle stimulating hormone (FSH) for the treatment prostatic
carcinoma, for instance, LHRH agonists and antagagonists such as goserelin
acetate and luprolide.

Signal transduction pathway inhibitors are those inhibitors, which block or
inhibit a chemical process which evokes an intracellular change. As used herein
this change is cell proliferation or differentiation. Signal tranduction inhibitors useful
in the preseni inventicn include inhibitors of receptor tyrosine kinases, non-receptor
tyrosine kinases, SH2/SH3domain blockers, serine/threonine kinases, phosphotidyl
inositol-3 kinases, myo-inositol signaling, and Ras oncogenes.
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Several protein tyrosine kinases catalyse the phosphorylation of specific
tyrosyl residues in various proteins involved in the regulation of cell growth. Such
protein tyrosine kinases can be broadly classitied as receptor or non-receptor
kinases.

Receptor tyrosine kinases are transmembrane proteins having an
extracellular ligand binding domain, a transmembrane domain, and a tyrosine
kinase domain. Receptor tyrosine kinases are involved in the regulation of cell
growth and are generally termed growth factor receptors. Inappropriate or
uncontroiled activation of many of these kinases, i.e. aberrant kinase growth factor
receptor activity, for example by over-expression or mutation, has been shown to
result in uncontrolled cell growth. Accordingly, the aberrant activity of such kinases
has been linked to malignant tissue growth. Consequently, inhibitors of such
kinases could provide cancer treatment methods. Growth factor receptors inctude,
for example, epidermal growth factor receptor (EGFr), platelet derived growth factor
receptor (PDGFr), erbB2, erbB4, vascular endothelial growth factor receptor
{VEGFT), tyrosine kinase with immunoglobulin-like and epidermal growth factor
homology domains (TIE-2), insulin growth factor ~| (IGF1) receptor, macrophage
colony stimulating factor (cfms), BTK, ckit, cmet, fibroblast growth factor (FGF)
recaptors, Trk receptors (TrkA, TrkB, and TrkC), ephrin (eph) receptors, and the
RET protooncogene. Several inhibitors of growth receptors are under development
and include ligand antagonists, antibodies, tyrosine kinase inhibitors and anti-sense
oligonuclectides. Growth factor receptors and agents that inhibit growth factor
receptor function are described, for instance, in Kath, John C., Exp. Opin. Ther.
Patents (2000) 10(6):803-818; Shawver st al DDT Vol 2, No. 2 February 1997, and
Lofts, F. J. et al, “Growth factor receptors as targets”, New Molecular Targets for
Cancer Chemotherapy, ed. Workman, Paul and Kerr, David, CRC press 1994,
London.

Tyrosine kinases, which are not growth factor receptor kinases are termed
non-receptor tyrosine kinases. Mon-receptor tyrosine kinases for use in the present
invention, which are targets or potential targets of anti-cancer drugs, include cSre,
Lck, Fyn, Yes, Jak, cAbl, FAK (Focal adhesion kinase), Brutons tyrosine kinase,
and Ber-Abl. Such non-receptor kinases and agents which inhibit non-receptor
tyrosine kinase function are described in Sinh, S. and Corey, S.J., (1999) Journal of
Hematotherapy and Stemn Cell Research 8 (5): 465 — 80; and Bolen, J.B., Brugge,
J.S., (1997) Annual review of Immunclogy. 15: 371-404.

SH2/SH3 domain blockers are agents that disrupt SH2 or SH3 domain
binding in a variety of enzymes or adaptor proteins including, PI13-K p85 subunit,
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Src family kinases, adaptor molecules (She, Crk, Nck, Grb2) and Ras-GAP.
SH2/SH3 domains as targets for anti-cancer drugs are discussed in Smithgali, T.E.
(1995), Journal of Pharmacotogical and Toxicological Methods. 34(3) 125-32.

Inhibitors of Serine/Threonine Kinases including MAP kinase cascade
blackers which include blockers of Raf kinases (rafk), Mitogen or Extracellular
Regulated Kinase (MEKs), and Extracellular Regulated Kinases (ERKs); and
Protein kinase C family member blockers including blockers of PKCs (alpha, beta,
gamma, epsilon, mu, lambda, iota, zeta). IkB kinase family {IKKa, IKKb), PKB
family kinases, akt kinase family members, and TGF beta receptor kinases. Such
SerinefThrecnine kinases and inhibitors thereof are described in Yamamoto, T.,
Taya, S., Kaibuchi, K., (1999), Journal of Biochemistry. 126 (5) 799-803; Brodt, P,
Samani, A., and Navab, R. (2000), Biochemical Pharmacology, 60. 1101-1107;
Massague, J., Weis-Garcia, F. (1996) Cancer Survaeys. 27:41-64; Philip, P.A., and
Harris, A.L. (1995), Cancer Treatment and Research. 78: 3-27, Lackey, K. et al
Bioorganic and Medicinal Chemistry Letters, (1Q), 2000, 223-226; U.S. Patent No,
6,268,391; and Martinez-lacaci, L., et al, Int. J. Cancer (2000}, 88(1), 44-52.

inhibitors of Phosphotidyl inositol-3 Kinase family members including
blockers of Pi3-kinase, ATM, DNA-PK, and Ku may also be useful in the present
invention. Such kinases are discussed in Abraham, R.T. (1996), Current Opinion in
Immunology. 8 (3) 412-8; Canman, C.E., Lim, D.S. (1998), Oncogene 17 (25)
3301-3308; Jackson, S.P. (1997), International Joumal of Biochemistry and Cell
Biology. 29 (7):935-8; and Zhong, H. et al, Cancer res, (2000) 60(6), 1541-1545.

Also of interest in the present inventicn are Myo-inositol signaling inhibitors
such as phospholipase C blockers and Myoinositol analogues. Such signal
inhibitors are described in Powls, G., and Kozikowski A., (1994) New Molecular
Targets for Cancer Chemotherapy ed., Paul Workman and David Kerr, CRC press
1994, London.

Another group of signal transduction pathway inhibitors are inhibitors of Ras
Oncogene. Such inhibitors include inhibitors of farnesyltransferase, geranyl-
geranyl transferase, and CAAX proteases as well as anti-sense oligonucleotides,
ribozymes and immunotherapy. Such inhibitors have been shown to block ras
activation in cells contalning wild type mutant ras, thereby acting as antiproliferation
agents. Ras oncogense inhibition is discussed in Scharovsky, O.G., Rozados, V.R.,
Gervasoni, S.1. Matar, P. (2000), Journa! of Biomedical Science. 7(4) 292-8; Ashby,
M.N. (1998), Current Opinion in Lipidology. 9 (2) 99 - 102; and BioChim. Biophys.
Acta, (19899) 1423(3):19-30.
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As mentioned above, antibody antagonists to receptor kinase ligand binding
may also serve as signal transduction inhibitors. This group of signal transduction
pathway inhibitors includes the use of humanized antibodies to the extracellutar
ligand binding domain of receptor tyrosine kinases. For example Imclone G225
EGFR specific antibody (see Green, M.C. et al, Monoclonal Antibody Therapy for
Solid Tumors, Cancer Treat. Rev., (2000), 26(4), 269-286); Herceptin ® erbB2
antibody (see Tyrosine Kinase Signalling in Breast cancer:erbB Family Receptor
Tyrosine Kniases, Breast cancer Res., 2000, 2(3), 176-183); and 2CB VEGFR2
specific antibody (see Brekken, R.A. et al, Selective Inhibition of VEGFR2 Activity
by a monoclonal Anti-VEGF antibody blocks tumor growth in mice, Cancer Res.
(2000) 60, 5117-5124). 4

Non-receptor kinase angiogenesis Inhibitors may also be useful in the
present Invention, Inhibitors of angiogenesis related VEGFR and TIE2 are
discussed above in regard to signal transduction inhibitors (both receptors are
receptor tyrosine kinases). Anglogenesis in general is linked to erbB2/EGFR
signaling since Inhibitors of erbB2 and EGFR have been shown to inhibit
angiogenesis, primarily VEGF expression. Accordingly, non-receptor tyrosine
Kinase inhibitors may be used in combination with the compounds of the present
invention. For example, anti-VEGF antibodies, which do not recognize VEGFR (the
receptor tyrosine kinase), but bind to the ligand; small molecule inhibitors of integrin
(alpha, beta,) that will inhibit angiogenesls; endostatin and angiostatin (non-RTK)
may also prove useful in combination with the disciosed compounds. (See Bruns
CJ et al (2000), Cancer Res., 60: 2926-2935; Schreiber AB, Winkler ME, and
Derynck R. (1986), Science, 232: 1250-1253; Yen L et al. (2000), Oncogene 19:
3460-3469).

Agents used in immunotherapsutic regimens may also be useful in
combination with the compounds of formuta (1), There are a number of

. immunologic strategies to generate an immune response. These strategies are
generally in the realm of tumor vaccinations. The sfficacy of immunologic
approaches may be greatly enhanced through combined inhibition of signaling
pathways using a small molecule inhibitor. Discussion of the immunologic/tumor
vaccine approach against erbB2/EGFR are found in Reilly RT et al. (2000), Cancer
Res. 60: 35689-3576; and Chen Y, Hu D, Eling DJ, Robbins J, and Kipps TJ.
(1998), Cancer Res. 58: 1965-1971.

Agents used in proapoptotic regimens (a.g., bel-2 antisense
oligonucleotides) may also be used in the combination of the present invention.
Membaers of the Bcl-2 family of proteins block apoptosis. Upregulation of bcl-2 has
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therefore been linked to chemoresistance. Studies have shown that the epidermal
growth factor (EGF) stimulates anti-apoptotic members of the bcl-2 family (i.e., mel-
1). Therefore, strategies designed to downregulate the expression of bcl-2 in
tumors have demonstrated clinical benefit and ars now in Phase 1I/II1 trials, namely
Genta's G3139 bcl-2 antisense oligonuclaotide. Such proapoptotic strategies using
the antisense oligonucleotide stratagy for bcl-2 are discussed in Water JS et al.
(2000}, J. Clin. Oncol. 18: 1812-1823; and Kitada S et al. (1994), Antisense Res.
Dev. 4: 71-79.

Cell cycle signalling inhibitors inhibit molecules involved in the control of the
cell eycls. A family of protein kinases called cyclin dependent kinases (CDKs) and
their interaction with a family of proteins termed cyclins controls progression
through the eukaryotic cell cycle. The coordinate activation and inactivation of
difterent cyclin/lCDK complexes Is necessary for normal progression through the
cell cycle. Several inhibitors of cell cycle signalling are under development. For
instance, examples of cyclin dependent kinases, including CDK2, CDK4, and CDK&
and [nhibitors for the same are described in, for instance, Rosania et al, Exp. Opin,
Ther. Patents (2000) 10(2):215-230.

In one embodiment, the cancer treatment msthod of the claimed invention
includes the co-administration a compound of formula | and/or a pharmaceutically
acceptable salt, hydrate, solvate or pro-drug thereof and at least one antli-
neoplastic agent, such &s one selected from the group consisting of anti-
microtubule agents, platinum coordination complexes, alkylating agents, antibiotic
agents, topoisomerase Nl inhibitors, antimetabolites, iopoisomerase | inhibitors,
hormones and hormonal analogues, signal transduction pathway inhibitors, non-
receptor tyrosine kinase angiogenesis inhibitors, immunotherapeutic agents,
proapoptotic agents, and cell cycle signaling inhibitors.

Because the pharmacaeutically active compounds of the present invention
are active as AKT inhibitors they exhibit therapeutic utility In treating cancer and
arthritis.

_ Suitably, the present invention relates to a method for treating or lessening
the severity of a cancer selscted from brain (gliomas), glioblastomas, leukemias,
Bannayan-Zonana syndrome, Cowden disease, Lhermitte-Duclos disease, breast,
colon, head and neck, kidney, lung, liver, melanoma, ovarian, pancreatic, prostate,
sarcoma and thyroid.

Suitably, the present invention relates to a method for treating or lessening
the severity of a cancer selected from breast, ovarian, pancreatic and prostate.
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Isolation and Purification of His-tagged AKT1 (aa 136-480)

Insect cells expressing His-tagged AKT1 (aa 136-480) were lysed in 26 mM
HEPES, 100 mM NaCl, 20 mM imidazole; pH 7.5 using a polytron (5 mLs lysis
bufier/g cells). Cell debris was removed by centrifuging at 28,000 x g for 30
minutes. The supernatant was filtered through a 4.5-micron fitter then loaded onto
a nickel-chelating column pre-equilibrated with lysis buffer, The column was

- washed with 5 column volumes (CV) of lysis buffer then with 5 CV of 20% butfer B,
where buffer B is 25 mM HEPES, 100 mM NaCl, 300 mM imidazole; pH 7.5. His-
tagged AKT1 (aa 136-480) was eluted with a 20-100% linear gradient of buifer B
over 10 CV. His-tagged AKT1 (136-480) eluting fractions were peooled and diluted
3-fold with buffer C, where butfer C is 25 mM HEPES, pH 7.5. The sample was
then: chromatographed over a Q-Sepharose HP column pre-equilibrated with buffer
C. The column was washed with 5 CV of buffer C then step eluted with 5 CV
10%D, 5 CV 20% D, 5 CV 30% D, 5 CV 50% D and 5 CV of 100% D; where buffer
D is 25 mM HEPES, 1000 mM NaCl; pH 7.5. His-tagged AKT1 (aa 136-480)
containing fractions were pooled and concentrated in a 10-kDa molecular weight
cutoff concentrator. His-tagged AKT1 (aa 136-480) was chromatographed over a
Superdex 75 gel filtration column pre-equilibrated with 25 mM HEPES, 200 mM
NaCl, 1 mM DTT; pH 7.5. His-tagged AKT1 (aa 136-480) fractions were examined
using SDS-PAGE and mass spec. The protein was pooted, concentrated and
frozen at —80C.

His-tagged AKT2 (aa 138-481) and His-tagged AKT3 (aa 135-479) were
isolated and purified in a similar fashion.

His-tagged AKT Enzyme Assay

Compounds of the present invention were tested for AKT 1, 2, and 3 protein
serine kinase inhibitory activity in substrate phosphorylation assays. This assay
.examines the ability of small molecule organic compounds to inhibit the serine
phosphorylation of a peptide substrate. The substrate phosphorylation assays use
the catalytic domains ot AKT 1, 2, or 3. AKT 1, 2 and 3 are also commercially
available from Upstate USA, Inc. The method measures the ability of the isolated
enzyme to catalyze the transfer of the gamma-phosphate from ATP onto the serine
residue of a biotinylated synthetic peptide SEQ. ID NO: 1 (Biotin-ahx-
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ARKRERAYSFGHHA-amide). Substrate phosphorylation was detected by the 1)7
following procedure:

Assays were performed in 384well U-bottom white plates. 10 nM activated
AKT enzyme was incubated for 40 minutes at room temperature in an assay
volume of 20ul contalning 50mM MOPS, pH 7.5, 20mM MgCl2, 4uM ATP, 8uM
peptide, 0.04 uCi [g-SSP] ATP/well, 1 mM CHAPS, 2 mM DTT, and 1ul of test
compound in 100% DMSQ. The reaction was stopped by the addition of 50 ul SPA
bead mix (Dulbecco's PBS without Mg®* and Ca®*, 0.1% Triton X-100, 5mM EDTA,
50uM ATP, 2.5mg/ml Streptavidin-coated SPA beads.) The plate was sealed, the
beads were allowed to settle overnight, and then the plate was counted in a
Packard Topcount Microplate Scintillation Counter (Packard Instfrument Co.,
Meriden, CT).

The data for dose responses were plotted as % Control calculated with the
data reduction formula 100*{U1-C2)/(C1-C2) versus concentration of compound
where U is the unknown value, C1 is the average control vatue obtained for DMSO,
and C2 is the average control value obtained for 0.1M EDTA. Data are fitted to the
curve described by: y = ((Vmax * x) / ( K + x )} where Vmax is the upper asymptote
and K is the IC50.

Cloning of full-length human (FL) AKT1:

Full-length human AKT1 gene was amplified by PCR from a plasmid containing
myristylated-AKT1-ER (gift from Robert T. Abraham, Duke University under MTA,
described in Klippel et al. in Molecular and Celiular Biclogy 1998 Volume 18

p.5699) using the 5' primer: SEQ. ID NO: 2

5' TATATAGGATCCATGAGCGACGTGGC 3’ and the 3’ primer: SEQ. ID NO: 3
AAATTTCTCGAGTCAGGCCGTGCTGCTGG 3. The 5 primer included a BamH! site
and the 3'primer included an Xhol site for claning purposes. The resultant PCR
product was subcloned in pcDNAS as a BamHI / Xhol fragment. A mutation in the
sequence (TGC) coding for a Cysteine® was converted io the wild-type AKT1
sequence (CGC) ceding for an Arginine® by site-directed mutagenesis using the
QuikChange® Site Directed Mutagenesis Kit (Stratagene). The AKT1 mutagenic
primer: SEQ. ID NO: 4 5 ACCTGGCGGCCACGCTACTTCCTCC and selection
primer: SEQ. ID NO: 5 5 CTCGAGCATGCAACTAGAGGGCC (designed to destroy
an Xbal site in the muttiple cloning site of pcDNA3) were used according to
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manufacturer's suggestions. For expression/purification purposes, AKT1 was isolated
as a BamH! / Xhol fragment and cloned into the BamH) / Xhol sites of pFastbacHTb
(Invitrogen).

Expression of FL._humap AKT1:

Expression was done using the BAC-to-BAC Baculovirus Expression System from
Invitrogen (catalog # 10359-016). Briefly 1) the cDNA was transferred from the
FastBac vector into bacmid DNA, 2) the bacmid DNA was isolated and used to
transfect Sf9 insect celis, 3) the virus was produced in $19 celis, 4) T. ni cells were
infected with this virus and sent for purification.

Purification of FL human AKT1:

For the purification of full-length AKT1, 130 g sf9 cells (batch # 416846W02) were
resuspended in lysis butfer (buffer A, 1L, pH 7.5) containing 25 mM HEPES, 100
mM NaCl, and 20 mM imidazole. The cell lysis was carried out by Avestin (2
passes at 15K-20K psi). Celt debris was removed by centrifuging at 16K rpm for 1
hour and the supematant was batch bound to 10 ml Nickel Sepharose HP beads at
4 C for over night. The beads were then transferred to column and the bound
material was eluted with butfer B8 (25 mM HEPES, 100 mM NaCi, 300 mM
imidazole, pH 7.5). AKT eluting fractions were pooled and diluted 3 fold using
buffer C (25 mM HEPES, 5 mM DTT,; pH 7.5). The sample was flltered and
chromatographed over a 10 mL Q-HP column pre-equilibrated with butfer C at 2
mL/min.

The Q-HP column was washed with 3 column volume (CV) of butfer C, then step
eluted with 5 CV 10%D, 5 CV 20% D, 5 CV 30% D, 5 CV 50% D and 5 CV of 100%
D; where buffer D is 25 mM HEPES, 1000 mM NaCl, 5 mM DTT; pH 7.56. 5 mL
fractions collected. AKT containing fractions were pooled and concentrated to §
ml. The protein was next loaded to a 120 ml Superdex 75 sizing column that was
pre-equilibrated with 25 mM HEPES, 200 mM NaCl, 5 mM DTT; pH 7.5. 2.6 mL
fractions were collscted.
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AKT 1 eluting fractions were pooled, aliquoted (1 ml) and stored at -B80C. Mass
spec and SDS-PAGE analysis were used to confirm purity and identity of the
purified full-length AKT1.

Full-length (FL) AKT2 and (FL) AKT3 were isolated and purified in a similar
fashion.

Full-Length AKT Enzyme Assay

Compounds of the present invention were tested for AKT 1, 2, and 3 protein sering
kinase inhibitory activity in substrate pnosphorylation assays. This assay examines
the ability of small molecule organic compounds to inhibit the serine
phosphorylation of a peptide substrate. The substrate phosphorylation assays use
the catalytic domains of AKT 1, 2, or 3. The method measures the ability of the
isolated enzyme to catalyze the transfer of the gamma-phosphate from ATP onto
the serine residue of a biotinylated synthetic peptide SEQ. ID NO: 1 (Biotin-ahx-
ARKRERAYSFGHHA-amide). Substrate phosphorylation was detected by the
following procedure.

Assays were performed in 384well U-bottom white plates. 10 nM activated AKT
enzyme was incubated for 40 minutes at room temperature in an assay volumae of
20ul containing 50mM MOPS, pH 7.5, 20miM MgCi2, 4uM ATP, 8uM peptide, 0.04
uCi [g-33P] ATP/well, 1 mM CHAPS, 2 mM DTT, and 1ul of test compound in 100%
DMSO. The reaction was stopped by the addition of 50 ul SPA bead mix
(Dulbeceo's PBS without Mg?* and Ca®, 0.1% Triton X-100, 5mM EDTA, 50uM
ATP, 2.5mg/ml Streptavidin-coated SPA beads.) The plate was sealed, the beads
were allowed to settle overnight, and then the plate was counted in a Packard
Topcount Microplate Scintillation Counter (Packard Instrument Co., Meriden, CT).
The data for dose responses were plotted as % Control calculated with the data
reduction formula 100+(U1-C2)/(C1-C2) versus concentration of compound where
U is the unknown value, C1 is the average control value obtained for DMSO, and
C2 is the average control value obtained for 0.1M EDTA. Data are fitted to the
curve described by: y = ((Vmax * x)/ (K +x))

where Vmax is the upper asymptote and K is the 1C50.
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After several trials, the compound of Example 1 demonstrated an average
IC50 (uM) activity of: 0.002 um, FIL AKT1; 0.013 um, FL AKT2; and 0.009 um, FL
AKT3 in the above full-Length AKT enzyme assay.

Activity against tumor cell lines and a normal cell line and the solubilities of
the compounds of Exampies 1 to 10 of this invention were compared to what is
considerad to be the most structurally related compounds prepared in International
Application No. PCT/US2004/024340. Specifically, the compound of Example 140
in International Application No. PCT/US2004/024340 {compound 4-(1-ethyl-7-{[3-
(4-morpholinyl)propyl]oxy}-4-phenyl-1H-imidazo{4,5-c)pyridin-2-yl)-1,2,5-oxadiazol-
3-amine trifluoroacetate, hereinafter Compound R}, the compound of Example 151
in international Application No, PCTAUS2004/024340 (compound 1-{{2-(4-amino-
1,2,5-oxadiazol-3-yl)-1-ethyl-4-phenyl-1H-imidazo[4,5-c]pyridin-7-ylJoxy}-3-(4-
morpholinyl)-2-propanol trifluoroacetate, hereinafter Compound S), the compound
of Example 152 In International Application No. PCT/US2004/024340 (compound

'4-(1-ethyl-7-{[2-(4-morpholinyl)ethyljoxy}-4-phenyl-1H-imidazo[4,5-clpyridin-2-yl)-
1,2,5-oxadiazol-3-amine trifluoroacetate, hereinafter Compound T}, the compound
of Example 17 in International Application No. PCT/US2004/024340 (compound 4-
[1-sthyl-7-(piperidin-4-yloxy)-1H-imidazo[4,5-c]pyridine-2-yl}-furazan-3-ylamine
trifluoroacetate, hereinafter Compound U), the compound of Example 127 in
Internationai Application No. PCT/US2004/024340 (compound: 4-{1-ethyi-4-phenyl-
7-{(3-piperidinylmethyl)oxy}-1H-imidazo-{4,5-c]pyrdin-2-yl}-1,2,5-oxadiazol-3-amine
trifluoroacetate, hereinafter Compound V), the compound of Exampie 215 in
International Application No. PCT/US2004/024340 (compound 4-[7-{(4-
arminobutyl)oxy}-2-(4-aminc-1,2,5-oxadiazol-3-yl)-1-ethyl-1H-imidazo[4,5-c]pyridin-
4yl}-2-methyl-3-butyn-2-ol trifluoroacetate, hereinafter Compound W), the
compound of Example 222 in International Application No. PCT/US2004/024340
(compound 4-{2-(4-amino-1,2,5-oxadiazol-3-y1)-7-[(3-aminopropyl)oxy]-1-ethyl-1H-
imidazo[4,5-c]pyridln~4yl}-2-methyl-3-bu1yn-2-o! trifluoroacetate, hereinafter
Compound X), the compound of Example 223 in International Application No.
PCT/US2004/024340 {compound: 4-{2-(4-amino-1,2,5-oxadiazol-3-yl)-1-ethyl-7-[(4-
piperidinylmethyl)oxy]-1H-imidazo{4,5-c]pyridin-4-yi}-2-methyl-3-butyn-2-ol
trifluoroacetate, hereinafter Compound Y) and the compound of Example 265 in
International Application No. PCT/US2004/024340 (compound: 4-(2-(4-amino-

1,2 5-oxadiazol-3-yi)-1-sthyl-7-{[3-({2-[4-(methyloxy)phenyl]ethyl}amino)propyiloxy}-
1 H-imidazo[4,5-c]pyridin-4-yl)-2-methyl-3-butyn-2-0l, hereinafter Compound Z).

Compounds R, S, T, U, V, W, X, Y and Z can be prepared as described in

international Application No. PCT/US2004/024340.
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Cellular Assays: Methylene Blue Growth Inhibition assay

Tumor cell lines used in this assay were BT474 (human breast carcinoma) and
LNCaP (lymph node metastasis of prostate cancer). HFF (normal human foreskin
fibroblast) was also Included. All call ines were cultured in RPMI 1640 media
(Invitrogen Corporation 22400-071) containing 10% Fetal Bovine Serum (FBS) at
37°C in a humidified 5% CQ; incubator. Cells were harvested using trypsin/EDTA,
counted using a hemacytometer and plated in 96-well tissue culture plates (Costar
35-3075), 100 uL. per well, at the following densities: BT474 15,000 celis/weli,
LNCaP 5,000 cells/well and HFF 5,000 cells/well. 10mM stocks of compounds in
DMSO were serially diluted in DMSO through nine 3-fold diluticns in 86-well plates
(Costar Comning 3363), and stored at -80C. The next day, compound dilutions were
thawed and 4 ul of each transferred to 662 uL RPM! 1640 + 100 ug/mL
gentamicin, resulting in twice the final required test concentrations. 100 ul of
compounds diluted in RPMI 1640 were added to all celt lines. The final
‘concentration of DMSO in all wells, including controls, was 0.3%. Cells wera
incubated at 37C, 5% CO2 for 3 days. Medium was ramoved by aspiration. Cell
blomass was estimated by staining cells with 80 uL methylene blue (Sigma M3140,
0.5% in 50:50 ethanol;water), and incubating at room temperature for 1 hour. Stain
was aspirated and the plates rinsed by immersion in water, then air-dried. Stain
was released from cells by adding 100 uL of solubilizing solution (1% N-lauroyl
sarcosine, sodium saft, Sigma L5125, in PBS) and incubating at room temperature
for at least 30 minutes. Plates wers shaken and the optical density at 620 nm was
measured on a microplate reader. Percent inhibition of cell growth was calculated
relative to vehicle-treated control wefls. Concentration of compound that inhibits
50% of cell growth (IC¢g) was interpolated using non-linear regression (Levenberg-
Marquadt) and the equation, y=Vmax*(1-(x"/KMn+x)P+Y2. [Ref: Mager, M. E.
{1972) Dala Analysis in Biochernistry and Biophysics. New York: Academic Press]
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Examples Methylene Blue Growth Inhibition Assay, IC50 Solubility in 50
(uM} mM phosphate
BT474 LNCaP HFF buffer at pH 7.4
(hurmnan (lymph node (normal human | (UM}
breast metastasis of foraskin
carcinoma) | prostate cancer) | fibroblast)

Compound R 17.71 1.42 19.9 0

Compound § | >30 7.77 >30 Not tested

Compound T >30 >30 18.9 0

Compound U 4.51 6.47 200

Compound V 1.870 1.640 0.57 9

Compound W | 8.211 0.836 22.07 210

Compound X | 0.241 0.258 18.147 173

Compound Y _ | 2.593 0.217 >30 159

Compound Z | 0.266 0.048 5.507 37

Example 1 0.484 0.016 >20 210

Examplg 2 1.00 0.189 >30 188

Example 3 0.006 0.004 >30 110

Example 4 0.037 0.015 >25 154

Example 5 1.032 0.459 20.1 83

Example 6 0.324 0.053 16.8 44

Example 7 0.186 0.083 >30 23

Example 8 0.665 0.272 >30 34

Example 9 0.080 0.049 9.39 129

Example 10 No tested | Not tested Not tested 6

The pharmaceutically active compounds within the scope of this invention
are useful as AKT inhibitors In mammals, particularly humans, in need thereof.

The present invention therefore providas a method of treating cancer,
arthritis and other conditions requiring AKT inhibition, which comprisas
administaring an effective amount of a compound of Formula (1) or a
pharmaceutically acceptable salt, hydrate, solvats or pro-drug thereof. The
compounds of Formula (1) also provide for a method of treating the above indicated
disease states because of their demonstrated ability to act as Akt inhibitors. The
drug may be administered to a patient in need thereof by any conventional route of
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administration, including, but not limited to, intravenous, intramuscular, oral,
subcutaneous, intradermal, and parenteral.

The pharmacsuticaily active compounds of the present invention are
incorporated into convenient dosage forms such as capsules, tablets, or injectable
preparations. Solid or liquid pharmaceutical carriers are employed. Solid carriers
include, starch, lactose, calcium sulfate dihydrate, terra alba, sucrose, talc, gelatin,
agar, pectin, acacia, magnesium stearate, and stearic acid. Liquid carriers include
syrup, peanut oil, ofive oil, saline, and water. Similarly, the carrier may include any
prolonged release material, such as glyceryl monostearate or glyceryl distearats,
alone or with a wax. The amount of solid carrier varies widely but, preferably, will
be from about 25 mg to about 1 g per dosage unit. When a liquid carrler is used,
the preparation will, for example, be in the form of a syrup, elixir, emulsion, soft
gelatin capsule, sterite injectable liquid such as an ampoule, or an aqueous or
nonaqueous liquid suspension.

The pharmaceutical preparations are made following conventional
techniques of a pharmaceutical chemist involving mixing, granulating, and
compressing, when necessary, for tablet forms, or mixing, filiing and dissolving the
ingredients, as appropriate, to glve the desired oral or parenteral products.

Doses of the presently invented pharmacsutically active compounds in a
pharmaceutical dosage unit as described above will be an efficacious, nontoxic
quantity preferabiy selected from the range of 0.001 - 100 mg/kg of active
compound, preferably 0.001 - 50 mg/kg. When treating a human patient in need of
an Akt inhibitor, the selscted dose is administered pretferably from 1-6 timas dally,
orally or parenterally. Preferred forms of parenteral administration includs topically,
rectally, transdermally, by injection and continuously by infusion. Oral and/or
parentera! dosage units for human administration preferably contain from 0.05 to
3500 mg of active compound.

Optimal dosages to be administered may be readily determined by those
skilled in the ant, and will vary with the particular Akt inhibitor in use, the sirength of
the preparation, the mode of administration, and the advancement of the disease
condition. Additiona! factors depending on the particular patient being treated will
result in & need to adjust dosages, including patient age, weight, diet, and time of
administration.

The method of this invention of inducing Akt inhibitory activity in mammals,
including humans, comprises administering to a subject in need of such activity an
effective Akt inhibiting amount of a pharmaceutically active compound of the
present invention.
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Thae invention also provides for the use of a compound of Formula (1) in the
manufacture of a medicament for use as an Akt Inhibitor.

The invention also provides for the use of a compound of Formula (1) in the
manufacture of a medicament for use in therapy.

The invention also provides for the use of a compound of Formula (1) in the
manufacture of a medicament for use in treating cancer.

The invention also provides for the use of a compound of Formula (I} in the
manufacture of a medicament for use in treating arthritis.

The invention also provides for a pharmaceutical composition for use as an
Akt inhibitor which comprises a compound of Formula (1) and a pharmaceutically
acceptable carrier.

The invention also provides for a pharmaceutical composition for use in the
treatment of cancer which comprises a compound of Formula Nanda
pharmaceutically acceptable carrier.

The invention also provides for a pharmaceutical composition for use in
treating arthritis which comprises a compound of Foermula (1) and a
pharmaceutically acceptable carrier.

No unacceptable toxicological effects are expscted when compounds of the
invention are administered in accordance with tha present invention.

In addition, the pharmaceutically active compounds of the present invention
can be co-administered with further active ingredients, such as other compounds
known to treat cancer or arthritis, or compounds known to have utility when used in
combination with an Akt inhibitor,

Without further elaboration, it is believed that one skilled in the art can,
using the preceding description, utilize the present Invention to its fullest extent.
The following Examples are, therefore, to be construed as mersly illustrative and
not a limitation of the scope of the present invention in any way.

Experimental Details

The compounds of Examples 1 to 10 are readily made according to Scheme
1 or by analogous methods.
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a) 5-Bromo-2-chloro-N*-ethyl-pyridine-3,4-diamine (il)

3-Bromo-5-nitropyridin-4-yl)amine (i, 700 g, 2.86 mol) was dissolved in conc
HCI {7L) and heated to 85 °C. Tin (ll) chloride (1626 g, B.sé mol) was added in
portions. The reaction was heated at reflux for 1 h and then allowd to cool to
ambient temperature overnight. The resulting yellow precipitate was collected by
filtration, suspended in ice water (5L) and the mixture was adjusted to pH 12 with
12N NaOH. The resulting solution was extracted with CH,Cl. (2 x 4 L) and the
combined organic extracts were dried over Na,SO.. The solvent was removed
under reduced pressure to give 550 g (77% vield) of the desired compound (.
This was used In the next step without further purification. MS (ES+) m/z
250(M+H)+.

b) N-[S-Bromo-2-chloro-4-(ethylamino)-3—pyridinyl]-2-cyanoacetamide )]

To a solutlon of 5-bromo-2-chloro-N*-ethyl-pyridine-3,4-diamine (I, 550 g,
2.21 mot) in CH2CI2 (5.5 L} was added 1-(3-dimethylaminopropyl)-3-
ethylcarbodiimide hydrochloride (634.5 g, 3.31 mol), cyanoacetic acid (282 g, 3.31
mol) and N-methyimorpholine (897 g, 8.84 mo!). A significant exotherm (~20 °C)
was observed upon the addition of the 1-(3-dimetﬂylamfnopropyl)-3- .
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ethylcarbodiimide hydrochloride and cyanoacetic acid. After stirring at ambient
temperature for 2 h, the solvent was removed under reduced pressure. The
resulting reside was extracted with warm EtOAc (40 °C, 20 i) and water (40 °C, 8
L). The aqueous layer was washed with addition EtOAc (10 L) and the combined
organic extracts were washed with water (10 L). The organic extract was
concentrated under reduced pressure to a slurry and filtered. The solid was wahed
with EtOAc and dried to give 534 g (76% yield) of the desired compound (Ill) as a
white crystalline solid. This was used in the next step without further purification.
MS (ES+) m/z 317(M+H)*.

