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PETITORIO - FORMULARIO UNICO DE SOLICITUD
PATENTE PCT
ENTRADA EN FASE NACIONAL P2009/000220

SOLICITUD DE:

©

w | Patente de Invencion. Patente de Modelo de Utilidad.
x | Capitulo 1. Capitulo II.
@ Nombre: ASTRAZENECA AB IDENTIFICACION
Direccién: S-SE-151 85 Sédertélje
SOLICITANTE c.c. NIT
(71) Nacionalidad o Domicilio: Suecia
Lugar de Constitucion: Suecia C.E. Otro
= Cual
Teléfono: Fax:
IDENTIFICACION

Nombre: J. IAN RAISBECK

C.C.| x | NIT

REPRESENTANTE Direccion: Worlq Trade Center, Torre A, Calle
Teléfono: 601-7700 Fax: 601-7799
E-mail: office@olarteraisback.com

Cual
NUmero 79.376.996
TP 135.799

I
i Nombre:_1) Maurice Paymond Verschoyle Finlay, 2) Furt Gordon Pike

Direccién: Astrazenzca P & D Alderley, Alderley Park, Maacclesfield Cheshire St
INVENTOR (ES) 10 4TG, Gran Bretafia

(72) Nacionalidad o Domicilio: Britanicos
@ PCT (86)
Solicitud Internacional No. PCT/GB2008/050549 Fecha Julio &, 2008
Publicacion Internacional No. WO 2009/007751 Fecha Enero 15, 2009

Titulo (54) DERIVADOS DE PIRIMIDINA TRISUSTITUIDAPARAEL
TRATAMIENTO DE ENFERMEDADES PROLIFERATIVAS

Clasificacion Internacional (51) C07D 413/14, CO7D 417/14, CO7D 471/04, A61K
31/5377, A61P 35/00

| (33) Pais de Origen || (32) Fecha Il (31) Ndmero de Solicitud
Prioridad s Julio 9, 2007 A0/948.570

SI| X | NO

Comprobante de pago No. 10- Fecha 9 de Febrero de 2010
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ANEXOS ﬁ/a
' : acidn de 1z solicitud. 7

Comprobanie de pago de la i3s3 de presentacidn de [a solic R

Docurnento que acredita la existencia y reprezentacidn lzgal cuando &l solicitante 223 parsana
juridica.

Poderes, si fuere =l caso. Adjunto copia simpls ver Expedientz No. 07 - 04 - £94
Crocurmenco da cesidn del inventor al solicitante o & su cauzante.

Declaraciones.

Copia de la solicitud internacional. (Pesurmen, descripcidn, reivindicacionas, dibujos).

Traduccidon de la solicicud internacional al czatellanc, (Pezumen, descripcidn, reivindicacionsas,
dibujos).

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

Traduccidn del examan praliminar intzrnacional efectuads por 12 IPEA,

D

ser el caso, copia del contrato de accesza.

i

De s& 2l caso, documento que acradite la liczncia o autorizacidn de use de conocimientos
tradicionales dz las comunidades indigenas

De ser el caszo, certificada de depdsito del material bioldgico.
Arte final 12 x 12.

De ser
por &l

2l caso, informacién sobre otraz solicitudes de patente o titulos obtenidos en &l e-tranjero
Misr 3
solicitud.

10 titular o su cauzante, relacionadas parcial o totalments con |3 invencidn de esta

fectuadas a la solicitud internacional.

o
I
0
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e
0
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Otros. Blsqueda Internacional

FIGURA CARACTERISTICA:
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2 Solicito la concesidn de |

patente,
NOMEFE: _1. TA[] FAISEECH FIFMA: ( G \kkf\kh
‘E T.F

= =5 376 995 BiA .
C.2, 79.2376.996 Bta 35. 7'-:'1

[x1]
]
xy

Instrucciones para 2l diligenciamiznts dz| |:-re nrw farmulario, ver reverso de esta ':égina.
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Trad‘uccién oFicial de un decumenta cuyo oviginal ectd en g

No. 11426

El Ministario de Relaciones Exieriores en Eslocolmo cerlifica por «l
presente docurmenta que Mrs. Anna-Karin C')stin,‘ de la Oficina de
Registro de Companias de Suecia, Sundsvall, ha expedido y firmado
anterior certificacion en su calidad oficial.

En Estocolmo, este dia 14 de Agosto de 2007.

(Firmado)

Hay un sello del Ministerio de Relaciones Exteriores de Susecia.

Hay un sello firmado de la Embajada de Sudan en Estocolmo
Finma de Agneta S...

Y sello de ...

Firma: Mohamed Hussein.

Fecha: 20 de Agosto de 2007.

Sello: “Anne-Marie Bonde — Notario Publico de Estocolmo”.

Certificacion Notarial
Yo, la suscrita Anne-Marie Bonde, Naotario Publico de la oiudad de
Esiocolmo, cerifico por medio del presente que Anders  Burén,
debidamente autorizado para firmnar en nombre de Astrazenaca A3 ha
expedicdo y firmado el anterior documento en original, del cual la

presente es una copia auiéntica.

Derechos: 340 coronas. Estocolmo, 26 as Octubre de 2007,

E=x oficio:

(Firmado) Sello: “Anne-Marie Bonde - Notario Plblico de Estocolmo”™. & -
it et (e
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A/Jr:z stilla adjunia: ?

APOSTILLE )
(Convention du La Haye du b octobre 1961)
1. Pais: Suecia
El presente documento publico
2. Ha sido firmado por: Anne-Marie Bonde
3. Actuando en calidad de:  Notario Publico ‘
4. Lleva el sallo / estampilla de: Notario Pdblico de Estocolma. (
Certificado
5 En: Estocolimo |
6. El: Dia 26 de Octubre de 2007 '
7. Por: Bjorn Sandin, Notario Publico
8. Bajo el No. 4071
9. Sello / estampilla: Bjorn Sandin, Notario Publico de
Estocolmo. |
10. Firma: (Firmado) !]
- _\t
Certificacion: o )

Cerlifico oue la jprasents s una lracucchin vardaasra )y coryalstg o/
docrimenio adiurito. “Cer. Mir. Ral.”

Fecha. 13 de Noviembire de 2007,

Traducionr: o = Enrigua Sieira Reyiss.

Licencia No., 276 dz 1993, da! Minist=rio de Juslicia.
Direccicn: Camrara 15 No. @9-12 Oficina 4171, Bogols, Colormbia.

Teléfono: (57-1) 2152308, (57-1) 6232925

E-mail: lresesceri@vanoo. coim. INo. 10-054

=54}
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APOSTILLE
(Convention de L2 Haya du 5 ooiobre 1261)
”l‘.u Country : Sweden
This public docunent
2. has heepn signed by Anna-Marie Bonde

3, acting in the capacity of Hotary Public

ujm

. hears the seallstamp of

Notary Public in Stockholim
Certified

5, at Stockhelm @. the 26.10.2007
7. by Bjorn Sandin

Notary Public
2. No 4071

9. Saal/stanp: 10, Signature:
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LARTEMAISBECK

QLAPTE RAISEECH & FRIERI LTEA.

Power of Attgrmey Poger

The undersigned,

domiciled in

by meane of ihzz2 presenis hereby granis io Carler  por medio del pressnte otorgn 2 Caries R.
B, Olaice and/or J. Taa Raisheck and/or  Marie ylo J. Tan Taisheck p/o Ana
Ana Maria Trieri and/er Juan Goilleemw  Marfa Triext  y/o Juwan  Gweiltzrmao
Moure aud/ox Maisha Castro wll ond  Maowre y/o Natalia Castro poder cspacial,
cufficient Fower of Allemey lo fils, proszovie, amplio y suhiciznie para presentor, ramnitar,
obtain, defend and enforce any and all of the  obtenes, defender y hacer respetar (ndas v
company’s Ratends for Inventions, Utility Models, cuslguicra dz los Patemies de Inmvencidn, TTodelos
Layouni-Designs  (:opographies) of TImiegraied de ad, Tsquemss  de Trezades  ds
Cireviis, Todnsivial  Designs,  Trademsrks,  Cirenis Indczrades, Misefior Tnnetrisies,
Advertising Stogane, Trade Names, Commercial  Moress,  Lemas Camereiales,  Neombres

Emblzms, Geograpkical Tndications, Proteciion of  Comcroiales Enczing Carrersichen
H -] 2 b b}
Trade Teerets, Dbiainer’s Certificsies, Denominzeiones de Owfgem, Frofexcidn de
Copyrighiz, Regiciraiion of Domain Tauner,  Scereios Emypvesarisles, Captificadas  de

Health Begistrations, or vy ether intelleciual  Obiemdor, Dereches de  Auter, Repiere de
propexty right in ihs Depublic of Colombia, o Membiss de Daminie, Fegistvas Sanitafes, o
which end it empowsrs ihem (o take all stsps  eowslquier eive bien ¢z propiedad intelactnel do
necessaty before any administrative or judicisl  la compaiiia =n la Pepiblica de Colombia, a cuyo
authority of any class for the objecis ziated, lo file  eflecte los faculie para dar tndes oz pases
petitions, recowrses, replics and oppositions, pay  necesarios ante cualquier autoridad admrit istrativa
taxce and annuiiics, requssi icstivaonize, rzczive o judicial de cualguicr jerarquia para cereplir con
docwmnenis and securities, abandon applications, lo encomendado, elevar solicitudes, recu1s08,
collect refunds, desiel, seitle, conciliate or negotiate.  respuestas y oposiciones, pager impuesios y
Sufficieni power is herzby grantzd to rzceive  anuslidedec,  solicitar testimonios, ibi
notifications on behalf of the Company, io confer  documenios  y valores, degistir,  tronwigin, v
powers on thoze who ars 1o represent ihe company percibir. e concede podar bastante paxa recibir
judicially and exwrajudicially, to auswsr in couri in - ol ificaciones a nowbre de la compafiia, oforgar
e matier of all cloime and demeands ihat may bs  poderes 2 quienes veysn a representar 4 la
presenied in connzction with ihe objecic siated,  compsfiia judicial y extrajudicialinente, vesponder
giving than likswise power o zvbatitutz (hese  on juicio a todas las reclamaciones o drmandas
presents and revols auch svbstitutione. que por motivo de lo encomendads se presentaren,
dandoles asimismo facultad para susiitvir el
pﬁseme y revocar dichas sustituciones.

<.

Sigoature/Fivma: -
7 \‘u
' -
N . 74 BN N §
Date/Fecha: 7% D0

City,Covntry/Cindad,Fais:  =—- .
T T

World Trade Cenier - Taire A, Caliz 100 16, 84 ~ 57, Piso 10, Bogotd D.C., Colembia
Tol + 57 1 601-7700, Fexe - 57 1 601-7799, officefuolart 2raisback com, www.olarteraisbech.con
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I, th‘e undersigned, Anna-Marie Bonda, Notary Public of ihe City of Stackholm
- herebry certify that

ANDERS BUREN

duly authorized o sign for

ASTRAZENECA AB

has issuzd and signed iha foregaing decument.

Fee 340:- Stockholm 2007-10-26
Crowns
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COLARTE PAISBRERG X FRIGRI LTS A,

FIFTCATION

MODEL DF NﬂTMM 41 CRR

Naiarial Certiffeaiton
' En csta focha,

- (i this date,
&l Motric Pablico superito coitific

The undrg;‘signr:r:l Natary Public or:-:rti:{";r:s:

b Que

1. That:
of legal nge and domiciled in mayor de edad v domicitindo
anzerili ef document que antoocde,

signé-‘l the: foregning dr:«c;un'ian
2. Qvo of odirganie e suseriio ohoe Foridiy
o e

L That the gramior bes sxcoed the Fovggaing
AGCUINEITG oh S cardch

DULY AUTHORISED SIGNATORY

r,-‘ocumcm ag
do

17 Ahanein

of  ASTRAZENECA AL
. Thart ASTY AZENL A AT 4, Que
hmlmgx » principal place '01 bmmuu lu_w‘lc-c! in con tede principal ubicads en
SODER]?AT JE, SWEDEN - .
' ‘ aaté logahmenis constiinida, que tone
las propéaiies pest ey cusbes

legal vigenie v ooue

O ol
somprenden si objety social,

i dnly incoiporstod, s corrently in aristence, mci

;h.)t the pusposes (r which the Power of Aitornsy
the ar npt, of s u.-rpum.l.('

granded  are  within
purposes.

1, That the grantor hea the anthaity 6 esecuie lllc 4. Que
weoribiv &l poder, y guo Ssta ez fegition

4
inu of Atiornzy and thae histher repregsatation it

legal,
Tl fvundlnion for my cortifications voideined i 5, Bl fandsiienio d(; firla
pom 2, 3 und 4 was ihe exhibition of the m'luwmb contonddag ain los punming 2, 1y 4 S
da dog (del) sigpicise(s) d.pmnmnwi 8

nulhaumuu doonment(s): _
1. CERTIFICATE OF INCORFORATION

OF ASTRAZENECA AB

7. AUTHORISATION IN FAVOUR OF

SIGNATORY

N(') FAR Y PUBLIC (Siguature):
; ) .3!11( »'H)’v‘] n ill, \,I I

"""i'}l.f'lﬂﬂl”" (8. Blotars name,

Page 4 of 5

AR R NET L

af poder s& cnonenta oo de 199 go

el otorgante teme lo rapranatzeidn pacs

cortiiicacionen
fre i exbrbicon
aud slivod):
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Twaa‘uccién oFicial de un documento cuyo ovigilml estdd en inglég

BOLAGSVERKET

851 81 Sund... Tel. 060-18& 40 00 - Fas; 060 122840.
bolagsverket@bolagsverket (llegible)

Certificado de Existencia
Yo, Anna-tarin Osiin, de Bolagsverket, la Oficina de Registro da

=

Co lll[.)cllllr:l“:: de Suecia, cartifico por medio dal presente documicento giue
AstraZeneca AB

Registro No. 556011-7482

es una comparia clel:»ic!al”u’FHW constituida segln las leyes de Duacia.
vigente vy con existencia corporativa legal hasta donde muestran los

registros de asia oficina en la fecha que se indica Mmas adelante:.

En testimonio de lo anterior, he puesto mi firma y estampado 2l selio
oficial de Bolagsvarlat en Sundsvall, este dis 8 de Agosto del afo 2007
(Firrado) Anna-Karin Ostin.

Hay un sello de Bolagsverkat

Bolagsvert et la Oficina de regisiro de Compafias de Suecia, es ol
Registradar Oficial de las Compafias Limiladas y otras famas e
empresas comercialas an Suacia. Antss de que se exprcla un
Ceriificado de evistencia, los registros radicados en esta oficing se
caminan para fener la seguridad de que la compaiia en cues SHON llend
los siguientes requerimientos
La compania tiene una Junia Directiva «r:ompete:ni:e

La compafia tiens un Auditor titulado calificado.

JOUGR B GIPREA Cpers

Viarnen B7G A0 i



La compafia ha lenado sus obligacionss con respecto a o

radicacion comrecta de su informe anual.

La compafia no es &l sujeto de acciones legales de civision de
compafiias, terminacion o bancarrota.

La comparfia no ha sido disuelia comoe resultado de una fusion y ro

ha salido del registro por ninguna otra razon.

El Certificado esta firmado por un funcionario autorizado para axpedi'
estos v similares documenios en nombre de Bolagsverkel, la Oficina de

Registro de Compafias de Suscia.

Sallo: “Anne-Marie Bonde — Noiario Poblico de Estocolmo™.

Ceritificacion Notarial
Yo, la suscrita Anne-Marie Bonde, Notario Pdblico de la cudad de
Estocolmo, ceriifico por medio del presente que Anna-Karin Ostin,
debidamente autorizacla para firmar en nombre de la Oficina de
Registro de Compafias de Suecia, ha epedido y firmade el anterior

documento en original, del cual la presente @s una copia auténlica.

Derechos: 340 coronas. Esiocolmo, 26 de Qctulore de 2007,
Ex oficio:

(Firrnado) Sello: “Arne-Marie Bonde — Notario Publico de Estecolimo™

Aposiilla adjunta.

!
T nr'-ur;r/(‘r Tt

“
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[ APOSTILLE T
(Convention du La Haye du 5 octobre 1961)
1. Pais: sSuecia
El presenie documento publico
2. Ha sido firnmadclo por: Anne-Marie Bonde
3. Actuando en calidad de:  Notario Publico
4. Uleva el sello / estampilla de: Maotario Pablico de Estocolm?.
Certificado
5. En: Estocolmo
e. kI Dia 26 de Octubre de 2007
7. For: Bjorn Sandin, Notaria Pablico
8. Bajo el No. 4070
9. Zello / estampilia: Bjorn Sandclin, Motaric Publico de
Estocolmo.
'10. Firma: (Firmado)
Certificacion: o

Cerlifico que 13 prasente a5 ung [raduccion v SrAacara Vo Ccorniiels
. documento acljunio: “Cert. Bolagsyarkat”

Fecha: 15 dle /\/c»vvénvbre A2 2007

Traductor: Jonge Enrigus Sisrra Raves.