¢) (7-Bromo-4-chloro-1-ethyl-1H-lmidazof4,5-c]pyridin-2-yl)-hydroxyimino-
acetonitrile (V)

A solution of N-{5-bromo-2-chloro-4-(ethylamino)-3-pyridinyl]-2-
cyanoacstamide ], (458 g, 1.45 mol) in glacial acetic acid (4.6 L) was heated to
100 °C. After 3 h, LC/MS analysis indicated that the conversion to (7-bromo-4-
chloro-1-ethyl-1H-imidazo[4,5-c]pyridin-2-yl)acetonitrile (IV) was completed. After
aliowing to cool to ambient temparature, the reaction was charged with sodium
nitrate (230 g, 3.34 mo!) in portions. Vigorous gas evolution and foaming was
observed together with a ~10 °C exotherm. After stirring at ambient temperature
for 16 h, ths solid was coliected by filtration and dried fo a canstant weight to give
545 g of the desired product (V) as a light yellow solid. This was used in the next
étep without further purfication. MS (ES+) m/z 328(M+H)+.

d) 4-(7-Bromo-4-chioro-1-ethyl-1H-imidazof4,5-clpyridin-2-yt)-1,2,5-oxadiazol-3-
amine (Vi)

To a mixture of (7-bromo-4-chioro-1-ethyl-1H-imidazo[4,5-c]pyridin-2-yl)-
hydroxyimino-acetenitrile (V, 545 g, 1.45 mol) in dioxane (5 L) was added
triethylamine (1 L) and hydroxylamine (143 g, 55% in water). The reaction was
heated at reflux for 6 h. After cooling the reaction to ambient temperature, the
mixture was filtered and the filtrate concentrated under reduced pressure to give a
brown solid. The sclid was suspended in methano! (1 L) and the suspension was
stirred at 65 °C for 0.5 h. The solid was collected by filtration and dried to give 321
g (70% yield) of the desired compound (V1). This was used in the next step without
further purification. MS (ES+} m/z 343(M+H)*+.
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l 8) 2-(4-Amino-1,2,5-oxadiazol-3-yl)-4-chloro-1-ethyl-1H-Imidazo{4,5-c]pyridin-7-ol
(Vi)

A suspension of 4-(7-bromo-4-chloro-1-ethyl-1H-imidazo{4,5-c]pyridin-2-yl)-
1,2,5-oxadiazol-3-amine (V1, 50 g, 0.14 mal) in THF (1 L) was cooled in a dry-
icefacetone bath until the internal temperature was below -75 °C. |sopropyl
magnesium chloride (225 mL, 2M in ether, 0.45 mol) was added slowly at a rate to
keep the reaction temperature below -70 °C. After an additional 10 min., trimethyl
borate (54 mL, 0.48 mol) was added and the reaction was maintained in the dry-ice
acetone bath for 1 h. The bath was removed and the reaction was allowed to rgach
ambient temperature. After 18 h,, the resultant yellow suspension was cooled to 0
°C. A solution of 30% hydrogen peroxide (250 mL) and 3N NaOH (100 mL) was
added at a rate to keep the reaction temperature bealow 40 °C. The ice bath was
then removed and the reaction was stirred vigorously at ambient temperature for 2
h. The bulk of the organic solvent was removed under reduced pressure and the
aqueous layer was acidified to pH 3 with 1N HCI. After stirring the resulting
suspension for 30 min., sthy! acetat (200 mL) was added. After stirring for another
1 h, the solid was collected by filtration. The filter cake was washed sequentially
with water, ethyl acetate, toluene and ethyl acetate. The solid was driedto a
constant weight to give 35.9 g (88% yield) of the desired compound (Vil) as a pale
yellow solid. This was used without further purification. MS (ES+) m/z 281.3
(M+H)*.
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Example 1

piperidinylmethylloxy}-1H-imidazo{4,5-clpyridin-4-yi)-2-methyl-3-butyn-2-ol

a) 1,1-Dimethylethyl (3S)-3-(bromomethyl)-1-piperidinecarboxylate

To a solution of 1,1-dimethylethyl (3S)-3-(hydroxymethyl)-1-
plperidinecarboxylate (30.0 g, 138 mmol) and carbon tetrabromide (72.0 g, 217
mmol) in methylene chloride (150 mL) was added dropwise a solution of triphenyi
phosphine (42.4 g, 162 mmol} in methylene chloride (150 mL). An ice-bath was
used to maintain an internal temperature between 20 and 25 °C during the addition.
After stirring the mixture at ambient temperaturs for 1 h, cyclohexane (500 mL) was
added. Approximately one-half of the solvent was removed under reduced
pressure. The remaining solution was cooled in an ice bath and the resulting
precipitate was removed by filtration. The filtrate was concentrated under reduced
pressure and the residue subjected to flash chromatography (0% to 256% ethyl
acetate/hexanes, silica gel) to give 35.1 g {91 % vield) of the desired product as a
solid. MS (ES+) m/z 278 (M+H)*.

b} 1,1-Dimethylethyl 3-({[2-(4-amino-1,2,5-oxadiazo!-3-y1}-4-chloro-1-ethyl-1H-
imidazol4,5-clpyridin-7-ylJoxy}methyt)-1-piperidinecarboxylate
A mixture consisting of the compound of intermediate VIl (25.0 g, 89.1

mmol), cesium carbonate {41.0 g, 126 mmol) and the compound of Example 1(a)
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(35.0 g, 126 mmal) in DMF (200 mL.) was stirred at 40 °C for 8 h and then at 35 °C
for 18 h. The mixture was poured into rapidly stirring ice water (800 ml). After 10
min., ethyl acetate (300 mL) was added and the stirring continued for an additicna!
20 min. The solid was collected by fittration, washed with ethy! acetats (50 mL) and
dried to give 36 g (85% yield) of the desired compound. MS (ES+) m/z 478
(M+H)*.

c) 1,1-Dimethylethyl 3-({[2-(4-amino-1,2,5-oxadiazol-3-yl)-1-ethyl-4-(3-hydroxy-3-
methyl-1-butyn-1-yl)-1H-imidazo[4,5-¢]pyridin-7-yiJoxy}methyl)-1-
piperidinecarboxylate

Two thick-walled pressure vessels were each charged with the compound of
Example 1{b) (18 g, 37.7 mmol), 2-methyl-3-buty-2-ol (8.0 mL, 82.5 mmoi},
(Ph3P)4Pd (0.5 g, 0.43 mmol), Zn dust (0.5 g., 7.4 mmol), Nal (1.1 g, 7.4 mmol),
DBU (8 mL, 53.5 mmol}, triethylamine (7.5mL, 54.5 mmol) and DMSO (150 mL}.
Both vessels ware purged with argon for 10 min then sealed and heated at 80 °C
for 4 h. The mixture from one reaction vessel was poured into rapidiy stirring ice
water (1000 mL}) and to the resulting mixture was added the contents of the
remaining reaction vessel. After 10 min., ethy! acetate (300 mL) was added and
stirring continued for an additional 20 min. The solid was collected by filtration,
washed with ethyl acetate (50 mL) and dried to give 35.5 g (90% yield) of the
desired compound. MS (ES+) m/z 526 (M+H)*,

d) 4-{2-{4-Amino-1,2,5-oxadiazol-3-yl)-1-athyi-7-[(3-piperidinylmethyl)oxy]-1H-
imidazo[4,5-c)pyridin-4-yl}-2-methyl-3-butyn-2-0)

The compound of Example 1(¢) {(35.0 g, 66.6 mmoi) and TFA (350 mL of a
20% solution in methylens chloride, 808 mmol) was stirred at ambient temperature
for 2.5 h. The solution was poured slowly into rapidly stirring mixture of water,
NaOH (36 g, 900 mmol), ethyl acetats (200 mb) and THF (1000 mL). The organic
layer was separated and the aqueous layer was extracted with additicnal ethyl
acetate/THF (1:5 viv, 150 mL}. The combined organic extract was washed with
sat. NaCl, dried over Na.SO,. The solvent was removed under vacuum and the
resulting solid was recrystallized from hot ethanol (1200 mL) to give 26.3 g (93%
yield) of the title compound as a white crystalline solid. MS (ES+) m/z 426 {(M+H)*.
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Example 2

dihydrochloric acid gaft

a) 1,1-Dimethylethyl 2-{hydroxymethyl)-4-morpholinecarboxylate

A solution of 4-{{(1,1-dimsthylethyljoxy]carbonyl}-2-morpholinecarboxylic
acid {2.0 g, 21.6 mmo!) in THF (45 mL) was cooled to 0 °C. A solution of borane
(39 mL, 39.0 mmo!, 1M in THF) was added over 25 min via addition funnel. After
warming to RT, the reaction was quenched by dropwise addition of methanol/acetic
aclid (18 mL, 9:1 viv). The solvent was removed under reduced pressure and the
residue partitionad betwesen ethyl acetate and 1N HCIl. The aqueous layer was
extracted with ethyl acetate and combined extracts were washed with water, 1N
NaQH, water, brine and drled over sodium sulfate. Removal of the solvent under
reduced pressure afforded 1.83 g (97%) of the desired material. 'H NMR (400
MHz, CDCl3) 8 ppm 1.48 (s, 9 H) 2.30 (br d, J=11.37 Hz, 1H) 2.69 - 2.79 (m,
J=9.51, 6.41, 3.28, 3.28 Hz, 1 H) 2.84 (ddd, J=13.77, 10.86, 3.16 Hz, 2 H) 3.27 -
3.38 (m, 1 H) 3.47 (brs, 1H) 3.63 - 3.75 (m, 2 H) 4.10 - 4.18 (m, 1 H) 4.27 (br s,
1H).

b) 1,1-dimethylethyl 2-{{(phenylcarbonyl)oxy]methyi}-4-morpholinecarboxylate
(enantiomer E2)
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To a stirred solution of 1,1-dimethylsthy! 2-(hydroxymethyl)-4-
morpholinecarboxylate (4.467 g, 21 mmol) in methylene chloride (58 mL) with
pyridine (12 mL) and catalytic DMAP at 0 °C was added dropwise benzoyil chioride
(3.18 g, 23 mmal). The reaction mixture was allowed to warm to room temperature
and stirred 18 h. The reaction mixture was partitioned betwsen 1 N HCl and
methylene chloride. The aqueous layer washed with methylene chloride and the
combined organic extract was washed with water then brine and dried over sodium
sulfate. The solvent was removed under reduced pressure and the residue
chromatographed on sllica eluted with hexane / ethyl acetate to give 5.80 g (88%)
of the racemic compound. This was resolved by chiral HPLC on a Chiralcel OD-H
column ( 21 x 250 mm; 100 mg per injection ) using a mobile phase of 90:10-
heptane : ethanol to give the first eluting enantiomer E1 (2.859; > 99 % eea ) and
the second eluting enantiomer E2 ( 2.8 g; > 99 % ee ) MS (ES+) m/z 322 (M+H)".

¢) 1,1-Dimethylethyi 2-(hydroxymethyl)-4-morpholinecarboxylate (enantiomer E2)

A solution of 1,1-dimethylethyt 2-{[{phenylcarbonyl)oxylmethyl}-4-
morpholinecarboxylate (enantiomer E2) (1.08 g, 3.36 mmol) in methanol (30 mL)
with 6N NaQOH (5.6 mL. 33.6 mmol) was stirred at room temperature for 2 h. The
methanol was removed under reduced pressure and the resulting mixture was
partitioned between ethyl acetate and water. The organic extract was washed with
brine, dried over scdium sulfate and solvent removed under reduced pressure to
give the desired compound. 1H NMR (400 MHz, DMSO-d;) d ppm 1.41 (s, 50 H)
3.25-3.37 {m, 22 H) 3.39 - 3.46 {m, 7 H) 3.70 (d, J=12.88 Hz, 6 H) 3.76 - 3.88 {m,
10 H) 4.78 (t, J=5.68 Hz, 5 H)

d) 1,1-dimethylethyl-2-(bromomethyl)-4-momholinecarboxylate (enantiomer E2)

To a solution of the compound of Example 2(c¢) (0.67 g, 3.1 mmol) in
dichloromethane (35 mL) at -20 °C was added CBr, (2.06 g, 6.17 mmol) followed
by dropwise addition of a solution of PPh; (1.70 g, 6.48 mmol) in dichloromethane
(25 mL). The reaction mixture was held at -15 °C for18 h then stirred at room
temperature for 1.5 h. The selvent was removed under reduced prassure and the
residue purified by flash chromatography (silica gel, EtOAc/hexanes) gave 0.55 g
(63%) of product that was used in the next step.

e) 1,1-Dimethylethyl-2-({[2-(4-amino-1,2,5-oxadiazol-3-yl)-4-chloro-1-ethyl-t1 H-
imidazo[4,5-c]pyridin-7-yloxy}methyl)-4-morpholinecarboxylate (enantiomer E2)
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The compound of intermediate Vil (0.55 g, 1.95 mmol}, the compound of
Example 2(d) (0.546 g, 1.95 mmol} and cesium carbonate (1.92 g, 5.8 mmol} in
DMF (35 mL) were stirred at 35 °C for 22 h. The product mixture was partitioned
between sthyl acetate and water. The organic extracts were washed with brine and
dried over sodium sulfate. The solvent was removed under reduced pressure to
give 0.90 g (96%) of product that was used in the next step.

f) 4-(2-(4-amino-1,2,5-oxadiazol-3-yl)- 1-ethyl-7-{[{2R)-2-morpholinylmethylloxy}-
1H-imidazo{4,5-c]pyridin-4-yl)-2-methyl-3-butyn-2-ol dihydrochioric acid salt

A thick-walled pressure vessel was charged with the compound of Example
2(e) {0.90 g, 1.87 mmol), DBU (0.84 mL, 5.6 mmol), Et;N (0.57 mL, 5.6 mmol), Nal
{0.084 g, 0.56 mmol), zinc dust (0.036 g, 0.56 mmol) 2-methyl-3-butyn-2-ol (0.47 g,
5.6 mmol}, Pd(PPh3)4 (0.21 g, 0.19 mmol} and DMSO (60 mL). The pressure
vessel was then sealed and heated at 80 °C for 1 h. After cooling to RT, the
reaction was quenched by adding sat NH,Cl. The aquecus layer was extracted
with EtOAc and the combined extracts were washed with water, brine, and dried
over sodium sulfate. The solvent was removed under reduced pressure and the
residue subjected to flash chromatography (silica gel, MeOH/CH;Cl,) to give 1,1-
dimathylethyl 2-({[2-(4-amino-1,2,5-oxadiazol-3-yl)-1-ethyl-4-(3-hydroxy-3-methyi-1-
butyn-1-yl)-1 H-imidazo{4,5-clpyridin-7-ylJoxy}methy!)-4-morpholinecarboxylate.
This was dissolved in methanol with ethereal HCI and left at roorn temperature for
18h. A solid formed and was collected to give the product as the di-hydrochloride
salt. MS (ES+) m/z 428 {(M+H}+. This was assigned the R-configuration by chiral
HPLC comparison with the compound of Example (4).



WO 2007/038850 PCT/US2006/043513

Exampls 3 [

thiomorpholinvimethvoxyl-1 H-imidazo[4,5-clpyridin-4-yl}-2-methyl-3-butyn-2-ol
dihydrochloride {enantiomer E1)

a) 1,1<dimethylethyt 2-(hydroxymethyl)-4-thiomorpholinecarboxylate

A solution of 4-{2-[(1,1-dimethylethyl)oxy]-2-oxoethyl}-2-
thiomorpholinecarboxylic acid (50.0 g, 0.202 mol) in THF (840 mL) was cooled to 0
°C. A solution of borane (910 mL, 0.809 mol, 1M in THF) was added via addition
funnel. The reaction was kept at 0°C in the refrigerator overnight. The reaction
was quenched with 10%acetic acid in methanol (420ml) at 0°C. The solvent was
removed under reduced pressure and the residue partitioned between ethy! acetate
and 1N HCI. The aqueous layer was extracted with ethyl acetate and combined
extracts were washed with water, 1N NaOH, water, brine and dried over sodium
suffate. Removal of the solvent under reduced pressure afforded 51.1 g of the
desired material. This was used diractly without further purification.

b} 1,1-dimethylethyl 2-{[{phenylcarbonyl)oxy]methyl}-4-thiomorpholinecarboxylate
(enantiomer E1)

To stirred solution of 1,1-dimethylethyl 2-(hydroxymethyl}-4-
thiomorpholinecarboxylate (51g, 0.21mol) in methylene chloride (550ml} with
pyridine (120ml) and catalytic DMAP at 0 C was added dropwise benzoyl chloride
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(27.6mi, 0.24mol). The mixture was allowed to warm 1o room temperature and
stirred overnight. The reaction was partitioned between 1N HCI and methylene
chloride. The aqueous was washed with methylene chleride and combined organic
extract was washed with water then brine and dried over sodium sulfate. The

solvent was removed under reduced pressure and the residug chromatographed on
silica eluted with hexane/ethyl acstate to give 60g of of the racemic compound, 60
g of racemate ((4-{2-{(1 ,1-dimethylathyl)oxy]-2-oxoethyl}-2-thiomorpholinyl}methy!
benzoate was resoived by chiral HPLC on a Chiralpak AD, 20 micron {101.6 x 250
mm, .8g per injection) using mobile phase 100% methanol to give first eluting
enantiomer E1 (24.0g, 5.7min, 98% ee) and the second eluting enantiomer E2
{(16.1 g, 6.8 min, 98%ee) MS (ES+) m/z 338 (M+H)".

c) 1,1-dimsthylethyl 2-(hydroxymethyl)-4-thiomorpholinecarboxylate
(enantiomer E1)

A solution of compound Example 3(b) (13 g, 0.037mol) in methanol (416mi}
with 8N NaOH (65mi, 0.39mol) was stirred at room temperature for 1h. The
methanol was removed under reduced pressure and the resulting mixture was
partitioned between ethyl acetate and water. The organic extract was washed with
brine, dried over sodium sulfate and solvent removed under reduced pressure to
give 7.9 of the desired compound. 1H NMR (400 MHz, CHLOROFORM-q) d ppm
1.52 (s, 9 H) 2.12 (5,2 H) 2.30 (s, 1 H} 2.75 (s, 1 H) 2.84 (s, 1 H) 3.34 (s, 1 H) 8.47 -
(s, 1 H) 3.70 (s, 2 H) 4.15 (s, 1 H) 4.27 (s, 1 H).

d) 1,1-dimethylethyl 2-{bromomethyl)-4-thiomorpholinecarboxylate (enantiomer E1)

To a solution cf the compound of Example 3(c) (2.0 g, 8.57 mmol) in
dichloromethane (96 mt.) at -20 °C was added CBr, (5.74 g, 17.1 mmol) followed
by dropwise addition of a sotution of PPh; (4.72 g, 18.0 mmol) in dichtoromethane
(76 mL). After allowing the mixture to warm to RT, the solvent was removed under
reduced pressure. Flash chromatography (sflica gel, EtOAc/hexanes) gave 2.50 g
of a material that was used directly without further purification..

e) 1,1-dimethylethyl 2-({[2-(4-amino-1,2,56-0xadiazol-3-yl)-4-chloro-1-ethyl-1+-

imidazo[4,5-c]pyridin-7-yljoxy)methy!)-4-thiomorpholinecarboxylate (enantiomer Et)
To a solution of the compound of intermediate Vil (2.36 g, 8.40 mmol) in

DMF (160 mL) was added anhydrous cesium carbonate (8.32 g, 25.0 mmol} and

1,1-dimethylethy! 2-(bromomethyl)-4-thiomorpholinecarboxylate (enantiomer E1)
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(2.50 g, 8.40 mmol), After stirring at ambient temperature for 4 h, sat NH4Cl was (’)
added and the reaction was extracted with EtOAc. The combined organic extracts

were washed with water, brine and dried over sodium sulfate. The solvent was

removed under reduced pressure and the residue subjected to flash

chromatography (MeQH/CH2CI2, silica gel) to give the 2.3 g of the desired

compound contaminated with 1,1-dimethylethyl 7-{[2-(4-amino-1,2,5-oxadiazo!3-
yl)-4-chloro-1-ethyl-1 H-imidazo{4,5-cJpyridin-7-ylJoxy}tetrahydro-1,4-thiazepine-

4(5H)-carboxylate. This was used without further purification in the next step. MS

(ES+) m/z 496 (M+H)".

f) 4-{2-(4-amino-1,2,5-0xadiazol-3-y1)-1-ethyl-7-[(2-thiomorpholinylmethyl)oxy]-1 H-
imidazo[4,5-c)pyridin-4-yi}-2-methyl-3-butyn-2-ol {enantiomer E1).

A thick-walled pressure vessel was charged with 1,1-dimethylethyl 2-({{2-{4-
amino-1,2,5-oxadiazol-3-yl)-4-chloro-1-ethyl- 1 H-imidazo[4,5- c)pyridin-7-
viloxy}methyl)-4-thiomorpholinecarboxylate (enantiomer E1) (0.18 g, 1.35 mmol),
Zn dust (0.03 g, 0.40 mmol), Nal (0.08 g, 0.40 mmol), DBU (0.61 mL, 4.00 mmo!),
TEA (0.56 mL, 4.00 mmol), 2-methyl-3-butyn-2-ol (0.48 mL, 5.70 mmol), (Ph;P)Pd
(0.08 g, 0.08 mmol) and dioxane (35 mL). After purging the mixture with nitrogen
for 10 min., the vessel was sealed and heated at 80 °C for 2.5 h. After allowing the
reaction to cool to ambient temperature, sat NH,Cl was added and the reaction was
extracted with EtOAc. The combined organic extracts were washed with water,
brine and dried over sodium sulfate. The solvent was removed under reduced
pressure and the residuse subjected to flash chromatography (MeOH/CHZCl,, silica
gel). The Boc-protected product was dissolved in 25% TFA/CH.Cl; (10 mL). After
30 min., the solvent was removed under reduced pressure. The residue was
partitioned between 1N NaQH and ethyl acetate. The aqueous layer was extracted
with additional ethyl acstats. The combined crganic extracts were washed with
brine, dried over sodium sulfate. The solvent was removed under reduced
pressure. Flash chromatography (MeQOH/CH,CI,, silica gel) gave 0.22 g (37%
yield) of the desired compound. MS (ES+) m/z 444 (M+H)".

a) 4-{2-(4-amino-1,2,5-oxadiazol-3-y1)-1-ethyl-7-{(2-thiomorpholinyimethyl)oxy]j-1H-
imidazo[4,5-c)pyridin-4-y1}-2-methyl-3-butyn-2-ol dihydrochloride (enantiomer E1)
A solution of the compound of 1,1-dimethylethyl 2-({[2-(4-amino-1,2,5-
oxadiazol-3-yl)-4-chloro-1-ethyl-1H-Imidazal4,5-cpyridin-7-yiJoxy}methy!)-4-
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thiomorphoiinecarboxylate enantiomer E1 (0.22 g, 5.00 mmol) in dichloromsthane
(5 mL) was treated with 4N HCl in dioxane (0.25 mL, 1.00 mmol). After 30 min.,
the precipitate was isolated by filtration to give 0.21 g (82% yield) of the title
compound as a pale yeliow solid. MS (ES+) m/z 444 (M+H)".

Example 4

a) 2-{(Phenylmethyl)amino)ethyl hydrogen sulfate

Chlorosulfonic acid (13.3 mL, 0.2 mol) was added very slowly to (2-
((phenylmethyl)amino)ethancl (30.2 g, 0.2 mol) in carbon tetrachloride (100 mL) in
an ice bath. The resulting thick white suspension was stirred at room temperature
overnight The suspension was diluted with chloroform and ethanol, warmed to 45
°C and then cooled in an ice bath. The precipitate was collected by filtration,

washed with ethanol and dried under vaccum for 16 hré at 40 °C to afford the
desired compound (34 g, 74%), MS(ES)" m/z 232 {M+H}*.

b) (25)-4-(Phenyimethyl}-2-{{{phenyimsthyl)oxy]methyljmorpholine
The compound of Example 4(g) (28.1g, 0.116 mol) was added to (25)-2-
{{{(phenylmathyljoxy]methylloxirane (19 g, 0.122mol) in methanol/water (75 mL/75
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mL}) in an ice bath. Sodium hydroxide (6M, 29 mL) was added over 5 min and once
completed the bath was removed and allowed to stir at room temperature for 15
min. The reaction was then stirred at 40 °C in an oll bath for 3h. The reaction was
quickly cooled in an ice bath and sodium hydroxide (28 g, 0.7 mol) and toluene
(150 mL) were added. After 10 min, the reaction was heated to 85 °C for 3hr.

After allowing the reaction to cool to RT, the organic layer was separated and the
aqueous layer was further extracted with toluene. The combined organic extracts
were washed with brine, dried with sodium sulfate, fittered and concentrated in
vacuo. The residue was puritied by flash chromatography (silica gel, gradient, 15%
1o 30% ethyl acetate in hexane) to atford the desired compound as an ¢il (22.4 g,
65%). MS(ES)" m/e 298 [M+H]".

c) 1,1-Dimethylethyl (2 5)-2-(hydroxymethyl)-4-morpholinecarboxylate

To a solution of the compound of Example 4(b} (22.4 g, 0.075 mol) in
ethanol (400 mL}) was added 10% palladium on carbon (2.4 g) and trifluoroacetic
acid (7.0 mL, 0.09 mol). The mixture was shaken under hydrogen at 50 psi for 24h.
The reaction was filtered and concentrated in vacuo. A solution of potassium
carbonate (26 g) in water (260 mL) was added to the residue followed by a solution
of di-tert-butyl-dicarbonate (17 g} in ethyl acstate (500 mL). After 1 h, the aqueous
layer was removed and the organic layer was washed with brine, dried with sodium
sulfate, filtered and concentrated in vacuo. The residue was purified by flash
chromatography (silica gel, gradient, 15% to 100% ethyl acetate in hexane) to
afford the desired compound as an oil (8 g, 50%). MS(ES)" m/e 218 [M+H]".

d) 1,1-Dimethylethy! (25)-2-(bromomethyl)-4-morpholinecarboxylate

1,1-Dimsthylethyl (2 S)-2-(hydroxymethyl)-4-morpholinecarboxylate (18.5¢,
0.080 mol) and carbon tetrabromide (34.5 g, 0.104 mol) were dissolved in
methylene chloride (400mL) and cooled in an ice bath. A solutionof
triphenylphosphine (22g, 0.084 mol) in mathylsne chloride (150ml) was added
dropwise over 30min. After 1hr at 0 °C, the reaction was allowed warm to room
temp and was stirred overnight. The reaction volume was reduced by % in vacuo
and poured onto a pad of silica gel and the product eluted with 15% ethyl acetate in
hexane. The filtrate was concentrated in vacuo to afford the desired compound as
an oil (12g, 55%). MS(ES)* m/e 281 [M+HJ*.
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@) 1,1-Dimethylethyl (25)-2-({[2-(4-amino-1,2,5-oxadiazol-3-yl}-4-chloro-1-ethyl-1H-
imidazo[4,5-c]pyridin-7-yljoxy}methyl)-4-morpholinecarboxylate
To a solution of the compound of Example 4(d) (10.9 g, 0.039 mal) in
dimethylformamide (150 mL) was added intermediate VII (7.8 g,0.028 mol) and
cesium carbonate (11 g, 0.034mol). After 72 h at 45°C, the reaction was poured
into ammonium chloride and water (1.5L) with stirring. The resulting precipitate
was collected by filtration and washed with 1M NaOH and water. The solid was
_dissolved in tetrahydrofuran and ethyl acetate (hot) and dried with sodium suffate,
filtered and concentrated % volume in vacuo and cocled in an ice bath. The
resulting precipitate was coliected, washed with ethyl acetate and dried under
vaceum for 2 h at 40 °C to afford the desired compound (10.2 g, 76%). MS(ES)"
m/e 480 [M+H)".

f) 1,1-Dimsthylethy! (25)-2-({[2-(4-amino-1,2,5-oxadiazol-3-y1)-1-ethyl-4-(3-
hydroxy-3-methyl-1-butyn-1-yl}-1 H-imidazo[4,5-c]pyridin-7-yljoxy}methyl)-4-
morpholinecarboxylate
A thick-walled pressure vassel was charged under argon with the compound
of Example 4(e) (10.1 g, 0.021 mol), 2-methyl-3-butyn-2-ol (10.2 mL, 100 mmol},
-zinc {0.27 @, 4.2 mmol), sodium iodide {0.63g, 4.2 mmol}, triethylamine (5.8 mL,
0.42mmol), 1,8-diazabicyclo[5.4.0]undec-7-ene (5.8 mL, 42 mmol),
tetrakis(triphenylphosphine) palladium (0) (1.0 g, 0.84 mmol} and dimethylsutoxide
(100 mL). The reaction vessel was sealed and heated at 80 °C for 3 h. After
. cooling to RT, the reaction was quenched by pouring into sat. ammonium chloride
(1 L) and stirred for 30 min. The solid was collected by filtration. Purification by
flash chromatography (silica gel, gradient, 1% to 10% methanol in chloroform) gave
the desired compound as a solid (10.5 g, 95%). MS(ES)* m/z 528 [M+H]}".

g) 4-(2-(4-Amino-1,2,5-oxadiazol-3-yl)- 1-ethyl-7-{[(2 S)-2-morpholinylmethylloxy}-
1 H-imidazo[4,5-c]pyridin-4-yl)-2-methyl-3-butyn-2-cl

To a suspension of 1,1-Dimethylethyl (25)-2-({{2-(4-amino-1,2,5-oxadiazol-
3-yl)-1-ethyl-4-(3-hydroxy-3-methyl-1-butyn-1-yl)-1 H-imidazo(4,5-c]pyridin-7-
yloxy}methyl)-4-morpholinacarboxylate {14.2 g, 0.027 mol) in methylene chioride
(150 mL) was added trifiucroacetic acid (40 mL). After 1 h, the solvent was
removed in vacuo. The residue was evaporated from ethyl acetate (2x) to give a
solid. The residue was suspended in water and treated with 1N NaCH in an ice
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bath until the mixture was basic (pH 8). The precipitate was isolated by filtration,
washed with water, ethyl acetate and dried in a vaccum oven at 40 °C for 4h. The
resulting solid was treated with ethy! acetate (250ml) and stirred at 65 °C then
allowed to cool to RT and then placed in an ice bath and then filtered and the solid
dried in a vaccum oven at 40 °C The resulting solid was suspended in 20%
tetrahydrofuran/ethanol (1.2 L.). Darco G60 activated charcoal (3.9 g) was added
and the mixture heated at reflux for 90 min. and filtered while hot through celite.
The solvent was removed and retreated with ethanol and removed in vacuo (2 x).
The resulting solid was dried under high vaccum for 24 hr at 40 °C to afford the title
compound (7.24 g, 64%). MS(ES)+ m/e 428 [M+H]+.

Example §
OH
] NH,
N
TS
o )
NH

Preparation of 4-{2-(4-amino-1,2,5-oxadiazol-3-yi)-1-ethyl-7-[(3-
rrolidinyimethyloxy]-1 F-imidazol4_ 5-dpyridin-4-yil-2-methvyl-3-butyn-2-cl, his-
trifluoroacetic acid salt

a) 1,1-Dimethylethyl 3-(bromomethyl)-1-pyrrolidinecarboxylate.

To a solution of 1,1-dimsthylethyl 3-(hydroxymethyl)-1-
pyrrolidinecarboxylate (0.56 g, 2.8 mmol) with carbon tstrabromide (1.39 g, 4.2
mmo!) in methylene chloride (10 mL) was added drop wise a solution of triphenyl
phosphine (0.73 g, 2.8 mmol in 5 mL of methylene chloride). Upon completion the
mixture was stirred 18 h at room temperature. The solvent was removed at

reduced pressure and the residue stirred In 10% ethyl acetale 90% hexane. The
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mixture was filtered and the resulting solution chromatographed on silica eluting
with a gradient of 0 — 25% EtOAc in hexane to afford the desired compound (0.41
g, 55%). MS (ES+) m/z 264 (M+H)*.

b) 1,1-Dimsthylethyl 3-({[2-(4-amino-1,2,5-oxadiazol-3-yl}-4-chloro-1-ethyl-1H
imidazo{4,5-cjpyridin-7-yljoxy}methyl)-1-pyrrolidinecarboxylate.

A mixture consisting of intermediate VIl (100 mg, 0.35mmol) in DMF (2 mt)
with cesium carbonate (290 mg, 0.9 mmol) and the compound of Example 5(a)
(290 mg, 1.1 mmol) was stirred at room temperature for 24 h. The mixture was
poured into rapidly stirring ice water (7 mL) and stirring continued for 10 min. To
this was added cyclohexane (7 mL) and stirring continued for an additional 20 min.
The solid was collected by filtration then washed with cyclohexane and dried In
vacuo to afford the desired compound (111 mg, §9%). MS (ES+) m/z 464 (M+H)".

c) 1,1-Dimsthylethyl 3-({[2-(4-amino-1,2,5-oxadiazol-3-yl}-1-ethyl-4-(3-hydroxy-3-
methyl-1-butyn-1-yl)-1 H-imidazo[4,5-c]pyridin-7-yijJoxy}methyl)-1-
pyrrolidinecarboxylate.,

in a thick walled pressure vessel was charged with the compound of
Example 5(b) (100 mg, 0.22 mmol), 2-methyl-3-butyn-2-ol (0.25 mL, 2.6 mmol),
(PhyP).Pd (30 mg), diisopropyt amine (0.4 mL) and dioxane (4 mL). The vessel
was sealed and stirred under an argon atmosphere at 100 °C for 6h. The mixture
was concentrated at reduced pressure then triturated with ethyl acetate (4 mL) to
afford the desired compound (82 mg, 75%). MS (ES+) m/z 512 (M+H)".

d) 4-{2-(4-Amino-1,2,5-0xadiazol-3-yl)-1-ethyl-7-{(3-pyrrolidinylmethyl)oxy]-1H-
imidazo[4,5-c]pyridin-4-yl}-2-methyl-3-butyn-2-0l, bis-trifluoroacetic acid salt

The compound of Example 5(c) (75 mg, 0.15 mmol) was stirred in a 20%
solution of TFA in methylene chloride (3 mL) at room temperature for 20 min.
Toluense (3 mL) was addad and ali volatiles removed at reduced pressure. The
residue was purified by preparative reversed phase HPLC to afford the title
compound as the di-TFA salt (40 mg, 43%). MS (ES+) mvz 412 (M+H)".
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Example 8

regaratlon of 4- 12-(¢gmmcﬂ 2 5-oxadiazol-3-yl)-1-ethyl-7-({[{3S)}-1-methyl-3-

dihydrochloride

a) [(35)-1-Methyl-3-piperidinyl] methanol

To a stirred soiution of lithium aluminum hydride (10.5 mi of 1M solution in
THF, 10.5 mmol} in ether {15 mL) at 20 °C was added dropwise a solution of 1,1-
_ dimethylethyl (35)-3-(hydroxymethyl)-1-piperidinecarboxylate (1.50 g, 7.0 mmol) in
THF (5 mL). After 1.5 h at room tempsrature, water (0.4 mL) was added followed
by 15% aqueous sodium hydroxide solution (0.4 mL) then water (1.2 mL). This was
stirred 20 min then filtered. The filtrate was concentrated under reduced pressure

to give 0.87 g used in the next step without further purification. MS (ES+) m/z 130.2
(W),

b) 4-[4-Chloro-1-ethyl-7-({[(3 S)-1-methyl-3-piperidinyl]methyi}oxy)-1 H-imidazo[4,5-
cpyridin-2-yl]-1,2,5-oxadiazol-3-amine

To a stirred mixture consisting of compound of Example 6(a) (0.260 g, 2
mmol) with triphenyl phosphine polymer bound (1.56 g of 1.6 mmol/g polymer, 2.5
mmol) in mathytene chioride (35 mL) at 0 °C was added a dropwise a solution ot
diethyl azodicarboxylate (0.33 mL, 2.2 mmol) in methylens chloride (5 mL). The
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cooling bath was removed and stirring continued for 20 min. To this mixture at
room temperature was added a solution of the compound of intermediate Vil (280
mg, 1 mmel) in THF (40 mL). The mixture was stirred 18 h at room temperature
then filtered and to the iiltrate was added ethyl acetate (60 mL). The resulting
solution was washed with water (50 mL) then brine {50 mL}. The organic extract
was dried over MgSQy, filtered and the solvent removed under reduced pressure to
give 0.40 g crude solid that was used in the next step without further purification.
MS (ES+) m/z 392.3 (M+H)".