Licanacia No. 376 de 193935, o2l Ministario de Jusiicia.

~

[irecelin: Carmrsra 15 No. 89-13 Oficing 411, Bogoid, Colombiz.
Teléiono: (57-1) 2182508, (57-1) E232925.

E-mall: treseserl@yahoo.conl. No. 10-057

Tverr .jr( ' aint
PONGE E SR 1y

Ligmmin D77 . 90700 Ann.,



APOSTILLE

(Convention de La Haye du & actobre 1961)

=

s‘.-_',

f

~

.23

%)

. Country : Sweaden

This public document

2. has heen signed by Anne-Marie Bonde

. acting in the capacity of Molary Public

. bears the seal/lstamp of

Motary Public in Stockholm

. at Stockhotm

Certified

A, the 26.10.2007

- by Bjdrm Sandin

Notary Public
. No 4070

10. Signature:

T L S




Bol agsverket

251 81 Sundsvall
Besglnec: Badhusparlccn
Tel: 060-18 40 00 » Tas 060-12 28 40

bolagsy stkec@lolagsarlecose ¢ bolageverker.se

C;ru f icate of Good orandm"

1 1\ ana-Faxin ﬂsu_ of Bolagsvarker, the Swedish Cos -1p.)mc:> R.agistration Qffice, do heseby

certify that

AsixaZeaeca AB
registraidon rmme 5560!1-7"8

is a duly ncorpora

od simdmc JJICI has
of the date s‘t».i.ed helow

-:o'mp ay u Lﬂdm the 1m'«c of mrr“dex:l and is n

T
<7
A0

a lcoal CDlpl srate exitionce as [ as the recoxds of tils office zhow 2

In testicacny hereof, 1 have heteunio set iy hﬂn-'l and ihe offzizl seal of Bolagsrarket at
Suadsvall, this At das v of Avgust ia the

year of two drovgand and seven.

Wi
9

G&"‘Eﬁk’.

0
A e

Anna-Karn Oistin

ezt ihz Gwrzdishy Crml_h.:;iv Tegistniion O”’i- is the offcial egistiar of Bmited compunins asel odws:
founs of business wAtzspdse in Swedea. Befu.c 2 Cexziificaie of Cood Standing s issued, the rncords kept-by s
office sxe *wamined fo coswre thac the folls 'vm g .‘,.:luu.‘ aments ave fulfilled for thz company i guestion:

Bolagsve

- thz coimpany has o xegii iered compeizni boasd of drectors

@ the com[ﬂxll“' s 2 reglsiensd ‘qualified anditox

< the company has fufillzd its obligations sega rding the correct Bling ofits anaual repozt

© thz company iz nou Jse subject of company division,. “winding up or bankruptey proceedivgs
n . the company has aoi been dissobved ag e c2enli of a merger and hos not been stuck off ihe

register for any other reason.

The Cesiificate 15 signed by an offi r.d auihorzed to issue these and similar docuss

anes on habalf of r{()]fvrc\ycy ket
the Swedish Companizs Dagisitaiioa Office. o




-1, the ‘l?lnders‘igned, Arne-Mzria Bonde, Netary Public of the City of Stockholm

hereby certify that '

ANNA-KARIN OSTIN

duly authorized to sign for

THE SWEDISH COMPANIES REGISTRATION GFFICE

has issued and signed the foregoing ciocumenllt in origingl of which this is a frie copy,

Fea 340:- Stockholin 2007-10-26
Crowns , Ex officio:
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WO 20097007751 A2 I WIIN | 000 000 0 000 D D

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
Intzrnational Burean

(43) Iniernational Publication Dale
15 January 2009 (15.01.2009)

) 001100 0 00O

(10) International Publication Number

WO 2009/007751 A2

{51) Iniernational Palent Classification:
CO7D 413/14 (2006.01) AGIK 31/5377 (2006.01)
CO7D 417714 (2006.01) A6lP 35/00 (2006.01)
CO7D 471/04 (2006.01)

(21) International Application Number:
PCT/GBE2008/050549

(22) International Tiling Date: & July 2008 (03.07.2008)
(25) Filing Language: English
(26) Publication Language: Enalish

(30) Priority Data:
60/948,570 O July 2007 (09.07.2007) US

(71) Applicant (for all desisnarzd Siate: except MG, US): AS-
TRAZENECA AR [SE/SE]; 8-151 35 Saderiilje (SB).

(1) Applicant (for MG only): ASTRAZENECA UK LIM-
ITED [GE/GE]; 15 Sianhope Gaic, London Greaier Lon-
don WIK 1LN (GB).

(72) Inventors; and
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COMPOUND - 946

The present invention relatzs to morpholing pyrimidine compeounds, processes for
their preparation, pharmaceutical compositions containing them and their use in therapy, for
example in the treatment of proliferative disease such as canser and particularly in disease
mediaied by an mTOR Linase and/or ome or more PI3K enzyme.

It is now well understood that deregulation of oncogenes and tumour-suppressor genes
contributes to the formation of malignant tumours, for example by way of increased cell
proliferation or increased cell survival, 1t is also known that signalling pathways mediated by
the PIAK/mTOR families have a central role in a number of cell processes including

proliferation and survival, and derzgulation of thase pathways is a causative factor in a wide
spectrum of human cancers and other diseases

The mammalian target of the macrolide antibiotic Rapamycin (sirolimus) is the
enzyme mTOR., This enzymes balongs to the phosphatidylinositol (PT) Einase-related Linase
(PIKK) family of protein kinases, which also includes ATM, ATR, DNA-PK and hSMG-1.
mTOR, lilze other PIKK family members, does not possess detectable lipid linase activity, but
instead functions as a serinz/threonine Linase. Much of the knowledge of mTOR signalling is
based upon the use of Rapamycin, Rapamyein first binds to the 12 kDa immunophilin
FR506-binding protein (FKBP12) and this complex inhibits mTOR signalling (Tee and
Elenis, Seminars in Cell and Developmental Biology, 2005, 16, 29-37). The mTOR protcin
consists of a catalytic kinase domain, an FKBP12-Rapamycin binding (FRB) domain, a
putative repressor domain near the C-terminus and np 65 20 tandemly-repeated HEAT motifs
at thz N-teiminus, as well as FRAP-ATM-TREAP (FAT) and FAT C-terminus Jomain
(Huang and Houghton, Current Opinion in Pharmacology, 2003, 3, 371-377).

mTOR kinase is a ley regulator of cell growth and has been shown o regulate a wide

range of cellular functions including translation, transcription, mRNA tumover, protein
stability, actin ¢ytoskeleton reorganisation and awtophagy (Jacinto and Hall, Nature Reviews
Molecular and Cell Biology, 2005, 4, 117-126), mTOR kinase integrates signals fiom growth
factors (such as insulin or insulin-lilze growth factor) and nutrients (such as aming acids and
glucose) to regulate cell growith. mTOR kinase is activatad by growth factors through the
PI3K-ALt pathway. The most well characterised function of mTOR Einase in mammalian

cells is regulation of translation through two pathways, namely activation of ribasomal S6K1
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to enhance translation of MPNAS that bear a 5°-terminal olizgopyrimiding fract (TOP) and
suppression of 4E-BP1 to allow CAP-dependent mRNA translation,

Generally, investigators have explored the physiological and pathological roles of
mTOQR using inhibition with Rapamyein and related Rapamycin analogues based on their

specificity for mTOR as an infracellular target. However, recent data suggests that
Rapamycin displays variable inhibitory actions on mTOR signalling functions and suggest
that direct inhibition of the mTOR Linase domain may display substantially broader anti-
cancer activities than that achieved by Rapsnnycin (Edinger 2f 4/, Cancer Research, 2003, 63,
8451-8460). For this rzason, potent and selective inhibitors of mTOR kinase activity would
be useful to allow a more complete understanding of mTOR. kinase function and to provide
useful therapeutic agents.

There is now considerable evidence indicating that the pathways upstream of mTOR,
such as the PI3K pathway, are frzquently aciivated in cancer (Vivanco and Sawyers, Nature
Reviews Cancer, 2002, 2, 439-501; Bjornsti and Houghton, Nature Reaviews Cancer, 2004, 4,
335-348; Incoki ef o/., Nature Genetics, 2005, 37, 19-24). For exaniple, components of the
PI3K pathway that arz mutated in different human tumours include activating mutations of
arowth factor receptors and the amplification and/or overexpression of PI3K and Al:t.

Inn addition there is evidence that endothelial cell proliferation may also be dependent
upon mTOR. signalling. Endothelial cell proliferation is stimulated by vascular endothelial

cell growth factor (VEGF) activation of the PI3I-Aki-mTOR signalling paihway (Dancey,
E=pert Opinion on Investigational Drugs, 2005, 14, 313-328). Moreover, mTOR kinase
signalling is believed to partially control VEGF synthesis through effects on the expression of
hypoxia-inducible factor-1ce (HIF-1ir) (Huclsc:n et al., Molecular and Cellular Biology, 2002,
22, 7004-7014). Therefore, tumour angivgenesis may depend on mTOR Einase signalling in
two ways, through hypoxia-induced synthesis of VEGF by tumour and stromal cells, and
through VEGE stimulation of endothelial proliferation and survival threngh PI3K-Alt-mTOR
signalling.

These findings suggest that pharmacological inhibitors of mTOR Linase should be of
therapentic value for treatment of the various forms of cancer comprising solid tumours such
as carcinomas and sarcomas and the leukaemias and lymphoid malignancies. In particular,
irthibitors of mMTOR Linase should be of therapeutic value for treatment of, for example,

cancer of the breast, colorecium, lung (including small cell lung cancer, non-small cell lung
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cancer and bronchioalveolar cancer) and prostate, and of cancer of the bile duct, bone,
bladder, head and neck, Lidney, liver, gastrointestinal tissue, oesophagus, ovary, pancreas,
skin, testes, thyroid, uterus, cervix and vulva, and of leukaemias (including ALL and CML),
multiple myeloma and lymphomas.

In addition to tumonrigenesis, there is evidence that mTOR kinase plays a role in an
array of hamartoma syndromes. Pecent studies have shown that the tumour suppressor
proteins such as TSC1, TSC2, PTEN and LKBI tightly control mTOR kinase signalling.
Loss of these tumour suppressor proteins leads o a range of hamartoma conditions as a result
of elevated mTOR Linase signalling (Tee and Blenis, Seminars in Cell and Developmental
Biology, 2005, 16, 20-37). Syndromes with an established maolecular linl: (o dysregulation of
mTOR Linase include Peutz-Jeghers syndrome (PJS), Cowden disease, Bannayan-Riley-
Ruvaleaba syndrome (BRRS), Proteus syndrome, Lhermitie-Duclos diszase and Tuberous
Sclerosis (TSC) (Inoki ef al., Natuwre Genetics, 2003, 37, 19-24). Patients with these

syndromes characteristically develap benign hamartomatous tumours in multiple organs.

Recent studizs have revealed a role for mTOR. Linase in other diseases (Easton &
Heoughiton, Expert Opinion on Therapeutic Targets, 2004, 8, 551-564). Rapanmycin has been
demonstrated (o be a potent innmumosuppressant by inhibiting antigen-induced proliferation of
T cells, B cells and antibody production (Sehgal, Transplantation Proceedings, 2003, 35, 75-
148) and thus mTOR Einase inhibitors may also be useful immunosuppressives. Inhibition o
the kinase activity of mTOR may also be useful in the pravention of restenasis, that is the
control of undesired proliferation of normal cells in the vasculature in response to the
introduction of stents in the treatment of vasculature disease (Morice ¢f ul., New England
Journal of Medicine, 2002, 346, 1773-1780). Furthermore, the Rapamycin analogue,
everolimus, can reduce the severity and incidence of cardiac allograft vasculopathy (Eisen ef
al., New England Journal of Medicing, 2003, 349, 847-859). Elevated mTOR Liinase activity
has been associated with cardiac hypertroply, which is of clinical impartance as a major risl:
factor for heart failure and is a consequance of increased cellular size of cardiomyocytes (Tee
& Blenis, Seminars in Cell and Developmental Biology, 2005, 16, 29-37). Thus mTOR
kinase inhibitors are expected to be of valve in the prevention and treatment of a wide variety
of diseases in addition to canc

It is also believed that a pumber of these morpholing pyrimiding derivatives may have

inhibitory activity against the phosphatidylinositol (PI) 3-kinases family of kinases
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Phosphatidylinositol (PT) 3-kinases (PI3Ks) are ubiquitous lipid kinases that function
both as signal transducers downstream of cell-surface receptors and in constitutive
intracellular membrane and protein traflicking pathways. All PI3Ks are Jual-specificity
enzymes with a lipid kinase activity that phosphorylates phasphoinositides at the 3-hydroxy
position, and a less well characterized protein kinase activity. The lipid products of PI3K-
catalysed reactions coniprising phosphatidylinosital 3,4,5-trisphosphate [P1(3,4,5)P5],
phosphatidylinositol 3,4-bisphosphate [P1(3,4)P;] and phosphatidylinasitol 3-manophospliate
[PI(3)P] constitute second messengers in a variety of signal transduction pathways, including
those essential o cell proliferation, adhesion, survival, cytosl:eletal rearrangement and vesicle
trafficking, PI(3)P iz constitutively present in all cells and its levels do not change
dramatically following agonist stimulation. Conversely, PI(3,4)P; and PI(3,4,5)P; are
nominally abzent in most cells but they rapidly aceumulate on agonist stimulation.

The dowastream affects of PI3K-produced 3-phosphoinositide second messengars are
mediated by target molecules containing 3-phosphoinasitide binding domains such as the
pleckstrin homology (PH) domain and the recently identified FYVE and phox domains.
Well-characterised protein targets for PI3K include PDRI and protzin kinase B (PKB). In
addition, tyrosine linases lile Bil: and Itz are dependent on PI3K activity.

The PI3K family of lipid kinases can be ¢lassified into three groups according to their
physiological substrate specificity (Vanhaesebroeck ef al., Trends in Biol. Sci., 1997, 22,
267). Class IIT PI3K encymes phospharylate PT alone, In contrast, Class IT PI3K enzymes
phosphorylate both PT and PI 4-phosphate [PI(4)P]. Class I PI3K enzymes phosphorylate PI,
PI{4)P and PI 4,5-bisphosphate [P1(4,5)P,], although only PI(4,35)P; is believed to be the
physiological cellular substrate, Phosphorylation of PI1(4,5)P; produces the lipid second
messenger PI(3,4,5)P;. More distantly velated members of the lipid Linase superfamily are
Class IV Linases such as mTOR (discussed above) and DNA-dependent linase that
phosphorylate serine/threonine residues within protein aubstrates. The most studied and
understond of the PI3K lipid Linases ars the Class I PI3K enzymes.

Class I PI3Ks are heterodimers consisting of a p110 catalytic subunit and a regulatory
subunit. The family is further divided into Class Ia and Class Ib enzymes on the basis of

reg

gulatory partners and the mechanism of regulation. Class [a enzymes consist of three

distinct catalytic subunits (p110ce, p110f and p1103) that dimerise with five distinct

regulatory subunits (pS5:at, pS5ct, pS0a, pS5R and p55y), with all catalytic subunits being able
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{0 interact with all regulatory subunits to fornt a variety of heterodimers. Class Ia PI3Ks are
generally activated in response to growth factor-stinmlation of receptor tyrosine kinases via
intzraction of their regulatory subunit SH2 domains with specific phospha-tyrosing residues
of activated receptor or adaptor proteins such as IRS-1. Both pl [0 and p110f are
constitutively exprassed in all cell types, whereas p1103 expression is more restricted to
leukoeyte populations and some epithelial cells. In contrast, the singlz Class Ib enzyme
consists of a pl10y catalytic subunit that interacts with a p101 regulatory subunit.,
Furthermore, the Class Ib enzyme is activated in response to G-protein conpled receptor
systems (GPCRs) and its expression appears fo be limited to lenkocytes and cardiomyocytes,
There is now considerable evidence indicating that Class Ia PI3K enzymes contribute
{o lumourigenesis in a wide variety of human cancers, either directly or indirectly (Vivanca
and Sawyers, Nature Reviews Cancer, 2002, 2, 489-501). For exampls, the pl110a, subunit is
amplified in some tumowrs such as those of the ovary (Shayesteh e al, Nature Genetics,
1999, 21, 99-102) and cerviz (Ma ef al., Oncagene, 2000, 19, 2739-2744), More recently,
activating mutations within the catalytic site of the p110: catalytic subunit have been
associated with various other tumours such as those of the colorectal region and of the breast
and lung (Samwuels ef al., Science, 2004, 304, 554), Tumour-related mutations in the pS5a
regulatory subumnit have also been identified in cancers such as those of the ovary and colon
(Philp ¢t ul., Cancer Fesearch, 2001, 61, 7426-7429), In addition o direct effects, it is
believed that activation of Class Ia PI3Ks contributes to tumourigenic events that oceur
upstream in signalling pathways, for example by way of ligand-dependent or ligand-
independent activation of receptor tyrosine Linases, GPCR systems or integrins (Vara ef al.,
Cancer Treatment Reviews, 2004, 30, 193-204). Examples of such upstream signalling
pathways include aver-=xprassion of the receptor tyrosine kinase erbB2 in a variety of
tumours leading to activation of PI3K-mediated pathways (Harari 2f /., Oncagene, 2000, 19,
6102-0114) and over-expression of the ras oncogene (Kauffimaun-Zeh e o/, Nature, 1997,
385, 544-548). In addition, Class 1a PI3Ks may contribute indirzetly to tumourigenesis
caused by various downstream signalling events. For example, 1633 of the effect of the PTEN
tumonr-suppressor phosphatase that catalyses conversion of PI(3,4,5)P: back to PI(4,5)Pz is
associated with a very broad range of tumours via deregulation of PI3K-mediated production

of PI1(3,4,5)P; (Simpson and Parsons, Exp. Cell Res., 2001, 264, 29-41). Furthermore,
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augmentation of the effecis of other PI3K-mediated signalling events is believed to contribute
to a variety of cancers, for example by activation of Akt (Nicholson and Anderson, Cellular
Signalling, 2002, 14, 381-395).

In addition 10 a role in mediating proliferative and survival signalling in tumaour cells,
there is evidence that Class Ta PI3K enzymes contribute to tumonrigenesis in tumour-
associated stromal cells, For example, PI3K signalling is known to play an important rolz in
mediating angiogenic events in endothelial cells in response to pro-angiogenic factors such as
VEGF (Abid ¢t /., Arterioscler. Thromb, Vasc. Biol., 2004, 24, 294-300). As Class | PI3K
enzymes are also involved in motility and migration (Sawyer, Expert Opinion Investig. Drugs,
2004, 13, 1-19), PI3K enzyme inhibitors should pravide therapeutic benefit via inhibition of
tumour cell invasion and metastasis. In addition, Class T PI3K enzymies play an iniportant
role in the regulation of immune cells contribuiing (o pro-tumonrigenic effects of
inflammaitory cells (Coussens and Werb, Nature, 2002, 420, S60-867),

These findings suggest that pharmacological inhibitors of Class I PI3K enzymes will
be of therapeutic value for the ireatment of various diseases including different forms of the
disease of cancer comprising salid tumowrs such as carcinomas and sarcomas and the
leukaemias and lymphoid malignancies. In particular, inhibitors of Class I PI3K enzymes
should be of therapeutic value for treatment of, for example, cancer of the breast, calorectum,
lung (including small cell Inng cancer, non-small cell lung cancer and bronchioalvaalar
cancer) and prostate, and of cancer of the bile duct, bone, bladder, head and neck, kidney,
liver, gastrointestinal tissue, oesophagus, ovary, pancreas, skin, testes, thyroid, utems, cervix
and vulva, and of leulaemias (including ALL and CML), multiple myeloma and lymphomas.

PI3KYy, the Class Ib PI3K, is activated by GPCRs, as was finally demonstrated in mice
lacking the enzyme. Thus, neutrophils and macrophages derived from PI3Ky-deficient
animals failed to produce PI1(3,4,5)P; in response to stimulation with various chemotactic
substances (such ag IL-8, C3a, MLP and MIP-1a), whereas signalling througlh protein
tyrosine kinase-coupled receptors to Class Ia PI3Ks was intact (Hirsch e a/., Science, 2000,

287(5455), 1049-1033; Li e al., Sciencs, 2002, 287(5453), 1046-1049; Sasaki 2/ a/., Science
2002, 28§7(5453), 1040-1046). Furthermore, PI1(3,4,3)P:-mzdiated phosphorylaiion of PKB
was not initiatad by these GPCR ligands in PI3Ky-null cells. Tal:en together, the results
demomsirated that, at least in resting haematopoiatic cells, PI3Ky is the sole PI3K isoform that

is activated by GPCRs in vive. When murine bone marrow-derived neutrophils and peritoneal
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macrophages fiom wild-type and PI3Ky™ mice were tested in vitra, a reduced, tut not

completely abrogated, performance in chemotaxis and adherence assays was ohserved,

73]

However, this translated into a drastic impairment of IL-S driven neutrophil infiltration into
ues (Hirsch e al., Science, 2000, 287(5453), 1049-1033.). Recent data suggest that PI3Ky
is involved in the path finding process rather than in the generation of mechanical forze for
motility, a3 random migration was not impaired in cells that lacked PI3Ky (Hannigan et ol.,
Proc. Nat. Acad. of Sciences of U.S.A., 2002, 99(6), 3603-8). Data linking PI3Ky to
respiratory Jdisease pathology came with the demonstration that PI3Ky has a central role in

regulating endotoxin-induced hung infiltration and activation of nentrophils leading to acute
lung injury (Yum &/ o/, J. Immunology, 2001, 167(11), 6601-8). The fact that although
PI3Ky is highly expressed in leucocytes, its loss seems not to interfere with haematopoiesis,
and the fact that PI3Ry-null mice are viable and fertile further implicates this PI3K isoform as
a potential drug target. Work: with knockout mice also established that PI3Ky is an essential
amplifier of mast cell activation (Laffargue ef /., Immunity, 2002, 16(3), 441-451).

Thus, in addition to tumourigenesis, there is evidence that Class I PI3K enzymes play
a role in other diseases (Wymann ef o7, Trends in Pharmacological Science, 2003, 24, 366-
376). Both Class Ia PI3K enzymes and the single Class Ib enzyme have important roles in
cells of the imnmine system (Koyasu, Nature Immunology, 2003, 4, 313-319) and thus they
are therapeutic targets for inflammatory and allergic indications. Recent reports demomsirate
that mice deficient in PI3Ky and PI3KS are viable, but have attenuated inflamumatory and
allergic responses (Ali e al., Nature, 2004, 431(7011), 1007-11). Inhibition of PI3K iz alsa
useful to trzat cardiovascular disease via anti-inflasamatory affects or dirzetly by affecting
cardiac myocytes (Prasad ef al., Trends in Cardicvascular Medicine, 2003, 13, 206-212).
Thus, inhibitors of Class I PI3K enzymes are expected to be of value in the prevention and
treatment of a wide variety of diseases in addition to cancer.

Several compounds that inhibit PI3Ks and phosphatidylinositol (PI) kinase-related
kinase (PI3KKs) have been identified, including wortmannin and the quercetin derivative
LY294002. These compounds are reasonably specific inhibitors of PI3Ks and PIAKKSs over
other Linases buf they lack potency and display little selectivity within the PI3K families.
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Accordingly, it would be desirable to provide further effective mTOR and/or PI3K
inhibitors for use in the reatment of cancer, inflammatory or abstructive airways diseases,
immune or cardiovascular diseases.

Morphsling pyrimidine devivatives and PI3K inhibitors are lmown in the art,

Intemational Patent Application W 01 2004/048365 discloses compounds that possess
PI3K enzyme inhibitory activity and are useful in the treatment of cancer. These compounds
are arylamino- and heteroarylamino-substituted pyrimidines which differ from the compounds
of the present invention by virtue of their arylamino- and heteroarylaming substituents. WO
2004/048363 does not disclose compounds with the -XR! substituents of the present
invention. Inhibitors of PI3K activity useful in the treatment of cancer are also disclased in
European Patent Application 1277 738 which mentions 4-morpholino-substituted bicyclic
heteroaryl compounds such as quinazoline and pyrido[3,2-d]pyrimidine derivatives and 4-
morpholino-substituted tricyclic heteroaryl compounds but not monocyelic pyrimiding
derivatives.

WO2007/030382, WO2003/023180 and WD2008/023159 disclose compounds that
possess mTOPR. and/or PI3K enzyme inhikitory activity and are useful in the treatment of
Carncer.

A number of compounds such as 4-morpholin-4-y1-6-(phenylsulfonylmethyl)-2-
pyridin-4-yl-pyrimidine and 4- {6-[(phenylsulfonyl)methyl]-2-pyridin-2-ylpyrimidin-4-
ylymorpholing have been registered in the Chemical Abstracts Jdatabase but no utility hes been
indicated and there is no suggestion that these compounds have mTOR and/or PISK inhibitory
activity or useful therapeutic properties.

Surprisingly, we have found that certain morpholing pyrimidineg derivatives possess
useful therapentic properties. Without wishing to be bound by theoretical constraints, it is
believed that the therapeutic usefulness of the derivatives is derived from their inhibitory
activity against mTOR kinase and/or one or more PISK enzyme (such as the Clazs Ia enzyme
and/or the Class Ib enzyme). Because signalling pathways mediated by the PI3K/mTOR
farilies have a central role in 3 mumber of cell processes including proliferation and survival,
and because deregulation of these pathways is a cansative factor in a wida speetmm of human

cancers and other diseases, it is expected that the derivatives will be therapeutically usaful. In
particular, it is expecied that the derivatives will have anti-proliferative and/or apoptotic

properties which means that they will be uszful in the treatement of proliferative disease such

”~
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as cancer. The compounds of the present invention may also be useful in inhibiting the
uncontrolled cellular proliferation which arises from various non-malignant diseases such as
inflammatory diseases, obstructive airways discases, imnmune Jiseases or cardiovascular
diseases.

Genzrally, the compounds of the present invention possess potent inhibitory activity
against mTOR. kinase but the compound may also possess potent inhibitory activity against
one or more PI3K enzyme (such as the Class Ia enzyme and/or the Class b enzyme).

In aceordance with one aspect of the present invention, there is provided a compound

of formula (I)
O,
N~ R
1Y)§Y2
A
X N R2
formula (I)
or a pharmaceutically acceptable salt thereof; wherein

X is a linker group selected from -CR ‘=CR’-, -CR*=CR’CROR’-, -CRR'CR?*=CR*-, -C=C-, -
=CCPRSR-, -CRER'C=C-, NRCRR-, -OCPR-, -SCROR-, -S()CRER'-,

-S(D)zC‘RGR -, “C(ONRCRER-, NRC(O)CRER -, -NR*C(C)NR*CROR-,

NRS(ORCRER -, -S(0)NRACROR -, -C(0)NR -, -NEC(0)-, -NR*C(O)NR?-, -S(C)NR -

and -NR'S(0),-;

Y and Y? arz independently N or CR® provided that one of 'Y and Y2 is N and the other is

CR8;

R' is a group selected from Calkyl, Co.galleenyl, Cyallzynyl, carbocyelyl, carbacyclylC.

¢alkyl, heterocycelyl and heterocyelylC)_salkyl, which group is optionally substituted by one or

more substituent group selected from halo, cyana, niteo, R’ -0OR?, -SR?, -SORY, -SC)»,Rg,

-CORY, -COR?, -CONR'R', -NR'R'?, -NR'COR', -NR*CO,R', -NR'CONR"R,

NR’COCONR'R' and -NR°SO,R'?;

0"‘~

R? is a group selected from Cygalkyl, carbocyelyl and heterocyclyl which group is opticnally

substituted by one or more substituent group independently selected from hale, cyans, nitra, -
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R, -0R", SR, -SOR", -SO,R", -CORY, -Ca,R", -CONR''R™, -NR''R", and -
NR''COCONRPR'S;

R? is selected from halo, cyana, nitro, -RE,-ORP, -SRE, -SORY, -S0,RY, -CORE, -CO,RY,
CONRPRY, NRPR™, -NRPCORY, -NRPCO,R™ and -NRSO,R';

R* and R® are independently hydrogen or C)_alkyl;

or R! and R* together with the atom or atoms (o which they are attached form a 4- to 10-
membered carbocycelic or heterocyelic ring wherein 1, 2 ar 3 ring carbon atoms is optionally
replaced with N, Q or S and which ring is optionally substituied by one or more substitnent
groups selected fiom halo, cyano, nitro, hydrory, oxa, Cgalliyl, Cigalkoxy, haloCgallzyl,
halaCsalkoxy, hydroxyC)galkyl, hydrowyC)sallioxy, CrgalloxyCigalkyl, CjsalkoxyC.
¢alloxy, amino, C)sallzylamine, bis(C)salkyDaniing, aminoC.galkyl, (C)gallzylaminaCy.
galkoyl, bis(ChgalkyDaminagCy galkyl, cyanoC)_galkyl, Cgalkylsulfonyl, C,.
galkylsulfonylaming, C)_gallylsulfonyl(C)galliyl)amino, sulfamoyl, Cgalkylsulfamayl,
bis(CgalkyDsulfamoyl, C).zallzanoylaming, Calkanayl(Cgallzyl)amino, carbamoyl, Cy.
gallylearbamaoyl and bis(C)_gallzyl)carbamoyl;

R® and R are independently selected from hydrogan, halo, cyana, nitro and Cygallyl;

R® is selected from hydrogen, halo, cyano and Cj.galkyl;

R’ and R arc independently hydrogen or a group selected from Cygalkyl, carbocyclyl,
carhocyclylC)_galkyl, heteracyelyl and hetefocyclylc 1galkyl which group is eptionally
substituted by one or more substituent groups selected from halo, cyano, nitro, hydroxy, Ci.
callzyl, € _salkoxy, haloC) _salkyl, haloC)_galkoxy, hydroxyC_zallzyl, hydroxyCgalloxy, Ci.
calkoxyC)sallyl, C)eallioxyCsallzoxy, amino, Cjgallylamino, bis(Ci.calkyl)amino,
aminoC)_zalkyl, (CygalkyDaminaC ) galkyl, bis(C)galkyDaminaC)salkyl, cyanoCsalkyl, Ci.
galkylsulfonyl, C\salkylsulfonylaming, Cjgallylsulfonyl(Cjsalkyl)amino, sulfamayl, Cy.
galkylsulfamoyl, bis(C)_galkysulfamoyl, C).salkanoylaming, Cigalkanoyl(C)galkyl)aming,
carbamoyl, C.gallzylcarbamoyl and bis(C.gallzylcarbamoyl;

R and R are independently hydrogen or a group selected from Cgalkyl, carbwcyelyl,
carbocyclylCigalkyl, heterocyclyl and heterocyclylCy_galkyl which group is optionally
substituted by one or more substituent groups selected from halo, eyano, nitro, hydroxy, C;.
salloyl, €y galkoxy, haloCygalloyl, haloC)galkoxy, hydroxyC)galkyl, hydroxyC_galloxy, Ci.
galloxyC)gallyl, CgalkoxyC)galkoxy, aming, C)galkylamine, bis(C).gallzyl)amina,

aminoCgalkyl, (C)salkyDaminoC) . zallyl, bis(C)salkyDaminaCzalloyl, cyanoCy.galkyl, Cy.
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callzylsulfonyl, C)galkanoylaming, C.allzanoyl(C).galkyDaming, carbamoyl, C).
galkylcarbamoyl and bis(Cy.gallyl)carbamayl;

R, R™ R and R' are independently hydrogen or a group szlected from C)galkyl,
carbacyelyl, carbocyelylCy galkyl, heterocyclyl and heterocyclylC_galkyl which group is
optionally substituted by onz or more snbstient groups selected from hala, cyana, nitro,
hydroxy, Cr.ealkyl, Ci.salkoxy, haloC)galkyl, haloC) . salkoxy, hydroxyCy galkyl, hydroxyCi.
calkoxy, CjgalkoxyCalkyl, C)salkoxyCgalkoxy, anine, Cgalkylaming, bis(C.
galkylDamino, aminoC)_galkyl, (Cgalkyl)aminoCi_galkyl, bis(C)zalleyl)aminoCy_salkyl,
cyanoC_galkyl, C)salkylsulfonyl, C)alkylsulfonylaming, Cygalkylsulfomyl(C)_gallzyl)amina,
sulfamoyl, Cy_galkylsulfamoyl, bis(C) galkyl)suliamoyl, Cgalkanoylamine, Cjgalkanoyl(Ci.
salkyDamine, carbamoyl, C)galkylcarbamayl and bis(C,_¢alkyl)carbamoyl;

for use as a medicament in the treatment of proliferative disease.