¢) 4-[2-(4-Amino-1,2,5-oxadiazol-3-yl)-1-ethyl-7-({[(3S)-1-methyl-3-
piperidinyl]methyl}oxy)-1 H-imidazo[4,5-c]pyridin-4-y1)-2-methyl-3-butyn-2-ol
dihydrochloride salt

A thick-walled pressure vessel was charged with the compound of Example
1(b) {0.140 g, 0.35 mmol), Zn dust (0.004 g, 0.06 mmol}, Nal (0.008 g, 0.0.05
mmol), DBU (0.08 mL, 0.54 mmolj, TEA {0.075 mL, 0.53 mmol), 2-methyl-3-butyn-
2-0! (0.07 mL, 0.75 mmol) and (Ph,P),Pd (0.015 g, 0.013 mmol) in DMSC (2 mL).
The mixture was poured into rapidly stirring water (10 mL) with ethyl acetate (5 mL}
and cyclohexane (5 mL). The resulting solid was collected then crystallized from
ethanol. The crystalline solid was dissolved in hot ethanol then RCI (0.175 mL of
4M solution in dioxane 0.70 mmol) was added. The precipitate was collected and
dried under reduced pressure to afford the title compound (0.148 g) MS (ES+) m/z
440.3 (M+H)".
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Example 7

reparation of 4-(2-(4-amino-1.2.5-oxadiazol-3-yl}-1-ethyl-7-{[{4-methyl-2-
thiomorpholinylYmethylloxy}-1H-imidazo[4,5-clpvridin-4-yl}-2-methyl-3-b ol
{enantiomer E1)

To a solution of 4-{2-(4-amino-1,2,5-oxadlazol-3-yl)-1-ethyl-7-{(2-
thiomorpholinylmethyi)oxy]-1H-imidazo[4,5-c]pyridin-4-yl}-2-methyl-3-butyn-2-ol
{enantiomer E1) (0.88 g, 1.98 mmol) in MeOH (38 mL) at 0 °C was added
NaCNBH; (0.14 g, 2.20 mmol) and acetic acid (0.57 mL). This was followed by
dropwise addition of formaldehyde (0.25 mL). The reaction was allowed to warm to

RT. After 18 h, the reaction was poured into 50% ag. NaHCQOs;. The solution was
cooled to 0 °C and the resultant precipitate was collected to give 0.0 g of the
desired compound. MS(ES+) m/z 458.4 (M+H)".
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Example 8

Preparation of 4-[2-(4-amino-1,2,5-oxadiazol-3-yl)- 1-ethyl-7-({[{2S5)-4-methy|-2-
morpholinyllmethylioxy)-1H-imidazol4,5-clpyridin-4-yi]-2-methyl-3-butyn-2-ol

To 4-(2-(4-amino-1,2,5-oxadlazol-3-y1)-1-ethyl-7-{[(2S)-2-
morpholinylmsthyf]oxy}-1H-imidazo[4,5-c]pyridin-4-yl)-2-methyl-3-butyn-2-0l (0.13
g, 0.30 mmol) suspended in methanol (2 mL) was added formaldehyde (37% in
water, 0.045 mL, 0.6 mmol). After 5 min, acetic acid (0.051 mL, 0.9 mmol} was
added following by sodium triacetoxyborohydride (0.16 g, 0.75 mmol). After 1h. the
soivent was removed in vacue and the residue suspsnded in 1N NaOH and
extracted with ethyl acetateftetrahydrofuran. The combined organic extracts were
washed with brine and dried sodium sulfate. The filtrate was concentrated in vacuo
to afford the desired compound as a solid (0.10 g, 77%) MS(ES+) mvz 442 [M+H]".
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Example 9

OH

I ",
N =N
W P ) \N,(')
/O

Preparation of 4-[2-(4-amino-1,2.5-oxadiazol-3-vi)-1-sthyl-7-({[{2R)-6-methvi-2-
morpholinylimsthylloxy)-1H-imidazo[4,5-c]lpyridin-4-yl]-2-methyl-3-butyn-2-of,
dihydrochloride

a) (25)-1-({[2,4-Bis(methyloxy)phenyllmethyljamino)-3-{(phenyimethyl)oxy]-2-
propano!

To a stirred solution of 2,4-dimethoxybenzylamine (1.00 g, 5.99 mmol) in
MeOH (30 mL) at room temperature was added benzyl (S)-(+)-glycidyl ether
(0.88g, 5.40 mmol). After 12 h the reaction was concentrated in vacuo. The
residue was dissolved in ethyl acetate (75 mL) and washed sequentially with 1 N
HCI (25 mL) and brine (25 mL). The solution was dried over MgSQ,, filtered and
the soivent removed under reduced pressure 10 give 1.35 g of the crude oil that
was used in the next step without further purification. MS (ES+) m/z 332.2 (M+H)".

b) N-{[2,4-Bis(methyloxy}phenylimethyl}-2-bromo-N-{{2R)-2-hydroxy-3-
[(phenylmethyl)oxy]propyl}propanamide

To a stirred solution of the compound of Example 9(a) (0.50 g, 1.50 mmol)
and triethylamine (0.25 mL, 3.0 mmol) in CHzCl, (30 mL) at 0 °C was added 2-
bromopropionyl chloride (0.280 g, 1.65 mmol). After 12 h at room temperature, the
solvent was removed under reduced pressure. The residue was dissolved in sthyi
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acetats (75 mL) and washed sequentially with 1 N HCI (25 mL) and brine (25 mL).
The solution was dried over MgSO,, filtered and the solvent removed under
reduced pressure to give 0.51 g of the crude oil that was used in the next step
without further purification. MS (ES+) m/z 467.2 (M+H)",

c) (6R)-4-([2,4-Bis(methyloxy)phenyljmethyl}-2-methyl-6-
{[{phenylmethyl)oxy]methyl}-3-morpholinone

A mixture of the compound of Example 9(b} (0.40 g, 0.86 mmol) and
sodium hydride (0.067 g, 1.37 mmol} in THF {15 mL) was stirred under nitrogen at
room temperature for 16 h. The reaction was diluted with ethy! acetate (50 mL.)
washed with water (3x15 mL) and brine {20 mL). The solution was dried over
MgSQ.,, filtered and the solvent removed under reduced pressure to give the
desired product. Preparative HPLC {YMC-Pack ODS-A column, 30 mmid. x 75
mm, 20 mbt/min, gradient, A: water-0.1% trifluoroacstic acid, B: acetonitrile-0.1%
trifluoroacetic acid, 10-90% acetonitrile during 12 min, UV detection at 254 nm)
gave 0.245 g (74% yield) of the title compound. MS (ES+) m/z 386.2 (M+H)".

d) (6R)-4-{[2,4-Bis{methyloxy)phenyljmethyl}-2-methy!-6-
{[{phenylmethyl)oxy]methyi}jmamholine

A solution of the compound of Example 9(c) (0.200 g, 0.51 mmol) in THF
was added LAH (1M, 0.60 mL) at 0 °C under nitrogen. The reaction was warmed
to ambient temperature and stirred for 12 h. To the reaction was added water (0.02
mL), slowly at 0 °C and 1N NaOH (0,02 mL), the mixture was allowed to stir at
room temperature for 1 h. Additional water (0.07 mL) was added and stirred for 30
min. The mixture was filtered. The solids were washed several times with ethyl
acetate. The filtrate was concentrated under reduced pressure to give 0.12 g of
the crude oil that was used in the next step without further purification. MS (ES+)
m/z 372.2 (M+H)".

e} (BR)-2-Methyl-8-{[(phenyimethyl)oxylmethyl}morpholine

A solution of the compound of Example 9(d) (0.12 g, 0.32 mmol) in CHCf.
(5 mL) at ambient temparature was treated with 1-chloroethyl chloroformate (0.10
mL, 1.4 mmol). The reaction was stirred at refiuxed for 2 h, the solvent was
removed under reduced pressure to give a crude residus. The residue was
dissolved in MeOH (5 mL) and stirred at refluxed for 1 h. The solvent was removed
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under reduced pressure to give a crude residue 0.51 g of the crude oil that was
used in the next step without further purification. MS (ES+) m/z 222.2 (M+H)".

f) 1,1-Dimethylethyl (6R)-2-methyl-6-{[(phenylmethy!)oxy]methyl}-4-
morphclinecarboxylate

A solution of the compound of Example 9(e) (0.20 g, 0.90 mmol) in CH;CN
(5 mL) at ambient temperature was treated with di-tert-butyl dicarbonate (0.22 g,
1.0 mmol). Removal of the organics gave the crude residue. Preparative HPLC
(YMC-Pack ODS-A column, 30 mm i.d. x 75 mm, 20 mL/min, gradient, A: water-
0.1% tritluorogacetic acid, B: acetonitrile-0.1% trifluoroacetic acid, 10-90%
acetonitrile during 12 min, UV detection at 254 nm) gave 0.214 g (79% yield) of the
title compound. MS (ES+) miz 322.2 (M+H)".

g) 1.1-Dimethylethyl (2R)-2-(hydroxymethyl)-6-methyl-4-morpholinecarboxylate

A solution of the compound of Example 9(f) {0.20 g, 0.62 mmol) in EtOH (5
mL) was treated with pafladium hydroxide (0.10 g). The mixture was placed In a
Parr apparatus and shaken for 16 h under 55 psi of H; atmosphere. The mixture
was filtered over a pad of Celite and washed with MeOH (25 mL). The filtrate was
concentrated under reduced pressure to give 0.15 g of the crude oil that was used
in the next step without further purification. MS (ES+) m/z 232.2 (M+H)".

h) 1,1-Dimethylethyl (6R)-2-methyi-8-({[{4-msthylphenyl)sulfonyljoxy}methyl)-4-
morpholinecarboxytate

A solution of the compound of Example 9(g) (0.15 g, 0.65 mmol) in CH,Cl;
(5 mL) was added triethylamine (0.10 mL), dimethylaminopyridine (0.02 g) and
tosyl chioride (0.15 g, 0.79 mmol). After 12 h the reaction was concentrated in
vacuo. The residue was dissolved in ethyl acetate (75 mL) and washed
sequentially with 1 N HCI (25 mL) and brine (25 mL.). The solution was dried over
MgSQ,, filtered and the solvent removed under reduced pressure to give of the
crude residue. The crude residue was subjected to flash chromatography (25-
100% EtOAc/Hex, silica gel) to give 0.14g of the desired compound as light ysllow
solid. MS (ES+) m/z 286.2 (M+H-BOC)*, no parent ion was cbserved.

i) 1,1-Dimethylethyl (2S})-2-({[2-(4-amino-1,2,5-0xadiazol-3-yl)-4-chloro-1-ethyl-1H-
imidazo[4,5-c]pyridin-7-yljoxy}methyl)-6-methyl-4-morpholinecarboxylate
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A mixture of the compound of Exampie 9(h) (0.14 g, 0.36 mmol), the
compound of intermediate VIl (0.11 g, 0.40 mmol), and cesium carbonate (0.20 g,
0.55 mmal) in DMF (8 mL) was stirred under nitrogen at 50 °C for 16 h. Aiter
allowing the reaction to cool to ambient temperature, the mixture was diluted with
ethyl acetate (50 mL) washed with water (3x15 mL) and brine (20 mL). The
solution was dried over MgSO,, filttered and the solvent removed under reduced
pressurs to give the desired product. Preparative HPLC (YMC-Pack ODS-A
celumn, 30 mmi.d. x 75 mm, 20 mUmin, gradient, A: water-0.1% trifluoroacetic
acid, B: acetonitrile-0.1% trifluoroacetic acid, 10-90% acetonitrile during 12 min, UV
detection at 254 nm) gave 0.124 g (70% yield) of the title compound as a white
solid. MS (ES+) m/z 494.2 (M+H)".

)} 1,1-Dimethylethyl (28)-2-({[2-(4-amino-1,2,5-oxadiazol-3-yl)-1-ethyl-4-(3-hydroxy-
3-methyl-1-butyn-1-yl)-1H-Imidazo[4,5-c]pyridin-7-yljoxy)methyl)-6-methyi-4-
morphalinecarboxylate

A thick-walled pressure vessel was charged with the compound of Example
9(i) (0.124 g, 0.25 mmol), Zn dust (0.02 g, 0.30 mmol), Nal (0.04 g, 0.27 mmol),
DBU (0.20 mL, 1.32 mmol), TEA (0.15 mL, 1.07 mmol), 2-methyl-3-butyn-2-0l (0.20
mL, 2.07 mmol) and (PhsP).Pd (0.04 g, 0.03 mmol) in DMSO (5 mL). After purging
with nitrogen for 10 min., the reaction vessel was sealed and heated at 80 °C for 3
h. The reaction mixture was diluted with water and extracted with ethyl acetate.
The organic extracts were washed with water, brine and dried over sodium sulfate.
The solvent was removed under reduced pressure to afford a light yellow residus.
The crude residue was subjected to flash chromatography {(0-10% MeOH/CHCI3, -
silica gel) to give an additional 0.10 g of the desired compound as light yellow solid.
MS (ES+) m/z 541 (M+H)". '

K} 4-[2-(4-Amino-1,2,5-oxadiazol-3-yl)-1-ethyl-7-({[(2S)-6-methyl-2-
marpholinyl]methyl}oxy)-1H-imidazo[4,5-¢c]pyridin-4-yl])-2-methyl-3-butyn-2-ol
dihydrochloride salt

A solution of the compound of Example 9(j) (0.10 g, 0.18mmol) in methancl
(5mL} was added 4N HCI in 1,4-dioxane (3.5 mL, 16.0 mmol). After 3 h at ambient
temperature, the solvent was removed under reduced pressure. The residue was
triturated with dichloromethane and the solid was collected by filtration to give
0.063 g of the title compound as light yellow solid. MS (ES+) m/z 441 (M+H)".
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Preparation of 4-[2-(4-aming-1.2 S-oxadiarol-3-y1}=1-athyl-7-([[{25}-4-ethy|-2-
morp holinyllmethylloxyl-1 H-imidazo(4,5-clpyrldin-4-vl-2-meathyl-3-b 20

To 2 soiution of the compound of Exampls 4 (0.13g, 0.0 fnmni} in MeOH
{4 L) &1 0 °C was added acetaldehyde (0.034 mL, 0.61 mimol) and acetic acld
{0.052 mL. .80 mmol}. This was followed by the 2ddition of NaCNBHS (0.042 g,
0.78 mmol). The reaction was allowsd to warm to RT. Aftér 18 h, the reaction was
pourad into 50% agq. NaHCC3. The solution was cocled to 0 0 and the residtant
precipitate was collected o give 0.19 g of the desired compound. MS (ES+) mfz
456.4 [M+H)",

Exampis 1i - Capstle Composition
An orai dosage form for administering the present invention is produced by
flling a standard two piece hard gelatin capsule with ths ingradients in the
praportions shown in Table |, below.
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Teble |
INGREDIEMTS AMOUNTS
4-(2-(4-amino-1,2,5-oxadiazol-3-y))-1-ethyl-7-{[{35)-3~ 25 mg

piperidinylmethyjoxyl-1H-imidazcld,5-cpyridin-4-yl}-2-.
methyl-3-butyn-2-ol

Lactose h5 mQ
Talc 18 my
Magnesium Stearate 4 mg

Example 2 - Iniectable Parsnteral Composition
An injectable form for administaring the pressntinvention |s produced by
stlrring 1.5% by weight of 4-(2-(4-aminc-1,2,5-oxadiazol-3-yl)-1-ethyl-7-{[(25)-2-
thiormorphealinyimethy]oxy}-1 H-imidazo[4,5-¢]pyridin-4-yN)-2-methyl-3-butyn-2-ol, in
10% by volume propylene glycol in wetsr.

Example 12- Tablet Composition

The sucrose, calcium sulfate dihydrate and an Akt inhibitor as shown in
Table |l below, are mixed and granulated In the proportions shown with a 10%
gelatin solution. The wet granulss are screened, dried, mixed with the starch, tale
and stearic acid;, screenad and comprassed into a tablet.

Table |
INGREDIENTE AMOUNTS
4-{2-[{4-amino-1,2,5-0xad Laan-B-y'I}ﬂ -aihyl-7-{[{25}-2- C20my

thiomorp holimpmethyl] oxy}-1H-imidazol4,5-c]pyridin-4-yl)-
2-methyl-3-butyn-2-ol, dihydrochlonds

calcium sulifate dehvdrate 30 mg
Sucrase 4 mg
Starch 2mg
Tale 1 myg
stearic acid 0.5 mg

While the preferred ambodiments of the invention are iliustraled by the
abovs, it i5 i0 be understood that the invention is not Ymited to the preclse
instructions herein disclosed and that the right to all medifications coming within the
scope of the following claims is resetved.
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What is clalmed is:
1. A compound selected from:

4-(2-(4-aminc-1,2 8-oxadiazol-3-yl}-1 ~athyl-7-{[{35)-G-pipardinylmethylloxy)-
1H-imidazal4,5-¢pyridin-d-yl)-2-methyl-3-butyn-2-ol;
4-{2-(4-amino-1,2,5-oxadiazol-3-yl)-1-ethyl- 7-{[(28)-2-
thisrmorphollnyimethyl]oxyl-1 H-imidazo{4,5-clpyridin-4-yl)-2-methyl-3-butyn-2-al;
4-{2-(4-aming-1,2,5-oxadiazol-3-yl)-1-ethyl-7-{{(25}-2-
morpheliny methyljoxy}-1 H-imidazo[4 S-cipyridin-d-y1}-2-methyl-3-butyn-2-0f; and
442-(a-amina-1,2,5-oxadiazol-3-yI)-1-ethyl-7-{{{2R}-6-methyl-2-
morpholinyllmethyitoxy)-1H-imidazo[4,5-c)pyridin-d-yil 2-methyl-3-butyn-2-0l;

andfor pharmaceutically acceptable saits, hydrates, solvates and pro-drugs thereot.

2. A comgpound of claim 1 that is;
4-{2-{4-aming-1 2,5-oxadlazol-3-yl)-1 -ethyl-7-{[{38)-3-pipartdinylmethyiloxy)-
1H-imldazo[4,5-¢]pyridin-4-yl}-2-methyl-3-butyn-2-o!; '

and/or pharmaceutioally acceptabls selts, hydrates, solvates and pro-drugs thereof.

3. A compound of claim 1 that is:
4-(2-(4-amino-1,2,5-oxadiazok-3-yI-1-ethyl-7-{[(25)-2-
thiomerpiolingtmethyiloxy]- 1 H-imidazel4, 5-e]pyridin-4-y1)-2-methyl-3-butyn-2-ol;

and/or pharmaceutically acceptable selts, hydrates, solvates and pro-drugs thereof.,

4. A compound of claim 1 that is:
4-[2-{4-amino-1,2 S-oxadiazal-3-yl)-1-ethy-7-{[{25)-2-
morpholtnylmethylloxy}-1 H-imidazo[4,5-c]pyridin-d-yi)-2-methyl-3-butyn-2-0l;

and/or pharmaceutically acceptable salts, hydrates, solvates and pro-drugs thereof.

A A compound of claim 1 that is:
4-[2-{4-amino-1,2,5-oxadiazol-3-yl}-1-ethyl-7-({[{2R}-6-methyl-2-
mghpholingl] mathyl_}pxy) -{H-tnidazol4,5-0]pyridin-4-yl])-2-methyl-3-butyn-2-ol;
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and/or pharmaceutically acceptable salts, hydrates, solvates and pro-drugs thereof.

B. A pharmaceutical composition compilsing a compound
according to claim 1, and/or a pharmaceuticelly acceptable salt, hydrate, solvate of
pro-grug theregt and a pharmaceutically acceptable carrier,

7. A pharmaceutical compositian comprising a compound
according o ¢laim 2, andlor a pharmaceutically acceptable sait, hydrats, solvate or
pro-drug thersof and a pharmaceutically accaptable carrier.

B. A process for preparing a pharmaceutical compasition
containing & pharmaceuticaliy acceptable carrier and an sffective amount of a
compound of ¢laim 1 andfor a pharmaceutically acceptable salt, hydrate, solvate or
pro-drug thereof, which procsss comprises btinging tha compound of claim -
andfor a pharmaceutically acceptable salt, hydrats, sobvate or pro-grug theredf Into
association with a pharmacsutically acceptable carrier.

g. A method of treating or lessening ths severity of a disease or
condition selected from cancer and arthrltls in a mammal in need thersof, which
comprises administaring to such mammal a therapeutically effective amount of a
gompound of claim 1 and/or 2 pharmaceutically acceptable salt, hydrate, solvate or
pro-drug thersof,

10.  The method of clalm 9 wherein the mammal is a human.

11, A method of treating or leasening the severity of a dissase or
condition s&lected from cancer and arthritis in & marmmal in nesd theraof, which
comptisss administering to such mammal 2 therapeutically effective amount of a
compeund of claim 2 and/or a phammaceutically acceptable sali, hydrate, solvats or
pro-drug thereof.

12, The method of claim 11 whearein the mammal iz a2 human.

13.  The mathod according to claim 9 wherain said cancer is
selected from train (gliomas), giioblastomas, Bannayan-Zonana syndrome,
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Cowden diseass, Lhermitte-Duclos disease, breast, colon, head and neck, kidney,
lung, liver, melanoma, ovarian, pancreatie, prostats, sarcoma and thyroicl,

14.  The mathad according to clalm 11 whercin said cancer is
salected from brain (gliomas), glioblaﬁnmas. Bannayan-Zonana syndrome,
Cowden dissase, Lherrmitte-Duclos disease, breast, colon, head and nack, kidneay,
Jung, lver, melanoma, ovarian, pancraatic, prostate, sarcoma and thyrold.

15.  Use of a compound of claim 1 and/or.a pharmageutically
acceptable salt, hydrate, solvate or pro-drug thereof, in the manufacture ola
medicament for use i treating or lessening ihe severity of a disease or condition
selested from cancer and arthritis. |

16.  The method of inhibiting Akt activity in a mammal in need
thereof, which comprises administering to such mammal a therapeutically effective
amount of 2 compound of claim 1 Iandfcur a pharmaceutically acceptabla sal,
hydrate, solvate ar pro-drug thareof.

17. The method of glaim 16 wherein the mammal s a human.

18, A method of treating cancer in 2 mammal in need thereol,
which comprises: co-administeting to such mammal-a therapeutically effective
amourtt of

a) a compound of clalm 1 andfor & pharmacsutically acceptable
salt, hydrate, solvate or pro-drug thersof; and

k) at |sast one anti-neaplastic agent.

19.  The msthad claim 18, whersin the at least one ant-
neoplasiic agent is selectad from the group consisting essentially of anti-
mictotubule agents, platinum goordination complexes, alkylating agents, antibiotic
agents, topoisomerasa Il inhibitors, antimetabelites, topoisomerase | inhibitors,
hormones and harmenal analogues, signal transdiction pathway inhibitors; non-
receptor tyrosine kinase angiogenesis inhibitors; immuinotherapautic agents;
proapoptotic agents; and cell cycle signating inhibiors.

il
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z20. The method of daim 18, whersin the at least oneg anti-
neoplastic agant is an ani-ricrctubule agent selected from diterpenoids and vinca
alkaloids,

21, The method of ¢laim 18, wharein the at |east one anti-
neoplastic agent is a diterpencid.

22, The methad of claim 18, wherein the at lsast one antl-
neoplastic agent is a vinca alkaloid.

23. The method.of claim 18, wherein the at least one anti-
nsoplastic agent is a piatinum cooidination complex.

24. The method of clalm 18, wherein the at |zast one anti-
neoplastic agent is paclitaxel, carboplatin, or vinorelbine.

25 The methed of dalm 18, wheraln ths at least ons anti-
neoplastic agent is paclitaxel.

26. The methad of cleim 1 8, wharain the at [sast one anti-
neoplastic agent is carboplatin.

27. The method of claim 18, wherein the at least one anti-
neoplastic agent is vinoralbine.

2. The method of claim 18, wherein the at least ones anti-
necplatic agent is a signal transduction pathway inhibitor.

29, The method of claim 28, wherain the signal transduetion
pathway inhiblter is an inhibitor of a growth factor receptor kinase selected from the
group censisting of VEGFRZ, TIEZ, FDGFR, BTK, IGFR-1, Trka, TrkB, TrkC, and
o-fms.

30.  The method of claim 28, wiierein tha signal transduction
pathway inhibitor is an inhibitor of a serinsfthrecning kinase selectad from the
~ group consisting of rafl;, aki, and PKC-zeta.
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31,  The method of claim 28, wherein the signal transduction
pathway inhibitor is an inhibitor of a serine/thraonine kinase selectad fram the sic
famity of kinases. '

32 The method of siaim 31, whereln the signal transduction
pathway inhititor is an inhibitor of c-sre.

33,  The method of claim 28, wherein the signal tranaduction
pathway Inhibitor is an inhibitor of Ras oncogene selected from Inhibiters of famesyl -
transfarase and geranyigeranyl transferase,

34.  The methed of claim 28, wherein the signal ransduction
pathway inhibitor ig an inhibitor of a serinefhreonine kinase selectsd fromthe
group consisting of PISK,

5.  The method of claim 18, wherein the at |east ene anti-
neoplagtic agent is a cell oyole slgnafing innibitor.

36. The method of claim 35, whereln the cell cycle signaling
inhibitor is selected from inhibitors of the group CDK2, CDKA4, and COKB.

ar. A pharmaceutical combination as claimed in claim 18 for use
L in tharapy.

88.  The use of a pharmaceutical combination as claimed in clalm
1 for tha preparation of a medicament useful in the treatment of cancer.

- 38. A method of treating or Isssening the severtity of a disease or
aandition selected from cancer and arthritis in a mammai in nead thereof, which
comprises administering to such mammal a tharapsutically effective amount of 4-
(2-(2-amino-1,2 G-oxadiazol-3-yl)-1-ethyl-7-{[{25)-3-pipsndinylmethylloxy}-1H-
imidazol4,5-c]pyridin-4-y/)-2-methyl-3-butyn-2-0l and/or a pharmaceutically
' . acceptable salt, hydrate, sclvate or pro-drug thereof.

40. A method of treating or lessening the saverity of a disease or -
condition selected from cancer and arthritis in a mammal in need thereof, which
pomprises adminlstering to such mammal a therapsutically effsctive amount of 4-
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" (2-(4-amino-1,2,5-oxadiazal-3-yl)-1 -ethyk7-{[{28)-2-thiomorpholinyl methyloxy}-1H-
imidazojd, 5-c]pyridin-4-yl)-2-methyl-3-butyn-2-ol andior a pharmaceutically
acceptable salt, hydrate, solvate er pro-drug thereof.

a1, A method of treating or lessening the severlty of & diéeasa or
conditlon sslected from cancer and arthritls In a mammal in need thersof, which
comprisas administering to such mammal a therapeutically effective amount of 4-
{2-{4-amino-1,2,5-oxadiazol-3-yl)-1-ethyl-7-{[(25)-2-mo rehelinyimathyl)oxy}-1H-
imidazo(4,5-clpyridin-d-yl}-2-methyl-3-butyn-2-ol andfor a pharmaceutically
accoptable salt, hydrate, solvaie or pro-drug thereof.

42. A method of treating or lessaning thé severity of a disease or
condition selacted from cancer and arlhritis in a mammal in need tharaof, which
comprises administering to such mammal a therapeutically effective amount of 4-
12-(4-amino-1,2,5-oxadiazol-3-yl)-1-sthyl-7-({f{2 R}-6-methyl-2-
morpholinyl]methylloxy)-1 H-imidazol4,5-c]pyridin-4-yl]-2-mesthyl-3-b utymi-2-0l andfor
a pharmaceUtically acceptable salt, hydrate, solvate-or pro-drug thareof.
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INHIBIDORES DE LA ACTIVIDAD Akt

CAMPOQ DE LA INVENCION
Esta invencion se refiere a nuevos compuestos 1H-imidazo[4,5-clpiridin-
2-ilo, al uso de tales compuestos como inhibidores de la actividad proteina
quinasa B (en lo sucesivo PKB/Akt, PKB o Akt) y en el tratamiento de céncery
artritis.

ANTECEDENTES DE LA INVENCION

La presente invencidn se refiere a compuestos que contienen 1H-
imidazo[4,5-c}piridin-2-ilo que son inhibidores de la actividad de una 0 més de
las isoformas de la serina/treonina quinasa, Akt (también conocida como
proteina quinasa B). La presente invencidn también se refiere a composiciones
farmaceuticas que comprenden dichos compuestos y a procedimientos de uso
de fos presentes compuestos en el tratamiento de cancer y artritis (Liu et al.
Current Opin. Pharmacoelogy 3:317-22 (2003)).

La apoéptosis (muerte celular programada) desempeda funciones
esenciales en el desarrollo embrionario v en la patogénesis de diversas
enfermedades, tales como enfermedades neuronales degenerativas,
enfermedades cardiovasculares y cancer. Recientes trabajos han conducido a
la identificacion de diversos productos génicos pro- y antiapoptéticos que estan
implicados en la regulacién o ejecucion de la muerte celular programada. La
expresion de genes antiapoptoticos, tales como Bel2 o Bcel-x, inhibe la muerte
celular apoptética inducida por diversos estimulos. Por otro lado, fa expresién
de genes proapoptoticos, tales como Bax o Bad, conduce a ta muerte celular
programada (Adams et al. Sciernce, 281:1322-1326 (1998)). La ejecucién de la
muerte celular programada esta mediada por proteinasas relacionadas con
caspasa-1, incluyendo caspasa-3, caspasa-7, caspasa-8 y caspasa-9 y
similares (Thornberry et al. Science, 281:1312-1316 (1998)).

La via de la fosfatidilinositol 3-OH quinasa (PI3K)/Akt/PKB parece ser
importante para regular la supervivencia celular/muerte celular (Kulik et al.
Mol Ceil.Biol. 17:15985-1606 (1997); Franke et al, Cell, 88:435-437 (1997):
Kauffmann-Zeh et al. Nature 385:544-548 (1997) Hemmings Science, 275.628-
630 (1997); Dudek et al., Science, 275:661-665 (1997)). Factores de
supervivencia, tales como factor de crecimiento derivado de las plaquetas
(PDGF), factor de crecimiento nervioso (NGF) y factor de crecimiento analogo
a la insulina | (IGF-1}), promueven la supervivencia celular en diversas
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condiciones induciendo la actividad de PISK (Kulik et al. 1997, Hemmings
1897). PI3K activada conduce a la produccion de fosfatidilinositol (3,4,5)-
trifosfato (Ptdins (3,4,5)-P3), que a su vez se une a, y promueve la activacion
de serina/treonina quinasa Akt, que contiene un dominio de homologia a
pleckstrina (PH) (Franke et al Cell, 81:727-736 (1995); Hemmings Science,
277:534 (1997), Downward, Curr. Opin. Cell Biol. 10:262-267 (1998), Alessi et
al., EMBO J. 15. 6541-6551 (1996)). Inhibidores especificos de PI3K o
mutantes Ak/PKB dominante negativo anulan las actividades promotoras de
supervivencia de estos factores de crecimiento o citoquinas. Se ha descrito
antes que los inhibidores de PI3K (LY294002 o wortmanina) bloquean la
activacidn de Ak/PKB por quinasas cadena arriba. Ademas, la introduccion de
mutantes de PI3K o AkUPKB constitutivamente activos promueve la
supervivencia celular en condiciones en las que las células normalmente sufren
muerte celular apoptética (Kulik et al. 1997, Dudek et al. 1997).

El analisis de los niveles de Akt en tumores humanos mostrd que Akt2
esta sobreexpresada en un numero significativo de canceres de ovario (J. Q.
Cheung et al. Proc. Natl. Acad. Sci. U.S.A. 89:9267-9271(1992)) y de pancreas
(J. Q. Cheung et al. Proc. Natl. Acad. Sci. U.S.A. 93:3636-3641 (1996)). De
igual modo, se encontré que Akt3 estaba sobreexpresada en lineas celulares
de canceres de mama y de préstata (Nakatani et al. J. Biol.Chem. 274:21528-
215632 (1999). Se demostré que Akt-2 estaba sobreexpresada en el 12% de
los carcinomas de ovario y que la amplificacion de Akt era especialmente
frecuente en el 50% de los tumores no diferenciados, sugiriendo que Akt puede
también estar asociada con la agresividad tumoral (Bellacosa, et af., Int. J.
Cancer, 64, pp. 280-285, 1995). Se ha descrito mayor actividad de la quinasa
Akt1 en canceres de mama, ovaric y prostata {(Sun et al. Am. J. Pathol 159:
431-7 (2001)).

El supresor tumoral PTEN, una proteina y fosfatasa lipidica que elimina
de forma especifica 3' fosfato de Ptdins(3,4,5)-P3, es un regulador negativo de
la via de PI3K/AKt (Li et al. Science 275:1943-1847 (1997), Stambaolic et al. Cell
95:29-39 (1998), Sun et al. Proc. Nall. Acad. Sci. U.S.A. 96:6199-6204 (1999)).
Mutaciones en la linea germinal de PTEN son responsables de sindromes de
canceres humanos tales como enfermedad de Cowden (Liaw et al. Nature
Genetics 16:64-67 (1997)). PTEN estd eliminado en un gran porcentaje de
tumores humanos y lineas celulares tumorales humanas sin que PTEN
funcional muestre niveles elevados de Akt activada (Li et al. supra, Guldberg et
al. Cancer Research 57:3660-3663 (1997), Risinger et al. Cancer Research
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57:4736-4738 (1997)).

Estas observaciones demuestran que la via de PI3K/Akt desempefa
funciones importantes para regular la supervivencia ¢ apoptosis celular en
tumorigenesis.

Se han identificado tres miembros de la subfamilia AkYPKB de
serina/treonina proteina quinasas reguladas por el segunde mensajero y se
han denominado Aki1/ PKBo, Aki2/PKBf y Akt3/PKBy respectivamente. Las
isoformas son homologas, en particular en regiones que codifican los dominios
cataliticos. Las Akt/PKB se activan por sucesos de fosforilacion que se
producen como respuesta a la sefalizacion de PI3K. PI3K fosforila fosfolipidos
de inositol de la membrana, generando los segundos mensajeros
fosfatidilinositol 3,4,5-trisfosfato y  fosfatidilinositol 3 4-bisfosfato, que han
demostrado que se unen al dominio pH de Akt/PKB. El presente modelo de
activacién de AkYPKB propone la atraccién de ta enzima a la membrana por
fosfoinositidas 3'-fosforiladas, donde se produce la fosforilacion de 10s sitios de
regulacidon de Akt/PKB por las quinasas cadena arriba (B.A. Hemmings,
Science 275:628-630 (1997); B.A. Hemmings, Science 276.534 (1997); J.
Downward, Science 279.:673-674 (1998)).