In accordance with one aspect of the present invention, there is provided a compound

of formula (I)
[Oj\
N~ "R’
1Y)§Y2
| )\
RI! =
\X)\N

formula (I)

R?
or a pharmaceutically acceptable salt thereof; wherein

X is a linzer graup sclected from -CR*=CR>-, -CR*=CR’CROR-, -CR°R'CRP=CR"., -0=C-, -
C=CCRR-, -CROR'C=C-, -NR'CRR’-, -OCRR"-, -SCRER7-, -S(0)CRER’-,
-S(O)CROR -, -CONRCROR-, -NRACONESCRR - -S(O)NRICROR -, -C(O)NR’-,
NRAC(D)-, -MR*C(OINR?-, -S(O),NR*- and -NPS(0),-;

Y and Y? are independently N or CR® provided that one of 'Y and Y? is N and the other is
CRS;-

s Rliga group selected from C)galkyl, Co.qalkenyl, Csgallynyl, carbocyelyl, carbocyelylCy.

galkyl, heterocyclyl and heterocyclylC)gallzyl, which group is opticnally substituted by one or

M M iad 9 N e aQ ' Q
more substituent group selzcted from halo, cyano, nitro, R, -0ORY, -SR® -SOR?, -SO4R?,
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-COR®, -CO,RY, -CONR'R', -NRR'?, -NR’COR'?, -NE'COR'C, -NR’CONR'R",
-NR'COCONR'R'® and -NR*SO;R',

R? is a group selected from Cgalkyl, carbocyelyl and heterocyclyl which group is optienally
substituted by e or more substituent group independently selected firom hala, cyana, nitra, -
R, -ORY, -SRM, -SOR", -s0RM, .CORY, -CORY, -CONR''RY, -NR'E, and -
NR''COCONR'?R'S;

Ris selected firom halo, cyano, nitro, R -0ORE, -SRE, -SORY, -SOLRY, -CORYE, -COLRY,
-CONER'™, -NRVR"™, -NR"COR", NR"”CO,R" and -NRPSO,R';

R* and R® are independently hydrogen or C_alkyl;

or R and R* together with the atom or atoms (o which they are attachzd form a 4- to 10-
membered carbacyclic or heterocyelic ring wherein 1, 2 or 3 ring carbon atome is optionally
replaced with N, O or S and which ring is optionally substituted by one or maore substituent
groups selected from halo, cyano, nitro, hydroxy, oxo, Ci.allyl, Cjealkoxy, haloC)gallzyl,
haloCygalkoxy, hydroxyCigallyl, hydroxyC)_;alkoxy, CgalkoxyC.galkyl, Ci.ealkoxyCy.
gallzoxy, amine, Cgalkylamine, bis(C)galkylamino, aminoC) gallyl, (C,zalloyDaminoC,.
gallzyl, bis(C)salkyDaminaC galkyl, cyanoCsalkyl, Calkylsulfonyl, C;.
salkylsulfonylamine, C)_galkylsulfonyl(C)_zall:yDamino, sulfamoyl, Ci_zalkylsulfamayl,
his(C.gallzyDsulfamoyl, C).¢alkanoylaminag, C)_galkanoyl(C).¢alkylaming, carbamoyl, Ci.
galkylcarbamayl and bis(C)_galkyl)carbamaoyl;

R® and R” are independently selected from hydrogen, halo, eyano, nitro and Cyalkyl;

R? is selected from hydrogen, halo, cyano and Cygalkyl;

R’ and R™ are independently hydrogen or a group selected from Cgalkyl, carbocyclyl,
carhocyclylC)sallzyl, heterocyelyl and heterocy:lylCy galkyl which group is optionally

substituted by one or more substituent groups selected from halo, cyana, nitro, hydroxy, Cy.

5 salkyl, Ciallioxy, halaCgallyl, haloC)galkoxy, hydroxyCigalkyl, hydroxyCy_salkoxy, C).

gallioxyCiealkyl, CgalkoxyC) alkoxy, aming, C)galkylaming, bis(C)salkyl)amine,
aminoC . galkyl, (CgallyhaminaC _salkyl, bis(C)_gallzyDaminoC) zalkyl, cyanoC) galkyl, C;.
calkylsulfonyl, C)_gallzylsulfonylamine, Cgallzylsul fmy1(C)_galkylamino, sulfamoyl, C;.
gallzylsulfamoyl, bis(C).galkyhsulfamoyl, C)galkanoylaming, Cjgalkanoyl(C)¢allzyl)amino,
carbamoyl, Cy.zalkylcarbamoyl and bis(C.galkyearhamoyl;

R and R'? are independently hydrogen or a group selectad from C)galkyl, carbocyelyl,

carbocyclylCysalleyl, heteracyclyl and heterocyclylCy_gallzyl which group is optionally
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substituted by one or more substituent groups selected from halo, eyana, nitro, hydroxzy, Cy.
callyl, Calkoxy, halaC)galkyl, haloC)_galkoxy, hydroxyCsalkyl, hydroxyCysalkoxy, Cr.
calkoxyCy.salkyl, CpallioxyCygalkoxy, aming, Cygalkylaming, bis(Cgalkyl)amina,
aminoC)_gallyl, (C).galkylaminoC) salkyl, bis(CgallzyDaminoCgalkyl, cyanoCi_gallyl, Cy.
sallylsulfonyl, Cysalkanoylaming, C)_galkanoyl(Cgalkyl)amine, carbamayl, Cy.
calkylcarbamoyl and bis(C)_gall:yl)carbamoyl;

R®, R™, R" and R are independently hydrogen or a group selected from Cygallyl,
carhocyelyl, carboeyelylC)_galliyl, heteracyclyl and heteracyclylC)galkyl which group is
optionally substituted by one or more substituent groups selected from halo, cyana, nitro,
hydroxzy, C.sallyl, C)ealkoxy, haloC)salkyl, haloC)gallooxy, hydroxyChealkyl, hydroxyCi.
galkoxy, CalkoxyC) galkyl, CjgallzoxyC)¢alkoxy, amino, C).galkylamino, bis(C,.
salkyDamine, aminoC)_galkyl, (CrealkylaminoCgalkyl, bis(Cj_galkylaminoCysalkyl,
cyanoC.salkyl, Cygalkylsulionyl, Cygallzylsulfonylaming, Cygalkylsulfonryl(C).allyl)amina,
sulfamoyl, Cj_galkylsulfamoyl, bis(C)galkyl)sulfamoyl, C)galkanoylamine, Cy.galkanoyl(C.
galloyDamine, carbamoyl, C)_galkylcarbamoyl and bis(C).gallzyl)carbamayl;

for use as a medicament in the ireatment of proliferative disease.

In accardance with one aspect of the present invention, there is provided a compound

of formula (1)
/IL R3

vy
| )\
R! )\ Z
SXTONT g

formula (I)
or a pharmaceutically acceptable salt thereof; wherein
X is a linker group selected from -CR*=CR’-, -CR'=CR’CRP’-, -CR°F'CR’=CR",
-C=C-, -C=CCRR’-, -CROP7C=C-, -NR*CROR-, -OCESR’-, -SCR®R7-, -S(O)CRR’-,
-S(0),CROR-, -CONEACROR -, -NRAC(OINEPCRR -, -S(0):NR'CRR-, -C()NR"-,
NRC(D)-, -NR C(ONE’-, -S(0);NR*- and -NR*S(D),-;
Y and Y? are independently N or CR® provided that one of 'Y and Y? is M and the other is

CR%:
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R' is a group selected from C).salkyl, carbacyclyl, carboeyelylCygalkyl, heteracyclyl and
heterocyclylC)gall:yl, which group is opticnally substituted by one or more substituent group
selected from halo, cyano, nitro, R, -OR®, -COR®, CONRRYY NRIR' and -NER CoRr!e
R? iz a group selected from C)gallzyl, carbocyelyl and heteracyclyl which group is optionally
substituted by oue or more substituent group independently selected from halo, cyano, nitro, -
R, -OR", .COR", -CONR''R" and -NR"'R"%;
R? is selected from halo, cyano, nitro, -R, -OR", -COR", -CONRR", -NE"R" and
-NR"’COR'%;

R* and R® are independently hydrogen or C)_alkyl;

R® and R are independently selected from hydrogen, hala, cyano, nitro and C_alkyl;
R is selected from hydrogen, halo, cyano and C)_salkyl;
R® and R" are independently hydrogen or a group selected from Cygalkyl, carbocyelyl and
heterocyelyl which group is optionally substituted by ene or mare substituent groups selected
from halo, cyano, nitro, hydroxy, Cigallzyl, Cigalkoxy, halaCgalkyl, halaC,.alkoxy,
hydroxyCi_salloyl, hydroxyCsalleay, CgallioxyCygallyl, CgallzonyC) galkoxy, amina, C;.
galkylaming and bis(C).galkylamino;
R and R*? are independently hydrogen or a group selected from C_galkyl, carbocyclyl and
heterocyelyl which group is optionally substituted by ane or more substituent groups selected
from halo, cyano, nitro, hydroxy, Cgalloyl, Cjgalkony, haloC)salkyl, haloCygalkoxy,
hydroxyCy_sall:yl, hydroxyCealkoxy, CgalkoxyCgalkyl, CgallioxyCigalloxy, amino, Cj.
¢allylamino and bis(C,.zalkyl)amino;
R™ and R™ are independently liydrogen or a group selected from C)_alkyl, carboeyclyl and
heterocyclyl which group is optionally substituted by one or more substituent groups selected

from halo, cyanao, nitro, hydroxy, Cygalkyl, Cealkoxy, haloCgallyl, halaCyealkoxzy,

- hydroxyCgalliyl, hydroxyCgalkoxy, CrealkoxyChgalkyl, CrgalkoxyCigalkoxy, amino, Ci.

salkylamino and bis(C.salkyl)amino;
for use as a medicament in the treatmant of proliferative disease
In accordance with ancther aspzct of the present invention, there is provided the use of

a compound of formula (I)
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L
L
v A

X N R2

formula (I)

or a pharmaceutically acceptable salt thereof; wherein
X is a linker group selected from -CR*=CR3-, -CR'=CR’CROR’-, -CROR'CR’=CR",,
-C=C-, -C=CCROP -, -CROP7C=C-, -NPCRP-, -OCRSR-, -SCROR-, -S(O)CROR’-,
-S(0)2CRR-, -COONRICER-, NRC(O)CRR-, -NR'C(O)NECROR-,
NR*S(0),CROR -, -S(OpNRCRR -, -CO)NR"-, -NRC(0)-, -NR C(O)NR-, -S(C)NR"-
and —NR4S(O)2-;
'Y and Y? are independently N ar CR provided that one of 'Y and Y2 is N and the other is
CR8;
Rlisa group selected from Cjalkyl, Cyeallenyl, Cogalkynyl, carbocyclyl, carbocyclylC.
galkyl, heterocyclyl and heterocyelylCygalloyl, which group is optionally substituted by one ar
more substituent group selected from halo, cyans, nitr, R -ClR', -SR?, -SOPR®, -8R,
-COR®, -COR?, -CONRR'®, .NER'?, -NR'COR'®, -NR'CO,R', -NR*CONR'R",
NR*COCONR'’R'® and ~NR°SO,R';
R? is a group sclectad from Cpgalliyl, carbocyslyl and hetarocyclyl which group is optionally
substituted by onz or mare substituznt group independently selected from hale, cyano, nitro, -
P ORY, - SRY, SSORM, -80,RY, -CORY, LCOuRY, SCONRMR'?, 2NRVYR' and -
NR'COCONRR'S,
R? is selected from halo, cyano, nitro, -1'.1“, -l )R“, le“, -SC vR]’, -SO,R, -U)l'\]“, -COLR ’3
-CONRPR", NRPRY, -NFPCOR™, NRPCO,R™ and -NRPSO,R';

R* and R® are independently hydrogen or C_alkyl;
or R! and R* together with the atom or atoms to which they are attached form a 4- t5 10-
membered carbocyclic or haterocyclic ring wherein 1, 2 or 3 ring carbon atoms is optionally
réplaced with N, O or S and which ring is optionally substituied by one or more substituent
groups selectad from halo, cyano, nitro, hydraxy, oxo, Cgallyl, Cygalloxy, haloC)_sallyl,
haloCgalkoxy, hydroxyC)_galkyl, hydroxyC)gallzony, C)salkoxyCygalkyl, CgalkaoxyC.
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galkoxy, amino, Cygalkylaming, bis(Ci.gallzyl)amino, aminoCy.galkyl, (C 1callzylyaminoC,.
sallzyl, bis(ChsalkylaminaCygalkyl, cyanoCysallyl, Cygalkylsulfonyl, Cy.
callzylsulfonylaming, Cgalkylsulfonyl(C) alkyl)amino, sulfamoyl, C)alliylsulfamoyl,
bis(Cy.galkyl)sulfamoyl, Cysalkanaylaming, Cigallanoyl(C.gallyl)amino, carhamaoyl, C;.
salkylcarbamaoyl and bis(C_gallyl)carbamoyl;

R® and R are independently selecied from hydragen, hala, cyano, nitro and Cj.galkyl,

R® is selected from hydrogen, halo, eyano and C)galkyl;

R® and R" are independanily hydrogen or a group selected from Cygalkyl, carhocyelyl,
carbocyelylC)_salkyl, heterocyclyl and heterocyclylC) galkyl which group is optionally
substituted by one or more substituent groups selected from hala, eyano, nitro, hydroxy, Cr.
calkyl, C)alkoxy, haloCy_salkyl, haloC)salloxy, hydroxyCgalkyl, hydroxyCi_galkoxy, Cy.
calkoxyCyallyl, C)sallionyCygall:oxy, aming, Cj.gallzylaming, bis(C.galkyl)amina,
aminaC,.galkyl, (C)galliyDaminaC)galkyl, bis(C)salkylaminaC).galkyl, cyanoCy.galkyl, C;.
galkylsulfonyl, Cy¢alkylsulfonylamino, C)_galkylsulfmyl(C)gall:yDamine, sulfamayl, Cy.
sallzylsulfanayl, bis(C)sallzyDsulfamoyl, € gallzanaylamine, Cysallzanoyl(C)gallzyl)amino,
carthamoyl, C.galkylecarbamoyl and bis(Cgall:yl)zarhamayl;

R and R*? are independently hydrogen or a group selested from C)_aallyl, carbacyelyl,
carbocyclylC)gallyl, heterocyelyl and heterocyclylC) gallzyl which group is optionally
substituted by one or more substituent groups selected from halo, cyano, nitro, hydroxy, Ci.
galkyl, Cigalkoxy, haloC)eallyl, haloC) galkoxy, hydroxyCi.galkyl, hydroxyC).galkoxy, Ci.
salkoxyC) sallyl, C)allioxyC)_sallzoxy, amino, Crgallylamine, bis(C)_gallzyl)amina,
aminoC)galkyl, (C)galkylaminoC . alkyl, bis(C)_galkyDaminoC)galkyl, cyanoC)galkyl, Cy.
gallzylsulfonyl, Cj.galkanoylamine, C).salkanoyl(Cygalkyl)aming, carbamoyl, Ci.
¢alkylcarbamoyl and bis(C_galkylecarbamoyl;

R™ RM R' and R are independently hiydrogen or a group selected from Cyallzyl,
carbocyclyl, carbocyclylC)salkyl, heterocyclyl and heterocyclylC) gallzyl which group is
optionally substituted by one or more substituent groups selected from halo, cyano, nitra,
hydroxy, Ciealkyl, Cgalkoxy, halaC) gallzyl, halaC)salkoxy, hydroxyC.gallyl, hydroxyC.
calkoxy, CigalloxyChgallyl, C)salkoxyCysalkoxy, amino, Cgalkylamino, bis(Cj.
salkyDaming, aminoC)gallyl, (CalkylaminoC)_galkyl, his(C)callylyaminaC, galkyl,

cyanolC)galkyl, Cygallylsulfonyl, Cgalkylsulfonylaming, C)_galkylsulfonyl(C).;allyl)amino,
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sulfamoyl, C)gallzylsulfamoyl, bis(Cy.galkyl)sulfamoyl, Cygalkanoylaming, Cgalkanoyl(C).
salkylamine, carbamayl, C)sallylearbamoyl and bis(Cygallzyl)carbamoyl,
in the manufacture of a medicament for use in the freatment of proliferative disea

In accordance with another aspect of the present invention, there is provided the use of

compound of formula (I)
formula (I)
or a pharmaceutically acceptable salt thereof; wherein

X is a linker group selected from -CR‘=CR>-, -CR*=CR’CRR-, -CRR'CR*=CR S
-C=C-, -C=CCRR’-, - PGR( =C-, -NR'CRF-, -0OCROR-, -SCRER7-, -S(O)CROR'-,
SO CROR -, -C(NRCRE -, NE* C(OMNR’CRER-, -S(0),NE CRR-, -C(O)NR"-,
NRAC(O)-, -NRC(O)MNR?-, -S(O)MNE - and -NRS(0)2-;

Y and Y* are independently N or CR® provided that one of 'Y and Y* i3 N and the other is
CR%

- R'isa group selected from C)alkyl, Cogalkenyl, Cygalkynyl, carbocyelyl, carhocyclylC.

galkyl, heterocyclyl and heterocyelylC)_salkyl, which group is optionally substituted by one or
maore substituent group selected from halo, cyano, nitro, -Rg -ORQ, -SRQ, -S()P.g, -SC)ZRg,
-COR®, -COZRY, -CONRTR'?, NRR'?, -NR'COR'?, -NR*CO,R', -NR*CONRR",
NR’COCONR'R'® and -NR*SO,R'’;

R? is a group selected from Cgalliyl, carbocyclyl and heterocyelyl which group is opticnally
substituted by oz or more substituent group independently selected from halo, cyana, nitro, -
R, -oRM, - SRY SORY, -80,RY, -CORY, LCO,R, -CONRMR', -NR''R™ and -
NRMCOCONRIZR!S:

R? is selested from halo, eyano, nitro, -R", -OR", -SR", SSORP, -SOLRY LCORE, -COLRY,
-CONRPR", -NRPRY, -NRPCORY, RPCORM and -NESORY,;

R* and R® are independently hydragen or Cy_ealkyl;
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or R and R? together with the atom or atoms to which they are attached form a 4- to 10-
membered carbocyclic or heterocyelie ring wherein 1, 2 or 3 ring carbon atoms is optionally
replaced with N, O or S and which ring is optionally substituted by one or more substituent
groups selected from halo, cyano, nitro, hydroxy, oxo, Crgallzyl, Cigallioxy, halaC gallzyl,
halaCgallaxy, hydroxyCygallyl, hydroxyCgalkoxy, CealkoxyCysalkyl, CyealkaxyCi.
alkoxy, amino, C_galkylamino, bis(C).galkyl)amine, aminaC)_salkyl, (C.salkyDaminoC,.
salkzyl, bis(Cialkyl)aminoCgalkyl, cyanoCi.gallzyl, Cizalkylsulfonyl, C;.
calkylsulfonylamino, C)galliylsulfonyl(C)salkyl)aming, sulfamoyl, Cy sall:ylsulfamoyl,
bis(C)salkyDsulfamoyl, C) gallanoylaming, C)_galkanoyl(C_gallzyl)amino, carhamoyl, Cy.
gallylearbamayl and his(Cj_salkyl)carbamoyl;

R® and R” are independently selected from hydrogen, hals, cyano, nitro and Cy.salkyl;

R® is selected fram hydrogen, halo, cyano and C).alkyl;

R® and R" are independently hydrogen or a group selected from Cgalkyl, carbacyclyl,
carbocyelylCy_galkyl, heterocyclyl and heterocyelylCygalkyl which group is optionally
substituted by one or more substituent groups selected from halo, eyano, nitro, hydroxy, C;.
calkyl, Cygalkaxy, haloC)_gallzyl, haloCysalkoxy, hydroxyCalkyl, hydroxyCigalkoxy, Ci.
ealloxyCieallyl, CsalkoxyC galkoxy, amino, C).gallzylaming, bis(C)_galkyl)aming,
aminoC_galkyl, (CjgalkyDaminoC) . gallyl, bis(C).gallyDaminoC) zalkyl, cyanoCgalkyl, C;.
calkylsulfonyl, C\sallzylsulfimylamine, Cy.galkylsulfonyl(Cygalkyl)amino, sulfamayl, Ci.
callylsulfamayl, bis(C)_gallzyDsulfamayl, Cygall:anoylaming, Cygalkanoyl(C) sallzyamino,
carbamoyl, Cgalkylcarbamoyl and bis(C)_salkyl)carbamoyl;

R and R are independently hydrogen or a group selected from Cy_galkyl, carbocyclyl,
carhocyclylC)galkyl, heterocyclyl and heterocyelylCygalkyl which group is optionally
substituted by one or more substituent groups selected from halo, cyano, nitro, hydroxy, Cj.
galkyl, Cy.galkoxy, haloCigalkyl, haloC)_galloxy, hydroxyCgalkyl, hydroxyCigalkoxy, Ci.
galloxyCsalleyl, CgalkoxyCygalloxy, amino, Cj.gallylaming, bis(Cigallzyl)amina,
aminoCy_gallzyl, (C)gallyDaminaC gallyl, bis(C)_salkyDaminoC, galkyl, cyanoC_salkyl, C;.
calkylsulfonyl, C).¢alkanoylaming, C)_gallzanoyl(C).zalkyDaming, carbamayl, C.
¢alkylcarbamoyl and his(C)_gallzyl)carbamoyl;

R”, R™ R" and R are independently hydrogen or a group selected from C)_sallzyl,
carhocyclyl, carbocyclylCygallyl, heterocyclyl and hzteracyclylCygallzyl which group is

optionally substituted by ane or more substituent gronps selected from halo, cyano, nitro,
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hydroxy, Cralkyl, Cigalkoxy, haloCygalkyl, haloCgalkoxy, hydroxyC.galkyl, hydroxyC,.
calkoxy, CrsalkoxyC.galkyl, CgalloxyC)sallaxy, aming, C.gallzylaming, bis(Cy.
allyDamino, aminoC)gallyl, (C).galkyDaminoC) galkyl, bis(C)ealkyl)aminoC galkyl,
cyanoC.calkyl, Cpsallylsulfonyl, Cjgallylsulfanylamino, Cgalkylsulfonyl(C_¢allyl)amin,
sulfamoyl, C)_alkylsulfamoyl, bis(Cygallylsulfamayl, C_galkanoylaming, Csalkanoyl(C.
calkyDamino, carbamoyl, C)gallzylcarbamoyl and bis(C).galkyt)carbamoyl;

in the manufacture of a medicament for use in the treatment of proliferative disease.

In accordance with another aspect of the present invention, there is provided the use of
[Oj\
3
)N\ )

IY \Y2
| J\
> i

formula (1)

a compound of formula (1)

or a pharmaceutically acceptable salt thercof; wherein

X is a linker group selected from -CR*=CR’-, -CR*=CR’*CR°R’-, -CR°R'CR’=CR",

-C=C-, -C=CCRR-, -CRORC=C-, -NRCROF -, -0CPSE-, -SCRER7-, -S(0)CRER/-,
-S(O)CRR-, -COMNRCER-, -NPAC(O)NRCRIR-, -S(O)NE CRR-, -C(O)NR -,
NRAC(0)-, -NRCONNR-, -S(0)NR - and ~-NR'S(0)y-;

Y and Y? are independantly M or CP2 provided ihat onz of 'Y and Y? is N and the other is
CR%;

R'is a group selected from C.sallyl, carbocyclyl, carboryelylCygallzyl, hetarocyelyl and
heterocyelylCy galkyl, which group is optionally substituted by one or more substituent group
selected fromt halo, cyano, nitro, R, -0R%, -COR®, -CONRIR!®, -NR°R' and -NR*COR';
R? is a group selected from Cjgallyl, carbocyelyl and heterocyclyl which group is optionally
substituted by one or morz substituent group indspendently selected from halo, eyana, nitra, -

12

RY, -ORY, -CORY, -CONRYR' and -NR''R"?;

. . . 3 Al Al eeaan 14 4 _
5 R is selected from halo, cyana, nitro, -RP, -ORP, -CORYE, -CONRR™, .NPPRM and

-NR"COR";
R* and RS are independently hydrogen or C)¢alkyl;
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R® and R arz independently selected from hydrogen, halo, eyano, nitro and C)calkyl;

R® is selected from hydrogen, halo, eyano and Ceallyl;

R® and R are independently hydrogen or a group selected from C_gallyl, carbacyclyl and
heterocyelyl which group is optionally substituted by one or more substituent groups selected

from halo, cymio, nitro, hydroxy, Cgalkyl, Crgalkoxy, haloC)galkyl, haloC)_gallozy,

ta

iydroxyC).salkyl, hydroxyCigalkoxy, CyealkaxyCsalkyl, CallioxyC)galkaxy, amino, Ci.

calkylamino and bis(Cy.calkyl)amino;

R" and R' are independently hydragen or a group selected from Cygalkyl, carbocyclyl and

heterocyclyl which group is optionally substituted by one or more substituent groups selected
10 from halo, cyana, nitro, hydroxy, Callyl, C)salkoxy, haloC)salkyl, halaC)_gallzaxy,

hydroxyC)galkyl, hydroxyC)salkoxy, CiealkoxyCgalkyl, CialkonyChgalkoxy, amina, Cy.

salkylamino and bis(C).galkyl)amino;

R" and R are independently hydrogen or a group selected from Cy_gallyl, carbacyclyl and

heterocyclyl which group is optionally substituted by one or more substituent groups selected
15 from halo, cyano, nitro, hydroxy, Cygalkyl, C)sallzoxy, haloC)_salkyl, haloC_galkoxy,

hydroxyCigalkyl, hydroxyC.galkoxy, C)alkoxyC) salkyl, CgalkoxyCsalkoxy, amina, Cy.

¢alkylamino and bis(C).galkyl)amino;

in the manufacture of a medicament for use in the beatment of proliferative disease.

In accordance with a further aspect of the present invention, there is also pravided a

,
Ay
R' )l\ /)\

X N R2

20 compound of formula (I)

R3

formula (I)
or a pharmacentically acceptable salt thereof, wherein

M : n 4 Ty 4 ST S 4 v Gy T~ 5 ~T1 4
X is a linker group selectad from -CR*=CR’., -CR*=CR’CR°R/-, -CRORICR*=CR’-, -C=C-, -

25 C=CCRR-, -CRORC=C-, -NRYCROR-, -OCRPR -, -SCROF-, -S()CRR’-,
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-S(0),CROR-, -C(I)NRCRR-, -NR*C(C)CRR-, -NR*C(()NR’CRR-,
NR*S(O),CRER-, -S(0NRCRF -, -C(C)NR' -, -MNR/ C()-, -MR*C(O)NR -, -(0):NR-
and —NR4S(O)2-;

Y and Y? are independently N or CR® provided ihat one of ly and Y2 is N and the other is
CR%:

R is a gronp selected from Cpgalkyl, Crealkenyl, Cogall:ynyl, carbocyelyl, carbacyclylCi.
callzyl, heterocyelyl and heterocyelylC) galkyl, which group is optionally substituted by one or
mare substituent group selected from halo, cyano, nito, R, -OR?, -SR®, -SORY, -OuR%,
-COR?, -COLRY, -CONRR™, -NR'R'?, -NRACOR'®, NRCO,R', -MRICONR'RY,
NPPCOCONRIPR! and NPISOLR!O,

R? is a group selected from Cgalkyl, carbocyclyl and heteroyclyl which gronp is optionally
substituted hy one or more substituent group independently selected from halo, cyano, nitra, -
U LoR -SRY, -SoR', -S0,RY, SCORY, wC0pRY, CCONR'R, -NR''R' and -
NR''COCONR"R'S;

R? is selected from halo, cyano, nitro, -7, -OR', -R!, "SORY, -S0,R", -CORD, - R, -
CONRDPRY, -NRPRY, _NEPCORY, NRPCORY and -NRPSO,RY;

R* and R® are independently hydrogen ar C,ealkyl;

or R' and R* together with the atom or atoms to which they are attached form a 4- 1o 10-
membered carbacyclic or heterocyelic ring wherein 1, 2 or 3 ring carbon atoms is optionally
replaced with N, O or S and which ring is optionally substituted by one or more substituent
groups selected from halo, cyano, nitro, hydroxy, oxo, Csallyl, C)galliaxy, haloC)_gallyl,
haloC)galkoxy, hydroxyC_allzyl, hydroxyCisalkoxy, CsalkonyC)ealkyl, Cizall-oxyCy.
calkoxy, amino, Cy_galkylamine, bis(Cigallyl)amine, aminoC)_galkyl, (C)salkylamingC;.
gallayl, bis(CysallyDaminoC).salkyl, cyanaC) salkyl, Cyaallylsulfonyl, C;.
salkylsulfonylaming, C_gallzylsulfonyl(C).galkyl)amino, sullamoyl, Cy_salkylsulfamayl,

bis(C ) galkyD)sulfamoyl, C)sallzancylanmiig, C)gallanoyl(Cgaltyl)amine, carbamoyl, Ci.
callylzarbamoyl and bis(C)_galkyl)carbamoyl;

R® and R are independently selected from hydrogen, halo, eyano, nitro and C;_callzyl;

R® is selected from hydrogen, halo, cyano and C)_galkyl;

R’ and R" are independenily hydrogen or a group selected from Cysalkyl, carbocyzlyl,
carhocyclylCygalkyl, heterocyelyl and heterocyclylC.gallzyl which group is optionally

substituted by one or more substituent groups selectad from halo, cyano, nitro, hydroxy, Cy.
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callyl, Cygallzoxy, haloC).galkyl, haloCgalkoxy, hydroxyCzalliyl, hydroxyCigalloxy, Cy.
calkoxyC.salkyl, C)galkoxyC)galkoxy, aming, Cygalkylamino, bis(C galkyl)aming,
aminoC)gallzyl, (C)_sallzyDaminaC)_gallkyl, bis(C)zallylaminoC ) galkyl, cyanoCygalkyl, Cy.
allzylsulfonyl, Cgallzylsulfonylaming, C)galkylsul fonyl(C)gallzyl)amino, sulfamayl, Cy.
calkylsulfamoyl, bis(C)_salkylhsulfamoyl, Csallanoylaming, Cigalkanoyl(C)alliyl)amino,
carbamayl, Cyalkylcarbamoyl and bis(C).gallgy)zarbamayl;

R" and R" are independently hydrogen or a group selected from C)_galkyl, carbocyelyl,
carbocyclylCygalkyl, heteracyclyl and heterocyclylCygallyl which group is optionally
substituted by one or more substituent groups selected from halo, eyano, nitra, hydroxy, C).
galkyl, C,gallzoxy, haloCygalkyl, halo) galkoxy, hydroxyCgalkyl, hydroxyC.salkoxy, Ci.
salkonyC)galkyl, CysalkanyCgalkoxy, amino, Csalkylaming, bis(C)sallyl)amine,
aminoCygall:yl, (ChgallyDaminoC).galkyl, bis(C) sallzyDaminoCy.sallyl, cyanaCy gallyl, Cy.
gallylsulfonyl, Csalkanoylamino, Csallzanayl(C)gallyDamino, carbamoyl, C.
gallylcarbamoyl and bis(Cj_galkyl)carbamoyl;

R", R™ R and R' are independently hydrogen or a group selected from C_gallyl,
carbacycelyl, carbocyelylCy_gallyl, heterocyclyl and haterocyelylC.galkyl which group is
optionally substituted by one or mare substituent groups selected fiom halo, cyano, nitra,
hydroxy, Cysallyl, Cgalkoxy, haloCgalloyl, haloC)galkoxy, hydroxyCygalkyl, hydroxyCi.
calkoxy, CjalkoxyChgallyl, CgalkoxyCygallony, amine, C).galkylaming, bis(C,.
salkylaminag, aminoCsallzyl, (C)galkyDaminaCygalkyl, bis(C)sallzyDaminaC, gallzyl,
cyanoC_galkyl, Calkylsulfonyl, C)salliylsulfonylaming, C) galkylsul foryl(C) sallzyl)amina,
sulfamoyl, Cy_galkylsulfamoyl, bis(C)salliyl)sulfamoyl, C)sall:anoylamine, C;gall:anoyl(C,.
callzyl)amine, carbamoyl, C)galliylcarbamoyl! and his(C)_gallzyl)carbamayl.