La fosforilacion de Aktt/PKBo se produce en dos sitios reguladores,
Thr®® en el lazo de activacion del dominio catalitico y en Ser*’® cerca del
extremo carboxilo terminal (D. R. Alessi et al. EMBO J. 15:6541-6551 (1996) y
R. Meier et al J. Biol. Chem. 272:30491-30497 (1997)). Sitios reguladores
equivalentes se producen en Akt2/PKBf} y Akt3/PKBy. La quinasa cadena
arriba, que fosforila AKUVPKB en el sitio del lazo de activacion se ha clonado y
denominado proteina quinasa 1 dependiente de 3'-fosfoinositida (PDK1).
PDK1 fosforila no solo Akt/PKB, sino también la quinasa p70 ribosomica S8,
p90RSK, quinasa regulada por suero y glucocorticoides (SGK) y proteina
quinasa C. La quinasa cadena arriba que fosforila el sitio regulador de
Akt/PKB cerca del carboxilo terminal no se ha identificado todavia, pero
estudios recientes le atribuyen una funcidn para la quinasa ligada a integrina
(ILK-1), una serina/treonina proteina quinasa, o autofosforilacion.

La inhibicién de la activacion de Akt y su actividad se puede conseguir
inhibiendo PI3K con inhibidores tales como LY294002 y wortmanina. No
obstante, la inhibicion de PI3K tiene la posibilidad de afectar de forma
indiscriminada no solo a las tres isozimas Akt sino tambieén a otras moléculas
senalizadoras que contienen el dominio PH que son dependientes de
Pdtins(3,4,5)- P3, tales como la familia Tec de tirosina quinasas. Por otro lado,

.3



10

15

20

25

30

35

-4-

se ha descrito que Akt puede ser activada por sefiales de crecimiento que son
independientes de PI3K.

De forma aiternativa, la actividad Akt se puede inhibir blogueandoc la
actividad de la quinasa PDK1 cadena arriba. El compuesto UCN-01 es un
inhibidor de PDK1 decumentado. Biochem. J. 375(2):255 (2003). De nuevo, la
inhibicién de PDK1 daria ¢como resultado la inhibicion de varias proteina
quinasas cuyas actividades dependen de PDK1, tales como isoformas de PKC
atipicas, SGK y S6 quinasas (Williams et al. Curr. 8iol. 10:439-448 (2000).

Inhibidores de Akt de molécula pequena son utiles en el tratamiento de
tumores, en especial los que tienen Akt activada (por ejemplo, tumores sin
PTEN y tumores con mutaciones ras. PTEN es un regulador negativo critico
de Akt y su funcién se pierde en muchos canceres, incluyendo carcinomas de
mama y de prostata, glioblastomas y varios sindromes cancerosos incluyendo
sindrome de Bannayan-Zonana (Maehama, T. et al. Annual Review of
Biochemistry, 70. 247 (2001)), enfermedad de Cowden (Parsons, R.; Simpson,
L. Methods in Molecular Biology (Totowa, NJ, United Slates), 222 (Tumor
Suppressor Genes, Volumen 1). 147 (2003)) l y enfermedad de Lhermitte-
Duclos (Backman, S. et al. Current Opinion in Neurobiology, 12(5}. 516 (2002)).
La inhibicidn de Akt también se ha implicado en el tratamiento de leucemias,
(J.C. Byrd, S. Stilgenbauer and 1.W. Flinn “Chronic lymphocytic leukemia.”
Hematology / the Education Program of the American Society of Hematology.
American Society of Hematology. Education Program (2004), 163-83). Los
niveles de Akt3 se elevan en canceres de mama deficientes en receptor de
estrogenos y lineas celulares de cancer de prostata independientes de
androgenos y Akt2 estd sobreexpresada en carcinomas de pancreas y de
ovario. Akt1l esta amplificada en canceres gastricos (Staal, Proc. Nall. Acad.
Sci. USA 84: 5034-7 (1987) y con mayores niveles en canceres de mama (Stal
et al. Breast Cancer Res. 5. R37-R44 (2003)). Por tanto, es de esperar que un
inhibidor de Akt de molécula pequeiia sea Util para el tratamiento de estos tipos
de cancer, asi como para otros tipos de cancer, Los inhibidores de Akt también
son utiles en combinacidn con otros agentes quimioterapicos.

Un objeto de la presente invencién es proporcionar nuevos compuestos
que sean inhibidores de Akt/PKB.

También es objeto de la presente invencion proporcionar composiciones
farmaceuticas que comprenden un vehiculo farmacéutico y compuestos utiles
en los procedimientos de la invencion.

También es objeto de la presente invenciébn proporcionar un
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procedimiento para tratar cancer que comprende administrar tales inhibidores

de la actividad Akt/PKB.
También es objeto de la presente invenciéon proporcionar un
procedimiento para tratar artritis que comprende administrar tales inhibidores

5 de la actividad Akt/PKB,

SUMARIO DE LA INVENCION

Esta invencién se refiere a nuevos compuestos de Férmula (1).

10
\/OH
NH, N ‘\*N
7
N/
L/ N &
O-N
Rl
X
R5 N\R3
RY _a R4
R (1
en la que:

X no estad presente o se selecciona de grupo consistente en: O, S y
CR20R271, seleccionandose RZ20R21 independientemente de:
16 hidrégeno, fluor, ciclopropilo, ciclopropilo sustituido, ciclobutilo,
ciclobutilo sustituido, ciclopentilo, ciclopentilo sustituido, -alquil C4.Cy
y alquil C1.C4 sustituido,

o R20R21 tomados junto con el carbono al que estan unidos
forman ciclopropilo, ciclopropilo sustituido, ciclobutilo, ciclobutilo

20 sustituido, ciclopentilo o ciclopentilo sustituido;

R2RZ" se seleccionan independientemente de:  hidrégeno, fluor,
ciclopropilo, ciclopropilo sustituido, ciclobutilo, ciclobutilo sustituido,
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ciclopentilo, ciclopentilo sustituido, -alquil C4.C4 vy -alquil C4.C4
sustituido,

o R2RZ' tomados junto con el carbono al que estan unidos
forman ciclopropilo, ciclopropilo sustituido, ciclobutilo, ciclobutilo
sustituido, ciclopentilo o ciciopentilo sustituido,

R3 se selecciona de! grupo consistente en: hidrogeno, ciclopropilo,
ciclopropilo sustituido, ciclobutile, ciclobutito sustituido, ciclopentilo,
ciclopentilo sustituido, ciclopropilmetilo, ciclopropilmetilo sustituido, -
alquil Cq1.C4 y -alquil C1.C4 sustituido;

R4R4’ se seleccionan independientemente de:  hidrogeno, fitor,
ciclopropilo, ciclopropilo sustituido, ciclobutilo, ciclobutilo sustituido,
ciclopentilo, ciclopentilo sustituido, -alguil C1.C4 y -alquil C1.C4
sustituido,

o R4R4" tomados junto con el carbono al que estan unidos
forman ciclopropilo, ciclopropilo sustituido, ciclobutilo, ciclobutilo
sustituido, ciclopentilo o ciclopentilo sustituido;

RORY" se seleccionan independientemente de:  hidrogeno, fllor,
ciclopropilo, ciclopropilo sustituido, ciclobutito, ciclobutilo sustituido,
ciclopentilo, ciclopentilo sustituido, -alquil C4.C4 y -alquil C4.C4
sustituido, '

o RORY' tomados junto con el carbono al que estdn unidos
forman ciclopropilo, ciclopropilo sustituido, ciclobutilo, ciclobutilo
sustituido, ciclopentilo o ciclopentilo sustituido; vy

R1 se selecciona del grupo consistente en: hidrogeno, -alquil C1.C4 y -
alquil C4.C4 sustituido; y

cuando X no esta presente o es CRZO0R21, R1 puede ser ademas fluor;
y/o sus sales, hidratos, solvatos y profarmacos farmacéuticamente aceptables.
gsta invencion se refiere a un procedimiento para tratar cancer, que

comprende administrar a un sujeto que lo necesite una cantidad eficaz de un
compuesto inhibidor de AKt/PKB de Formula (1).
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Esta invencién se refiere a un procedimiento para tratar arritis, que
comprende administrar a un sujeto que lo necesite una cantidad eficaz de un
compuesto inhibidor de AkVPKB de Férmula (1).

La presente invencion también se refiere al descubrimiento de que los
compuestos de Férmula (1) son activos como inhibidores de Akt/PKB.

En otro aspecto de la invencién se proporcionan nueves procedimientos
utiles en la preparacion de los compuestos que inhiben Akt/PKB de la presente
invencion.

Se incluyen en la presente invencién composiciones farmacéuticas que
comprenden un vehiculo farmacéutico y compuestos utiles en los
procedimientos de la invencion.

También se incluyen en la presente invencion procedimientos para la
administracion combinada de los compuestos que inhiben Akt/PKB de la
presente invencion con otros ingredientes actives.

DESCRIPCION DETALLADA DE LA INVENCION

La solicitud internacional numero PCT/US2004/024340, que tiene una
fecha de presentacion internacional de 28 de julio de 2004; numero de
publicaciéon internacional WO 2005/011700 y una fecha de publicacién
internacional de 10 de febrero de 2005, cuyos esquemas, procedimientos y
ensayos se incorporan en la presente memoria como referencia, describe y
reivindica compuestos que contienen 1H-imidazo[4,5-c]piridin-2-ilo, junto con
sales, hidratos, solvatos y profarmacos de los mismos farmacéuticamente
aceptables, por ser utiles como inhibidores de serina/treonina quinasa, Akt
(tambien conocida como proteina quinasa B), en particular en el tratamiento de
cancer y artritis. La solicitud internacional n® PCT/US2004/024340 no describe
de forma especifica ninguno de los compuestos dentro del alcance de esta
solicitud.

Se ha descubierto ahora que lo compuestos de Formula (I) presentan
ventajas sobre 10s que se considera son los compuestos estructuralmente mas
relactonados descritos en 1a solicitud internacional n® PCT/US2004/024340.

Por ejemplo, fos compuestos de los Ejemplos 1, 3, 4 y 9 de la presente
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invencién presentan por lo general una actividad mejorada y selectividad
mejorada para la inhibicidn de crecimiento de células tumorales con respecto a
la inhibicién de crecimiento de células normales cuando se comparan con los
que se considera son los compuestos estructuralmente mas relacionados
descritos en la solicitud interpacional n® PCT/US2004/024340. Esta actividad
mejorada y selectividad mejorada se espera que de como resultado una mayor
ventana terapeutica. Ademas, los compuestos descritos en la solicitud
internacional n° PCT/US2004/024340 presentan por lo general una baja
solubilidad en agua. Un aspecto de esta baja solubilidad es que afecta de
forma adversa la capacidad de estos compuestos para formularse en formas
de dosificacion farmacéuticas para administracion intravenosa (en lo sucesivo
V). Ademds de la actividad mejorada y la selectividad mejorada de forma
general para la inhibicion de crecimiento de células tumorales con respecto a la
inhibicién de crecimiento celular normal, los compuestos de los Ejemplos 1, 3,
4 y 9 de la presente invencién presentan una solubilidad que se considera
adecuada para la formulacion en formas de dosificacion para administracion
IV. La administracion intravenocsa es un procedimiento ventajoso para
administrar los compuestos de la presente invencién.

Aungue los c¢ompuestos de la  solicitud internacional n®
PCT/US2004/024340 son utiles como inhibidores de serinaltreonina quinasa,
AKT (también conocida como proteina quinasa B), los compuestos de Férmula
(), en particular los compuestos de los Ejemplos 1, 3, 4 y 9, presentan de
forma general propiedades ventajosas, tales como una solubilidad, actividad,
selectividad, depuracién y exposicidén mejoradas, lo que los hace en general
ventajosos sobre los que se considera son los compuestos estructuralmente
mas relacionados  descritos en la  solicitud  internacional n°
PCT/US2004/024340.

Esta invencion se refiere a compuestos de Férmula (I) como se han
descrito antes.

Los compuestos de Férmula (I) de la presente invencidn inhiben la
actividad de AKUPKB. En particular, los compuestos descritos en la presente
memoria inhiben cada una de las tres isoformas de Akt/PKB.

Entre los compuestos de Formula (I) de la presente invencion se
incluyen aquellos en los que:

X no esta presente o se selecciona del grupo consistente en: O, Sy

CR20R21  seleccionandose R<2O0R21  independientemente  de:
hidrogeno, fidor, ciclopropilo, ciclobutilo, ciclopentilo y -alquil Cq.Ca,
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o R20R21 tomados junto con el carbono al que estan unidos
forman ciclopropilo, ciclobutilo o ciclopentilo;

RZRZ se seleccionan independientemente de:  hidrogeno, fllor,
ciclopropilo, ciclobutilo, ciclopentilo y -alquil Cq.Cg,
o R2RZ' tomados junto con el carbono al que estdn unidos
forman ciclopropilo, ciclobutilo o ciclopentilo;

R3 se selecciona del grupo consistente en: hidrégeno, ciclopropilo,
ciclobutilo, ciclopentito y -alquil C1.Cg;

R4R4 se seleccionan independientemente de:  hidrégeno, fluor,
ciclopropilo, ciclobutilo, ciclopentilo y -alquil C1.Cg.
o R4R4" tomados junto con el carbono al que estan unidos
forman ciclopropilo, ciclobutilo o ciclopentilo;

RSR3 se seleccionan independientemente de:  hidrégeno, fitor,
ciclopropilo, ciclobutilo, ciclopentilo y -alquil C1.Cg4,
o RIRY tomados junto con el carbono al que estan unidos
forman ciclopropilo, ciclobutilo o ciclopentilo: y

R1 se selecciona del grupo consistente en: hidrégeno y -alquil C1.Cg4; y

cuando X no esta presente o es CR20R21 R puede ser ademas fltor;

y/0 sus sales, hidratos, solvatos y profarmacos farmacéuticamente aceptables.

Entre los compuestos de Formula (I) de la presente invencion se

incluyen aquellos en los que:

X no esta presente 0 se selecciona del grupo consistente en: O, Sy
CR20R21  seleccionandose RZ20R271  independientemente  de:
hidrogeno, flior, ciclopropilo, ciclopropilo  sustituido, ciclobutilo,
ciclobutilo sustituido, ciclopentilo, ciclopentilo sustituido, -alquil C4_.C4
y -alquil C4.C4 sustituido,

o R20R21 tomados junto con el carbono al que estan unidos
forman ciclopropilo, ciclopropilo sustituido, ciclobutilo, ciclobutilo
sustituido, ciclopentilo o ciclopentilo sustituido;
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RZRZ se selecclonan independientemente de:  hidrogenc, fldor,
ciclopropilo, ciclopropilo sustituido, clclobutilo, ciclobutiio sustituido,
ciclopentilo, ciclopentilo sustituido, -élquii GCq1-Cq vy -alguil Cq.Cy
sustituido,

0 RZ2RZ ipmados junio con ef carbona al gue estan unidos
forman ciclopropilo, ciclopropilo  sustituido, ciclobutiio,  ciclebutilo
sustituido, ciclopentilo o ciclopentile sustituido;

R3 se selecciona del grupe consistente en: hidrégeno, ciclopropilo,
ciclopropilo sustituide, ciclobutilo, ciclobutilo sustituida, ciclopentilo,
ciclopentilo sustituido, -alquil C4.C4 vy -alquil Cq_Cy4 sustituido,

R4R4 se seleccionan independientemente de:  hidrégene, fdar,
ciclopropile, ciclopropite sustituido, ciclobutilo, ciclobutilo sustituide,
ciclopentiio, ciclopentile sustituido, -alquil C4.C4 y -zlquil C4.C4
sustituido,

o R4R4 tomados junto con el carbone al que estan unidos
forman ciclopropilo, ciclopropilo  sustituide,  ciclobutilo,  ciclobutilo
sustituido, ciclopentilo o ciclopentilo sustituido;

RIRY se seleccionan independientemente de:  hidrégeno, fltior,
ciclopropilo, ciclepropilo sustituide, ciclobutile, ciclobutilo sustituide,
ciclepentilo, ciclopentiio sustituido, -alquil C1.Cq ¥ —alquiI'C1_C4
sustitwido,

o RBRY tomados junto con &' carbonc al gue estdn unidos
forman  ciclopropile, ciclopropilo  sustituido, ciclobutile,  ciclobutilo
sustituida, ciclopentilo o ciclopentile sustituido; y

R1 se selecciona del grupo consistente en, hidrogeno, -alguil C1.C4 ¥ -
alguil C1.C4 sustituido, y '

cuando X no esta presente o es CR20RZ2?, R puede ser adamés fiuor:

yia sus sales, hidratos, solvatos y profarmacos farmaceuticemente aceptables,

Entre los compuestos de Formula (1Y de la presente invencidn se
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incluyen aquellos en los que:
X no esta presente o se selecciona del grupo consistenta ent O, S y
CRZ0R21  zelecciondndose RZORZ1  independientements  de:
hidrégeno, fluor, ciclopropilo, ciclobutile, ciclopentilo y -alquil Cq_Ca;

R2R2Z" se seleccionan independientemente de:  hudrogeno, fluor,
ciclopropile, ciclobutile, ciclopentile y -alquil ©4.Cy4;

R? s selecciona del grupo consistente en: hidrogeno, ciclopropilo,
ciclkobutilo, ciclopentlo y -atquil ©4.C4;

R4R4’ se seleccionan independientsmiente de:  hidrégeno, flior
ciclopropilo, ciclabutilo, ciclopentilo y -alquil ©4.Cy4,

ROR® se seleccionan independientemente de:  hidrageno, fllar,
ciclopropile, ciclobutila, ciclopentilo ¥ -alquil ©1.C4, ¥

R se selecciona del grupo consistente en: hidrdgena y -alquil G1.C4: v
cuando X no estd presente o es CRZIRZT R1 puede ser agemas flior;
y/0 sus sales, hidratos, solvatos y profarmacos farmacéuticameante aceptables

Entre los compuestos de Farmula () de la presente invencién se

incluyen aguellos en los que: '

X ne esta presente o e selecciona del grupo consistente en: O, 5 y
CRZ0R21  seleccionandose R20RZ21  independientemente  de:
hidrégeno, fllor, ciclopropllo, ciclopropi'o  sustituido.  ciclobutiie,
cictobutifo sustituide, ciclopentilo, ciclopentilo sustitudo, -alquil C1.Ca ¥
-alquil G4.C4 suslituido;

RZRZ se seleccionan independientemente de:  hidrageno, fldor,
ciclopropita, ciclopromplo sustituido, ciclobutile, ciclobutile sustituido,
ciclopentiio, ciclopentla sustituido -alguil Gq_.Cq y -algul C4.Cy
sustituido;

- R3 se selecciona del grupo consistente’ en. hidrégeno, ciclopropilo,
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ciclopropito sustituido, ciclobutilo, ciclobutilo sustituido, ciclopeantila,
ciclopentilo sustituido, -alquil ©1.C4 v -alquil C1_C4 sustituido,

R4R4 se seleccionan independientementz de:  hidrégene. flaer,
ciclopropilo, ciclopropilo sustituide, ciclobutile, ciclobutile sustituide,
ciclopentilo, ciclopentilo sustituido, -alguil C4_.C4 vy -algu! C4.C4
sustituido;

RSRS se selecciorian independentsmente de:  hidrégeno. fliior,
ciclopropila, ciciopropilo sustituide, ticlobutile, ciclobutilo sustituido,
ciclopentilo, ciclepentilo sushtuido, -alquil CqCq ¥y -algul Cq.C4
sustituida; v

Rt se selecciona del grupe consistente en- hidrégeno, -alquil C1.Ca v -
alquil ©9.C4 susttuido; vy

cuando X no esta presente o es CRZUR2T R puede ser ademas flior,
/0 sUs sales, hidratos, solvatos y prafarmacos farmacéuticamente aceptables.

Entre los compuestes de Formula (I} de la presente invencidn se
incluyen aquellos en los que,

A 2-[4-aming-1,2,5-oxadiazol-3-il}-1-etil-7-{[{35)-3-pipendinilmetil]oxi}-
1H-imidazeo[4,5-c]piridin-4-il}-2-metil-3-butin-2-ol;

4-{2-(4-aming-1,2,5-oxadiazol-3-i)-1-etil-7 -[{ Z-morfolinilmetiloxi}- 1H-
imidazo{4,5-c]pinidin-4-il}-2-metil-2-butis-2-ol;

4-(2-{4-amine-1,2.5-oxadiazal-3-i-1-atil-7-{[{25)-2-tismorfelinilmetiox}-
tH-imidazo(4,5-clpiridin-4-i1)-2-metil-3-butin-2-ol,

4-(2-{4-amino-1,2,5-oxadiazol-3-il)-1-etil-7-{[{25)-2- mc:urfc:lamlmehl]om}
tH-imidazal4,5-c]piridin-4-i1)-2-metil- 3-butin-2-ol,

4-{2-{4-aminc-1 ,2,S-DxamaZDI—S—I!)—W:etll—?-[{S-pirrcrlidinilmetil)ﬁxi]—T H-
imidazel4,5-¢]piridin-4-il}-2-metil- 3-butin-2-01;

4.[2-(4-amino-1,2 S-oxadiazol-3-il}-1-etil-7-{{{{35)-1-metil-3-
piperidinilimeti}oxi)-1 H-imitaza[d,5-c)piridin-g-il]-2-metil-3-butin-2-ol,

4-[2-[4-amine-1,2, 5-oxadiazol-3-il - 1-etil-7-{{[{2S)-4-metil-3-
[iﬂlTI.DI'fDIIﬁll]l’l’l'E‘t'ﬁ}*GXi}—1 H-imidazo[4,5-c)piridin-4-il]-2-metil-3-butin-2-oi;
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4-[2-{4-aming-1,2,5-oxadiazal-3-i)-1-etl-7-({[{28 }-4-metil-2-
mortalinil]metil}oxi)- 1TH-imdazo[4,.5-¢lpiridin-4-il]-2-metil-3-butin-2-al;

4-[2-(4-amino-1.2,5-oxadiazol-3-i)-1-etil-7 -({[ (2 R}-B-metil-2-
morfoliniljmetil}ox}-1H-imidazal4, 3-c]piridin-4-il]-2-meti-3-butin-2-ol; y

4-[2-(4-amino-1.2 S-oxadiazol-3-i)-1-etil-7-({[{25}-4-etil-2-
marfolinillmeti}oxij-1H-imidazof4, 5-c)pindin-4-il]-2-metil-3-butin-2-ol;

ylo sus sales, hidratos, solvatos y profarmacos farmacéuticamente aceptables.

Los compuestos de Férmula (1) se incluyen en las composiciones
farmacéuticas de la invencion y 5& usan en los procedimantos de la invencion.

Tal 'y como se usa en la presente memona, los sustiuyentss
ciclopropilo, ciclopropilmetila, ciclobutilo, ciclopentilo v -alquil C4.C4, estan
opcionalmente sustiuides con desde 1 atomo de floor hasta cuando el
sustituyente estd perfiucrado. De forma adecuada. el sustituyente esta
opcionalmente sustituido con 1 a & atomos de fluor. De forma adecuada, &f
sustituyente esta cpcionalmente sustituido con 1 a 5 atomos de fluer. De forma
adecuada, e} sustitvyente esta apcionaimente sustituido con 1 a 3 dtomos de
fldicr.

El término “perflucrada” tal ¥ como se usa en la presente memeria se
reflere a un sustituyente en el que todos los atomos de hidrégeno se han
reemplazado par atomos de fldor,
| El térming "sustituida” tal y come s usa en la presente memoria, a no
ser que se indigue de ofre modo, se refiere a.que el resto quUIMico objeto esta
sustituido con desde 1 atomo de flior hasta cuando el resto guimico esta
peflunrade De forma adecuada, el resto guimico estd sustituido con 1 a 8
Atomos de flior. De forma adecuada, el resto quimico esta sushtuido con1a 5
atomos de fliar. De forma adecuada, el resto quimico estd sustituido con 1a 3
atomos de fluor,

El termino "-alquil C4.C4" tal y como se usa en la presente memoria, se
refiere a una cadena hidrocarbonada lineal o ramificada, saturada o insaiurada,
que contiene de 1 a 4 atomos de carbono. Ejemplos de -alguil C4.Cy4 tal y
coma se usa en [a presente memaoria incluyen: -CH3, -CHp-CH7, -CHo2-CHp-
CH3, -CH({CH3)z, -CH2-CF4, -C{CH3Ja, -(CH2)3-CH3, -CHz-CH{CH13)2,
“CHICH3-CHa-CHA, -CH=CHop y -C=C-CHx,

A no ser gue se indique de otro madg, los compuesios descritos en la
prasente memoria tambien incluyen todas las formas estereoquimicas de Ia



10

15

20

“4d-

estructura: es decir, las configuraciones R y S para cada centro asimétrico Por
tanto, estdn dentro del alcance de la invencion Ios isdmerss esteredguimicos
aislados asi como las mezcias enartioméricas y diastereoisomearicas de los
presentes campuestos.

El terminc “tratar” y sus derivados fal y como se usa en |a presente
memoria, se refiere a fratamiento profilactico y terapéutico.

Tal y como se usa en la presente memoria, el térming “cantidad eficaz’ y
sus dernvados se refiere a la cantidad de un farmaco o agente famaceutico
gUe ariginara la raspuesté bioldgica o medica de un tejido, sistema, animal o
humanao gue s& busca, por ejemplo, por un investigader o médico. Por olvo
ilado, el término “cantidad terapéuticamente eficaz” y sus derivados, se refiere a
cualquier cantidad que al comparar con uh sujeto correspondiente gue no ha
recihide dicha cantidad, origina un tratamiento, curacidn, prevencién o alivio
mejorado de la enfermedad, trastormno o efecte secundario, o una disminucion
en la velocidad de avance de la enfermedad o trastorno. El término también
incluye en su alcance cantidades eficaces para mejorar la funcion fisiologica
narmal.

Los nuevos compuestos de Formula | se preparan como se muestra en
el Esquemz 1, mas adelante, o por procedimientos andlogeos. Todos los
materiales de partida estdn disponibles de forma comercial © se pueden
preparar facimente a partir de materiales de partida disponibles de forma
comercial por los expertos en |a técnica
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{ay Br;, NaOAg: (h) EtNH;; (€] 8nCl;, HCI; (d) ciznoacetato de etilo, 190°C, {e}
NaNOQz, HCI, (f} MH,OH (g} EtsN, dioxano; (h} n-Buli, THF, (i} B{OMe)s; {J)
Hx2, NaQH; tk) 3-{hidroximetil}-1-piperidincarboxilate de 1,1-dimetiletilo,
DEAD, PPh; unido a palimere, CHzCls; (1) Pd{PPhals, iPr:NH, dioxans, 100°C;
{m) TFA, CH.CIla.

Los compuestos de Formula (1) se pueden preparar de una farma anzaloga a la
mostrada en el Esguema 1. La bromacion de 3-nitro-4-etoxi pindina {1-
Esguermna 1) usande bromo tamponado en acetate sadico da 3-bromo-4-
fetiloxii-5-nitropiridina (2-Esquema 1), Para llevar a cabo esta transformacién
existen otros procedimientos allernativos y son canocidos por los expertos en
la técnica. Una compilacion de estos procedimientos se puede encontrar en
texfos de guimica orgdnica convencionales tales como  Larock,
"Comprehensive Organic Transformations,” VCH, N.Y {1989). El grupo etox) se
despiaza EntonCes por una amina primaria tal como etilamina en un disolvente
polar tal como etanol dando compuestos come 3-Esquema 1. En el caso de
aminas fiquidas, |a reaccion se puede llevar a cabo en ausencia de disolvente,
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La reduccidn del grupe nitro con introduccidn concomitante del grupo clorg se
consigue . usande clorurg de estafofll) de acuerdo con el pracedimiento
descrito por Kelley et at J. Med. Chem. 1995, 38(20), 4131-34. La 5-bromo-2-
cloro diaminopiridina comespondiente se condensa con un &cide o esier
apropiado tal como cianoacetato de etilo. El calentamiento continuado afecta a
la reaccion de ciclodeshidratacion dandg imidazopuridinas como 4-Esquema 1.
La reaccion con NaNJ; en HC| concentrado después de la reaccion con
hidraxilamina da una bis-oxima que se ciclodeshidrata en presencia de una
hase apropiada tal come trnetilamina dando un aminofurazano como 5-
Esquema 1. El grupo hidrexilo se introduce gene}ando un anion arile por
intercambio halégeno-metal usando una base adecuada tal como n-butil itig,
haciendo reaccwonar el anién con un electréfilo de bore adecuade como
trimetilborate y oxidande el borenato de arilo resuitante con un agente oxidante
adecuado tal como perdxido de hidrdgeno en base acuosa dando
imdazopindinoles como 8-Esguerna 1. También se pueden usar olras bases
tales como reactivos de Grignard para efectuar ol intercambio halogeno-metal.
La eterificacion del imidazopindinal se ligva a cabe conun alcohgl apropiado tal
come  3-{hidroximetil)-1-piperidincarboxilate de  1,1-dimetietlo usando los
procedimientos descrites por Mitsunobu, Synthesis 1981, 1 danda ésteres tales
como 7-Esquema 1. Como alternativa, 1a eterificacidn se puede llevar a cabo
haciendo  reaccionar un halure  aprepiade come  3-{clorometil}-1-
piperidncarboxilzte de 1. 1-dimetiletilc son un alcohel adecuads como B-
Esquema 1 en presencia de una base adecuada como carbonato potasica. El
tratamiento de un halure de arilo apropiade come 7-Esquema 1 con un
catalizadar apropiado tal como tetrakistrifenilfosfina paladio y un alquine
terrminal en presencia de una base adecuada tal como di-isopropilamina en un
disolvente apropiado come droxano da el aril alguine correspondients como B-
Esquema 1. La retirada de 105 grupos protectores se consigue usando un
acido protico o de Lewis como acido trifluorcacético en un disolvente polar
coma cloruro de matileno dando compuestos de Férmula (I} como 9-Esquema
N _

El t&rmine "administracion combinada’ y sus derivadas tal y como se
usa an la presente memoria se refiere a la administracién simuitanea o a
cualquier modo de administracion secusncial separada de un campuesto
inhibidor de AKT, como se describe en [a presente memoria, ¥ un ingrediente o
ingradientes  active(s) adicional{es), conocido(s) por su utilidad en el
tratamiento de céncer, incluyendo quimioterapia y radioterapia; o porsu utilidad
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en el tratamiento de artritis. El término ingrediente o ingredientes activo(s)
adicional{es), tal y como se usa en la presente memoria, incluye cualquier
compuesto 0 agente terapéutico conocido por, o que demuestra propiedades
ventajosas cuando se administra a un paciente que necesita tratamiento del
cancer o artritis, Con preferencia, si la administracion no es simultanea, los
compuestos se administran en intervalos de tiempo proximos entre si. Ademas,
no importa si los compuestos se administran en la misma forma de
dosificacion, por ejemplo, un compuesto se puede administrar por via tépica y
otro compuesto se puede administrar oralmente.

De forma tipica, se puede administrar de forma combinada cualquier
agente antineoplasico que tenga actividad frente a un tumor susceptible que se
esté tratando en el tratamiento de cancer en la presente invencion. Ejemplos
de tales agentes se pueden encontrar en Cancer Principles and Practice of
Oncology de V.T. Devita and S. Hellman (editores), 6° edicion (15 de febrero
de 2001), Lippincott Williams & Wilkins Publishers. Un experto en la técnica
podra discernir qué combinaciones de agentes serian Gtiles en base a las
caracteristicas particulares de los farmacos y el cancer en cuestion. Agentes
antineoplasicos tipicos Utiles en la presente invencidn incluyen, aunque sin
quedar limitados a Jlos mismos, agentes antimicrotubulo tales como
diterpenoides y alcaloides de la vinca, complejos de coordinaciéon de platino;
agentes alquilantes como mostazas nitrogenadas, oxazafosforinas,
alquilsulfonatos, nitrosureas y triazenos; antibidticos tales como antraciclinas,
actinomicinas y bleomicinas, inhibidores de topoisomerasa |l como
epipodofilotoxinas; antimetabolitos como analogos de purina y pirimidina y
compuestos antifolato; inhibidores de topoisomerasa | como camtotecinas;
hormonas y andlogos de hormonas,; inhibidores de la via de traduccién de
senal; inhibidores de la angiogénesis tirosina guinasa no receptor; agentes
inmunoterapeuticos; agentes proapoptéticos; e inhibidores de la sefalizacion
del ciclo celular,

Ejemplos de otro ingrediente o ingredientes activos (agente
antineoplasico) para usar en combinacién o en administracién combinada con
los compuestos inhibidores de AKT de la presente invencibn son agentes
quimioterapicos.

Agentes antimicrotUbulo o antimitdticos son agentes especificos de fase
activas contra los microtubulos de células tumorales durante la fase M o la
mitosis del ciclo celular. Ejemplos de agente antimicrotubulo incluyen, aunque
sin quedar limitados a los mismos, diterpencides y alcaloides de la vinca.
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Diterpenoides que derivan de fuentes naturales son agentes anticancer
especificos de fase que funcionan en las fases G,/M del ciclo celular. Se cree
que los diterpenoides estabilizan la subunidad $-tubulina de los microtubulos
mediante unién a esta proteina. La separacién de la proteina parece estar
inhibida entonces deteniéndose la mitosis y siguiendo la muerte celular.
Ejemplos de diterpenoides incluyen, aungue sin quedar limitados a los mismos,
paclitaxel y su analogo docetaxel.

Paclitaxel, 4,10-diacetato 2-benzoato 5p3,20-epoxi-1,2a.4,73,10B3,13u-
hexa-hidroxitax-11-en-9-ona, 13-éster con (2R,3S)-N-benzoil-3-fenilisoserina;
es un producto diterpeno natural aislado del tejo del Pacifico Taxus brevifolia y
esta disponible comercialmente como solucion inyectable TAXOL®. Es un
miembro de la familia taxano de terpenos. Se aisté por primera vez en 1971
por Wani et al. J. Am. Chem, Soc., 93:2325. 1971), quienes caracterizaron su
estructura por procedimientos quimicos y cristalograficos de rayos X. Un
mecanismo para su actividad se refiere a la capacidad de paclitaxel de unirse a
tubulina, inhibiendo de este modo el crecimiento de células cancerosas. Schiff
et al., Proc. Natl, Acad, Sci. USA, 77:1561-1565 (1980); Schiff et al., Nature,
277.665-667 (1979); Kumar, J. Biol, Chem, 256: 10435-10441 (1981). Para
una revisién de la sintesis y la actividad anticancerosa de algunos derivados de
paclitaxel véase: D. G. I. Kingston et al., Studies in Organic Chemistry vol. 26,
titulado "New trends in Natural Products Chemistry 1986°, Attaur-Rahman,
P.W. Le Quesne, Eds. (Elsevier, Amsterdam, 1886) paginas 219-235.