In accordance with a further aspect of the presant invention, there is also provided a
3
)N\ ’

IY \YZ
| )\
R! )\ Z
\X N R2

formula (T)

compound of formula (I)
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or a pharmacentically acceptable salt thereof; wherein

X is a linker group selected from -CR*=CR’-, CR'=CR’CRR-, -CRORTCR*=CR",

-C=C-, -C=CCRR’-, -CRR7C=C-, -NRCRR-, -OCRP-, -SCRR’-, -S()CRR'-,
-S(0),CRR -, ~CONRICPR -, -NRIC(O)NR*CROR -, -S(0):NR CRER-, -C(O)NR"-,
NRAC(D)-, -NRC(O)NP>-, -S(0),NR - and -NRS(D),-;

Y and Y? are independently N or CR® provided that ene of 'Y and Y2 is N and the other is
CR%:

R is a group selected from Cgalkyl, Coeallenyl, Cogalkynyl, carbacyelyl, carbacyclylCy.
alkyl, haterocyclyl and heterocyclylChalliyl, which group is opticmally substituted by one or
maore substituent group selected from halo, cyano, niteo, R -OR?, -SR?, -SORY, -O.R7,
COR®, -CORT, -CONRR!®, NRR' _NRCOR', NE CO,R', -NRCONR'R',
NR'COCONR'’R'® and NR*SO;R'?,;

R? is a group selected from C)alkyl, carbocyclyl and heteracyelyl which group is apticonally
substituted by one or more substituent group independently selected from halo, cyana, nitro, -
RM,ORY, SR, -SOR, -SORY, -CoRM, W00 RY, -CONRYR, NRVR and -
NRMCOCONRMR'S;

R3is independently selected from halo, cyano, nitro, RECOREWREDSORY -SORD,
-CORY, -CO,R”, -CONRRY, .NRPR", -NR"COR", -NR">C02R™ and -NR"ZSO, 1
R* and R® are independently hydrogen or C)salkyl;

or R and R* together with the atom or atoms to which they are attached form & 4- to 10-
meithered carbocycelic or heteracyclic ring wherein 1, 2 or 3 ring carbon atoms 15 optionally
replaced with N, O or S and which ring is optionally substituted by one or more snbstituent
groups selected from halo, eyano, nitro, hydroxy, oxo, Cgallyl, C)galkoxy, haloC)galkyl,
haloCy_galkoxy, hydroxyC)_alkyl, hydroxyC) _sallzoxy, C)alloxyC galkyl, C)galkoxyC,.
galkoxy, amino, C)gallzylaming, his(C)galkyDamino, aminoCy.galkyl, (C)salkyDaminoCy.
calkyl, bis(CsalkyDamingC)salkyl, cyanoCgalkyl, Cjgallylsulfonyl, C,.
calkylsulfonylamineg, Cgallylsulfonyl(C) gallzylamino, sulfamoyl, Ciallylsulfamoyl,
bis(C)galkyDsulfamoyl, C)_allzanoylamino, Cisalkanoyl(C)galkyl)amino, carbamayl, Cy.
galkylcarbamayl and bis(C)_gallzylcarbamoyl,

R® and R are independently selected from hydrogen, halo, eyano, nitro and C)_alkyl;

R® is selected from hydrogen, halo, cyano and C)salkyl;
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R’ and R are independently hydrogen or a group selected from Cy_galkyl, carbacycelyl,
carbacyelylCy.galkyl, heterocyelyl and heterocyelylCyzalkyl which group i3 optionally
substituied by one or more substituent groups selected from halo, cyana, nitro, hydroxy, Ci.
salleyl, Cgallzoxy, haloCygallyl, haloC)sallioxy, hydroxyCsalkyl, hydroxyCisalkoxy, C).
sallioxyCrsalkyl, CysalkoxyC)_salloxy, aming, Cieallrylaming, bis(Cjgalkyl)amina,
aminoC)_galkyl, (CsalliylaminoC)galloyl, bis(C)galkylamineCgalkyl, cyanoCgalkyl, Ci.
alkylsulfonyl, C)galkylsulfonylaming, C)gallylsul fomyl(C.galliyl)amine, sulfamayl, Ci.
sallylsulfamaoyl, bis(C).zallyDsulfamoyl, ) salkanoylamin, Crgalkzanoyl(Cgalkyl)amino,
carbamoyl, C)galkylearbamoyl and bis(C)galkyl)carbamayl;

R and R" are independently hydrogen or a group selected from Calkyl, carbacyelyl,
carbocyelylC)_galkyl, heterocyelyl and heterocyclylCy_galkyl which group is optionally
substituted by one or more substituent groups selected from halo, cyana, nitra, hydraxy, C.
galkyl, C.;alkoxy, haloC)salkyl, haloC) galkoxy, hydroxyCi.galkyl, hydroxyC) galkoxy, Ci.
galkoxyC)gallyl, C)salkoxyC salkoxy, amino, C)galkylamino, bis(C.salkyl)amino,
aminoCy_galkyl, (C)salllyhamineCy_gallyl, bis(C)salkyDamineC galkyl, cyanoC) callyl, Cy.
galkylsulfomyl, C\sallzanoylamino, C.galkanoyl(Cisalkyl)amino, carbamoyl, Ci.
galkylcarbamoyl and bis(C)_salkyDearbamoyl,

R", R™ R" and R™ are independently hydrogen or a group selected from Cysalkyl,
carbocycelyl, carbocyclylCgallyl, heterocycelyl and haterocyclylC.galkyl which group is
opticnally substituted by one or more substituent groups selected from halo, cyano, nitro,
hydroxy, Cizalkyl, Csalkoxy, haloC)salkyl, haloC)salkoxy, hydroxyC_galkyl, hydroxyCi.
galkoxy, CisalkonyCy_salkyl, CsallioxyCygalloxy, amino, Cy_gallzylamino, bis(C,.
calkyDaming, aminoC)_gallyl, (CigalkyDaminaC_galkyl, bis(C)galky)aminoC.galkyl,
cyanoCy.salkyl, C.gallylsulfonyl, Cygalkylsulfonylaming, Cgallzylsulfonyl(C).galkyl)amine,
sulfamoyl, Cy_gallylsulfamoyl, bis(Csalkyl)sulfamoyl, C_salkanoylamino, Cygalkanoyl(C.
gallzyl)aming, carbamoyl, C)zallzylearbamoyl and bis(C)_gallyl)carbamayl.

In accordance with a furthar aspeat of the present invention, there is alss provided a

compound of formula (1)
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formula (I)
or a pharmaceutically acceptable salt thereof; wherein
X is a linker group selected from -CR*=CR>-, -CR'=CR’CRR’ -, -CRPR'CR*=CR%, -C=C-, -
C=CCRR’-, -CRR’C=C-, -NR*CRR’-, -OCR®R’-, -SCRR’-, -S(MCRER’-,
-S(0)CROR-, -COONRCROR -, -NR*C(O)NRPCPER-, -S(0), NP CRR-, -C(D)NR*-,
-NR'C
Y and Y? are independently N or CR® provided that one of 'Y and Y? is N and the other is
CR%;
R is a group selected from Cjgalkyl, carbacyelyl, carbocyelylC)_sallyl, heterocyclyl and

(D)=, -NRUC(O)NR’-, -S(O),NE- and -NR*S(0);-;

heterocyclylCy.galkyl, which group is optionally substituted by one or more substituent group
selected from halo, cyana, nitro, R®, -0OR®, -4 oR? , “CONES Rm, NEPY and -RACEC 'Pm

R? is a group selected from C 1galkyl, carbocyclyl and heterocyclyl which group is aptionally
substituted by one or more substituent group independently selected fiom hala, cyano, nitra, -
R, -ORY, -CORY, -CONR"'R'” and -NR''R'%;

R is selected from halo, cyano, nilro, R -ORYB,

-CORB, -CONRPRY, .NRBRM and -NRBCORM,

R* and R® arz independently hydragen or Cyealkyl;

R® and R are independently selected from hydrogen, hala, cyano, nitro and Cy.eall:yl;

R® is selected from hydrogen, halo, cyano and C,¢alkyl;

R’ and R" are independently hydrogen or a group selected from Cgallyl, carbacyclyl and
heteracyclyl which group is optionally substituted by one or more substitvent groups seleacted
from halo, cyano, nitro, hydroxy, C)galkyl, Cgalkoxy, haloC.gallzyl, halaC) galloxy,
hydroxyC)galkyl, hydroxyC)galkoxy, CalloxyCallyl, CsalkoxyC)galloxy, amino, Ci.

5 galkylamino and bis(C)gallyl)amino,

R and R* are independently hydrogen or a group selected from Cgallyl, carbocyclyl and

heterocycelyl which group is optionally substituted by one or more substituent groups selectad
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from halo, cyano, nitro, hydroxy, Cgalkyl, Cigalloxy, haloCsalkyl, haloC)_galkoxy,
hydroxyCgalkyl, hydroxyCgalkoxy, CeallzoxyCgalloyl, CgalkoxyC)galkaxy, aming, Cy.
¢alkylamino and bis(C).galkyl)amino;

R" and R™ are independently hydrozen or a group selected from Callyl, carbocyelyl and
heterocyalyl which group is optionally substituted by one or more substituent gronps selected
from halo, cyano, nitro, hydroxy, Cisalkyl, Cygalkoxy, haloCgalkyl, haloC) . galloxy,
hydraxyCy.sallyl, hydroxyCgalkoxy, CrgalloxyCgallyl, CygallzoxyCsalkoxy, amina, Cy.
salkylamino and bis(C)galkyl)amino.

Certain compounds of formula () are capable of existing in stereoisomeric forms. It
will be understood that tha invention encompasses all geometric and optical isomers of the
compoundz of formula (1) and mixtures thereof including racemates. Tautomers and mixtures
thereof also form an aspect of the present invention, Solvates and mixtures thereof also form
an aspect of the present invention, For example, a suitable solvate of a compound of formula
@) is, for example, a hydrate such as a hemi-hydrate, a mono-hydrate, a di-hydrate or a
tri-hydrate or an alternative quantity thereof.

The present invention relates (o the compounds of formula (1) as herein defined as
well as 1o salts thereof. Salts for use in pharmaceutical compositions will be pharmaceutically
acceptable salts, but other salts may be useful in the production of the compounds of formula
(I) and their pharmaceutically acceptable salts. Pharmacautically acceptable salts of the
imvention may, for example, include acid addition salts of compounds of formula (I) as herein
defined which are sufficiently basic to form such salts. Such acid addition salts include but
are not limited to frmarate, methanesulfonate, hydrochlonde, lydrobromide, citrate and

maleate salts and salts formed with phosphoric and sulfuric acid. In addition where

compounds of formula (I) are sufficiently acidic, salts are base salts and examples include but

are not limited to, an alkali metal salt for example sodium or potassivm, an allaline earth
metal 3alt for example calcivm or magnesivm, or organic amine salt for example
triethylamine, ethanolamins, disthanolamine, tl'iethan-::lamine, morpholine, N-
methylpiperidine, N-cthylpiperidine, dibenzylamine or amine acids such as lysine.

The compounds of formula (I) may also be provided as in vive hydrolysable esiers.
An in vive hydrolysable ester of a compound of formula (T) containing carboxy or hydroxy
group i3, for example a pharmacentically acceptable ester which is cleaved in the human or

animal body to produce the parent acid or aleolwl. Such esters can be identified by
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administering, for example, inlravenously 6o a test animal, the compound vnder test and
subsequently examining the test animal’s body flnid.

Suitable pharmaceutically accepiable esters for carboxy include C)galkoxymethyl
esters for example methoxymethyl, C)allzanoyloxymethyl esters for example
pivaloyloxymethyl, phthalidyl esters, C;eycloalloxycarbonyloxyCy_salkyl asters for example
l-cyclohexylzarbonyloxyethyl, 1,3-dioxolen-2-onylmethyl estars for example
5-methyl-1,3-dioxolen-2-onylmethyl, and Csalkoxycarbonylaxyethyl esters for example
l-methoxycarbonyloxyethyl; and may be formed at any carboxy group in the compounds of
this invention.

Suitable pharmaceutically acceptable estars for hydroxy include inorganic esters such
as phosphate esters (including phosphoramidic cyclic esters) and c-acyloxyalkyl sthers and
related compounds which as a result of the in vivo hydrolysis of the ester breakdown to give
the parent hydroxy group/s. Examples of c-acylovyalkyl ethers include acetoxymethoxy and
2, 2-dimethylpropionyloxymethoxy. A selzction of i vive hydrolysable ester forming groups
for hydroxy include Cy-jpall:anayl, for example formyl, acetyl, benzoyl, phenylacetyl,
substituted benzoyl and phenylacetyl; C)-jpalkoxycarbonyl (to give alkyl carbonate esters), for
example ethoxycarbonyl; di-C-salkylearbamayl and N-(3i-Cj-alkylaminaethyl)-N-
Ci-salkylearbamoyl (to give carbamates); di-Ci-salkylaminoacetyl and carboxyacetyl.
Examples of ring substituznts on phenylacetyl and benzoyl include amninomethyl, C;.
salkylaminomethiyl and di-(C)-,allyDaminomethyl, and morploling or piperazine linkad from

a ring nitrogen atom via a methylene linling group to the 3- or 4- p sition of the benzoyl ring.
wherein F* is for example, benzyloxy-Cj-palkyl, or phenyl. Suitable substiments on a phenyl
group in such esters include, for example, 4-C)-spiperazing-C-salkyl, piperazing-C-salkyl
and morpholino-C-salkyl.

The compounds of the formula (I) may be also be administered in the form of a
prodmg which is broken down in the human or animal body to give a compound of the
formula (). Various forms of prodrugs are known in the art. For examples of such prodrug
derivatives, see:

a) Design of Prodrugs, edited by H. Bundzaard, (Elsevier, 1985) and Methods in
Enzymology, Vol. 42, p. 309-396, edited by K. Widder, et al. (Academic Fress, 1955);
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b) A Textbook af Dmg Design and Development, edited by Krogsgaard-Larsen and .
Bundgaard, Chapter § “Desizn and Application of Pradrugs”, by H. Bundgaard p. 113-191
(1991);

<) H. Bundgaard, Advanced g Delivery Reviews, S, 1-38 (1992);

d) H. Bundgaurd, et al.,, Journal of Pharmaceutical Sciences, 77, 285 (1988); and

€) N. Kakeya, &t al., Chem Pharm Bull, 32, 692 (1984).

In this specificatiom the generic term “Cpqalkyl” includes both straight-chain and
branched-chain alkyl groups. However references to individual alkyl groups such as “propyl”
are specific for the straight chiain version only (i.e. #-propyl and isopropyl) and references to
individual branched-chain alkyl groups such as “fert-butyl” are specific for the branched
chain version only.

The prefix Cyq in Cpqallzyl and other terms (where p and q are integers) indicates the
range of carbon atoms that are present in the group, for example Calkyl includes Callyl
(methyl), Coalkyl (ethyl), Csalkyl (propyl as n-propyl and isopiopyl) and Caallyl (n-butyl,
sec-butyl, isobutyl and tere-butyl),

The term Cyqalkoxy comprises —0-Cp_galkyl groups.

The term Cg.qallzanoyl comprises —C(D)alkyl groups.

The term halo includes fluoro, chlaro, bromo and iodo,

“Carbocyelyl” is a saturated, unsaturated or partially saturated monocyclic, hicyclic or

tricyclic ring system containing from 3 o 14 ring atoms, wherein a ring CHz group may be

(19 [ T3 2% 66
( faryl”,

replaced with 2 C=0 group. “Carbocyelyl” includes “aryl”, “Cp_geyeloallyl” and “C,.
qcycloatkenyl”.

“aryl” is an aromatic monocyclic, bizyclic or tricyclic carbeyelyl ring systen.

“Cp-gcycloalkenyl” i3 an unsaturated or partially saturated monocyrlie, bicyelic or
tricyclic carbocyelyl ring system containing at least 1 C=C bond and wherein a ring CH; -
group may be replaced with a C=0 group.

“Cyqoyeloalkyl” is a saturated monocyelic, bicyelic or tricyelic carbocyclyl ring
system and wherein a ring CH; group may be replaced with a C=0 group.

“Heterocyclyl” is a saturated, unsaturated or partially saturated monocycelic, bicyclic
or tricyclic ring system containing from 3 to 14 ring atoms of which 1, 2, 3 or 4 ring atoms are
chosen from nitrogen, sulfur or oxygen, which ring may be carbon or nitrogen linked and

wherein a ring nitrogen or sulfur atom may be oxidised and wherein a ring CHy group may be
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replaced with a C=0 group. “Heteronyelyl” includes “hetersaryl”, “cycloheteroalkyl” and
“cyclohetercalkenyl”.

“Heteroaryl” is an aromatic niomaeyclic, bicyclic or tricyelic heterocyclyl, particularly
having 5 to 10 ring atoms, of which 1, 2, 3 or 4 ring atoms are chosen from nitrogen, sulfur or

oxygen where a ring nitrogzn or sulfur may be oxidised.

o

“Cycloheteroalkenyl” is an unsaturated or partially saturated monocyclic, bicyclic or
tricyclic heterocyelyl ring system, particularly having S to 10 ring atoms, of which 1,2, 3 or 4
ring atoms arve chosen from nitrogen, sulfur or oxygen, which ring may be carbon or nitrogen
linked and wherein a ving nitrogen or sulfir atom may be oxidised and wherein a ring CH;

10 group may be replaced with a C=0 group.

“Cycloheteroallzyl” is a saturated monacyclic, bicyelic or tricyclic heterocyclic ring
system, particularly having S to 10 ring atoms, of which 1, 2, 3 or 4 ring atoms are chosen
from nitrogen, sullin or oxygen, which ring may be carbon or nitrogen linkied and wherein a
ring nitrogen or sulfur atom may be oxidised and wherein a ring CHz group may be replaced

15 with a C=0 group.

This specification may malze use of compasite terme to describe groups comprising
more than one functionality. Unless otherwise describad herein, such terms are to be
interpreted as is understood in the art. For example carbocyclylCy qalkyl comprises Cp.qalkyl
substituted by carbocyclyl, heterocyelylCy qalkyl comprises Cpqalliyl substituted b

20 heterocyclyl, and bis(Cpqallzylamino comprises amino substituted by 2 Cp-qall{yl aroups
which may be the same or different.

HaloCp_qallzyl is a Cpqalkyl group that is substituted by 1 or more halo substituents and
particuarly 1, 2 or 3 halo substituents. Similarly, other zeneric terms containing halo such as
haloCy.qallioxy may contain 1 or more balo substituents and particluarly 1, 2 or 3 hala

25 substituents.

HydroxyCpqalkyl is a Cpgallzyl group that is substituted by 1 or more hydroxyl
substituenis and particularly by 1, 2 or 3 hydroxy substituents. Similarly other generic ternis
containing hydroxy such as hydroxyCpgalkoxy may eontain 1 or more and partienlarly 1, 2 or
3 hydroxy substituents,

20 CogallonyCpqalkyl is a Cyqalkyl group that is substituted by 1 or more Cpqalloxy

substituents and particularly 1, 2 or 3 Cpqalloxy substiments, Similarly other generic terms
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containing Cp.qalkoxy such as CpqallioxyCpqallzoxy may contain 1 or mare Cpqalkoxy
substituents and particularly 1, 2 or 3 Cpqalkoxy substituents.

Where optiomal substituents are chosen from “1 or 27, from “1, 2, or 37 or from “1, 2,
3 or 47 groups or substituents it is to be understood that this defintion includes all
substituents being chosen from ane of the specified groups i.¢. all substitutents being the same
or the substituents being chosen from two or more of the specified groups i.e. the substitutents
not being the same.

Compounds of the present invention have been named with the aid of computer

software (ACD/Namie version S.0).

“Proliferative disease(s)” includes malignant disease(s) such as cancer as well as non-
malignant discase(s) such as inflammatory diseases, obstracutive airways diseases, immune
diseases or cardiovascular diseases,

Suitable values for any R group or any part or substitutent for such groups include:

for Cy.salkyl: methyl, ethyl, propyl, butyl, 2-methylpropyl and zert-butyl;

for C)_gallyl: .l11~ yl, pentyl, 2,2-dimethylpropyl, 3-metliylbutyl and
hexyl;

for Csgeycloalkyl: cyclopropyl, eyclobutyl, cycela pmlyl and cyclohexyl;

for CagrycloalkylCyqalkyl: cyclopropylme.tl'lyl, (:y-:lopropylethyl, cyclobutylmethyl,
cyclapentylmethyl and cyclohexylmethyl;

for aryl: phenyl and naphthyl;

for arylC)_salkyl: benzyl, phenethyl, naphthylmethyl and naphthylethyl;

for carbocylyl: aryl, cyclohexenyl and Csseycloalkyl;

for halo: fluaro, chloro, brome and iodo;

for Calkoxy: methaxy, ethoxy, propoxy and isopropoxy;

for Cj.¢alkony: Ciaalkoxy, pentyloxy, 1-ethylpropoxy and hexyloxy;

for Cysall:anoyl: acetyl, propanoyl and 2-methylpropanoyl,

for heteroaryl: pyridyl, imidazolyl, quinslinyl, cinnolyl, pyrimidinyl, thienyl,
pyreolyl, pyrazaolyl, thiazolyl, thiazolyl, triazolyl, axazolyl,

isoxazolyl, furanyl, pyridazinyl, pyrazinyl, indolyl,

benzofuranyl, dibenzofuranyl and benzothienyl;
for heteroarylC) . alkyl: pyirolylimethyl, pyrrolylethyl, imidazolylmethyl,

imidazolylethyl, pyrazolylmethyl, pyrazolylethyl,
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furanylmethyl, furanylethyl, thienylmethyl, theinylethyl,
pyridylmethyl, pyridylethyl, pyrazinylmethyl, pyrazinylethyl,
pyrimidinylniethyl, pyrimidinylethyl, pyrimidinylpropyl,
pyrimidinylbutyl, imidazolylpropyl, imidazolylbutyl,
quinolinylpropyl, 1,3,4-triazolylpropyl and oxazolylmethyl;
for heterocyelyl: heteroaryl, pyrrolidinyl, isoquinolinyl, quinaexalinyl,
benzothiazolyl, benzoxazolyl, piperidinyl, piperazinyl,
azetidinyl, morpholinyl, tetrahydroisoquinolinyl,
tetrahydroquinolinyl, indolinyl, dihydro-2H-pyranyl and
| tetrahydrofuranyl.

It should be noted that examples given for terms used in the description are not
limiting.

Paﬂidnlar values of m, X, Y and Y, XRY, R], X-R! , I?.z, R’ , Pf', RS, RG, R, RS, Rg,
R R and R'? are as follows. Such values mtay be used idividually or in combination where
appropriate, in connection with any aspect of the invention, or part thereof, and with any of
the definitions, claims or embodiments defined herain.

X

In one aspect of the invention X is a linker group selected from -NRCRSP-,
-OCRR’-, -SCRR-, -S(D)CRER’-, -S(D0),CROR-, -C(NRCRER-,
MNRICONRP]CROR -, -S(O)NE CROR -, -NRC(0)-, -C()NR'-, -S(0),NR"- and
-NR*S(0),-.

In anather aspect X is a linker group selected from -NR'CRER’-, -OCRR-, -SCR°R’-,
-S(CHCRR-, -S(0),CROR-, -C(ONFCRER-, -NR'C(O)NR’CRPR-, -S()NR'CRR,
-C(O)NR- and -NR*C(D)-.

In a further aspect X is a linker group selected from -NR*CRCR’-, -OCROR’-,
-SCRR-, -S(O)CRR-, -S(),CROR -, -C()MNR'-, and -NR*C(0D)-.

In a further aspect X iz a linker group selectzd from -NR'CRER-, .QCRER’-,
-SCRK-, -S(O)CROR’- and -S(0),CRR-. |

In yet another aspect X is a linker group selected from -SCRR’-, -S(O)CRR’- and
-S(0),CR°R’-,

In anothar aspect X is & linker gronp selested from -NR*CHy-, -OCH;-, -SCH;-,

-S(0)CHa-, -S(0)2CHo-, -C(O)NR’-, and -NR*C(D)-.
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In another aspect X is a linker group selected from -NRCH,-, -OCH;-, -SCH,-,
-S(O)CH;- and -S(0),CHs-.

In a further aspect X is a linker group selacted fiom -NHCH;-, -N(CH;)CHs-, -OCHz-,
-SCH3-, -S(O)CHz-, -S(O)CHz-, -C(O)NH-, -C(O)N(CHz)-, -NHC(O)- and -N(CHz)C(O)-.

In yet a further aspect X is a linker group selested from -NHCH:-, -N(CH;)CHz-,
-OCH,-, -SCH3- and -S(0),CH,-.

In another aspect X is -SCH3- or -S(0);CHa-.

In another aspect X is -S(0),CH;-.

In a further aspect X is a linker group selected from -S(0)CROR7- and -C(O)NR™-,
'Y and Y?

In one aspect of the invention 'Y is N and Y? i3 CR®.

In another aspect 'Y is N and Y? is CH.

In yet another aspect 'Y is CR® and Y2 is N.

In a further aspect 'Y is CH or CF and Y2 is N.

In yet a further aspect 'Y is CH and Y? is N.

R!

In one aspect of the invention R' is a group selected from Cyaalkyl, Cageycloalkyl,
aryl, CsgoycloalkylCaalkyl, arylCiaallyl, cycloheteroalkyl, heteroaryl, cycloheteroallylCy.
salkyl, heteroarylCalkyl, which group is opticnally substituted by one or more substituent
group selected from halo, cyano, nitro, R, -OR?, -COR?, -CONPR'Y, -NR'R!? and
-NR’COR".

In another aspect, R' is a group selected from methyl, ethyl, propyl, butyl, isobutyl,
tert-butyl, cyclopentyl, cyclohexyl, phenyl, benzyl, phenethyl, pyrralidinyl, pyrrolyl,
imidazolyl, pyrazolyl, furanyl, thienyl, pyridinyl, pyrinuidinyl, pyrazinyl, pyrrolidinylmethyl,
pyrralidinylethyl, pymolylmethyl, pyrrolylethyl, imidazolylmethyl, imidazolylethyl,
pyrazolylmethyl, pyrazolylethyl, furanylmethyl, furanylethyl, thienylmethyl, thienylethyl,
pyridinylmethyl, pyridinylethyl, pyrimidinylmethyl, pyrimidinylethyl, pyrazinylmethyl and
pyrazinylethyl, which group is optionally substituted by 1, 2 or 3 substituent group selected
from halo, cyano, nitro, P, -OR?, -CORY, -CONRIR!®, -NRR!® and -NRCOR,

In a further aspect, R is a group selected from methyl, ethyl, propyl, butyl, isabutyl,
tert-butyl, cyclohexyl, phenyl, benzyl, phenethyl, pyridinyl, pyrazolylethyl, furanylmethyl,

thienylmetlyl, and pyrazinylzthyl, which group is aptionally substituted by 1 or 2 substituent
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aroup selectad from halo, cyano, methyl, methoxy, trifluoromethyl, triflusromeathaxy,
-NHCONHC Hs, -NHCOCH;, -CONHy and —CONHCH;,

In a further aspect, R is a group selected from methyl, ethyl, propyl, butyl, isobutyl,
tert-butyl, cyclohexyl, phenyl, benzyl, phenethyl, pyridinyl, pyrazolylethyl, furanylmethyl,
thiznylmethyl, and pyrazinylethyl, which group is optionally substituted by 1 or 2 substituent
group selected from halo, cyano, methyl, methoxy, trifluoromethyl, triflusromethoxy,
-CONH; and -CONHCIH;.

In yet another aspect B is a group selected from methyl, ethyl, n-propyl, isopropyl, n-
butyl, aac-butyl, isobutyl, tert-butyl, eyclohexyl, -CH,CN, -CHC(O)NH,,
-CHyCHZNC(O)CHs, phenyl, 4-flucrophenyl, 2-chlorophenyl, 3-chlorophenyl, 2-chloro-6-
fluorophenyl, 3-chloro-4-fluorophenyl, 4-bromo-2-flusrophenyl, 4-triflucromethylphenyl, 4-
trifluoromethoxyphenyl, 4-cyanophenyl, 3-methoxyphenyl, 4-methoxyphenyl, 3,4-
dimethoxyphenyl, 4-(N-methylaminocarbonyphanyl, benzyl, 4-fluorabezyl, 2-chlarobenzyl,
2-chloro-6-fluorobenzyl, 4-methoxybenzyl, phenethyl, 3-trifluorophencthyl, furan-2ylmethyl,

- thien-2-ylmethyl, 2-pyrazin-2-ylethyl, pyidin-3-yl, 2-methylpyridin-3-yl, 2-

aminocarbonylpyridin-3-yl, 2-methoxyphenyl, 3-fluoro-4-methoxyphenyl, 4-methoxy-3-
triflluoromethylphenyl, 2-methosypyridin-S-yl, 2-methoxypyridin-4-yl, 2-methoxypyridin-4-
yl, 2-acetamidopyridin-5S-yl, 2-acetamidopyridin-4-yl and 4-[(anilinocarbonyl)amina]phenyl.

In yet another aspect R is a group selected from methyl, ethyl, isopropyl, sec-butyl,
isobutyl, phenyl, 2-methoxyphenyl, 3-methoxyphenyl, 3-fluoro-4-methoxyphenyl, 4-
methoxy-3-triflucromethylphenyl, 2-methoxypyridin-S-yl, 2-methoxypyridin-4-yl, 2-
methoxypyridin-4-yl, 2-acetamidopyridin-5-yl, 2-acetamidopyridin-4-y! and 4-
[(anilinocarbonyl)amine Jphenyl.

-X-R'

In yet another aspect -XR. is a group selected from -CHoSO5-R! and -C(CH;),S0;-R!
wherein B! is methyl, ethyl, isopropyl, see-butyl, isobutyl or phenyl.

In yet another aspect -XR! is NHCO-R! wherein R is 2-methoxyphenyl, 3-
methoxyphenyl, 3-fuoro-4-methoxyphenyl, 4-methoxy-3-triflusremethylphenyl, 2-
methoxypyridin-5-yl, 2-methoxypyridin-4-yl, 2-methoxypyridin-4-yl, 2-acetamidopyridin-5-
yl, 2-acetamidopyridin-4-yl or 4-[(anilinocarbonyl)amino]phenyl.

R?
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In one aspect of the invention R? is selected from aryl and hetzroaryl which group is
optionally substituted by one or more substiment group independently selected from hala,
cyano, nitro, RY, -op! .corM, .CONEMR" and NR'R™,

In another aspect R? is selected from phenyl, naphthyl, pyrrolyl, imidazolyl, pyrazolyl,
furanyl, thienyl, pyridinyl, pyrimidinyl, pyridazinyl, azaindolyl, indolyl, quinolinyl,
benzimidazolyl, benzofuranyl, dibenzofuranyl, benzothienyl which group is optionally
substituted by one or more substituent group independently selected from halo, cyano, nitro,
-R",-OR", -COR", -CONR''R" and -NR''R"%,

In ancther aspect R? is selected from morpholinyl, piperidinyl, phenyl, naphthyl,
pyrralyl, imidazolyl, pyrazolyl, furanyl, thienyl, pyridinyl, pyrimidinyl, pyridazinyl,
azaindolyl, indolyl, quinolinyl, benzimidazolyl, benzofuranyl, dibenzofuranyl, benzothienyl
which group is optionally substituied by one or more substituent group independently selected
from halo, methyl, methoxy, hydroxymethyl, cyanometlyl, phenoxy, pyrrolidinyl, -CONIH,,
-CONHCH; and -CON(CHs),.

In another aspect R? i3 selected from phenyl, naphthyl, pyrrolyl, imidazalyl, pyl"z‘uzolyl,
furanyl, thienyl, pyridinyl, pyrimidinyl, pyridazinyl, azaindolyl, indolyl, quinolinyl,
benzimidazolyl, benzofuranyl, dibenzofuranyl, benzothienyl which group is optionally
subatituted by one or more substifuent group independently selected fivinm halo, methyl,
meéthoxy, hydroxymethyl, cyanomethyl, phenoxy, pymrolidinyl, -CONH,, -CONHCH; and
-CON(CHs),.

In vet another aspect R? is 3-(hydroxymethyl)phenyl, 4-(hydroxymathylphenyl, 4-
(cyanomethyDphenyl, 3,4-dimethoxyphenyl, 3-fluoro-4-methoxyphenyl, 4-phenoxyphenyl, 3-
pyrralidin-1ylphenyl, 3-(aminocarbonyl)phenyl, 4-(dimethylaminocarbony)phenyl, furan-3-
yl, thien-3-yl, S-(hydroxymethyl)thien-2-yl, pyridin-2-yl, pyridin-4-yl, 2-methaxypyvidin-5-
yl, 2-methoxypyrimidin-3-yl, 2-methoxynaphth-6-yl, 5,7-diazabicyclo[4.3.0]nona-2,4,8,10-
tetracnyl, azaindalyl, indol-5-y1, 1-methylindol-5-y1, quinolin-6-yl, benzimidazolyl,
benzofuran-2-yl, dibenzofuran-1-yl and bhenzothien-3-yl.

In yet a further aspect R is pyridin-2-yl, 3-hydroxyphenyl, 4-hydraxyphenyl, 3-
hydroxymethylphenyl, 4-hydroxymethylphenyl or indol-S-yl.

In another aspect R is phenyl, pyrazol-3yl, pyrazol-4-yl, hydroxypiperidinyl, indal-5-
yl, azaindolyl, 3-(pyrazol-4-y)phenyl, 4-(pyrazol-4-yDphenyl, 2-aminocarbonylindal-5-yl, 3-
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aminocarbonylindol-5-yl morpholinyl, 2-(pyrazol-4-ylthiazol-Syl, methylmorpholinyl or
dimethylmorpholinyl.