Paclitaxel ha sido aprobado para uso clinico en el tratamiento de céncer
de ovario resistente al tratamiento en los Estados Unidos (Markman et al., Yale
Journal of Bioclogy and Medicine, 64:583, 1991; McGuire et al., Ann. Intem,
Med., 111:273,1989) y para el tratamiento de cancer de mama (Holmes et al .
J. Nat. Cancer Inst., 83:1797,1991.) Es un posible candidato para el
tratamiento de neoplasias cutaneas (Einzig et. al., Proc. Am. Soc. Clin. Oncol.,
20:46) y carcinomas de cabeza y cueilo (Forastire et. al.,, Sem. Oncol., 20:56,
1990). El compuesto también muestra posibilidades para el tratamiento de
enfermedad renal poliquistica (Woo et. al., Nature, 368:750. 1994), céncer de
pulmén y malaria. El tratamiento de pacientes con paclitaxel da lugar a
supresion de la médula 6sea (varias lineas celulares, Ignoff, R.J. et. al, Cancer
Chemotherapy Pocket Guide, 1998) relacionada con la duracion de la
dosificacién por encima de una concentracion umbral (50 nM) (Kearns, C.M. et.
al., Seminars in Oncology, 3(6) paginas 16-23, 1995).

Docetaxel, éster N-terc-butilico de (2R,3S)-N-carboxi-3-fenilisoserina,
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13-éster con 58-20-epoxi-1,2a.4,7p,1003,13c-hexahidroxitax-11-en-9-ona 4-
acetato 2-benzoato. trihidratado; estad disponible comercialmente como una
solucién inyectable como TAXOTERE®. Docetaxel estd indicado para el
tratamiento de ¢ancer de mama. Docetaxel es un derivado semisintético de
paclitaxel, q.v., preparado usando un precursor natural, 10-desacetil-bacatina
ill, extralda de las hojas del tejo europeo. La toxicidad limitante de la dosis de
docetaxel es neutropenia.

Los alcaloides de la vinca son agentes antineoplasicos especificos de
fase derivados de la planta vinvapervinca. Los alcaloides de la vinca actian en
la fase M (mitosis) del ciclo celular uniéndose especificamente a la tubulina.
Por consiguiente, la molécula de tubulina unida es incapaz de polimerizarse en
tfos microtubulos. Se cree que la mitosis es detenida en metafase con la
posterior muerte celular. Ejemplos de alcaloides de la vinca incluyen, aunque
sin guedar limitados a los mismos, vinblastina, vincristina y vinorelbina.

Vinblastina, sulfato de vincaleucoblastina, esta disponible de forma
comercial como VELBAN® como una sclucidn inyectable. Aunque, tiene una
posible indicacién como tratamiento de segunda linea de diversos tumores
solidos, esta indicado fundamentalmente en el tratamiento de cancer testicular
y diversos linfomas que incluyen enfermedad de Hodgkin; y linfomas
linfociticos e histiociticos. El efecto secundario limitante de la dosis de
vinblastina es mielosupresion.

Vincristina, vincaleucoblastina, 22-oxo-, sulfato, esta disponible de forma
comercial como ONCOVIN® como una solucion inyectable. Vincristina esta
indicada para el tratamiento de leucemias agudas y también ha encontrado uso
en pautas de tratamiento para linfomas malignos de Hodgkin y no
hodgkinianos. La alopecia y efectos neurolégicos son los efectos secundarios
mas comunes de vincristina y en mener grado se presenta mielosupresién y
efectos de mucositis gastrointestinal.

Vinorelbina, 3',4'-dideshidro -4'-desoxi-C'-norvincaleucoblastina [(sal) R-
(R*.R*)-2,3-dihidroxibutanodioato (1:2)), disponible comercialmente como una
solucién inyectable de tartrato de vinorelbina (NAVELBINE®), es un alcaloide
de la vinca semisintético. Vinorelbina estd indicado como unico agente o en
combinacion con otros agentes quimioterapicos, tales como cisplatino, en el
tratamiento de diversos tumores s¢lidos, en particular, canceres de pulmén
amicrociticos, de mama avanzado y de prostata resistentes al tratamiento. E|
efecto secundario limitante de la dosis de vinorelbina mas comun es
mielosupresion.
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Los complejos de coordinacién de platino son agentes anticancerosos
no especificos de fase, que interaccionan con el ADN. Los complejos de
platino entran en las células tumorales, sufren reaccidén de acuacién (Aquation)
y forman reticulaciones entre cadenas e intercadenas con ADN causando
efectos bioldégicos adversos al tumor. Ejemplos de complejos de coordinacion
de platino incluyen, aunque sin quedar limitados a los mismos, cisplatino y
carboplatino.

Cisplatino, cis-diaminadicloroplatino, esta disponible comercialmente
como PLATINOL& como una solucién inyectable. Cisplatino esta indicado
fundamentalmente en el tratamiento de cancer testicular y de ovarios
metastasico y cancer de vejiga avanzado. Los principales efectos limitantes de
la dosis de cisplatino son nefrotoxicidad, que se puede controlar peor hidratacion
y diuresis, y ototoxicidad.

Carboplatino, platino, diamina [1,1-ciclobutano-dicarboxilato(2-}-0,0'],
estd disponible comerciaimente como PARAPLATIN® comoc una solucion
inyectable. Carboplatino esta indicado principalmente en el tratamiento de
primera y segunda linea de carcinoma de ovario avanzado. La toxicidad
limitante de la dosis de carboplating es supresion de la médula 6sea.

Agentes alquilantes son agentes anticanceroses no especificos de fase
y potentes electréfilos. De forma tipica, los agentes alquilantes forman enlaces
covalentes, por alquilacidn, con ADN a través de restos nucledfiios de la
molécula de ADN tales como grupos fosfato, amine, suifhidrilo, hidroxilo,
carboxilo e imidazol. Dicha alquilacion rompe la funcidn acido nucleico
conduciendo a la muerte celular. Ejemplos de agentes alquitantes incluyen,
aunque sin quedar limitados a los mismos, mostazas nitrogenadas tales como
ciclofosfamida, melfalan y clorambuciio; alquif sulfonatos tales como busulfano;
nitrosoureas como carmustina; y triazenos como dacarbazina.

Ciclofosfamida, 2-[bis(2-cloroetil)aminojtetrahidro-2H-1,3,2-
oxazafosforina 2-Oxido monohidratado, esta disponible comerciaimente como
una solucion inyectable o comprimidos como CYTOXAN®. Ciclofosfamida
estda indicada como unico agente o en combinacion con otros agentes
guimioterapicos en el tratamiento de linfomas malignos, mieloma muitiple y
leucemias. Los efectos secundarios mas comunes limitantes de la dosis de
ciclofosfamida son alopecia, nauseas, vémitos y leucopenia.

Melfalan,  4-[bis(2-cloroetil)amino)-L-fenilalanina, estad  disponible
comercialmente como una solucidn inyectable ¢ comprimidos como
ALKERAN®. Meilfalan esta indicado para el tratamiento paliativo de mieloma
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multiple y carcinoma epitelial no resecable del ovario, El efecto secundario
limitante de la dosis mas comun de melfalan es supresién de la médula 6sea.,

Clorambucilo, acido 4-|bis(2-cloroetil)amino]bencenobutancico, esta
disponible comercialmente como comprimidos como LEUKERANE.
Clorambucilo esta indicado para el tratamiento paliativo de leucemia linfopatica
cronica y linfomas malignos coemo linfosarcoma, linfoma folicular gigante y
enfermedad de Hodgkin. El efecto secundario iimitante de |a dosis mas comun
de clorambucilo es supresion de la médula ésea.

Busulfano, dimetanosulfonato de 1,4-butanodic!, esta disponible
comercialmente como comprimidos como MYLERAN®. Busulfano esta
indicado para el tratamiento paliativo de leucemia mielégea cronica. El efecto
secundario limitante de la dosis mas comun de busulfano es supresion de la
medula ¢sea.

Carmustina, 1.3-[bis(2-cloroetil)-1-nitrosourea, esta disponible
comercialmente como viales aislados de material liofilizado como BICNU®.
Carmustina esta indicada en el tratamiento paliativo como unico agente ¢ en
combinacion con otros agentes para tumores cerebrales, mieloma multiple,
enfermedad de Hodgkin y linfomas no hodgkinianos. El efecto secundario
limitante de la dosis mas comun de carmustina es mielosupresién retardada.

Dacarbazina, 5-(3,3-dimetil-1-triazeno)-imidazol-4-carboxamida, esta
disponible comercialmente como viales aislados de material como DTIC-
Dome®. Dacarbazina esta indicada para el tratamiento de melanoma maligno
metastasico y en combinacidbn con otros agentes para el tratamiento de
segunda linea de enfermedad de Hodgkin. Los efectos secundarios limitantes
de la dosis mas comunes de dacarbazina son nauseas, vémitos y anorexia.

Los antibidticos antineoplasicos son agentes no especificos de fase, que
se unen 0 intercalan con ADN. De forma tipica, dicha accién da lugar a
complejos estables de ADN o a |a ruptura de la cadena, que trastoca la funcién
normal de los acidos nucleicos conduciendo a la muerte celular. Ejemplos de
agentes antineoplasicos antibidticos incluyen, aunque sin quedar limitados a
los mismos, actinomicinas tales como dactinomicina, antrociclinas tales como
daunorubicina y doxorubicina; y bleomicinas.

Dactinomicina, también conocida como Actinomicina D, esta disponible
comercialmente en forma inyectable como COSMEGEN®. Dactinomicina esta
indicada para el tratamiento de tumor de Wilm y rabdomiosarcoma. Los efectos
secundarios limitantes de la dosis mas comunes de dactinomicina son
nauseas, vomitos y anorexia.
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Daunorubicina,  (8S-cis-)-8-acetil-10-[(3-amino-2,3,6-tridesoxi-«-L-lixo-
hexopiranosil)oxi]-7,8,9,10-tetrahidro-6,8, 11-trihidroxi-1-metoxi-5,12
naftacenodiona hidrocloruro, esta disponible comercialmente como una forma
inyectable lhiposomal como DAUNOXOME® o como un inyectable como
CERUBIDINE®. Daunorubicina esta indicada para inducir la remisién en el
tratamiento de leucemia no linfocitica aguda y sarcoma de Kaposi asociado a
VIH avanzado. El efecto secundario limitante de la dosis mas comun de
daunorubicina es mielosupresién.

Doxorubicina, (8S, 108)-10-[(3-amino-2,3,6-tridesoxi-c-L-lixo-
hexopiranosil)oxi]-8-glicoloil, 7,8,9,10-tetrahidro-6,8,11-trihidroxi-1-metoxi-5,12
naftacenodiona hidrocloruro, esta disponible comercialmente como una forma
inyectable como RUBEX®& o ADRIAMYCIN RDF®. Doxorubicina esta indicada
principalmente para el tratamiento de leucemia linfoblastica aguda y leucemia
mieloblastica aguda, pero tambien es un componente Util en el tratamiento de
algunos tumores solides y linfomas. El efecto secundario limitante de la dosis
mas ¢comun de doxorubicina es mielosupresion.

Bleomicina, una mezcla de antibidticos glucopeptidicos citotoxicos
aislades de wuna cepa de Streptomyces verticillus, esta disponible
comercialmente como BLENOXANE®. Bleomicina esta indicada como
tratamiento paliativo como Unico agente o en combinacion con otros agentes,
de carcinoma de célula escamosa, linfomas y carcinomas testiculares. Los
efectos secundarios limitantes de la dosis mas comunes de bleomicina son
toxicidades pulmonares y cutaneas.

Los inhibidores de topoisomerasa |l incluyen, aunque sin quedar
limitados a los mismos, epipodofilotoxinas.

Las epipodofilotoxinas son agentes antineoplasicos especificos de fase
derivados de la mandragora. Las epipodofilotoxinas afectan tipicamente las
células en las fases S y G; del ciclo celular formando un complejo ternario con
topoisomerasa Il y ADN que causa la ruptura de ta cadena de ADN. Se
acumulan rupturas de la cadena y sigue la muerte celular. Ejemplos de
epipodofilotoxinas incluyen, aunque sin quedar limitadas a las mismas
etopdxido y tenipésido.

Etopdsido, 4'-desmetil-epipodofilotoxina 9[4.6-0-(R)-etiliden-$3-D-
glucopiranésido), esta disponible comercialmente como una solucidn inyectable
0 capsulas como VePESID® y se conoce corrientemente como VP-16.
Etopdsido estd indicado como Unico agente 0 en combinacion con otros
agentes quimioterapicos en el tratamiento de canceres testiculares y de



10

15

20

25

30

-23.

pulmén amicrociticos. El efecto secundario limitante de la dosis mas comun de
etoposido es mielosupresion. La incidencia de leucopenia tiende a ser mas
grave que la trombocitopenia.

Tenip6sido,  4'-desmetil-epipodofilotoxina  9[4,6-0-(R)-teniliden-3-D-
glucopirandsidol, esta disponible comercialmente como una solucion inyectable
como VUMON® y se conoce corrientemente como VM-26. Tenipdsido esta
indicado como agente (nico 0 en combinacibn con otros agentes
quimioterapicos en el tratamiento de leucemia aguda en nifios. El efecto
secundario limitante de la dosis mas comun de teniposido es mielosupresién.
Tenipdsido puede inducir leucopenia y trombocitopenia.

Los agentes neoplasicos antimetabolito son agentes antineoplasicos
especificos de fase que actuan en la fase S (sintesis de ADN) del cicio celular
inhibiendo la sintesis de ADN o inhibiendo la sintesis de bases purina ©
pirimidina y por tanto limitando la sintesis de ADN. Por consiguiente, la fase S
no avanza y sigue la muerte celular. Ejemplos de agentes antineoplasicos
antimetabolitos incluyen, aunque sin quedar limitados a los mismos,
fluorouracilo, metotrexato, citarabina, mecaptopurina, tioguanina y gemcitabina.

5-fluorouracilo, 5-fluoro-2,4- (1H,3H) pirimidindiona, estd disponible
comercialmente como fluorcuracilo. La administracion de 5-fluorouracilo
conduce a la inhibicidn de ia sintesis de timidilato y también se incorpora en el
ARN y ADN. Et resultado es tipicamente la muerte celular. 5-fluorouracilo esta
indicado como agente unico o en combinacién con otros agentes
quimioterapicos en el tratamiento de carcinomas de mama, colon, recto,
estdmago y pancreas. Los efectos secundarios limitantes de la dosis mas
comunes de 5-fluorouracilo son mielosupresién y mucositis. Otros analogos de
fluoropirimidina  incluyen  5-fluoro  desoxiuridina  (floxuridina) y  5-
fluorodesoxiuridina monefosfato.

Citarabina, 4-amino-1-p-D-arabinofuranosil-2 (1H)-pirimidinona, esta
disponible comercialmente como CYTOSAR-U® y se conoce corrientemente
como Ara-C. Se cree que citarabina presenta especificidad de fase celular en
la fase S inhibiendo la prolongacion de la cadena de ADN por incorporacion
terminal de citarabina en la cadena de ADN en crecimiento. Citarabina esta
indicada como agente Unico o en combinacidn con otros agentes
quimioterapicos en el tratamiento de leucemia aguda. Otros analogos de
citidina incluyen $-azacitidina y 2'2'-difluorodesoxicitidina {(gemcitabina).
Citarabina induce leucopenia, trombaocitopenia y mucositis.

Mercaptopurina,  1,7-dihidro-6H-purina-6-tiona  monohidrato, esta
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disponible comercialmente como PURINETHOL®. Mercaptopurina presenta
especificidad de fase celular en la fase S inhibiendo la sintesis de ADN por un
mecanismo hasta ahora no especificado. Mercaptopurina esta indicada como
agente unico o en combinacién con otros agentes quimicterapicos en el
tratamiento de leucemia aguda. Los efectos secundarios limitantes de la dosis
mas comunes de mercaptopurina son mielosupresibn y mucositis
gastrointestinal en dosis elevadas. Un analogo de mercaptopurina util es
azatrioprina.

Tioguanina, 2-amino-1,7-dihidro-6H-purina-6-tiona, esta disponible
comercialmente como TABLOID®. Tioguanina presenta especificidad de la
fase celular en la fase S inhibiendo la sintesis de ADN por un mecanismo hasta
ahora no especificado. Tioguanina esta indicada como agente unico ¢ en
combinaciéon con otros agentes quimioterapicos en el tratamiento de leucemia
aguda. El efecto secundario limitante de la dosis mas comun de la
administracion de tioguanina es mielosupresién, incluyendo leucopenia,
trombocitopenia y anemia. No obstante, se producen efectos secundarios
gastrointestinales y pueden ser limitantes de la dosis. Otros analogos de purina
incluyen pentostatina, eritrohidroxinoniladenina, fludarabina fosfato y cladribina.

Gemcitabina, 2'-desoxi-2', 2'-difluorocitidina monohidroctoruro  {3-
isémero), esta disponible comercialmente como GEMZAR®. Gemcitabina
presenta especificidad de fase celular en la fase S y mediante el bloqueo de la
progresion de células a través de los limites G1/S. Gemcitabina esta indicada
en combinacion con cisplatino en el tratamiento de cancer de pulmoén
amicrocitico localmente avanzado y solo en el tratamiento de céncer
pancreatico localmente avanzado. El efecto secundario limitante de la dosis
mas comun de la administracion de gemcitabina es mielosupresidn, incluyendo
leucopenia, trombocitopenia y anemia.

Metotrexato, acido N-[4[[(2.4-diamino-6-pteridinil) metiljmetilamino]
benzoil]-L-glutamico, esta disponible comercialmente como metotrexato sédico.
Metotrexato presenta efectos de fase celular especificamente en la fase S
inhibiendo la sintesis de ADN, reparacion y/o replicacién a través de la
inhibicidn de acido dihidrofélico reductasa gue es necesaria para la sintesis de
nucledtidos y timidilato. Metotrexato esta indicado como agente unico o en
combinacidn con otros agentes quimioterapicos en el tratamiento de
coriocarcinoma, leucemia meningea, linfomas no hodgkinianos y carcinomas
de mama, cabeza, cuello, ovario y vejiga. Los efectos secundario esperados de
la administracion de metotrexano son mielosupresion  (leucopenia,
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Camptotecinas, incluyendo camptotecina y derivados de camptotecina
estan disponibles 0 en desarrollo como inhibidores de topoisomerasa |, La
actividad citotoxica de camptotecinas se cree que esta relacionada con su
actividad inhibidora de topoisomerasa |. Ejemplos dé camptotecinas incluyen,
aunque sin quedar limitados a los mismos, irinotecan, topotecan vy las diversas
formas de 7-(4-metilpiperazino-metileno)-10,11-etilenodioxi-20-camptotecina
descrita mas adelante.

Irinotecan HCI, (4S)-4,11-dietil-4-hidroxi-9-[(4-piperidinopiperidino)
carboniloxi}-1H-pirano[3' 4°,6,7]indolizino{1,2-b]quinolina-3,14(4H,12H)-diona
hidrocloruro, esta disponible comercialmente como la solucion inyectable
CAMPTOSAR®.

Irinotecan es un derivado de camptotecina que se une, a lo largo de su
metabolito activo SN-38, al complejo topoisomerasa | — ADN, Se cree que se
produce citotoxicidad como resultado de la ruptura irreparable de la doble
cadena causada por interaccidén del complejo ternario topoisomerasa | . ADN :
irnotecan o SN-38 con enzimas de replicacién. Irinotecan esta indicado para el
tratamiento de cancer metastasico del colon o recto. Los efectos limitantes de
la dosis de irinotecan HCI son mielosupresion, incluyendo neutropenia y
efectos Gl, incluyendo diarrea.

Topotecan HCI,  (S)-10-[{dimetilamino}metil]-4-etil-4,9-dihidroxi-1H-
pirano[3',4’ 6,7}indolizino[1,2-blquinolina-3,14-(4H,12H)-diona
monchidrocloruro, esta disponible comercialmente como la solucién inyectabie
HYCAMTIN®. Topotecan es un derivado de camptdtecina que se une al
complejo topoisomerasa | — ADN y evita la nueva union de los cortes de
cadenas sencillas causados por topoisomerasa | como respuesta a la tensién
torsional de la molécula de ADN. Topotecan estd indicado para el tratamiento
de segunda linea de carcinoma metastasico de ovario y cancer de pulmén de
células pequeias. El efecto limitante de la dosis de topotecan HCl es
mielosupresion, principalmente neutropenia.

También de interés, es el derivado de camptotecina de formula A,
actualmente en desarrollo, que incluye la forma de mezcla racémica (R,S) asi
como los enantiomeros Ry S:
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conocido por el nombre quimico “7-(4-metilpiperazino-metileno)-10,11-
etilenodioxi-20(R,S)-camptotecina (mezcla racémica) o "7-(4-metilpiperazino-
metileno)-10,11-etilenodioxi-20(R)-camptotecina (enantiémero R) © *7-(4-
metilpiperazino-metileno)-10,11-etilenodioxi-20(S)-camptotecina (enantiomero
S). Dicho compuesto, asi como los compuestos relacionados se describen,
incluyendo los procedimientos de preparacién, en las patentes de Estados
Unidos numeros 6.063.923; 5.342.947; 5.559.235, 5.491.237 vy la solicitud de
patente de Estades Unidos en tramite numero 08/977.217 presentada el 24 de
noviembre de 1997.

Hormonas y analogos de hormonas son compuestos utiles para tratar
canceres en los que hay una relacién entre la(s) hormona(s) y el crecimiento
y/lo falta de crecimiento del cancer. Ejemplos de hormona y analogos de
hormonas Utiles en el tratamiento del cancer incluyen, aunque sin quedar
limitados a los mismos, adrenocorticosteroides tales como prednisona vy
prednisolona que son utiles en el tratamiento de linfoma maligno y leucemia
aguda en nifics; aminoglutetimida y otros inhibidores de aromatasa tales como
anastrozol, letrazol, vorazol y exemestano Utiles en el tratamiento de carcinoma
adrenocortical y carcinoma de mama dependiente de hormonas que contiene
receptores de estrogenos; progestagenos tales como acetato de megestrol util
en el tratamiento de cancer de mama dependiente de hormonas y carcinoma
endometrial, estrégenos, androgenos y antiandrégenos como flutamida,
nilutamida, bicalutamida, acetato de ciproterona y Su-reductasas tales como
finasterida y dutasterida, utiles en el tratamiento de carcinoma prostatico e
hipertrofia prostatica benigna; antiestrégenos como tamoxifeno, toremifeno,
raloxifeno, droloxifeno, yodoxifeno, asi como moduladores de receptor de
estrégenos selectivos (SERMS) tales como los descritos en las patentes de
Estados Unidos numeros 5.681.835 5.877.219 y 6.207.716, uOtiles en el
tratamiento de carcinoma de mama dependiente de hormona y otros canceres
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susceptibles; y hormona liberadora de gonadotropina (GnRH) y sus analogos
que estimulan la liberacién de hormona leutinizante (LH) y/o hormona
estimulante del foliculo (folitropina) (FSH) para el tratamiento de carcinoma
prostatico, por ejemplo, agonistas y antagonistas de LHRH tales como acetato
de goserelina y tuprolida.

Los inhibidores de la via de traduccién de sefial son los inhibtdores que
bloquean o inhiben un proceso quimico que provoca un cambio intracelular. Tal
y como se usa en la presente memoria este cambio es proliferacion o
diferenciacion celular. Los inhibidores de traduccion de seral utiles en la
presente invencion incluyen inhibidores de tirosina guinasas receptoras,
tirosina quinasas no receptoras, bloqueadores del dominio SH2/SH3,
serina/treonina quinasas, fosfotidil inositol-3 quinasas, sefalizadcres de
mioinositol y oncogenes Ras.

Varias proteina tirosina quinasas catalizan la fosforilacion de residuos
tirosilo especificos en diversas proteinas impiicadas en la regulacién del
crecimiento celular. Tales proteinas tirosina quinasas se pueden clasificar de
forma general como quinasas receptores y no receptores.

Las tirosina quinasas receptores son proteinas transmembrana que
tienen un dominio de unién a ligando extracelutar, un dominio transmembrana
y un dominio tirosina quinasa. Las tirosina quinasas receplores estan
involucradas en la regulacién del crecimiento celular y por lo general se
denominan receptores de factores de crecimiento. La activacion inapropiada o
incontrolada de muchas de estas quinasas, es decir, la actividad quinasa
receptor de factor de crecimiento aberrante, por ejemplo, sobreexpresion o
mutacion ha mostrado dar como resultado crecimiento celular incontrolado. Por
consiguiente, la actividad aberrante de tales quinasas se ha asociado con
crecimiento de tejide maligno. Por consiguiente, los inhibidores de tales
quinasas padrian proporcionar procedimientos de tratamiento deil cancer. Los
receptores de factores de crecimiento incluyen, por ejemplo, receptor del factor
de crecimiento epidérmico (EGFr), receptor del factor de crecimiento derivado
de las plaquetas (PDGFr); erbB2, erbB4, receptor del factor de crecimiento
endotelial vascular {(VEGFr), tirosina gquinasa con dominios de homologia de
factor de crecimiento similar a inmunogiobulina y epidérmico (TIE-2), receptor
del factor de crecimiento de insulina -1 (IGF|), factor estimulador de coionias de
macréfagos (cfms), BTK, ckit, cmet, receptores del factor de crecimiento de
fibroblastos (FGF), receptores Trk (TrkA, TrkB y TrkC), receptores ephrin {(eph)
y el protooncogén RET. Varios inhibidores de receptores de crecimiento estan
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en desarrollo e incluyen antagonistas de ligandos, anticuerpos, inhibidores de
tirosina quinasa y otigonucledtidos antisentido. Los receptores de factores de
crecimiento y [os agentes que inhiben la funcion de! receptor del factor de
crecimiento se describen, por ejemplo, en Kath, John C., Exp. Opin. Ther.
Patents (2000) 10(6):803-818; Shawver et al DDT Vol 2, N° 2, febrero de 1997;
y Lofts, F. J. et al, “Growth factor receptors as targets”, New Molecular Targets
for Cancer Chemotherapy, ed. Workman, Paul and Kerr, David, CRC press
1994, Londres,

Las tirosina quinasas que no son quinasas receptor de factores de
crecimiento se denominan tirosina quinasas no receptores. Las tirosina
quinasas no receptores para usar en la presente invencion, que son dianas o
dianas potenciales de farmacos anticancerosocs, incluyen cSrc, Lck, Fyn, Yes,
Jak, cAbl, FAK (quinasa de adhesién focal), tirosina quinasa Brutons y Ber-Abl.
Tales quinasas no receptores y agentes que inhiben la funcion tirosina quinasa
no receptor se describen en Sinh, S. and Corey, S.J., (1999) Journal of
Hematotherapy and Stem Cell Research 8 (5): 465 — 80; y Bolen, J.B., Brugge,
J.S., (1997) Annual review of Immunology. 15: 371-404.

Los blogueantes del dominio SH2/SH3 son agentes que interrumpen la
union al dominio SH2 o SH3 en una diversidad de enzimas o proteinas
adaptadoras que incluyen, subunidad PI3-K p85, quinasas de la familia Src,
moléculas adaptadoras (Shc, Crk, Nck, Grb2) y Ras-GAP. Los dominios
SH2/SH3 como dianas para farmacos anticancerosos se describen en
Smithgail, T.E. (1995), Journal of Pharmacological and Toxicological Methods.
34(3) 125-32.

Los inhibidores de serina/treonina quinasas que inhiben los
blogueadores de la cascada de MAP quinasa que incluyen bloqueadores de
Raf quinasas (rafk), quinasa regulada por mitdgeno o extracelularmente
(MEKs) y quinasas regutadas extracelularmente (ERKSs); y los bloqueadores
miembros de la familia de ta protelna quinasa C incluyendo bloqueadores de
PKCs (alfa, beta, gamma, epsilon, mu, lambda, iota, zeta). La familia de
quinasas kB (IKKa, IKKb), quinasas de la familia PKB, miembros de la familia
de quinasas akt y quinasas del receptor TGF beta. Tales serinaftreonina
quinasas y sus inhibidores se describen en Yamamoto, T., Taya, S., Kaibuchi,
K.. (1999), Journal of Biochemistry. 126 (5) 799-803, Brodt, P, Samani, A., and
Navab, R. (2000), Biochemical Pharmacology, 60. 1101-1107; Massague, J,,
Weis-Garcia, F. (1996) Cancer Surveys. 27:41-84; Philip, P.A., and Harris, A.L.
(1985), Cancer Treatment and Research. 78: 3-27, Lackey, K. et al Bioorganic
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and Medicinal Chemistry Letters, (10), 2000, 223-226; patente de Estados
Unidos n° 6.268.391; y Martinez-lacaci, L., et al, Int. J. Cancer (2000), 88{1),
44-52,

Los inhibidores de los miembros de la familia de fosfotidil inositol-3
quinasa incluyendo bloqueadores de Pi3-quinasa, ATM, DNA-PK y Ku también
pueden ser utiles en la presente invencion. Tales quinasas se describen en
Abraham, R.T. (1996), Current Opinion in Immunology. 8 (3) 412-8; Canman,
C.E.. Lim, D.S. {1998), Oncogene 17 (25) 3301-3308; Jackson, S.P. (1997),
international Journal of Biochemistry and Cell Biology. 29 (7):935-8; y Zhong,
H. et al, Cancer res, (2000) 60(6), 1541-1545.

También son de interés en la presente invencidn inhibidores de
sefalizacion de Miocinositol tales como bloqueadores de fosfolipasa C y
analogos de micinositol. Tales inhibidores de sefal se describen en Powis, G.,
and Kozikowski A., {1994) New Molecular Targets for Cancer Chemotherapy
ed., Paul Workman and David Kerr, CRC press 1994, Londres.

Otro grupo de inhibidores de la via de traduccién de sefal son
inhibidores del oncogen Ras. Tales inhibidores incluyen inhibidores de
farnesiltransferasa, geranil-geranil transferasa y proteasas CAAX, asi como
oligonucledtidos antisentido, ribozimas e inmunoterapia. Tales inhibidores han
mostrado que bloguean la activacion de ras en células que contienen ras
mutante tipo salvaje, actuando de este modo como agentes antiproliferacion.
La inhibicion del oncogen ras se describe en Scharovsky, O.G., Rozados, V.R.,
Gervasoni, S.I. Matar, P. (2000), Journal of Biomedical Science. 7(4) 292-8;
Ashby, M.N. (1998), Current Opinion in Lipidology. 9 (2) 99 - 102; y BioChim.
Biophys. Acta, (19899) 1423(3).19-30.

Como se ha citado antes, antagonistas anticuerpos frente a la unién a
ligandos de quinasa receptor también pueden servir como inhibidores de la
traduccidon de sefal. Este grupo de inhibidores de la via de traduccion de sefal
incluye el uso de anticuerpos humanizados frente al dominio de unidon al
ligando extracelular de tirosina quinasas receptores. Por ejemplo, el anticuerpo
especifico EGFR Imclone C225 (véase Green, M.C. et al, Monoclonai Antibody
Therapy for Solid Tumors, Cancer Treat. Rev., (2000), 26(4), 269-286);
anticuerpo erbB2 Herceptin & (véase Tyrosine Kinase Signalling in Breast
cancer.erbB Family Receptor Tyrosine Kinases, Breast cancer Res., 2000,
2(3), 176-183); y anticuerpo especifico VEGFR2 2CB (véase Brekken, R.A. et
al, Selective Inhibition of VEGFR2 Activity by a monoclonal Anti-VEGF antibody
blocks tumor growth in mice, Cancer Res. (2000) 60, 5117-5124).

\i
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Los inhibidores de la angiogénesis de quinasas de no receptor también
pueden ser utiles en la presente invencion. Inhibidores de VEGFR y TIE2
relacionados con la angiogénesis se describen antes con respecte a los
inhibidores de traduccion de sefial (tanto tirosina quinasas receptores como no
receplores). La angiogénesis en general esta asociada con la sefalizacion de
erbB2/EGFR puesto que los inhibidores de erbB2 y EGFR han mostrado inhibir
la angiogénesis, principalmente la expresion de VEGF. Por consiguiente, tos
inhibidores de tirosina quinasa de no receptor s& pueden usar en combinacion
con los compuestos de la presente invencion. Por ejemplo, anticuerpos anti-
VEGF, que no reconocen VEGFR (la tirosina quinasa receptor), pero se unen
al ligando; inhibidores de moléculas pequefas de integrina (alfa, betas) que
inhibiran angiogénesis; endostatina y angiostatina (no-RTK) pueden también
demostrar ser utiles en combinaciéon con los compuestos descritos. (Véase
Bruns Cd et al (2000), Cancer Res., 60: 2926-2935; Schreiber AB, Winkler ME,
and Derynck R. (1986), Science, 232: 1250-1253; Yen L et al (2000),
Oncogene 19: 3460-3469).

Agentes usados en pautas inmunoterapéuticas también pueden ser
utiles en combinacion con los compuestos de Formula (1). Hay una serie de
estrategias inmunolégicas para generar una respuesta inmune. Estas
estrategias estan generalmente en el terreno de las vacunas contra tumores.
La eficacia de estas técnicas puede mejorarse enormemente mediante la
inhibicidbn combinada de vias de senalizacidbn que usan un inhibidor de
molécuias pequenas. La discusion de Ya técnica inmunoldgica/vacuna tumoral
contra erbB2/EGFR se encuentra en Reilly RT et al. (2000), Cancer Res. 60:
3569-3576, y Chen Y, Hu D, Eling DJ, Robbins J, and Kipps TJ. (1998), Cancer
Res. 58: 1965-1971.

Agentes usados en pautas proapoptoticas {por ejemplo oligonucleéticos
antisentido bcl-2) también se pueden usar en la combinacion de la presente
invencién. Los miembros de la familia Bcl-2 de protefnas bloguean la
apoptosis. La regulacion de bcl-2 a niveles superiores se ha asociado por tanto
a quimioresistencia. Los estudios han mostrado que el factor del crecimiento
epidérmico (EGF) estimuia miembros antiapoptoticos de la familia bcl-2 (es
decir, mcl-1}. Por tanto, estrategias disefiadas para regular a niveles inferiores
la expresién de bcl-2 en tumores ha demaostrado beneficio clinico y son ahora
ensayos en Fase li/lll, a saber oligonuciedtido antisentido bcl-2 G3139 de
Genta. Tales estrategias proapopitdticas que wusan la estrategia del
oligonucledtido antisentido para bcl-2 se describen en Water JS et al. (2000), J.
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Clin. Oncol. 18; 1812-1823, y Kitada S et al. (1994), Antisense Res. Dev. 4:
71-79.

Los inhibidores de senfializacién del ciclo celular inhiben moléculas
implicadas en el control del ciclo celular. Una familia de proteina quinasas
denominada quinasas dependientes de ciclina (CDKs) y su interaccién con una
familia de proteinas denominadas ciclinas controla la progresién a través del
ciclo celular eucariotico. La activacion e inactivacion coordinada de diferentes
complejos ciclina/CDK es necesaria para la progresion normal a través del ciclo
celular. Estan en desarrollo varios inhibidores de la sefafizaciéon del ciclo
celular. Por ejemplo, ejemplos de guinasas dependientes de ciclina incluyendo
CDK2, CDK4 y CDKE e inhibidores para las mismas se describen, por ejemplo,
en Rosania et al, Exp. Opin. Ther. Patents (2000) 10(2):215-230.

En una realizacién, el procedimiento de tratamiento de cancer de la
invencian reivindicada incluye la administracién combinada de un compuesto
de férmula | y/o una sal, hidrato, solvato o profarmaco farmacéuticamente
aceptable del mismo y a! menos un agente antineoplasico, tal como uno
seleccionado de grupo consistente en agentes antimicrotubulo, complejos de
coordinacion de platino, agentes alquilantes, antibidticos, inhibidores de
topoisomerasa I, antimetabolitos, inhibidores de topoisomerasa i, hormonas y
anéalogos de hormonas, inhibidores de la via de traduccion de sefiales, tirosina
quinasas no receptores inhibidores de la angiogénesis, agentes
inmunoterapéuticos, agentes proapoptoticos e inhibidores de [a sedalizacion
del ciclo ceiular.

Debido a gue los compuestos farmacéuticamente activos de la presente
invencion son activos como inhibidores de AKT, éstos presentan utilidad
terapeutica en el tratamiento de cancer y artritis.

De forma adecuada, ia presente invencidn se refiere a un procedimiento
para tratar o reducir la gravedad de un cancer seleccionado de cerebro
(gliomas), glioblastomas, leucemias, sindrome de Bannayan-Zonana,
enfermedad de Cowden, enfermedad de Lhermitte-Duclos, mama, colon,
cabeza y cuello, riidn, pulmon, higado, melanoma, ovario, pancreatico,
sarcoma vy tiroides.

De forma adecuada, la presente invencion se refiere a un procedimiento
para tratar o reducir la gravedad de un cancer seleccionado de mama, ovario,
pancreatico y de préstata.

Aislamiento y purificacion de AKT1 marcada con His (aa 136-480)

W
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Se lisaron células de insecto que expresan AKT1 marcada con His (aa
136-480) en HEPES 25 mM, NaC! 100 mM, imidazol 20 mM; pH 7,5 usando un
politron (5 ml de tampon de lisis/lg de células). Los restos celulares se
separaron por centrifugacion a 28.000 x g durante 30 minutos. El liquido
sobrenadante se filtrd a través de un filtro de 4,5 micrometros y luego se cargo
en una columna quelatante de niquel preequilibrada con tampén de lisis. La
columna se lavé con 5 volumenes de columna (VC) de tampédn de lisis y luego
con 5 VC de tampdn B al 20%, donde el tampon B es HEPES 25 mM, NaCl
100 mM, imidazol 300 mM, pH 7,5. AKT1 marcada con His (aa 136-480) eluy6
con un gradiente lineal del 20-100% de tampén B durante 10 VC. Las
fracciones de elucién de AKT1 marcada con His (136-480) se agruparon y
diluyeron tres veces con tampén C, donde el tampon C es HEPES 25 mM, pH
7,5. La muestra se someli¢ a continuacién a cromatografia en una columna Q-
Sepharose HP preequilibrada con tampoén C. La columna se lavd con 5 VC de
tampon C y luego eluyd con 5 VC de D al 10%, 5 VC de D al 20%, 5VvC de D
al 30%, 5 VC de D al 50% y 5 VC de D ai 100%; donde el tampon D es HEPES
25 mM, NaCl 1000 mM; pH 7.5. Las fracciones que contienen AKT1 marcada
con His (aa 136-480) se agruparon y concentraron en un concentrador de peso
molecular con un corte de 10-kDa. AKT1 marcada con His (aa 136-480) se
sometid a cromatografia en una columna de filtracién de gel Superdex 75
preequilibrada con HEPES 25 mM, NaCl 200 mM, DTT 1 mM; pH 7,5. Las
fracciones de AKT1 marcada con His (aa 136-480) se examinaron usando
SDS-PAGE y espectrometria de masas. La proteina se agrupd, se concentro y
se congelo a -80°C.

AKT2 marcada con His (aa 138-481) y AKT3 marcada con His (aa 135-
479) se aislaron y purificaron de una forma similar.

Ensayo de enzima AKT marcada con His

Se ensayaron los compuestos de fa presente invencion para determinar
la actividad inhibidora de proteina serina quinasa AKT 1, 2 y 3 en ensayos de
fosforilacion de sustratos. Este ensayo examina la capacidad de compuestos
organicos de molécula pequefia para inhibir la fosforilacidon de serina de un
sustrato peptidico. Los ensayos de fosforilacion de sustrato usan dominios
cataliticos de AKT 1, 2 6 3. AKT 1, 2 y 3 también estan disponibles
comercialmente de Upstate USA, Inc. El procedimiento mide la capacidad de
enzima aislada de catalizar la transferencia de gamma-fosfato dei ATP al
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residuo serina de un peéptido sintético biotinilado SEQ. ID N° 1 (Biotina-ahx-
ARKRERAYSFGHHA-amida). La fosforilacion de sustrato se detectd por el
siguiente procedimiento:

Los ensayos se llevaron a cabo en placas blancas de fondo en U de 384
pocillos. Se incubd enzima AKT activada 10 nM durante 40 minutos a
temperatura ambiente en un volumen de ensayo de 20 ul que contenia MOPS
50 mM, pH 7,5, MgCl, 20 mM, ATP 4uM, péptido 8 uM, [g-S°P] ATP 0.04 uCi
/pacillo, CHAPS 1 mM. DTT 2 mM y 1 ul de compuesto de ensayo en DMSO al
100%. La reaccién se interrumpio mediante la adicion de 50 ul de mezcla de
microesferas SPA (PBS de Dulbecco sin Mgz‘ y Ca®', Triton X-100 al 0,1%,
EDTA 5 mM, ATP 50 uM, 2,5 mg/ml de microesferas SPA revestidas .de
estreptavidina). La placa se selld, las microesferas se dejaron sedimentar
durante la noche y luego se realizo el recuento de la placa en un contador de
centelleo Packard Topcount Microplate Scintillation Counter (Packard
[nstrument Co., Meriden, CT).

Los datos para las respuestas a la dosis se representaron como % de
control calculado con la férmula de reduccion de datos 100*(U1-C2)/(C1-C2)
frente a la concentracién de compuesto, donde U es el valor desconocido, C1
es el valor de control medio obtenido para DMSO y C2 es el valor de control
medio obtenido para EDTA 0,1 M. Los datos se ajustan a una curva descrita
por. y = {(Vmax * x) / { K + x )) donde Vmax es la asintota superior y K es la
Cls{).

Clonacion de AKT1 humana de longitud completa (LC):

Se amplifico el gen de AKT1 humana de longitud completa por PCR a
partir de un plasmido que contenia AKT1-ER miristilada (cortesia de Robert T.
Abraham, Duke University under MTA, descrito en Klippel et al. en Molecular
and Celiular Biology 1998 Volumen 18 pagina 5699) usando el cebador 5
SEQ. ID N 2 5 TATATAGGATCCATGAGCGACGTGGC 3' y el cebador 3"
SEQ. ID N° 3 AAATTTCTCGAGTCAGGCCGTGCTGCTGG 3'. El cebador 5'
incluye un sitio BamHl y el cebador 3' incluye un sitio Xhol a efectos de
clonacidn. El producto de PCR resultante se subclondé en pcDNA3 como
fragmento BamHI / Xhol. Una mutacion de la secuencia (TGC) que codifica
Cisteina®® se convirtié en la secuencia AKT1 de tipo salvaje (CGC) que codifica
una Arginina?® por mutagenesis dirigida al sitio usando el kit QuikChange® Site
Directed Mutagenesis Kit {Stratagene). £l cebador mutagénico de AKT1: SEQ.
D N° 4 5 ACCTGGCGGCCACGCTACTTCCTCC y el cebador de seleccion:

ny
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SEQ. ID N°: 5 5 CTCGAGCATGCAACTAGAGGGCC (disefiado para destruir
un sitio Xbal en el sitio de clonacidn multiple de pcDNA3) se usaron de acuerdo
con las instrucciones del fabricante. Para la expresion/purificacidén, se aisléd
AKT1 como fragmento BamHM! / Xhol y se clond en los sitios BamHi / Xhol de
pFastbacHTb (invitrogen).

Expresién de AKT1 humana de LC:

La expresidn se realizd usando el sistema de expresién de baculovirus
BAC-to-BAC Baculovirus Expression System de Invitrogen (n° de catalogo
10359-016). De forma resumida 1) se transfirid el ADNc desde el vector
FastBac al ADN bacmido, 2) el ADN bacmido se aislo y se uso para transfectar
células de insecto Sf9, 3) el virus se produjo en las células Sf9, 4) se infectaron
células T. ni con este virus y se enviaron a purificacion.

Purificacién de AKT1 humana LC.

Para la purificacion de AKT1 de longitud completa, se resuspendieron
130 g de células sf9 (numero de lote 41646W02) en tampdn de lisis (tampon A,
11, pH 7.5) que contenfa HEPES 25 mM, NaCi 100 mM e imidazol 20 mM. La
fisis celular se flevd a cabo por Avestina (2 pases a 1,8 - 1,39 x 105 kPa). Los
restos celulares se separaron centrifugando a 16K rpm durante 1 hora y el
liquido sobrenadante se uni¢ en lote a 10 m! de microesferas Nickel Sepharose
HP a 4°C durante la noche. Las microesferas se transfirieron entonces a la
columna y el material ligado se eluyd con tampén B (HEPES 25 mM, NaCl 100
mM, imidazol 300 mM, pH 7.5). Las fracciones de elucidn de AKT se
agruparon y se diuyeron 3 veces usando tampén C (HEPES 25 mM, DTT 5
mM; pH 7,58). La muestra se filtrd y se sometié a cromatografia en una columna
10 m! Q-HP preeguilibrada con tampén C a 2 ml/min.

La columna Q-HP se lavé con 3 VC de tampén C, después de esta
etapa eluyo con 5 VC de D al 10%, 5 VC de D al 20%, 5 VC de D al 30%, 5 VC
de D al 50% y 5 VC de D ai 100%; donde el tampén D es HEPES 25 mM, NaCl
1000 mM, DTT 5 mM:. pH 7,5. Se recogieron fracciones de 5 mi. Las fracciones
que contenian AKT se agruparon y concentraron hasta 5 ml. La proteina se
cargd seguidamente en una columna de clasificacion de 120 ml Superdex 75
que se preequilibré con HEPES 25 mM, NaCl 200 mM, DTT 5 mM; pH 7.5. Se
recogteron fracciones de 2,5 ml.,

i
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Se agruparon las fracciones que eluian con AKT 1, se tomaron alicuotas
(1 ml) y se almacenaron a -80°C. El espectro de masas y el analisis SDS-
PAGE se usaron para confirmar la pureza e identidad de AKT1 de longitud
completa purificada.

AKT2 de longitud completa (LC) y AKT3 (LC) se aislaron y purificaron de
una forma similar.

Ensayo de enzima AKT de longitud completa

Los compuestos de ia presente invencidn se ensayaron para determinar
la actividad inhibidora de protelna serina quinasa AKT 1, 2 y 3 en ensayos de
fosforilacion de sustrato. Este ensayo examina la capacidad de compuestos
organicos de molecula pequefa para inhibir la fosforilacion de serina de un
sustrato peptidico. Los ensayos de fosforilacidon de sustrato usan los dominios
cataliticos de AKT 1, 2 6 3. El procedimiento mide la capacidad de la enzima
aislada de catalizar la transferencia de gamma-fosfato de ATP sobre el residuc
serina de un péptido sintético biotinilado SEQ. ID N° 1 (Biotina-ahx-
ARKRERAYSFGHHA-amida). La fosforilacion de sustrato se detecté por el
siguiente procedimiento.
Los ensayos se llevaron a cabo en placas blancas de fondo en U de 384
pocillos. Se incubd enzima AKT activada 10 nM durante 40 minutos a
temperatura ambiente en un volumen de ensayo de 20 ul que contenia MOPS
50 mM, pH 7,5, MgCl; 20 mM, ATP 4 uM, péptido 8 uM, [g-33P] ATP 0,04 uCi
fpocilio, CHAPS 1 mM, DTT 2 mM, y 1 ul de compuesto de ensayc en DMSO al
100%. La reacciéon se detuve mediante la adicién de 50 ul de mezcia de
microesferas SPA (PBS de Dulbecco sin Mgz* y Ca®*, Triton X-100 al 0.1%,
EDTA 5§ mM, ATP 50 uM, 2,5 ma/m! de microesferas SPA revestidas de
Estreptavidina. La placa se selld, se dejaron sedimentar las microesferas
durante {a noche y luego se realizé el recuento de la placa en un contador de
centelleo Packard Topcount Microplate Scintillation Counter (Packard
Instrument Co., Meriden, CT). Los datos para respuestas a la dosis se
representaron como % de control calculado con ia formula de reduccion de
datos 100*(U1-C2)/(C1-C2) frente a la concentracién de compuesto, donde U
es el valor desconocidao, C1 es el valor de control medio obtenido para DMSOQ y
C2 es el valor de control medio obtenido para EDTA 0,1 M. Los datos se
ajustan a una curva descrita por: y = ((Vmax * x) / ( K + x )) donde Vmax es ia
asintota superior y K es la Cls.

It
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El compuesto del Ejemplo 1 demostrd una actividad Clgg (uM) de: 0,003
um, AKT1 LC; 0,016 um, AKT2 LC; y 0,016, AKT3 LC en el ensayo de enzima
AKT de longitud completa anterior.

La actividad frente a lineas de células tumoraies y una linea de células
normales y las solubilidades de los compuestos de los Ejemplos 1 a 10 de esta
invencibn se compararon con lo que se considera son los compuestos
estructuralmente mas relacionados preparados en la solicitud internacional -n°
PCT/US2004/024340. De forma especifica, el compuesto del Ejemplo 140 en
la solicitud internacional n® PCT/US2004/024340 {compuesto trifluoroacetato
de 4-(1-etil-7-{[3-(4-morfolinil)propiljoxi}-4-fenil-1H-imidazo[4, 5-c]piridin-2-il}-
1,2,5-oxadiazol-3-amina, en lo sucesivo Compuesto R), el compuesto del
Ejemplo 151 en la solicitud internacional n® PCT/US2004/024340 (compuesto
trifluoroacetato de 1-{[2-(4-amino-1,2.,5-oxadiazol-3-il)-1-etil-4-fenil-1H-
imidazo(4,5-c]piridin-7-il)oxi}-3-(4-morfolinil)-2-propanol, en lo  sucesivo
Compuesto S), el compuesto del Ejemplo 152 en Ia solicitud internacional n®
PCT/US2004/024340 (compuesto  trifluorcacetato de  4-(1-etil-7-{{2-(4-
morfolinit)etitjoxi}-4-fenil-1H-imidazo[4,5-c]piridin-2-il)- 1,2, 5-oxadiazol-3-amina,
en lo sucesivo Compueste T), el compuesto del Ejemplo 17 en la solicitud
internacional n® PCT/US2004/024340 (compuesto trifluoroacetato de 4-[1-etit-7-
(piperidin-4-iloxi)-1H-imidazo([4,5-c]piridin-2-il)-furazan-3-ilamina, en o sucesivo
Compuesto U), el compuesto del Ejemplo 127 en la solicitud internacional n°
PCT/US2004/024340 (compuesto trifluorcacetato de: 4-{1-etil-4-fenil-7-[(3-
piperidiniimetiloxi}-1H-imidazo-{4,5-c]piridin-2-il}-1,2,5-0xadiazol-3-amina, en lo
sucesive Compuesto V), el compuesto del Ejemplo 215 en la solicitud
internacional n® PCT/US2004/024340 (compuesto trifluoroacetato de 4-[7-[(4-
aminobutil)oxi}-2-(4-amino-1,2,5-oxadiazol-3-il)- 1-etil-1H-imidazo[4,5-c]piridin-4-
i}-2-metil-3-butin-2-0l, en io sucesivo Compuesto W), el compuesto del
Ejemplo 222 en la solicitud internacional n°® PCT/US2004/024340 (compuesto
trifluoroacetato de 4-{2-(4-amino-1,2,5-oxadiazol-3-il)-7-{(3-aminopropil)oxi]-1-
etil-1H-imidazo[4,5-c]piridin-4-il}-2-metil-3-butin-2-ol, en lo sucesivo Compuesto
X), el compuesto del Ejemplc 223 en la solicitud internacional n°
PCT/US2004/024340 (compuesto trifluoroacetato de 4-{2-(4-aming-1,2,5-
oxadiazol-3-il)-1-etil-7-[(4-piperidiniimetil)oxi]- 1H-imidazo[4,5-¢]piridin-4-il}-2-
metii-3-butin-2-ol, en lo sucesivo Compuesto Y) y el compuesto del Ejemplo
265 en la solicitud internacional n® PCT/US2004/024340 (compuesto 4-(2-(4-
amino-1,2,5-oxadiazol-3-il}-1-eti-7-{[3-({2-[4-(metiloxi)fenilletillamino)propil]oxi}-
1H-imidazo(4,5-c]piridin-4-il)-2-metil-3-butin-2-ol, en lo sucesivo Compuesto Z).

J1b
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Los compuestos R, S, T, U, V, W, X| Y y Z se pueden preparar como se
describe en la solicitud internacional n® PCT/US2004/024340.

Ensayos celulares: Ensayo de inhibicién dei crecimiento con azul de metileno

Las lineas de células tumorales usadas en este ensayo fueron BT474
(carcinoma de mama humano) y LNCaP (metastasis del ganglio linfatico de
cancer de prostata). También se incluye HFF (fibroblasto de prepucio humano).
Todas las lineas de células se cultivaron en medio RPM!I 1640 (Invitrogen
Corporation 22400-071) que contenia Suero Bovino Fetal al 10% (FBS) a 37°C
en un incubador de CO; al 5% humidificado. Las células se recolectaron
usando tripsina/EDTA, se contaron usando un hemacitémetro y se cultivaron
en placas de cultivo tisular de 96 pocillos (Costar 35-3075), 100 ui por pocillo,
en las siguientes densidades: BT474 15.000 células/pocillo, LNCaP 5.000
celulas/pocillo y HFF 5.000 células/pocillo. Soluciones madre 10 miM de
compuestos en DMSO se diluyeron en serie en DMSO mediante nueve
diluciones a Ya tercera parte en placas de 96 pocillos (Costar Corning 3363), y
se almacenaron a -80°C. El dia siguiente, se descongelaron las diluciones de
los compuestos y se transfirieron 4 ut de cada una a 662 ul de RPMI 1640 +
100 ug/ml de gentamicina, dando lugar al doble de las concentraciones de
ensayo finales requeridas. Se afadieron a todas las lineas de células 100 ul de
compuestos diluidos en RPMI 1640. La concentracién final de DMSO en todos
los pocillos, incluyendo los controles, fue de 0,3%. Las células se incubaron a
37°C, CO;z al 5% durante 3 dias. El medio se separd por aspiracion. La
biomasa celular se estimo tinendo células con 80 ul de azul de metileno (Sigma
M9140, 0,5% en etanolagua 50:50), e incubando a temperatura ambiente
durante 1 hora. La tincion se aspird y las placas se aclararon por inmersiéon en
agua, luego se secaron al aire. La tincion se separé de las células anadiendo
100 ul de solucion solubilizante (N-lauroil sarcosina al 1%, sal sdédica, Sigma
L5125, en PBS) e incubando a temperatura ambiente durante al menaos 30
minutos. Las placas se agitaron y se midid la densidad 6ptica a 620 nm en un
lector de micropiacas. La inhibicion porcentual del crecimiento celular se
calculé con respecto a pocilios control tratados con vehiculo. La concentracion
de compuesto que inhibe el 60% del crecimiento celular (Cls) se interpold
usando regresion no lineal (Levenberg-Marquadt) y la ecuacion, y=Vmax*(1-
(x"n/K*n+x"n)))+Y2. [Ref. Mager, M. £ (1972) Data Analysis in Biochemistry
and Biophysics. New York: Academic Press]
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[ Ejemplos Ensayo de Inhibicion” del Crecimiento con Azul de | Salubilidad  en |
Metileno, Clg (UM) tampén fosfato
'BY474 LNCaF HFF 50mMapH74
(carcinoma | {metastasis del | (fibroblasto de | (uM)
de mama | ganglio linfatico de { prepucio
humano) cancer de préstata) | humano
| normal)
Compuesto R | 17,71 1,42 19,9 0
 Compuesto S | >30 777 >30 No ensayado
 Compuesto T | >30 >30 18,9 0
Compuesto U | 4,51 6,47 200
Compuesto V. | 1,870 1,640 0,57 9
Compuesto W | 8,211 0,836 22,07 210
l Compuesto X | 0,241 0,258 18,147 173
[Compuestc Y | 2.593 0,217 >30 159
LCompuesto Z ] 0.266 0,048 5,507 37
| Ejemplo 1 i 0,484 0,016 >20 270
Ejemplo 2 1,00 0.189 >30 188
Ejemplo 3 0,006 0.004 530 710
Ejemplo 4 0,037 0,015 >25 154
Ejemplo 5 1,032 0,459 20.1 83
l Ejemplo 6 0.324 0,053 16,8 44
Ejlempla 7 0,185 0.083 >30 23
Ejemplo 8 0,665 0,272 >30 34
Ejemplo 9 0,080 0,049 .39 129
Ejemplo 10 No No ensayado No ensayado 6
ensayado

Los compuestos farmacéuticamente activos dentro del alcance de esta
invencion son utiles como inhibidores de AKT en mamiferos, en particular en
seres humanos, que lo necesitan.

Por tanto, la presente invencion proporciona un procedimiento para
tratar cancer, artritis y otros estados patolégicos que requieren inhibicion de
AKT, que comprende administrar una cantidad eficaz de un compuesto de

Formula {I) ¢ una de sus sales,

hidratos,

solvates © profarmacos

farmaceuticamente aceptables. Los compuestos de Formula (I} también
proporcionan un procedimiento para tratar los estados de enfermedad
anteriormente indicados debido a su capacidad para actuar como inhibidares

N
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de Akt. El farmaco se puede administrar a un paciente que lo necesite por una
via convencional de administracién, incluyendo, aungue sin quedar limitada a
las mismas, intravenosa, intramuscular, oral, subcutanea, intradérmica vy
parenteral.

Los compuestos farmacéuticamente activos de la presente invencién se
incorporan en formas de dosificacibn convenientes tales como céapsulas,
comprimidos o preparaciones inyectables. Se emplean vehiculos farmacéuticos
solidos o liquidos. Vehiculos sdlidos incluyen almidén, lactosa, sulfato de calcio
dihidratado, alabrastro, sacarosa, talco, gelatina, agar, pectina, goma arabiga,
estearato de magnesio y acido estearico. Vehiculos liquidos_incluyen sirope,
aceite de cacahuete, aceite de oliva, solucién salina y agua. De igual forma, el
vehiculo puede incluir cualquier material de liberacién prolongada, tal como
monoestearato de glicerilo o0 distearato de glicerilg, s0lo 0 con una cera. La
cantidad de vehiculo solido varia ampliamente aunque preferiblemente variara
de aproximadamente 25 mg a aproximadamente 1 g por unidad de dosis.
Cuando se usa un vehicuio liquido, la preparacién estard, por ejemplo, en
forma de un jarabe, elixir, emulsién, capsula de gelatina blanda, liquido
inyectable estéril tal como una ampolla, 0 una suspension liquida acuosa o no
acuosa.

Las preparaciones farmacéuticas se preparan siguiendo técnicas
convencionales de la quimica farmacéutica que requieren, mezcta, granulacién
y compresion, cuando sea necesario, para formas en comprimido, o0 mezcla,
rellenado y disolucién de los ingredientes, cuando sea apropiado, para dar los
productos orales o parenterales deseados.

Las dosis de los compuestos farmacéuticamente activos de la presente
invencion en una unidad de dosis farmacéutica que se describen antes seran
una cantidad eficaz, no toéxica, preferiblemente seleccionada del intervalo de
0.001 - 100 mg/kg de compuesto activo, preferiblemente 0,001 - 50 mg/kg.
Cuando se trata un paciente humano que necesita un inhibidor de Akt, la dosis
seleccionada se administra preferiblemente de 1 2 6 veces al dia, oral o
parenteralmente. Formas preferidas de administracion parenteral incluyen las
vias topica, rectal, transdérmica, por inyeccién y por infusion continua. Las
unidades de dosificacidon oral y/o parenteral para administracién humana
contienen preferiblemente de 0,05 a 3500 mg de compuesto activo.

Las dosis optimas que se administran se pueden determinar por los
expertos en la técnica y variaran con el inhibidor de Akt particular usado, la
potencia de la preparacion, el modo de administracion y el avance de! estado
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de enfermedad. Otros factores que dependen del paciente particular que se
esta tratando necesitardn un ajuste de la dosis, incluyendo la edad, peso, dieta
de! paciente y tiempo de administracidn.

El procedimiento de esta invencidon de inducir actividad inhibidora de Akt
en mamiferos, incluyendo seres humancs, comprende administrar a un sujeto
que necesita dicha actividad una cantidad inhibidora de Akt eficaz de un
compuesto de la presente invencién farmacéuticamente activo.

La invencién también proporciona el uso de un compuesto de Farmula
(1) en la fabricacién de un medicamento para usar como un Akt.

La invencion también proporciona el uso de un compuesto de Férmula
(I) en 1a fabricacidén de un medicamento para usar en terapia.

La invencidon también proporciona el uso de un compuesto de Férmula
(1) en ia fabricacion de un medicamento para usar en el tratamiento de cancer.

La invencién también proporciona el uso de un compuesto de Foérmula
(1} en ta fabricacién de un medicamento para usar en el tratamiento de artritis.

La invencion también proporciona una composicion farmaceéutica para
usar como un inhibidor de Akt que comprende un compuesto de Férmula (1) y
un vehiculo farmacéuticamente aceptable.

La invencion también proporciona una composicidn farmacéutica para
usar en el tratamiento de cancer, que comprende un compuesto de Férmuia (1)
y un vehiculo farmaceuticamente aceptable.

La invencion también proporciona una composicidn farmacéutica para
usar en el tratamiento de artritis que comprende un compuesto de Formula (l) y
un vehiculo farmacéuticamente aceptable.

No se esperan efectos toxicologicos inaceptables cuando se administran
los compuestos de la invencién de acuerdo con la presente invencion.

Ademas, los compuestos farmacéuticamente activos de la presente
invencion se pueden administrar de forma combinada con otros ingredientes
actives, tales como otros compuestos conocidos por tratar cancer o artritis, o
compuestos conocidos por tener utilidad cuando se usan en combinacién con
un inhibidor de Akt.

Sin elaboracién adicional, se cree que un experto en la técnica puede,
usando la descripcion anterior, utilizar la presente invencién en su grado
maximo. Por tanto, los siguientes ejemplos se consideraran meramente
ffustrativos ¥y no como una limitacion del alcance de la presente invencion en
modo alguno.

Detalles experimentales




A

Los compuestos de los Ejemplos 1 a 10 se preparan faciimente de
acuerdo con el Esquema 1 o por procedimientos analogos.
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Preparacion de 2-(4-amino-1,2 5-oxadiazol-3-1)-4-cloro-1-etil-1H-imidazo[4 .5-

clpiridin-7-ol

a)  5-Bromo-2-cloro-N*-etil-piridin-3,4-diamina (Ii)

Se disolvié 3-bromo-5-nitropiridin-4-ilyamina (1, 700 g, 2,86 mol) en HC}
concentrado (7 1} y se calentd hasta 85°C. Se afadio en porciones cloruro de
estano (1) (1626 g. 8,58 mol). La reaccidn se calenté a reflujo durante 1 hora y
luego se dejo enfriar hasta temperatura ambiente durante la noche. El
precipitado amarillo resultante se recogid por filtracion, se suspendié en agua
helada (5 I) y la mezcla se ajustd a pH 12 con NaOH 12N. La solucién
resultante se extrajo con CH;Clz (2 x 4 1) y los extractos organicos reunidos se
secaron sobre Na,S0O,. El disolvente se eliminé a presion reducida dando 550
g (77% de rendimiento) de! compuesto deseado (II). Este se usé en la
siguiente etapa sin purificacién adicional. MS (ES+) m/z 250 (M+H)*,

b) N-[5-Bromo-2-cloro-4-(etilamino)-3-piridinil]-2-ciancacetamida(lil)

Se anadieron hidrocloruro de 1-(3-dimetilaminopropil)-3-etilcarbodiimida
(634.5 g, 3.31 mol), acido cicanoacético (282 g, 3,31 mol) y N-metiimorfolina
(897 g, 8,84 mol) a una solucion de 5-bromo-2-cloro-N*-etil-piridin-3,4-diamina
(1, 550 g, 2.21 mol) en CH;Cl; (5,5 ). Se observé una exotermia significativa
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(~20°C) tras la adicion del bhidroclorura de 1-(3-dimetilaminopropil)-3-
etilcarbodiimida y 4acido cianoacético. Después de agitar a temperatura
ambiente durante 2 horas, el disolvente se elimind a presion reducida. El
residuo resultante se extrajo con EtOAc caliente (40°C, 20 1) y agua (40°C, 8 1).
La fase acuosa se lavo con adicidén de EtOAc (10 |) y los extractos organicos
reunidos se lavaron con agua (10 1). El extracto organico se concentré a
presidn reducida hasta una suspension y se filtro. El sélido se lavé con EtOAC y
se seco dando 534 g (V6% de rendimiento) del compuesto deseado (ill) como
un solido cristalino blanco. Este se usd en la siguiente etapa sin purificacion
adicional. MS (ES+) m/z 317(M+H)*.

c) (7-Bromo-4-cloro-1-etil-1H-imidazo[4,5-c]piridin-2-il)-hidroxiiminc-
acetonitriio (V)

Se calentd hasta 100°C una solucidon de N-[5-bromo-2-cloro-4-
(etilamino)-3-piridinil]-2-cianoacetamida NI, (458 g, 1,45 mol) en acido acético
glacial (4,6 I}). Después de 3 h, el analisis por LC/MS indico que la conversién a
(7-bromo-4-cioro-1-etil-1H-imidazo[4,5-c]piridin-2-il)acetonitrilo () era
completa. Después de dejar enfriar hasta temperatura ambiente, |a reaccion se
cargd con nitrato sodico (230 g, 3,34 mol) en porciones. Se observé generacién
de gas vigorosa y espumacion con una exotermia ~10°C. Después de agitar a
temperatura ambiente durante 16 horas, el sélido se recogié por filtracién y se
seco hasta peso constante dando 545 g del producto deseado (V) como un
solido amarilio claro. Este se usé en la siguiente etapa sin purificacién
adicional. MS (ES+) m/z 328(M+H)*.

d) 4-(7-Bromo-4-cloro-1-etil- 1H-imidazo[4,5-c]piridin-2-i1)-1,2 5-oxadiazol-3-
amina (VI)

Se afadieron trietilamina (1 1) e hidroxilamina (143 g, 55% en agua) a
una mezcla de (7-bromo-4-cloro-1-etil-1H-imidazo[4,5-c]piridin-2-il)-
hidroxiimino-acetonitrilo (V, 545 g. 1,45 mol) en dioxano (5 ). La reaccion se
calentdé a reflujo durante 6 horas. Después de enfriar la reaccion hasta
temperatura ambiente, 1a mezcla se filtrd y el filtrado se concentré a presién
reducida dando un sélido marrén. El sélido se suspendid en metanol (11) y 1a
suspension se agitd a 65°C durante 0,5 h. El sdlido se recogié por filtracion y
se secé dando 321 g (70% de rendimiento) del compuesto deseado (VI). Este
se us0 en la siguiente etapa sin purificacion adicional. MS (ES+) m/z
343(M+H)*.
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e)  2-(4-Amino-1,2,5-oxadiazol-3-il)-4-cloro-1-etil-1H-imidazo{4,5-c]piridin-7-o!
(Vi)

Se enfrid en un bafio de hielo seco/acetona hasta que la temperatura
interna era inferior a -75°C una suspensién de 4-(7-bromo-4-cloro-1-etil-1H-
imidazol4,5-c)piridin-2-il)-1,2,5-oxadiazol-3-amina (VI, 50 g, 0,14 mol) en THF
(1 1). Se ahadid cloruro de isopropil magnesio (225 ml, 2M en éter, 0,45 mol)
lentamente a una velocidad que mantenia la temperatura de reaccidn por
debajo de -70°C. Despues de otros 10 minutos, se anadié trimetil borato (54
mi, 0,48 mol) y la reaccion se mantuvo en el bafno de acetona y hielo seco
durante 1 hora. El bafo se retird y se dejo que la reaccién alcanzara la
lemperatura ambiente. Después de 18 horas, la suspensién amarilla resultante
se enfrié hasta 0°C. Se afadio una solucidén de peroxido de hidrogeno al 30%
(250 ml) y NaOH 3N {100 ml} a una velocidad que mantenia la temperatura de
reaccidon por debajo de 40°C. E! bafio de hielo se retiré y la reaccién se agitd
vigorosamente a temperatura ambiente durante 2 horas. Se eliminé 1a mayor
parte del disolvente organico a presion reducida y la fase acuosa se acidificd
hasta pH 3 con HCI 1N. Después de agitar 12 suspensién resultante durante 30
minutos, se afadio acetato de etilo (200 ml). Después de agitar durante una
hora mas, el solido se recogid por filtracion. La torta del filtro se lavo
secuencialmente con agua, acetato de etilo, tolueno y acetato de etilo. Ei
solido se secd hasta peso constante dando 359 g (88% de rendimiento) del
compuesto deseado (VIl) como un solide amarillo palido. Este se usd sin
purificacion adicional. MS (ES+) m/z 281,3 (M+H)*.

Eiemplo 1

Preparaciéon de 4-(2-(4-amino-1.2 5-oxadiazol-3-ih-1-etil-7-{[{35)-3-
piperidiniimetiljoxi}-1H-imidazo[4.5-c]piridin-4-i)-2-metil-3-butin-2-o!
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a) (3S)-3-(Bromometil)-1-piperidincarboxilato de 1,1-dimetiletito

Se anadio gota a gota una solucion de trifenil fosfina (42,4 g, 162 mmol)
en cloruro de metileno (150 ml) a una solucion de (3S)-3-(hidroximetil)-1-
piperidincarboxilato de 1,1-dimetiletilo (30,0 g, 139 mmol) y tetrabromuro de
carbono (72,0 g, 217 mmol) en cloruro de metileno (150 ml). Para mantener
una temperatura interna entre 20 y 25°C se us¢ un bafio de hielo durante la
adicton. Después de agitar la mezcla a temperatura ambiente durante 1 hora,
se afiadié ciclohexano (500 ml). Se elimind aproximadamente la mitad del
disolvente a presion reducida. La solucidn restante se enfrio en un bafo de
hielo y el precipitado resultante se elimind por filtracion. £l filtrado se concentrd
a presion reducida y el residuo se sometié a cromatografia ultrarrapida (acetato
de efilo de 0% a 25% /hexanos, gel de silice) dando 35,1 g (91 % de

rendimiento) del producto deseado como un sélide. MS (ES+) mfz 278
(M+H)*

b) 3-({[2-(4-Amino-1,2,5-oxadiazol-3-il)-4-cloro-1-etil-1H-imidazo[4,5-
clpiridin-7-ilJoxijmetil)-1-piperidincarboxilato de 1, 1-dimetiletito

Se agité a 40°C durante 8 horas y luego a 35°C durante 18 horas una
mezcla formada por el compuesto del intermedio VII (25,0 g, 89,1 mmol),
carbonato de cesio (41,0 g, 126 mmol) y el compuesto del Ejemplo 1(a) (35,0
g. 126 mmol) en DMF (200 ml). La mezcla se vertid en agua helada agitada
rapidamente (800 ml). Después de 10 minutos, se anadio acetato de etilo (300
ml) y la agitacién continud durante otros 20 minutos mas. E! solido se recogié
por filtracion, se lavd con acetato de etilo (50 ml) y se sec6 dando 36 g (85% de
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rendimiento) del compuesto deseado. MS (ES+) m/z 478 (M+H)*.

C) 3-({[2-(4-amino-1,2 5-oxadiazol-3-il)-1-etil-4-(3-hidroxi-3-metil-1-butin-1-
i)-1H-imidazo[4,5-¢c]piridin-7-il]Joxi)metil}-1-piperidincarboxilato de 1.1-
dimetiietilo

Se cargd un recipiente a presion de pared gruesa con el compuesto del
Ejemplo 1(b) (36 g, 75,3 mmol), 2-metil-3-butin-2-0! {16 ml, 165 mmol),
(PhaP)4Pd (1 g, 0,86 mmol), polvo de Zn (1,0 g, 14,8 mmol), Nal (2,20 g, 14,8
mmol), DBU (16 ml, 107 mmol), trietilamina {15 ml, 109 mmol} y DMSO (300
ml). La mezcla se purgd con argon durante 10 minutos. El recipiente a presion
se selld seguidamente y se calentd a 80°C durante 4 horas. La mezcia se
vertié entonces en agua helada agitada rapidamente (1000 ml). Después de 10
minutos se anadid acetato de etilo (300 ml) y se continué agitando durante
otros 20 minutos. E! sélido se recogio por filtracion, se lavo con acetato de etilo
(50 ml) y se seco dando 35,5 g (20% de rendimiento) del compuesto deseado.
MS (ES+) m/z 526 (M+H)T,

d) 4-{2-(4-Amino-1,2 5-oxadiazol-3-il)-1-etil-7-[(3-piperidiniimetil)oxi]- 1H-
imidazo[4,5-c]piridin-4-il}-2-metil-3-butin-2-ol

Se agitd a temperatura ambiente durante 2,5 horas el compuesto del
Ejemplo 1(c) (35,0 g, 66,6 mmol) y TFA (350 ml de una solucién al 20% en
cloruro de metileno, 808 mmol). La solucién se vertié lentamente en una
mezcla agitada rapidamente de agua, NaOH (36 g, 900 mmol), acetato de etilo
{200 ml) y THF (1000 mi). La fase organica se separo y la fase acuosa se
extrajo con mas acetato de etilo/THF (1:5 v/v, 150 ml). Los extractos organicos
reunidos se lavaron con NaCl saturada, se secaron sobre Na,SO. El
disolvente se elimind a vacio y el solido resultante se recristalizé en etanol
caliente (1200 ml) dando 26,3 g (93% de rendimiento) del compuesto del
epigrafe como un solido cristalino blanco. MS (ES+) mfz 426 (M+H)*.

=
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Ejemplo 2

Preparacion de sal del 4cido trifluorcacético de 4-(2-(4-amino-1.2.5-oxadiazol-
3-iN-1-etil-7-{[{2R)-2-morfoliniimetil]oxi}-1H-imidazo[4.5-¢]piridin-4-il}-2-metil-3-

butin-2-0|

a) 2-(Hidroximetil}-4-morfolinacarboxilato de 1,1-dimetiletilo

Se enfri6 hasta 0°C wuna solucion de acido  4-{{(1,1-
dimetiletil)oxijcarbonil}-2-morfolinacarboxilico (2,0 g, 21,6 mmol} en THF (45
ml). Se afadidé durante 25 minutos a través de un embudo de adicidn una
solucién de borano (39 ml, 39,0 mmol, 1M en THF). Después de calentar hasta
temperatura ambiente, la reaccion se inactivé mediante la adicion gota a gota
de metanol/acido acético (18 ml, 9.1 viv). El disolvente se elimind a presién
reducida y el residuo se repartié entre acetato de etilo y HCI IN. La fase
acuosa se extrajo con acetato de etilo y los extractos reunidos se lavaron con
agua, NaOH 1N, agua, salmuera y se secaron sobre sulfato sodico. La
eliminacidon del disolvente a presidn reducida proporcioné 1,83 g del material
deseado. RMN de 'H (400 MHz, CDCl3) 8 ppm 1,49 (s, 9 H) 2,30 (d ancho,
J=11,37 Hz, 1H) 269 - 2,79 (m, J=9,51, 6,41, 3,28, 3,28 Hz, 1 H) 2,84 (ddd,
J=13,77, 10,86, 3,16 Hz, 2 H) 3,27 - 3,38 (m, 1 H) 3,47 (s ancho, 1H) 3,63 -
3.75(m, 2H)4,10-419 (m, 1 H) 4,27 (s ancho, 1H).

b) 2-(Bromometil)-4-morfolinacarboxilato de 1,1-dimetiletilo
Se afnadidé CBrs (5,50 g, 16,6 mmol) seguido por la adicién gota a gota
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de una solucion de PPhs (4,60 g, 17,0 mmol} en diclorometanc (80 ml) a una
solucion del compuesto del Ejemplo 2(a) (1,80 g, 8,30 mmol) en diclorometano
(100 ml) a -20°C. Después de dejar que la mezcla se calentara hasta
temperatura ambiente, el disolvente se elimind a presion reducida. La
cromatografia ultrarrapida {(gel de silice, EtOAc/hexanos) dio 2,40 g del
compuesto deseado.

c) 2-({{2-(4-Amino-1,2 5-oxadiazol-3-il)-4-cloro-1-etil-1 H-imidazo[4,5-
clpinidin-7-iljoxtymetit)-4-morfolinacarboxilato de 1,1-dimetiletilo

Se agitaron a 35°C durante 22 horas el compuesto del intermedio VI
(0,80 g, 2,80 mmol), el compuesto del Ejemplo 2(b) (0,80 g, 2,80 mmol) y
carbonato de cesio (2,80g, 8,50 mmol) en DMF (50 ml). La reaccion se inactivo
con NH4Cl saturado y se extrajo con EtOAc. Los extractos organicos se lavaron
con agua, salmuera y se secaron scobre sulfato sodico. El disolvente se elimind
a presidn reducida y el residuo se sometié a cromatografia ultrarrapida (gel de
silice, MeOH/CH,Cl;) dando 0,57 g del compuesto deseado. MS (ES+) m/z
480 (M+H)".

d) Sal det acido ditrifluoroacético de 4-(2-(4-amino-1,2 5-oxadiazol-3-il)-1-
etil-7-{[2-morfolinilmetiljoxi}-1H-imidazo[4, 5-clpiridin-4-il)-2-metil-3-butin-2-o!

Se carg6 un recipiente a presidn de paredes gruesas con el compuesto
del Ejemplo 2(c) (0,50 g, 1,04 mmol), DBU (0,46 ml, 3,40 mmol), Et3N (0,44 mi,
3,10 mmol}, Nal {0,047 g, 0,31 mmol), polvo de zinc (0,020 g, 0,31 mmol) 2-
metil-3-butin-2-ol (0,26 g, 3,10 mmol), Pd(PPhs)4 (0.12 g, 0,10 mmol) y dioxano
(20 ml). El recipiente a presidn se sellé seguidamente y se calenté hasta 80°C
durante 17 horas. Después de enfriar hasta temperatura ambiente, 1a reaccién
se inactivd mediante la adicion de NH,CI saturado. La fase acuosa se extrajo
con EtOAc y los extractos reunidos se lavaron con agua, salmuera y se
secaron sobre sulfato sédico. El disolvente se elimind a presién reducida y el
residuo se sometié a cromatografia ultrarrapida (gel de silice, MeOH/CH,Cl,)
dando 2-({[2-(4-amino-1,2,5-0xadiazol-3-il}-1-etil-4-(3-hidroxi-3-metil- 1-butin- 1-
il)-1H-tmidazof4,5-c]piridin-7-ilJoxi}metil)-4-morfolinacarboxilato de 1.1-
dimetiletilo. Este se disolvio en diclorometano (4 ml) y se traté con TFA (2 ml) a
temperatura ambiente durante 1 hora. El disolvente se elimind a presién
reducida y el residuo se sometié a HPLC de fase inversa (YMC Combiscreen
ODS-A 50 x 20mm, 20 mli/min, gradiente, A: acetonitrilo-TFA al 0,1%, B: agua-
TFA al 0,1%, 10-80% de A durante 7 min, deteccion UV a 214) dando 0,15 g
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del compuesto del epigrafe. MS (ES+) m/z 428 (M+H)".

Eiemplo 3
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Preparacién de dihidrocloruro de 4-(2-(4-amino-1,2.5-0xadiazol-3-il)-1-etil-7-
{[(2S)-2-tiomorfoliniimetilloxi}-1H-imidazo[4 ,5-clpiridin-4-il)-2-metil-3-butin-2-ol

a) (25)-2-({[2-(4-Amino-1,2,5-0xadiazoi-3-i1)-4-cloro-1-etil- 1H-imidazo[4,5-
cpiridin-7-ifjoxi}metil)-4-tiomorfolinacarboxilato de 1,1-dimetiletilo

Se anadié carbonato de cesio anhidro (8,32 g, 25,0 mmol) y (2S)-2-
(bromometil}-4-tiomorfolinacarboxilate de 1,1-dimetiletilo (2,50 g, 8,40 mmol) a
una solucion del compuesto del intermedio VI (2,36 g, 8,40 mmol) en DMF
(160 ml). Después de agitar a temperatura ambiente durante 16 horas, se
anadid NH,Cl saturado vy la reaccién se extrajo con EtOAc. Los extractos
organicos reunides se lavaron con agua, salmuera y se secaron sobre sulfato
sodico. El disolvente se elimind a presion reducida y el residuc se scmetié a
cromatografia uitrarrapida (MeOH/CHCl;, ge! de silice) dando 2,3 g del
compuesto deseado contaminados con 6-{[2-(4-amino-1,2,5-oxadiazol-3-il)-4-
cloro-1-etil-1H-imidazo[4,5-c]piridin-7-ilJoxi}tetrahidro-1,4-tiazepin-4(5H)-
carboxilato de 1,1-dimetiletilo. Este se usd sin purificaciéon adicional en la
siguiente etapa. MS (ES+) m/z 496 (M+H)".

b) 4-(2-(4-Amino-1,2,5-oxadiazol-3-il}-1-etil-7-{[(2S)-2-tiomorfolinilmetii]oxi}-
1H-imidazo[4.5-c]piridin-4-il)-2-metil-3-butin-2-ol
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Se cargd un recipiente a presion de pared gruesa con los compuestos
del Ejemplo 3(a) (0,18 g, 1,35 mmol), polvo de Zn (0,03 g, 0,40 mmol), Nal
(0,06 g, 0,40 mmol), DBU (0,61 ml, 4,00 mmol), TEA (0,56 m!, 4,00 mmol}, 2-
metil-3-butin-2-0l (0,48 ml, 5,70 mmol), (Ph;P).Pd (0,08 g. 0,08 mmo!) y
dioxano (35 mt). Después de purgar la mezcla con nitrégeno durante 10
minutos, el recipiente se sell¢ y se calenté a 80°C durante 2,5 h. Después de
dejar que la reaccion se enfriara hasta temperatura ambiente, se afadié NH,CI
saturado y la reaccion se extrajo con EtOAc. Los extractos organicos reunidos
se lavaron con agua, salmuera y se secaron sobre sulfato sodico. El disolvente
se elimind a presién reducida y el residuo se sometid a cromatografia
ultrarrapida (MeOH/CH,CI,, gel de silice). El producto protegido con Boc se
disolvio en TFA al 25%/CH,Cl; (10 ml). Después de 30 minutos, el disolvente
se elimind a presion reducida. El residuc se repartié entre NaOH 1N y acetato
de etlilo. La fase acuosa se extrajo con mas acetato de etito. Los extractos
organicos reunidos se lavaron con salmuera, se secaron sobre sulfato sodico.
El disolvente se elimind a presion reducida. La cromatografia ultrarrapida
(MeOH/CH,Cl,, gel de silice) dio 0,22 g (37% de rendimiento) del compuesto
deseado. MS (ES+) m/z 444 (M+H)".

c) Dihidrocloruro  de  4-(2-(4-amino-1,2,5-oxadiazol-3-il)-1-etil-7-{[(2S)-2-
tiomorfoliniimetil)oxi}-1H-imidazo[4,5-c)piridin-4-il)-2-metil-3-butin-2-ol

Se tratdé con HCI 4N en dioxano (0,25 ml, 1,00 mmol) una solucion del
compuesto de! Ejemplo 3(b) (0,22 g, 5.00 mmol) en diclorometano (5 mi).
Despues de 30 minutos, el precipitado se aislé por filtracién dando 0,21 g (82%
de rendimiento) del compuesto del eplgrafe como un sélido amarilio palido.
MS (ES+) m/z 444 (M+H)".
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Preparacion de 4-(2-(4-amino-1,2.5-0xadiazol-3-iD-1-etil-7-{[{25)-2-
morfoliniimetilloxil- 1H-imidazo[4.5-¢]piridin-4-il}-2-metil-3-butin-2-ol

a) Hidrogenosulfato de 2-[(fenilmetil)amino]etilo

Se anadid acido clorosulfénico (13,3 mi, 0,2 mol) muy lentamente a (2-
[{{fenilmetil)amino)etanol (30,2 g, 0,2 mol) en tetracloruro de carbono (100 ml)
en un bafo de hielo. La suspension blanca espesa resuitante se agitd a
temperatura ambiente durante la noche. La suspensiéon se diluyé con
cloroformo y etanol, se calentd hasta 45°C y luego se enfrid en un bafo de
hielo. El precipitado se recogio por filtracién, se lavé con etancol y se secd a
vacio durante 16 horas a 40°C proporcionando el compuesto deseado (34 g,
74%). MS(ES)" m/z 232 [M+H]".

b} (25)-4-(Fenilmetil)-2-{{(fenilmetil)oxijmetil}morfclina

Se anadio el compuesto del Ejemplo 4(a) (28,1 g, 0,116 mol) a (2S)-2-
{{{fenilmetil)oxijmetii}oxirano (19 g, 0,122 mol) en metanol/agua (75 ml/7S mi)
en un bano de hielo. Se anadid hidroxido sodico (6M, 29 ml) durante 5 minutos
y una vez completado se retird el bano y se dejdé agitando a temperatura
ambiente durante 15 minutos. La reaccion se agitd entonces a 40°C en un
bafo de aceite durante 3 horas. La reaccidn se enfrié rapidamente en un bano
de hielo y se afiadieron hidréxido sédico (28 g, 0,7 mol) y tolueno (150 mi).
Despues de 10 minutos, la reaccidén se calenté hasta 65°C durante 3 horas.
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Después de dejar que la reaccion se enfriara hasta temperatura ambiente, se
separo la fase organica y la fase acuosa se extrajo de nuevo con tolueno. Los
extractos organicos reunidos se lavaron con salmuera, se secaron con sulfato
sodico, se filtraron y se concentraron a vacio. El residuo se purificé por
cromatografia ultrarrapida (gel de silice, gradiente, acetato de etilo de 15% a
30% en hexano) proporcionando el compuesto deseado como un aceite (22,4
g, 65%). MS(ES)" m/e 298 [M+H]".

c) (2S)-2-(Hidroximetit)-4-morfolinacarboxilato de 1,1-dimetiletilo

Se afadioé paladio al 10% sobre carbén (2,4 g) y acide trifluoroacético
(7.0 mi, 0.09 mol)} a una solucién del compuesto del Ejemplo 4(b) (22,4 g,
0.075 mol) en etanol (400 ml). La mezcla se agitd en hidrogeno a 3,47 x 10° Pa
durante 24 horas. La reaccion se filtré y se concentré a vacio. Se afadid una
solucion de carbonato potasico (26 g) en agua (260 ml) al residuo, seguido por
una solucion de dicarbonato de di-ferc-butilo (17 g) en acetato de etilo (500 ml).
Después de 1 hora, la fase acuosa se separo y la fase organica se lavé con
salmuera, se secd con sulfato sédico, se filtré y se concentré a vacio. El
residuo se purificé por cromatografia ultrarrapida (gel de silice, gradiente,
acetato de etilo de 15% a 100% en hexano) proporcicnando el compuesto
deseado como un aceite (8 g, 50%). MS(ES)" m/e 218 [M+H]",

d) (2S)-2-(Bromometil)-4-morfolinacarboxilato de 1,1-dimetiletilo

Se disolvieron en cloruro de metileno (100 ml) el compuesto del Ejemplo
4(c) (6,9 g, 0,032 mol) y tetrabromurc de carbono (15,8 g, 0,048 mol) y se
enfrid en un bafio de hielo. Se anadié gota a gota durante 30 minutos una
solucion de ftrifenilfosfina (12,2 g, 0,046 mol) en cloruro de metilenc (100 ml).
Después de 1 hora a C°C, se dejdo que la reaccion se calentara hasta
temperatura ambiente y se agitd durante la noche. El volumen de reaccion se
redujo en 2 a vacio y se vertid sobre una almohadilla de gel de silice y el
producto eluyé con acetato de etilo al 15% en hexano. E! filtrado se concentré
a vacio proporcionando el compuesto deseado como un aceite (8 g, 90%).
MS(ES)" m/e 281 [M+H]".

e) (25)-2-({[2-(4-Amino-1,2,5-0xadiazol-3-1l)-4-cloro-1-etil- 1 H-imidazo[4,5-
clpiridin-7-iJoxijmetil)-4-morfolinacarboxilato de 1,1-dimetiletilo

Se anadieron intermedio VI (7,8 g, 0,028 mol) y carbonato de cesto (11
g. 0,034 mol) a una solucidn del compuesto del Ejemplo 4(d) (10,9 g, 0,039
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mol) en dimetilformamida (150 ml). Después de 72 h a 45°C, la reaccion se
vertid en cloruro amonico y agua (1,5 1) con agitacién. El precipitado resultante
se recagio por filtracidn y se lavo con NaOH 1M y agua. El sélido se disolvio en
tetrahidrofurano y acetato de etilo (caliente) y se secd con sulfato sédico, se
filtré y se concentrd a la mitad del volumen a vacio y se enfric en un bano de
hielo. El precipitado resultante se recogié, se lavé con acetato de etilo y se
secd a vacio durante 2 horas a 40°C proporcionando el compuesto deseado
(10,2 g, 76%). MS(ES)" m/e 480 [M+H]".

f) (25)-2-({{2-(4-Amino-1,2,5-oxadiazol-3-il)- 1-etil-4-(3-hidroxi-3-metil-1-
butin-1-il}-1H-imidazo[4,5-c]piridin-7 -ilJoxi}metil}-4-morfolinacarboxilato de 1,1-
dimetiletilo

Se cargd un recipiente de reaccion de pared gruesa con el compuesto
de! Ejemplo 4(e) (10,1 g, 0,021 moi), 2-metil-3-butin-2-0l (10.2 ml, 100 mmol),
zinc (0,27 9. 4,2 mmol), yoduro sédico (0,63 g, 4,2 mmol), trietilamina (5.8 mi,
0,42 mmol), 1,8-diazabiciclo[5.4,0lundec-7-eno (5,8 ml, 42 mmol),
tetrakis(trifenilfosfina) paladio (0) (1,0 g, 0,84 mmol) y dimetilsulféxido (100 ml).
El recipiente de reaccion se sellé y se calentd a 80°C durante 3 horas.
Después de enfriar hasta temperatura ambiente, la reaccién se inactivé
vertiéndola en cloruro aménico saturado (1 1) y agitando durante 30 minutos. El
solido se recogié por filtracion. La purificacién por cromatografia ultrarrapida
(gel de silice, gradiente, metano! al 1% a 10% en ctoroformo) dio el compuesto‘
deseado como un s6lido (10,5 g, 95%). MS(ES)" m/z 528 [M+H] .

o)) 4-(2-(4-Amino-1,2,5-oxadiazol-3-il)-1-etil- 7-{[(2 S)-2-morfolinilimetil]oxi}-
1H-imidazo[4, 5-¢]piridin-4-il)-2-metil-3-butin-2-o!

Se afadid acido trifluoroacético (40 ml) a una suspension dei compuesto
del Ejemplo 4(f) (14,2 g, 0,027 mol) en cloruro de metileno (150 mi). Después
de 1 hora, el disolvente se eliminé a vacio. El residuo se evaporé en acetato de
etilo (2x) dando un sodlido. El residuo se suspendié en agua y se tratd con
NaOH 1N en un bano de hielo hasta que la mezcla fue bésica (pH 8). El
precipitado se aislo por filtracion, se lavd con agua, acetato de etilo y se seco
en un hormo a vacio a 40°C durante 4 horas. El s6lido resultante se suspendi6
en etanol (1,5 1). Se anadié carbdn activado Darco G60 (3,9 g) y la mezcla se
calentod a reflujo durante 9C minutos y se filtrd mientras estaba caliente a través
de Celite. El disclvente se elimind y el solido resultante se secéd a alto vacio
durante 24 horas a 40°C proporcionando el compuesto del epigrafe (78,5 g,
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68%). MS(ES)" m/e 428 [M+H]".
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Preparacion de sal del &cido bis-triflucroacético de 4-{2-(4-amino-1,2 5-
oxadiazol-3-il)-1-etil-7-[(3-pirrolidiniimetil)oxi}-1H-imidazo[4 5-¢]piridin-4-il}-2-
metil-3-butin-2-ol

a) 3-(Bromometil)- 1-pirrolidinacarboxilato de 1,1-dimetiletilo

Se afiadio gota a gota una solucion de trifenilfosfina (0,73 g, 2,8 mmol
en 5 ml de cloruro de metileno) a una solucion de 3-(hidroximetil)-1-
pirrolidinacarboxilato de 1,1-dimetiletilo (0,56 g, 2.8 mmol) con tetrabromuro de
carbono (1,39 g, 4,2 mmol) en cloruro de metileno (10 ml). Tras completarse la
mezcla se agitdo 18 horas a temperatura ambiente. El disolvente se elimind a
presidn reducida y el residuo se agitd en acetato de etilo al 10% - hexano al
90%. La mezcla se filtré y la solucion resultante se sometié a cromatografia
sobre gel de silice eluyendo con un gradiente de EtOAc al 0 - 25% en hexano,
proporcionando el compuesto deseado (041 g, 55%). MS (ES+) m/z 264
(M+H)".

b) 3-{{{2-(4-Amino-1,2,5-oxadiazol-3-il)-4-cloro-1-etil- 1 H-imidazo[4,5-
c)piridin-7-iljoxi}metil)- 1-pirrolidinacarboxilato de 1,1-dimetiletilo.

Se agitd a temperatura ambiente durante 44 horas una mezcla
compuesta por intermedio VIl (100 mg, 0,35mmol) en DMF (2 ml) con
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carbonato de cesio (290 mg, 0,9 mmol) y el compuesto del Ejemplo 5(a) (290
mg, 1,1 mmol). La mezcla se vertio en agua helada agitada rapidamente (7 ml)
y continud la agitacion durante 10 minutos. Se anadid a esta mezcla
ciclohexano {7 mt) y continué la agitacion durante otros 20 minutos. El sélido se
recogié por filtracién y luego se lavd con ciclohexano y se secd a vaclo
proporcionando el compuesto deseado (111 mg, 69%). MS (ES+) m/z 464
(M+H)",

c) 3-({[2-(4-Amino-1.2,5-0xadiazol-3-il)-1-eti-4-(3-hidroxi-3-metit-1-butin-1-
i)-1H-imidazo[4,5-c]piridin-7-iljoxi}metil)-1-pirrolidinacarboxilato de 1.1-
dimetiletilo.

Se cargé un recipiente a presion de pared gruesa con el compuesto del
Ejemplo 5(b) (100 mg. 0,22 mmol), 2-metil-3-butin-2-ol (0,25 ml, 2,6 mmol),
(Ph;P)sPd (30 mg), diisopropilamina (0,4 ml) y dioxano (4 ml). El recipiente se
sellé y se agité en atmodsfera de argon a 100°C durante 6 horas. La mezcla se
concentrd a presidn reducida y luego se frituré con acetato de etilo (4 mi)
proporcionando el compuesto deseado (82 mg, 75%). MS (ES+) m/z 512
(M+H)",

d) Sal del acido bis-trifluoroaceético de 4-{2-(4-amino-1,2,5-oxadiazo!-3-il)-1-
etil-7-[(3-pirrolidinilmetil)oxi)-1H-imidazo[4,5-c]piridin-4-il}-2-meti-3-butin-2-o}

Se agité en una solucidén al 20% de TFA en cloruro de metileno (3 ml) a
temperatura ambiente durante 20 minutos el compuesto del Ejemplo 5(c) (75
mg, ¢,15 mmol). Se anadio tolueno (3 ml) y se eliminaron todos ios volatiles a
presion reducida. El residuo se purificd por HPLC de fase inversa preparativa
proporcionando et compuesto de epigrafe como la sal di-TFA (40 mg, 43%).
MS (ES+) m/z 412 (M+H)".
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Ejemplo 6

Preparacién de dihidrocloruro de 4-[2-(4-aming-1.2,5-oxadiazol-3-il)-1-etil-7-
({l{(3S)-1-metil-3-piperidiniljmetil}oxi)- 1H-imidazo[4 5-c]piridin-4-il}-2-metil-3-
butin-2-ol

a) [(3S)-1-Metil-3-piperidinilimetanoi

Se anadi® gota a gota a una sclucion agitada de hidruro de litio vy
aluminio (10,5 mi de solucién 1M en THF, 10,5 mmol) en éter (15 ml) a 20°C
una solucion de (3S)-3-(hidroximetil)-1-piperidincarboxilate de 1,1-dimetiletilo
(1,50 g, 7,0 mmol) en THF (5 ml). Después de 1,5 horas a temperatura
ambiente, se anadio agua (0,4 ml) seguido por solucidon acuosa de hidréxido
sddico al 15% (0,4 ml) y luego agua (1,2 ml). Esta se agité 20 minutos y luego
se filtrd. El filtrado se concentrd a presion reducida dande 0,87 g usados en la
siguiente etapa sin purificacién adicional. MS (ES+) m/z 130,2 (M+H)".

b) 4-[4-Cloro-1-etil-7-({[(3S)-1-metil-3-piperidinillmetil}oxi)- 1H-imidazo[4,5-
¢)piridin-2-il}-1,2,5-oxadiazol-3-amina

Se anadid gota a gota una solucidon de azodicarboxilato de dietilo (0,33
ml, 2,2 mmol} en cloruro de metileno (5 mi) a una mezcla agitada compuesta
por el compuesto del Ejemplo 6(a) (0.260 g, 2 mmol) con polimero unido a
trifenilfosfina (1,56 g de 1.6 mmol/g polimero, 2,5 mmol) a 0°C. Se retird el
bafio de enfriamiento y se continué la agitacién durante 20 minutos. Se afiadio
a esta mezcla a temperatura ambiente una solucién del compuesto del
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intermedio VIl (280 mg, 1 mmol) en THF (40 ml). La mezcla se filtrd y se afadid
al filtrado acetato de etilo (60 ml). La solucidn resultante se lavo con agua (50
ml) y luego salmuera (50 ml). El extracto organico se sectd sobre MgSQ., se
filtro y el disolvente se elimind a presion reducida dando 0,40 g de sélido bruto

5 que se uso en la siguiente etapa sin purificacion adicional. MS (ES+) m/z
392.3 (M+H)".

c) Sal dihidroclorure de 4-[2-(4-amino-1,2 5-oxadiazol-3-il)-1-etil-7-({{(3S)-1-
metil-3-piperidinilmetil}oxi)-1H-imidazo[4,5-c]piridin-4-il]-2-metil-3-butin-2-0l

10 Se cargd un recipiente a presion de pared gruesa con €l compuesto del
Ejemplo 1(b) (0,140 g, 0,35 mmol), poive de Zn (0,02 g, 0,30 mmol), Nal (0,04
g. 0,27 mmol), DBU (0,10 ml, 0,66 mmol), TEA (0,075 ml, 0,53 mmol), 2-metil-
3-butin-2-ol (0,40 mi, 4,14 mmol) y (Ph3P).Pd (0,04 g, 0,03 mmol) en DMSO (2
ml). La mezcla se vertid en agua agitada rapidamente (10 ml) con acetato de

15 etilo (5 ml) y ciclohexano (5 ml). El sélido resultante se recogié y luego
cristalizoé en etanol. El solido cristalino se disolvio en etanol caliente y luego se
afadié HCI (0,175 mli de solucion 4M en dioxano, 0,70 mmol). El precipitado se
recogid y se secd a presion reducida proporcicnando el compuesto de! epigrafe
{0,148 g) MS (ES+) m/z 440,3 (M+H)".

20
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25 Preparacion  de  4-[2-(4-amino-1.2 5-oxadiazol-3-il)-1-etil-7-({[{25)-4-metil-2-
tiomorfolinillmetilloxi)- 1H-imidazo[4 5-c]piridin-4-il]-2-metil-3-butin-2-ol

I

AN
S
o
.




10

15

20

25

-57-

Se afiadieron NaCNBHj; (0,14 g, 2,20 mmol) y acido acético (0,57 ml) a
una solucién del compuesto del Ejemplo 3(b) (0.88 g, 1,98 mmol) en MeOH (38
ml) a 0°C. Esto fue seguido por la adicién gota a gota de formaldehido (0,25
ml). La reacciéon se dejo calentar hasta temperatura ambiente. Después de 18
horas, 1a reaccién se vertio en NaHCO; acuoso al 50%. La solucion se enfrid
hasta 0°C y el precipitado resultante se recogié dando 0,90 g del compuesto
deseado. MS{ES+) m/z 458,4 (M+H)".

Ejemplo 8

Preparacion  de  4-12-(4-amino-1.2 5-oxadiazgl-3-il)-1-etil-7-({[(2 3)-4-metil-2-
merfoliniljmetif}oxi)- 1H-imidazo[4.5-¢]piridin-4-il]-2-metil-3-butin-2-ol

Se afadid formaldehido (37% en agua, 0,045 mi, 0,6 mmol) al
compuesto del Ejemplo 4 (0,13 g, 0,30 mmol) suspendido en metanol (2 ml).
Después de 5 minutos se afadi¢ acido aceético (0,051 ml, 0,9 mmol) seguido
por triacetoxiborohidruro sédico (0,16 g, 0,75 mmol). Después de 1 hora, €l
disolvente se elimind a vacio y el residuo se suspendié en NaOH 1N y se
extrajo con acetato de etilo/tetrahidrofurano. Los extractos organicos reunidos
se lavaron con salmuera y se secaron sobre sulfato sédico. La eliminacion del
disolvente dio 0,10 g del compuesto deseado como un sélido. MS(ES+) m/z
442 [M+H]".

17
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Ejemplo 9

OH

Preparacién _de_dihidrocloruro _de 4-[2-(4-amino-1.2 5-oxadiazol-3-il)-1-etil-7-
{[{(2R)-6-metil-2-morfolinilimetil}oxi)-1H-imidazo[4,5-¢]piridin-4-ill-2-metil-3-
butin-2-ol
a) (28)-1-({[2.4-Bis(metiloxi}feniijmetil}amino)-3-{(fenilmetil)oxi]-2-propanol
Se anadid éter bencil (S)-(+)-glicidilico (0,88 g, 540 mmol} a una
solucion agitada de 2,4-dimetoxibencilamina (1,00 g, 5,99 mmol) en MeOH (30
ml) a temperatura ambiente. Después de 12 horas la reaccidon se concentré a
vacio. El residuo se disolvio en acetato de etilo (75 ml) y se lavd
secuencialmente con HCI 1N (25 ml) y salmuera (25 ml). La soluciéon se secd
sobre MgSO,, se filtré y el disolvente se eliminé a presiéon reducida dando 1,35
g del aceite bruto que se usd en ia siguiente etapa sin purificacion adicional.
MS (ES+) m/z 332,2 (M+H)".

b) N-{I2,4-Bis{metiloxi)feniljmetil}-2-bromo-N-{(2R)-2-hidroxi-3-
[(fenilmetil)oxi]propil}propanamida

Se afadid cloruro de 2-bromopropionilo (0,280 g, 1,65 mmol) a una
solucién agitada del compuesto del Ejemplo 9(a) (0,50 g, 1,50 mmol) y
trietilamina (0,25 m), 3,0 mmol) en CH;Cl; (30 ml} a 0°C. Después de 12 horas
a temperatura ambiente, el disolvente se eliminé a presion reducida. Se
disolvié el residuo en acetato de etilo {75 ml) y se lavd secuencialmente con
HCI 1N (25 mt) y salmuera {25 ml). La solucién se seco sobre MgSQ,, se filtrdé y
el disolvente se elimind a presion reducida dando 0,51 g de! aceite bruto que
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se usd en la siguiente etapa sin purificacién adicional. MS (ES+) m/z 4672
(M+H)".

c) (6R)-4-{[2,4-Bis(metiloxi)fenil]metil}-2-metil-6-{[(feniimetil)oxijmetil}-3-
morfolinona

Se agitd en nitrégeno a temperatura ambiente durante 16 horas una
mezcla del compuesto del Ejemplo 9(b) (0,40 g, 0,86 mmol!) e hidruro sédico
(0,067 g, 1,37 mmol) en THF (15 ml). La reaccidn se diluyé con acetato de etilo
(50 ml), se lavd con agua (3x15 ml) y satmuera (20 ml). La solucion se secod
sobre MgSQO,, se filtro y el disolvente se elimind a presién reducida dando el
producto deseado. La HPLC preparativa (columna YMC-Pack ODS-A. 30 mm
de d.i. x 75 mm, 20 mi/min, gradiente, A: agua-acide¢ trifluoroacético al 0,1%, B:
acetonitrilo-acido trifluoroacético al 0,1%, acetonitrilo al 10-90% durante 12
min, deteccion UV a 254 nm) dio 0,245 g (74% de rendimiento) del compuesto
del epigrafe. MS (ES+) m/z 386,2 (M+H)".

d) (6R)-4-{i2,4-Bis(metiloxi)fenilimetil}-2-metil-6-{[(fenilmetil)oxijmetil}-
morfolina

Se anadio LAH (1M, 0,60 ml) a 0°C en nitrégeno a una soluciéon del
compuesto del Ejemplo 9(c) (0,200 g, 0,51 mmol) en THF. La reaccidn se
calentd hasta temperatura ambiente y se agité durante 12 horas. Se afadié a
la reaccion agua (0.02 ml), lentamente a 0°C y NaOH 1N (0,02 ml), se dejo 1a
mezcla agitando a temperatura ambiente durante 1 hora. Se afadid mas agua
(0,07 ml) y se agitd durante 30 min. La mezcla se filtrd. Los solidos se lavaron
varias veces con acetato de etilo. El filtrado se concentré a presién reducida
dando 0,12 g de! aceite bruto que se uso en la siguiente etapa sin purificacion
adicional. MS (ES+) m/z 372,2 (M+H)".

e) (BR)-2-Metil-6-{[(fenilmetil)oxilmetil}morfolina

Se traté con cleroformiato de 1-cloroetilo (0,10 mi, 1.4 mmal) una
solucion del compuesto del Ejemplo 9(d) (0,12 g, 0,32 mmol) en CH;Ci; (5 mi)
a temperatura ambiente. La reaccion se agitd a reflujo durante 2 horas, el
disolvente se elimind a presion reducida dando un residuo bruto. El residuo se
disolvié en MeOH (5 mi) y se agité a reflujo durante 1 hora. E! disolvente se
elimind a presion reducida dando un residuo bruto, 0,51 g del aceite bruto que
se usd en la siguiente etapa sin purificacién adicional. MS (ES+) m/z 222.2
(M+H)".

d
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f) (6R)-2-Metil-6-{[(fenilmetil)oxijmetil}-4-morfolinacarboxilato  de 1.1-
dimetiletilo

Se tratdo con dicarbonato de di-ferc-butilo (0,22 g, 1,0 mmol) una
solucion del compuesto del Ejemplo 9(e) (0,20 g, 0,90 mmol) en CH3CN (5 ml)
a temperatura ambiente. La eliminacién de ios orgénicos dio un residuo bruto.
La HPLC preparativa (columna YMC-Pack ODS-A, 30 mm de d.i. x 75 mm, 20
mi/min, gradiente, A. agua-acido trifiuoroacético al 0,1%, B: acetonitriio-acido
trifluoroacético al 0,1%, acetonitrilo al 10-90% durante 12 min, deteccion UV a
254 nm) dio 0,214 g (79% de rendimiento) del compuesto del epigrafe. MS
(ES+) mfz 322,2 (M+H) .

9) (2R)-2-(Hidroximetil)-6-metil-4-morfolinacarboxilato de 1,1-dimetiletilo

Se tratd con hidroxido de paladio (0,10 g) una solucién del compuesto
de! Ejemplo 9{f) (0,20 g, 0,62 mmol) en EtOH (5 ml). La mezcla se colocod en
un aparato de Parr y se agité durante 16 horas en una atmdsfera de 3,81 x 10°
Pa de H,. La mezcla se filtré sobre una almohadilla de Celite y se lavé con
MeOH (25 m!). El filtrado se concentré a presidén reducida dande 0,15 g del
aceite bruto que se usd en la siguiente etapa sin purificacidn adicional. MS
(ES+) m/z 232,2 (M+H)".

h) (6R)-2-Metil-8-({[(4-metilfenil)sulfonil]oxi}metil)-4-morfolinacarboxilato de
1,1-dimetiletilo

Se aradieron trietilamina (0,10 ml), dimetilaminopiridina (0,02 g) vy
cloruro de tosilo {0,156 g, 0,79 mmol) a una solucidén del compuesto del Ejempio
9(g) (0,15 g, 0,65 mmol) en CH,Cl; (5 mi). Después de 12 horas la reaccién se
concentrd a vacio. El residuo se disolvid en acetato de etilo (75 mi) y se lavd
secuencialmente con HCI| 1N (25 ml) y salmuera (25 mi). La solucién se seco
sobre MgSO,, se filtro y e! disolvente se elimind a presion reducida dando un
residuo bruto. El residuo brute se sometidé a cromatografia ultrarrapida (EtOAc
al 25-100%/Hex, ge! de silice) dando 0,14 g del compuesto deseado como un
sélido amarillo claro. MS (ES+) m/z 286,2 (M+H-BOC)" , no se observé ion
principal.

f) (28)-2-({[2-(4-Amino-1,2,5-0xadiazol-3-il)-4-cloro-1-etil-1H-imidazo[4,5-
c]piridin-7-itjoxi}metil)-6-metil-4-morfolinacarboxilato de 1,1-dimetiletito
Se agitd en nitrégeno a 50°C durante 16 horas una mezcla del
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compuesto del Ejemplo 9(h) (0,14 g, 0,36 mmol), el compuesto del intermedic
Vil (0,11 g, 0,40 mmol) y carbonato de cesio (0,20 g, 0,55 mmol) en DMF (9
ml). Después de dejar que la reaccién se enfriara a temperatura ambiente, Ia
mezcla se diluyd con acetato de etilo (50 ml), se lavd con agua (3x15 ml) y
salmuera (20 ml). La solucion se seco sobre MgSQ,, se filtrd y el disolvente se
elimind a presidn reducida dando el producto deseado. La HPLC preparativa
(columna YMC-Pack ODS-A, 30 mm de d.i. x 75 mm, 20 mi/min, gradiente, A:
agua-acido trifluoroacético al 0,1%, B: acetonitrilo-acido trifluoroacético al
0,1%, acetonitrilo al 10-90% durante 12 min, deteccién UV a 254 nm) dio 0,124
g (70% de rendimiento) del compuesto de! epigrafe como un sélido blanco.
MS (ES+) m/z 494,2 (M+H)".

) (28)-2-({[2-(4-Amino-1,2,5-0xadiazol-3-il)-1-etil-4-(3-hidroxi-3-metil-1-
butin-1-il)- tH-imidazo[4,5-c]piridin-7-ilJoxi}metil)-6-metil-4-morfolinacarboxilato
de 1,1-dimetiletilo

Se cargd un recipiente a presion de pared gruesa con el compuesto de!
Ejemplo 9(i) (0,124 g, 0,25 mmol), polvo de Zn (0,02 g, 0,30 mmol), Nai (0,04
g. 0,27 mmol), DBU (0,20 ml, 1,32 mmol), TEA (0,15 ml, 1,07 mmol), 2-metil-3-
butin-2-ol (0,20 ml, 2,07 mmol) y (Ph3P)sPd (0,04 g, 0,03 mmol} en DMSO (5
ml). Después de purgar con nitrébgeno durante 10 minutos, el recipiente de
reaccion se selld y se calentd a 80°C durante 3 horas. La mezcla de reaccidon
se diluyo con agua y se extrajo con acetato de etilo. Los extractos organicos se
lavaron con agua, salmuera y se secaron sobre sulfato sddico. E! disolvente se
eliminé a presion reducida proporcionando un residuo amarilio claro. E! residuo
bruto se sometid a cromatografia ultrarrapida (MeOH al 0-10% /CHC!;, ge! de
silice) dando otros 0,70 g mas del compuesto deseado como un sdlido amarillo
claro. MS (ES+) m/z 541 (M+H)".

k) Sal dihidrocloruro de 4-[2-(4-amino-1,2,5-oxadiazol-3-il)-1-etil-7-({[(2S)-6-
metil-2-morfoliniljmetil}oxi)- 1H-imidazo[4,5-c]piridin-4-il)-2-metil-3-butin-2-ol

Se afiadid HCI 4N en 1 4-dioxano (3,5 ml, 0,18 mmol) a una solucién del
compuesto del Ejemplo 9(j) (0,10 g, 0,178mmol} en metanol (5 ml). Después de
tres horas a temperatura ambiente, el disolvente se elimind a presiéon reducida.
El residuo se trituré con diclorometano y el sélido se recogié por filtracion
dando 0,063 g del compuesto del epigrafe como sélido amarillo claro. MS
(ES+) m/z 441 (M+H)".
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Preparacion de 4-[12-(4-amino-1,2 5-oxadiazol-3-il}-1-etil-7-({[(28)-4-etil-2-
marfolinilimetil}oxi)- 1H-imidazo[4,5-clpiridin-4-il]-2-metil-3-butin-2-0!

Se anadieron acetaldehido (0,034 ml, 0,61 mmol} y acido acético (0,052
ml, 0,90 mmol) a una solucidon del compuesto del Ejemplo 4 (0,13 g, 0,30
mmol) en MeOH (4 ml) a 0°C. Esto fue seguido por la adicion de NaCNBH;
{0,048 g, 0,76 mmol). Se dejo que la reaccién se calentara hasta temperatura
ambiente. Despues de 18 horas, la reaccion se vertid en NaHCO; acuoso al
50%. La solucion se enfri6 hasta 0°C y el precipitado resultante se recogio
dando 0,10 g del compuesto deseado. MS (ES+) m/z 456,4 (M+H)".

Eijemplo 11 - Composicidn de capsula
Se produce una forma de dosificacion oral para administrar la presente
invencion llenando una capsula de gelatina de dos piezas convencional con los
ingredientes en Yas proporciones mostradas a continuacién en la Tabla [

Tabla |
INGREDIENTES CANTIDADES
4-(2-(4-Amino-1,2,5-oxadiazol-3-il)-1-etil-7-{[(35)-3- 25 mg
piperidinilmetiljoxi}- 1H-imidazo[4 5-c)piridin-4-i1)-2-metil-3-
butin-2-ol
Lactosa 55 mg
Talco 16 myg

Estearato de magnesio 4 mg



10

15

20

-63-

Ejemplo 12 - Composicién parenteral inyectable
Se produce una forma inyectable para administrar la presente invencion
agitando 1,5% en peso de 4-(2-(4-amino-1,2,5-oxadiazol-3-il)-1-etil-7-{[(2S)-2-
tiomorfeliniimetiljoxi}-1H-imidazo[4,5-c)piridin-4-il)-2-metil-3-butin-2-0l, en 10%
en volumen de propilenglicol en agua.

Ejemplo 13 - Compasicidén de comprimido

Se mezclan la sacarosa, el sulfato de caicio dihidratado y un inhibidor de
Akt como se muestra en |a Tabla |, a continuacion, y se granulan en las
proporciones mostradas con una solucién de gelatina al 10%. Los granuios
humedos se tamizan, se secan, se mezclan con el almiddn, el talco y el acido
estedrico, se tamizan y se comprimen en un comprimido.
Tabla |l

INGREDIENTES CANTIDADES
Dihigrocloruro de 4-(2-(4-amino-1,2,5-oxadiazol-3-il)-1- 20 mg
etil-7-{{(2S)-2-tiomorfolinilmetiljoxi}- 1H-imidazo[4 ,5-
c]piridin-4-il)-2-metil-3-butin-2-ol

Sul¥fato de calcio deshidratado 30 mg
Sacarosa 4 mg
Almidén 2mg
Talco 1mg
Acido estearico 0.5mg

Aunque las realizaciones preferidas de la invencion se ilustran en la
descripcion anterior, se sobreentiende que la invencién no queda limitada por
las instrucciones precisas descritas en la presente memoria y que se reserva el
derecho a todas las modificaciones que puedan encontrarse dentro del alcance
de las siguientes reivindicaciones.
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REIVINDICACIONES

1. A compuesto seleccionado de:

4-(2-(4-amino-1,2,5-oxadiazol-3-il)-1-etil-7-{[(3S)-3-piperidinilmetil]oxi}-
1H-imidazo[4,5-c]piridin-4-il)-2-metil-3-butin-2-0l;

4-(2-(4-amino-1,2 5-oxadiazol-3-il)-1-etil-7-{[(2S)-2-tiomorfolinilmetil]oxi}-
1H-imidazo[4,5-c]piridin-4-il)-2-metil-3-butin-2-ol;

4-(2-(4-amino-1,2, 5-oxadiazol-3-il)-1-etil-7-{[(2S)-2-morfoliniimetiljoxi}-
1H-imidazo[4,5-c]piridin-4-i)-2-metil-3-butin-2-ol; y

4-[2-(4-amino-1,2 5-oxadiazol-3-il)-1-etil-7-({[{2R)-6-metil-2-
morfoliniljmetit}oxi)-1H-imidazo[4,5-c]piridin-4-il]-2-metil-3-butin-2-ol;

y/o sus sales, hidratos, solvatos y profarmacos farmacéuticamente aceptables.
2 Un compuesto de la reivindicacién 1, que es:
4-(2-(4-amino-1,2,5-oxadiazol-3-il)-1-etil-7-{[(3S)-3-piperidiniimetil]oxi}-

1H-imidazo[4,5-c]piridin-4-il)-2-metil-3-butin-2-ol:

y/o sus sales, hidratos, solvatos y profarmacos farmacéuticamente aceptables.
3. Un compuesto de la reivindicacion 1, que es:
4-(2-(4-amino-1,2,5-oxadiazol-3-il)-1-etil-7-{{(2S)-2-tiomorfolinilmetil)oxi}-

1H-imidazol4,5-c]pindin-4-il}-2-metii-3-butin-2-ol,

y/o sus sales, hidratos, solvatos y profarmacos farmacéuticamente aceptables.
4. Un compuesto de la reivindicacién 1, que es:
4-(2-(4-amino-1,2,5-oxadiazoi-3-il)-1-etil-7-{[(2S)-2-morfolinilimetiljoxi}-

1H-imidazo[4,5-c]piridin-4-il)-2-metil-3-butin-2-ol,

y/o sus sales, hidratos, solvatos y profarmacos farmacéuticamente aceptables.
5, Un compuesto de la reivindicacion 1, que es:

4-[2-(4-amino-1,2 5-oxadiazol-3-il)-1-etil-7-({[(2R)-6-metil-2-
marfolinilimetil}oxi)-1H-imidazo[4,5-c]piridin-4-il]-2-metil-3-butin-2-ol;
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y/o sus sales, hidratos, solvatos y profarmacos farmacéuticamente aceptables.

6. Una composicion farmacéutica que comprende un compuesto
segun la reivindicacion 1, yfo una de sus sales, hidratos, solvatos o
profarmacos farmacéuticamente aceptables y un vehiculo farmacéuticamente
aceptable.

7. Una composicién farmacéutica que comprende un compuesto
segun la reivindicacion 2, y/fo una de sus sales, hidratos, solvatos ©
profarmacos farmacéuticamente aceptables y un vehiculo farmaceuticamente
aceptable.

8. Un procedimiento para preparar una composicion farmacéutica
que contiene un vehiculo farmacéuticamente aceptable y una cantidad eficaz
de un compuesto de la reivindicacion 1 y/o una de sus sales, hidratos, solvatos
o profarmacos farmacéuticamente aceptables, comprendiendo dicho
procedimiento poner el compuesto de Férmula (I} y/0 una de sus sales,
hidratos, solvatos o profarmacos farmacéuticamente aceptables en asociacién
con un vehiculo farmacéuticamente aceptable.

9. Un procedimiento para tratar o reducir la gravedad de una
enfermedad o estado patoldgico seleccionado de cancer y artritis en un
mamifero que lo necesita, que comprende administrar a dicho mamifero una
cantidad terapéuticamente eficaz de un compuesto de Formula |, como se
describe en la rewindicacion 1 y/o una de sus sales, hidratos, solvatos ©
profarmacos farmaceuticamente aceptables.

10. El procedimiento de la reivindicacion 9, en el que el mamifero es
un ser humano.

11. Un procedimiento para tratar o reducir la gravedad de una
enfermedad o estado patolégico seleccionado de cancer y artritis en un
mamifero que lo necesita, que comprende administrar a dicho mamifero una
cantidad terapéuticamente eficaz de un compuesto de la reivindicacién 2 y/o
una de sus sales, hidratos, solvatos o profarmacos farmacéuticamente
aceptables.
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12 El procedimiento de la reivindicacién 11, en el que el mamifero es
un ser humano.

13.  Procedimiento segun la reivindicacién 9, en el que dicho cancer
se selecciona de cerebro {(gliomas), glioblastomas, sindrome de Bannayan-
Zonana, enfermedad de Cowden, enfermedad de Lhermitte-Duclos, mama,
coion, cabeza y cuello, rifidn, pulmén, higado, melanoma, ovario, pancreatico,
préstata, sarcoma y tiroides.

14. Procedimiento segun la reivindicacion 11, en el que dicho cancer
se selecciona de cerebro (gliomas), glioblastomas, sindrome de Bannayan-
Zonana, enfermedad de Cowden, enfermedad de Lhermitte-Duclos, mama,
colon, cabeza y cuello, ridén, pulmédn, higado, melanoma, ovario, pancreatico,
prostata, sarcoma y tiroides.

15. Uso de un compuesto de Férmula (), como se describe en la
reivindicacion 1 y/o una de sus sales, hidratos, solvatos ¢ profarmacos
farmacéuticamente aceptables, en la fabricacion de un medicamento para usar
en el tratamiento o reduccién de la gravedad de una enfermedad o estado
patologico seleccionado de cancer y artritis.

16. Procedimiento para inhibir la actividad de Akt en un mamifero que
lo necesita, que comprende administrar a dicho mamifero una cantidad
terapéuticamente eficaz de un compuesto de Formula |, como se describe en
la reivindicacion 1 y/o una de sus sales, hidratos, solvatos o profarmacos
farmaceéuticamente aceptables.

17. El procedimiento de la reivindicacion 16, en el que el mamifero es
un ser humano.

18. Un procedimiento para tratar cancer en un mamifero que 'o
necesita, que comprende: administrar de forma combinada a dicho mamifero
una cantidad terapéuticamente eficaz de

a) un compuesto de la reivindicacidén 1 y/o una de sus sales,
hidratos, solvatos o profarmacos farmacéuticamente aceptabies; y

b) al menos un agente antineoplasico.
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19. Procedimiento segun la reivindicacion 18, en el que el al menos
un agente antineoplasico se selecciona del grupo consistente esencialmente
en agentes antimicrotubulos, complejos de coordinacién de platino, agentes
alquilantes, antibiéticos, inhibidores de topoisomerasa I, antimetabolitos,
inhibidores de topoisomerasa |, hormonas y analogos hormonales, inhibidores
de la via de traduccidon de sefal; inhibidores de la angiogénesis tirosina
quinasa no receptor;, agentes imnunoterapéuticos; agentes proapoptéticos,; e
inhibidores de la sefalizacion del ciclo celular.

20. Procedimiento segun la reivindicacion 18, en el que el al menos
un agente antineoplasico es un agente antimicrotibulos seleccionado de
diterpenoides y alcaloides de la vinca.

21. Procedimiento segun ia reivindicacion 18, en el que el al menos
un agente antineoplasico es un diterpenoide.

22. Procedimiento segun la reivindicacion 18, en el que el al menos
un agente antineoplasico es un alcaloide de la vinca.

23. Procedimiento segun la reivindicacién 18, en el que el al menes
un agente antineoplasico es un complejo de coordinacidn de platino.

24. Procedimiento segun la reivindicacién 18, en el que el al menos
un agente antineoplasico es paclitaxel, carboplatino o vinerelbina.

25 Procedimiento segun la reivindicacién 18, en el que el al menos
un agente antineoplasico es paclitaxel.

26. Procedimiento segun la reivindicacién 18, en el que el al menos
un agente antineoplasice es carboplatino.

27. Procedimiento segun la reivindicaciéon 18, en el que el al menos
un agente antineoplasico es vinorelbina.

28. Procedimientc segun la reivindicacion 18, en el que el al menos
un agente antineoplasico es un inhibidor de la via de traduccion de sefiales.
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29. Procedimiento segun la reivindicacion 28, en el que el inhibidor
de la via de traduccion de senales es un inhibidor de una quinasa receptor del
factor de crecimiento seleccionado del grupo consistente en VEGFR2, TIEZ2,
PDGFR, BTK, IGFR-1, TrkA, TrkB, TrkC y ¢-fms.

30. Procedimiento segun la reivindicacion 28, en el que el inhibidor
de la via de traduccién de sefales es un inhibidor de una serina/treonina
quinasa seleccionada del grupo consistente en rafk, akt y PKC-zeta.

31. Procedimiento segun la reivindicacién 28, en el que el inhibidor
de la via de traduccion de sefiales es un inhibidor de una serina/trecnina
guinasa seleccionada de la familia src de quinasas.

32. Procedimiento sequn la reivindicacidn 31, en el que el inhibidor
de la via de traduccion de sefales es un inhibidor de c-src.

33. Procedimiento segun la reivindicacion 28, en el que el inhibidor
de la via de traduccibn de sefales es un inhibidor de! oncogen Ras
seleccionado de inhibidores de farnesil transferasa y geranilgeranil transferasa.

34. Procedimiento segun la reivindicacién 28, en el que el inhibidor
de la via de traduccién de senales es un inhibidor de una serinaftreonina
quinasa seleccionado del grupo consistente en PI3K.

35 Procedimiento segun la reivindicacion 18, en el que el al menos
un agente antineoplasico es un inhibidor de la sefializacion del ciclo celular.

36. Procedimiento segun la reivindicacion 35, en el que el inhibidor
de la senalizacion del ciclo celular se selecciona de inhibidores del grupo
CDK2, CDK4 y CDKS.

37. Una combinacion farmacéutica segiin la reivindicacién 18 para
usar en terapia.

38. ' El uso de una combinacién farmacéutica segun la reivindicacion
18 para la preparacién de un medicamento util en el tratamiento de cancer.
39. Un procedimiento de tratamiento o reduccién de la gravedad de



10

15

20

25

30

-69-

una enfermedad o estado patolégico seleccionado de cancer y artritis en un
mamifero que lo necesite, que comprende administrar a dicho mamlfero una
cantidad terapéuticamente eficaz de 4-(2-(4-amino-1,2,5-oxadiazo!-3-il)-1-etil-7-
{[(3S)-3-piperidinilmetiljoxi}-1H-imidazo[4, 5-c]piridin-4-il)-2-metil-3-butin-2-ol y/o
una de sus sales, hidratos, solvatos o profarmacos farmacéuticamente
aceptables.

40. Un procedimiento de tratamiento o reduccion de la gravedad de
una enfermedad o estado patologico seleccionado de cancer y artritis en un
mamifero que o necesite, que comprende administrar a dicho mamifero una
cantidad terapéuticamente eficaz de 4-(2-(4-amino-1,2,5-oxadiazol-3-il)-1-etil-7-
{[(25)-2-tiomorfolinilmetilloxi}-1H-imidazo[4,5-c]piridin-4-i!)-2-metii-3-butin-2-ol
y/o una de sus sales, hidratos, solvatos o profarmacos farmacéuticamente
aceptables.

41. Un procedimiento de tratamiento o reduccion de la gravedad de
una enfermedad o estado patologico seleccionado de cancer y artritis en un
mamifero que lo necesite, que comprende administrar a dicho mamifero una
cantidad terapéuticamente eficaz de 4-(2-(4-amino-1,2,5-oxadiazol-3-il}-1-etil-7-
{[(2S)-2-morfolinilmetil]oxi}-1H-imidazo[4,5-c]piridin-4-il}-2-metil-3-butin-2-0f y/o
una de sus sales, hidratos, solvatos o profarmacos farmacéuticamente
aceptables.

42. Un procedimiento de tratamiento o reduccion de la gravedad de
una enfermedad o estado patolégico seleccionado de cancer y artritis en un
mamifero que (o necesite, que comprende administrar a dicho mamifero una
cantidad terapéuticamente eficaz de 4-[2-(4-amino-1,2 5-oxadiazol-3-i1)-1-etil-7-
({[(2R)-6-metil-2-morfoliniljmetil}oxi)-1H-imidazo[4,5-c]piridin-4-il]-2-metil-3-
butin-2-0l y/o una de sus sales, hidratos, solvatos o profarmacos
farmaceéuticamente aceptables.
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RESUMEN DE LA DESCRIPCION /

Se han inventado nuevos compuestos de 1H-imidazol4,5-c)piridin-2-ilo,
el uso de tales compuestos como inhibidores de la actividad proteina quinasa B
5 yen el tratamiento de cancer y artritis.
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Iniernational appligatip: ,
WRITTEN OPINION OF THE . ) il
INTERNATIONAL SEARCHING AUTHORITY PCT/USO6/434% 34—

Box No. I Basis of this oplnion

1. With regard to the language, this opision has been established on the basis of:
D<) the intemational application in the language in which it was filed

D a translaticn of the internations) application into ___, which is the langunge of a wranslation furnished for the purposes of
international search (Rules 12.3(8) and 23.1(b)). i
2. D “This opinion has been established taking into account the rectification of an obvious mistake authorized by or notified to this
Authority under Rule 91 (Rule 43bis. 1{a))

3. With rcgard to any nucleotide and/or amino acid sequence disclosed in the international application, this opmion has been
cstablished on the basis of: ’ '
a.  type of material
E] a sequence listing

D table(s) relnted to the sequence listing

b.  format of material
D on paper

D in clectronic form

c.  time of filing/frrnishing

D contgined in the intcrnational application as fited.
E] filed together with the international application in clectronic form.

D furnished subseguently to this Authority for the purposes of seasch.

4, D In oddition, in the case that more than one veision or copy of a sequence listing and/or table(s) relating thereto has been filed
or furnished, the required statements that the information in the subsequent or additional copies is identical to that in the
application o3 filed or dnes not go beyond the application as filed, as apprapriate, were furnished.

S, Additional comments:

Form PCTASAR37(Box No. I) (April 2007}




International appicati .
WRITTEN OPINION OF THE . ton-bla
INTERNATIONAL SEARCHING AUTHORITY PC’TﬂJSOﬁN}ﬁJ'

Box No. IIl Non-establishment of oplnion with regard to novelty, Inventive step and indastrial applicabllity

The questions whether the ¢laimed invention appears to be novel, 1o involve an inventive step (to be non-obviuvus), o1 to be
industrinlly applicable have not been cxamined in respect of!

D the entire international application
E claims Nos. 15 and 38
because:

VA the snid international application, or the said claim Nos. 15 and 18 selste to the (ollowing subject matter which does not
require an internationa) search (zpecify):

Claims 15 and 38 ere “use” claims, and thus, nonstatustery claims.

D the description, claims or drewings findicate purticular clements befow) or said claims Nos. are so unclear that no
meuningfil opinion could be formed (specifi):

D the claims, o7 5aid claims Nos. arc 50 inndequately sepported by the description that no meaningful opinion could be
formed fepecth):

no international scarch report has been established for said claims Nos.

0O

a meaningful opinion could not be formed without the sequence listing: the applicant did not, within the
prescribed time limit:

D furnish a sequence listing on paper complying with the standard provided for in Annex C of the
Administrative Instructions, and such listing was not aveilable to the International Searching Authority
in a form and manacr acceptable Lo it

D furnish a sequence listing in electronic form complying with the standard provided for in Annex C of
the Administrative Instructions, and such listing was not avsilable to the Intemational Searching
Authority in a form and manner acceptable to it .

D pay the required late furnishing fee for the furnishing of a sequence listing in respense to an invitation
under Rulcs 13rer.1(n) or (b).

D 2 meaningful opinion could not be formed without the tables related to the sequence listings; the applicant did
net, within the prescribed time limit, furnish such tables in electronic form complying with the technical
requirements provided for in Annex C-bis of the Administrative Instructions, and such tables were not available
to the International Searching Authority in » form and manner acceptable to it,

D the tables related to the nucleotide andfor amino acid sequence listing, if in electronic form only, do not comply
with the technical requirements provided for in Annex C-dés of the Administrative [nstructions.

D See Supplemental Box for further details.

Form PCTASA/237 (Box No. TH) (April 2007)




International jeationlq.
WRITTEN OPINION OF THE PCT/US06/43508
INTERNATIONAL SEARCHING AUTHORITY

Box No. V Reasoned statement under Rule 43 bis.1(a}(i) with regard to novcelty, Inventive step or industrial
applicability; citations and explanations supporting such statemeat

1. Swatement

YES

NO

YES

NO

YES

Novelty (N) Claims }-14, 1637 and 39-42
Claims NONE

Inventive step (IS) Claims }-]4, 16-37 and }9-42
Claims NONE

Industrial applicability (IA) Claims }-14, 16-37 and 39-42
Claims NONE

NO

2. Citations and explanations:

imidazo[4,5-¢]pyridine bicyclic compounds with the corresponding substitution as that being claimed in the instant invention.

octitivity is taught on page 7, line 27-28. Thus, suid claims are rendered obvious by Heerding ct. al.

matier clsimed can be made or used in the pharmaceutical industry.

Claims 1-14, 16-37 and 39-42 meet the criteria set out in PCT Article 33(2), becausc the prior art does not teach or fairly suggest

Claims 1-14, 16.37 and 39-42 lack an inventive step under PCT Article 33{3) as being obvious over Heerding ct. o). (WO 2005011700
A1), The reference twaches compounds imidazol4,5-c]pyridines with a 4-amino-1,2,5-oxadiazolé at the 2 position, an cthyl substituent

8t the | position, a 3-mcthyl-3-butyn-2-ol at the 4 position and 1 oxymethylhcterocyctyl group at the 7 position of the bicycle. See page
$5, compound 10 and the genus teaching on page &, lines 11-13 and page 9, lines 23-25. The method of reating cancer is found on page
2, line 19. The simple and complex compositions arc taught on page 7, Yine 34-36. Furthermore, the method of inhibiting the Akt

Claims 1-14, 16-37 and 39-42 meet the criteria set out in PCT Article 33(4). and thus meet industrial applicability because the subject

Eorm PCT/ASAS237 (Box No. V) (Apri) 2007)




Intcrnationa! applicationblg.
WRITTEN OPINION OF THE '

INTERNATIONAL SEARCHING AUTHORITY pCTAUSORISN

Box No. VIII  Certain observations on the international application

The following observations on the clarity of the claims, description, and drawings or on the questions whether the cinims are fully
supported by the description, are made:

Claims 9-14, 18-36 and 39-42 ore objected 1o as lacking ciasily under PCT Rule 66.2(a)(v) because of the claims 9-14, 18-36 end 39-42
are not fully supported by the description. The description does not disclose the claimed invention in a manner sufficiently clear and
completc for the claimed invention ta be carried out by a person skilled in the an because: the prior at knows there has never been a
treaiment for cancer gencrally. The Mst of cancers given in 13 covers most ¢ancers and thus this is understood to include cancer
generally. Thus, Applicant is not ennbled for the trestment of cancer generally.

Claims 1-14, 16-37 and 39-42 arc objecied to as lucking clarity undes PCT Rute 66.2(a)(v) because of the ¢Taims 1.14, 16-37 and 39-42
arc not fully supported by the description. The descriptian docs not disclose the claimed invention in a manner sufficiently clcar and
complete for the cloimed invention 1o be carricd out by a person skalled in the ert because: Applicant hus not shown that these
compounds can form solvates/hydrates,

Claims 1-14, 16-37 and 39-42 are objected 10 as lacking clarity under PCT Rule 66,2(a)(v) because of the claims |14, 16-37 and 39-42
are not fully supported by the description. The description dues not disclose the claimed invention in a manner sufficiently clear and
complete for the claimed invention to be carried out by a person skilled in the art because: Applicunt has not how to make oy use
prodrogs, Thus, Applicant is not cnabled {or prodrugs.

Foem PCTASASZIT (Box No. VIIT) (April 2007}
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WRITTEN OPINION OF THE ' PCTAUS0S/ o ot
INTERNATIONAL SEARCHING AUTHORITY

Supplemental Box
In case the space in any of the preceding boxes Is not sufficient.

Continuation of [PC:
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2006.01),19/62( 2006.01)
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NOTES TO FORM PCT/ISA/220

give the basic instructions concermng the filing of ameadments under Asticle 19, The
fthe Patent Cooperanon Treaty, the Reguiations and the Admimstrabve [nsmuctions
Notes and those requirements, the laner e apphcable. For mare

a publicanon of WIPO.

These Notes are intended o
Nutes are based an the requirements 0
under that Treaty In case of discrepancy berween these
detailed information, see vlso the PCT Applicant's (Furde,
in these Notes. “Article,” "Rule™ ind “Gecugn" refer to the provisions of the PCT, the PC.T Regulanons and the PCT

Ademmisative Instructions, respectively.

INSTRUCTIONS CONCERNING AMENDMENTS UNDER ARTICLE 19

mational search report and the wrnen opinion uf the Intemational
5 of the ntemauonal apphcation. It should however be emphasized
that. stoce atl parts of the internaticaal application {claims. descnption and drawings) may be amended dunng the
wtemnatinnal preliminary cxamination procedure, there 18 usually ao need tu like amendments of the claims under Amgle 19
except wiere, e.g _the applicam wants the auer lo be published for the purposcs aof provisinnal protection or hus another
reason for amending the claims befare miernational publication. Furthermore, il should be emphasized that provisional
pratecnion 15 available i some Stutes oaly (see PCT Applicant's Ciunde, Volume ItA. Annecs B and B2)

nt 15 dawn to the fact that amendmenis 10 th
honty has declared, under Arncle 17(2),
graph 2964

The applicant has. sfter having received the inte

Searching Authonty, enc Opporiumty - amend the clovm

The anenuion of the applica ¢ claims under Arucie 19 are not allnwed where
the tmgrmational Searching Aul Ihat no antemational search repen would be

cstablishedt (see PCT Applicant’s Guidi, Volume VA, para

What parts of the international application may be amended ?

Under Asucie 19, only the claims may be amended.

Dunng the imemational phase, the claims may also be amended (or further amended) under Asticle 34 before the

Imemational Preliminary Examining Authoriy. The description and drawings may anly he amended under
Article 14 before the Intcmational Preliminary Examining Authority.

Upon entry into the national phase, all parts of the international application may be amended under Article 28 ar,
where applicable, Article 41,

ranstmiial of the intermational scarch report of 16 months from he priority date,

1t should be noted, however, that the amendments will be cansidered as having
eived by the Intemational Bureau afier the expiration of the applicable time
for intcrnational publicatian (Rule 46. 1.

When ?  Within 2 months from the dite of ¢
whichever tlime lirnit expires later.
been received an time if they are rec
Jimit but before the complenon of the technical preparations

Where not to file the amendments ¥
The amendments may anly be filed with the International Bureau and nol with the recciving Office or the

Interaticnal Searching Auharity (Rule 46.2).

Where a demand for intermetional preliminary examination has been/is filed, see betow.

How Either by cancetling une or more entire claims, by adding one or inore acw claims or by amending the text of one
or more of the claims as fikd.

A repiacement sheet must be submitted for cach sheet of the clairms which, on account of an amendment of

arsendments, differs from te sheet originally filed.

All the claims appearing o 8 replacement sheel must be numbered in Arabic numerals. Where a claim is

cancelled, no renumbering of the other claims is required. In all cases where claims are reaumbered, they st be

renumbered consecutively [Section 205(b)).

The amendments mus! be made io the language i which tbe internatiupai application is tn be published.

what documents must/may accompaoy the amendments 7

j.etter (Section 205(b)):

The amendments must be submitted with a letter.
The lener will pot be published with the intemational application and the amended claims. It should rot be
confused with the “Staiement under Article 19(1)" (sce below, under “Statement under Article 19(1)").

The letter must he in English ar French, at the choice of the applicant. However, if the language of the
international application is English, the letter must be in English; if the Janguage af the international
applicaticn is French, theletter must be In French. J

Notes o Form PCTASA/220 (first sheet) (Jnuary 2004)
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REPUBLICA DE COLOMBIA
SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO

Bogoté,
2020

Doctor (a)

OLARTE GARCIA CARIOS REINALDO
Apoderado{a) v/o Representante de
SMITHKLINE BEECHAM CORPORATICN

REFERENCIA Radicacién No. 8 47159
Solicitud internacional PCT/US2006/043513
Fecha inicio fase nacional 10/06/2008
Tramite 11
Evento 378
Actuacidén 43¢0
Oficio No. - . 87] 7

Como resultado del examen de Eorma, realizado con fundamento en el articulo 28 de
la Decisidén 486 de la Comisidn de la Comunidad Andina, articule 27 del Tratado de
Cooperacién en Materia de Patentes (PCT), regla 51 bis del Reglamento y Circular
Unica de la Superintendencia de Industria y Comercio, se le comunica que:

1. La solicitud no contiene la copia del documento en que congta la cesidn del
derecho a la patente del inventor al solicitante o a su causante. (Art. 26-k)
Decisidn 486.

En cumplimiento de Jlo dispuesto por el articulc 39 de la Decisidn 486, se le
requiere para gque dentro del término de dos meses siguientes a la fecha de
notificacién del presente oficio, complete los regquisitos anteriormente enunciados.
En caso de no dar cumplimiento al presente requerimiento, 1la solicitud se
considerard abandonada y perderad su prelacién.

Notifigquese el presente 56fidio conforme a lo dispuesto en el numeral $.2, literal
e), del capitule gquintgs/del titulo primero de la Circular Unica No.10 de 2001.

CESPEDES DE VERGEL
visién de Nuevas Creaciones

ALIX CARMENZA
Jefe de la

-

3,
El anterior, requerimiento fue notificado por fijacidn en ligta de

‘ech AN U onnn
adpail 2 0-JIN. 2008