In another aspect R? is (pyrazol-3ylamino, 11ydr-:»r-:ypipéridinyl, indol-4-yl, indol-5-yl,
indol-6-yl, azaindalyl, benzimidazol-5-y1, 3-(pyrazol-4-yDpheuyl, 4-(pyrazol-4-yphenyl, 2-
aminocarbonylindol-5-yl, 3-aminocarbonylindol-5-yl, 2-aminocarbonylindol-6-yl, 3-
aminocarbonylindol-6-y1, morpholinyl, 2-(pyrazol-4-yDthiazol-Syl or methylmorphalinyl.

In yet a further aspect R? is azaindolyl, indal-5-yl, benzimidazalyl, 3-hydroxyphenyl,
4-hydroxyphenyl, 3-hydroxymethylphenyl or 4-hydroxymethylphenyl

In another aspect R? is pyridin-2-yl.

In a further aspect R? is 3-hydroxyphenyl or 4-hydroxyphenyl,

In yet another aspect R? is 3-hydroxymethylphenyl or 4-hydroxymethylphenyl.

In yet a further aspect R? is indal-5-yl.

In one aspect R? is morpholinyl,

In another aspect R? is morpholinyl, methylmorpholinyl or dimethylmarphslinyl.

R?

In one aspest of the invention R? is methyl,

R

In ane aspzct of the invention R* is hydrogen or methyl,

In another aspect R is hydrogen.

RS

In one aspect of the invention R is hydrogen or methyl.

In another aspect R is hydrogen.

R®

In one aspect of the invention RS is hydrogen or methyl.,

In another aspect R® is hydrogen.

R’

In one aspact of the invention R is hydrogen or methyl,

In another aspect R is hydrogen.

In anather aspect of the invention, when R® is methyl, R7 is methyl.
R®

In one aspect of the invention R® is hydragen or hala,

In another aspect R® is hydrogen ar fluora,
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In a further aspect R® is hydrogen.

R®

In one aspect of the invention R’ is hydrogen or Cpallyl optionally substituted by 1,
2 or 3 substituent groups selected from halo, cyano, nitra, hydroxy, Cjaall:oxy, aming, Cy.
salkylamino and bis(C.salkylamino.

In another aspect B is hydrogen or Cpallzyl optionally substituted by 1, 2 or 3 halo
substituents.

In a further aspect R? is hydrogen, methy! ar trifluoromethyl.

R
In one aspect of the invention R'C is hydrogen.
Rll

In one aspect of the invention R' is hydrogen or a group selected from Caalkyl, aryl
and cycloheteroallyl which group is optionally substituted by 1, 2 or 3 groups selected fram
halo, hydroxy and cyano.

In another aspect R' is hydrogen, methyl optionally substituted with hydroxy or
cyano, phenyl or pyrrolidinyl.

In another aspect R' is hydrogen or methyl,

R

In one aspect of the invention R' is hydrogen or methyl,

Inn a particular class of compound of formula (I), or a pharmacentically acceptable salt

thereof;

X is a linker group selected from -NR*CRPR’-,
-OCROR’., -SCRR-, -S(O)CROR-, -S(0),CRR-, -C(ONR CROR-,
NRC(O)NRCROR-, -S(0),NE CRR-, -NR*C(0)-, -C(O)NR’-, -S(0);NR*- and
NR'S(0)2-;
'Y and Y? are independently N ar CR® provided that one of 'Y and Y2 is M and the other is
CRS;
R is a group selected from C)gallyl, carbocyelyl, carbacyelylCgalkyl, heterocyelyl and
haterocyclylCygallzyl, which group is optionally substituted by one or more substituent group

. 9 -0 - —~— a [y
selected from halo, cyano, nitvo, 7, -OR, -C O, -UJNRQR]O, NRRM and -NRF (,.ORIO;
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R is selected from aryl and heteroaryl which group is optionally substituted by one or more
substituent group independently selected from halo, cyano, nitro, R orY, -CORM, -
CONR''R'? and -NR''R'?;
R? is methyl;
R* and R’ are independently hydrogen or Cyalkyl;
R® and R7 ave independently selected from hydrogen, halo, cyano, nitro and C_gallyl;
R® is selected from hydrogen, halo, cyano and C)galkyl;
R* and R" are independently hydrogen or a group selected from Cygallyl, carbocyclyl and
heterocyclyl which group is optionally substituted by oue or more substituent groups selected
from halo, eyano, nitro, hydroxy, Cgallyl, Cpgalliory, halaCygalliyl, haloC).salkoxy,
hydroxyCsalkyl, hydroxyC)gallioxy, C)galkoxyCieallzyl, CigalkoxyCsalkoxy, amina, C,.
galkylamino and bis(C).galkyl)amino;
R" and R™ are independenily hydrogen or a group selected from C)¢alkyl, carbocyclyl and
heterocyclyl which group is optionally substituted by one or more substituent groups selected
from halo, cyano, nitro, hydroxy, C)_gallyl, Cyalloxy, haloC allyl, haloC)galkaxy,
hiydroxyCigalkyl, hydroxyC) galkoxy, CallaxyC) gallyl, C 1.0-5tll:o>:yC 1-salkoxy, amino, Ci.
¢alkylamino and bis(C).galkyl)aniino;
R" and R™ are independently hydrogen or a group selected from C)gallyl, carbocyclyl and
heterocyelyl which group is optionally substituted by one or more substituent groups selected
from halo, cyang, nitre, hydroxy, Cy.gall:yl, Cgalloxy, 1;1310‘:].53]1{_‘/1, halaCy.zalkoxy,
hydroxyC_galkyl, hydroxyCi_gallzoxy, CsalkoxyCysalkyl, C)salkoxyC) ¢alkaxy, amina, C;.
galkylamino and bis(Cj_galkyl)amino.

In another particular class of compound of formula (I), or a pharmacentically

acceptable salt thereof;

5 Xis a linker group selectzd from NPACROR, -OCESR-, -SCRR-, -S(C))CR6R7-,

-S(0),CRER -, -C()NRCPR -, NP C(0)NRPCROR -, -S(O)NE CRR, -C(O)NR*- and -
NRC(0)-;

'y is CR® and Y% is N;

R is a group selected from Caalkyl, Csgeyeloalkyl, aryl, CygeyeloalkylCyallyl, arylCy.
sallzyl, eyeloheteroalkyl, heteroaryl, cycloheteroalkylC).qallyl, heteroarylCyalkyl, which
group is optionally substituied by one or more substituent group selected from halo, cyano,

nitra, BY, -0OR®, -COFS, -CONRR!®, MR P! and -NRCOR,
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R? is selected from aryl and heteroaryl which group is optionally substituted by ane or more
substitueni group independently selected from halo, cyano, nitro, -RY, -oRM, -CORY,
-CONR''R'? and -NR''R";
R? is methyl;
R* and RS are independently hydrogen or C)gallyl;
R® and R7 are independently selected from hydrozen, halo, cyano, nitro and C)alkyl;
R® is selected from hydrogen, halo, cyano and C) ¢alkyl;
R® and R are independently hydrogen or a group selected from Callyl, carboeyelyl and
heterocyelyl which group is optionally substituted by one or more substituent groups selected
from halo, cyano, nitro, hydroxy, Csallyl, Cigallzaxy, haloC)gallyl, halaCysalkoxy,
hydroxyCsalkyl, hydroxyC)salkaxy, CgalkoxyC)eallyl, C 1;;all;u3:-;yC1.@lkoxy, amina, Cy.
calkylamino and bis(C.galkyl)amino;
R™ and R are independently hydrogen ar a group selected from C)_alkyl, carboeyclyl and
heterocyclyl which group is optionally substituted by one or more substituent gronps selected
from halo, cyano, nitro, hydroxy, Cj_galkyl, C)allony, halaCysallzyl, haloC gallzoxy,
hydroxyC.galkyl, hydrovyCygallzoxy, CpgalkoxyCygalkyl, CgallanyCgalkoxy, amina, ;.
galkylaniing and bis(Cj.gallzyl)amine;
R"™ and R" are independently hydrogen or a group selected from C)_alkyl, carbocyclyl and
heterocyclyl which group i3 optionally substituted by one or more substituent groups selected
from halo, eyano, nitro, hydroxy, Cigalkyl, Cialkoxy, haloCsallyl, haloC)_sallaxy,
hydroxyC)salkyl, hydroxyCsalkoxy, CgalloxyC)_galkyl, C)galkoxyC)salkoxy, amina, C;.
salkylaming and bis(Cy.salkyl)amino.

In a further particnlar class of compound of formula (T), or a pharmaceutically
acceptable salt thereof;
X is a linker group selected from -NPCRR-, -OCPSR"-, -SCRR'-, -S(O)CRR-,
-S(0)CROR-, -C(D)NR’-, and -NR*C(0)-;
'Y is CH or CF and Y?is N;
R is a group selected from methyl, ethyl, propyl, butyl, isstutyl, tert-butyl, cyclohexyl,
phenyl, benzyl, phenethyl, pyridinyl, pyrazolylethyl, furanylmethyl, thienylmethyl, and
pyrazinylethiyl, which group is optionally substituted by 1 or 2 substituent group selected from
halo, cyano, methyl, methoxy, trifluoromethyl, trifluoromethoccy, -NHCONHCHs,

-NHCOCH,, -CONH, and —CONHCHs;



vy

15

20

30

WO 2009/007751 PCT/GB2008/050549
-39.

R? is selected from morpholinyl, piperidinyl, phenyl, naphthyl, pyreolyl, imidazolyl,
pyrazelyl, furanyl, thienyl, pyridiny], pyrimidinyl, pyridazinyl, azaindolyl, indolyl, quinalinyl,
benzimidazolyl, henzofuranyl, dibznzofuranyl, benzathienyl which group is opticnally
substituted by one or more substituent group independently selected fiom hala, methyl,
methoxy, hydroxymethyl, cyanomethyl, phenoxy, pyrrolidinyl, -CONHa, -CONHCH; and
-CON(CHs)y;
R? is methyl;
R* is hydrogen or methyl;
R® is hydrogen or methyl;
R’ is hydrogen or methyl.

In another particular class of compound of formula (I), or a pharmaceufically
acceplable salt thereof;
X is a linker group selected from -NR*CRCR’-, -OCRR’-, -SCRR’-, -S()CRR-,
-S(0);CRER-, -C()NR'CRR -, -NR*C(O)NR*CROR-, -§(0):NR*CRR, -C(O)NR"- and -
NR*C(0)-;
'Y is CR® and Y? is N;
R is a group selected from C)yalkyl, Csgeyeloalkyl, aryl, CscyeloalkylCiallyl, arylCy.
qalkyl, eycloheteroalkyl, heteroaryl, cycloheteroallzylCalkyl, heteroarylCiualliyl, which
group is opticnally substituted by one or more substituent group selected fiom hala, cyano,
nitrs, R, -OR?, -COR®, -CONRR'®, -NR'R'® and -NRCOR',
R? is selected from aryl and heteroaryl which group is optiomally substituted by one or more
substituent group independently selected from halo, cyans, nitro, RY _or"M _corM,
-CONR''R'? and -NR''R";
R? is methyl;
R* and R’ arz independently hydrogen or Cgalkyl;
R® and R are independently selected from hydrogen, hals, cyane, nitro and Cj.gallyl;
R is selected from hydrogen, halo, cyano and C)gallyl;
R® and R are independently hydrogen ar a group selected from C)_gallyl, carbacyelyl and
heterocyclyl which group is optionally substituted by one or more substituent gronps selected
from halo, cyano, nitro, hydroxy, C.sallyl, Cygalloxy, haloCygalkyl, haloCsalkoxy,
hiydroxyCsalkyl, hydroxyCgalkoxy, CgalkoxyCyalkyl, CigalloxyC) alkoxy, amina, C,.

galkylamino and bis(C).gallyl)amino;
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RM and R'? are independently hydrogen or a group selected from C)_gallyl, carbocyclyl and
heterocyclyl which group is optionally substituted by one or moré substituent groups selected
from halo, cyano, nitro, hydroxy, Crgalkyl, Cjsallioxy, haloC)galkyl, halaC)_alkoxy,
hydroxyCi.galkyl, hydroxyC)salkoxy, CiallioxyCigallyl, Cy.alkoxyCsalkoxy, aming, C,.
salkylamino and bis(C.¢alkyl)amino;
R" and R are independently hydrogen or a group selected from Cigallyl, carbocyclyl and
heterocyclyl which group is optionally substituted by one or more substituent groups selected
from hala, cyano, nitro, hydroxy, Cralkyl, Cjgallioxy, haloCygalkyl, haloC).galloxy,
hydroxyCealkyl, hydroxyC)_galloxy, CygalkoxyCgalkyl, CsalkoxyCgalkoxy, amino, Cy.
¢alkylamino and bis(C).galkyl)amino.

In a further particular c:la$s of compound of formula (I), or a pharmaceutically
acceptable salt thereof;
X is a linker group selected from -S(0),CRR-, -C(O)NR’- and -NR*C(0)-;
'Y is CH or CF and Y?is N;
R' is a group selected from methyl, athyl, propyl, butyl, isobutyl, tert-butyl, cyclohexyl,
phenyl, banzyl, phenethyl, pyridinyl, pyrazolylethyl, foranylmethyl, thienylmethyl, and
pyrazinylethiyl, which group is optionally substituted by 1 or 2 substitusnt group selected from
halo, cyano, methyl, methoxy, trifluoromethyl, trifluoromethoxy, -NHCONHCHs,
-NHCOCH;, -CONH; and ~CONHCH3;
R? is sclected from morpholinyl, piperidinyl, phenyl, naphthyl, pyrralyl, imidazolyl,
pyrazolyl, furanyl, thienyl, pyridinyl, pyrimidinyl, pyridazinyl, azaindolyl, indolyl, quinolinyl,
benzimidazolyl, benzofuranyl, dibenzofuranyl, benzothieny! which group is optionally
substituted by one or more substituent group independently selected from halo, methyl,
methoxy, hydrosymethyl, cyanomethyl, phenoxy, pymralidinyl, -CONH,, -CONHCIH: and
-CON(CH;);
R? is methyl;
R* is hydrogen or methyl;
R® is hydrogen or methyl;
R’ is hydrogen or methyl.

In a further particular ¢lass of compound of formula (I), or a pharmaceutically
acceplable salt thereof;

X is a linker group selected from -S(0),CRSR- and -C(O)NR'-;



(%]

10

30

WO 2009/007751 PCT/GB2008/050549

41-

Y is CH and Y?is N;
R’ is a group selected from methyl, ethyl, isopropyl, sec-hutyl, isobutyl, phenyl, 2-
methoxyphenyl, 3-methoxyphenyl, 3-fluoro-4-methoxyphenyl, 4-methoxy-3-
trifluoromethylphenyl, 2-methoxypyridin-5-yl, 2-methoxypyridin-4-yl, 2-methaxypyridin-4-
yl, 2-acetamidopyridin-3-yl, 2-su::etmhidopyridin-4-yl and 4-[(anilinocarbonyl)amino phenyl;
R is is (pyrazol-3ylaming, hydroxypiperidingl, indol-4-yl, indol-5-yl, indol-6-yl, azaindalyl,
benzimidazol-5-yl, 3-(pyrazol-4-yDphenyl, 4-(pyrazol-4-yl)phenyl, 2-aminocarbomylindol-5-
yl, 3-aminocarbonylindol-3-yl, 2-aminocarbonylindol-6-yl, 3-aminocarbonylindol-6-yl,
morpholinyl, 2-(pyrazol-4-yl)thiazol-Syl or methylmarpholinyl,
R? is methyl;
R* is hydrogen or methyl;
R® is hydrogen or methyl;
R’ is hydrogen or methyl.

In a further particular class of compound of formula (1), or a pharmaceutically
acceptablz salt thefaof;
'Y is CH and Y?is N;
R is a group selected from methyl, ethyl, isopropyl, see-butyl, izobutyl, phenyl, 2-
methoxyphenyl, 3-methoxyphenyl, 3-fluoro-4-methoxyphenyl, 4-methoxy-3-
triflucromethylphenyl, 2-methoxypyridin-5-yl, 2-methoxypyridin-4-yl, 2-methoxypyridin-4-
yl, 2-acetamidopyridin-5-yl, 2-acetamidopyridin-4-yl and 4-[(anilinocarbonyl)amino]phenyl;
R is is (pyrazol-3yDamino, hydroxypiparidinyl, indol-4-yl1, indol-5-yl, indsl-6-yl, azaindolyl,
benzimidazol-5-y1, 3-(pyrazol-4-yDphenyl, 4-(pyrazol-4-yl)phenyl, 2-aminacarbonylindol-5-
yl, 3-aminocarbonylindol-5-yl, 2-aminscarbonylindol-6-yl, 3-aminocarbonylindal-6-yl,
morpholinyl, 2-(pyrazol-4-yhthiazol-5y1 or methylmarpholinyl;
R? is methyl;
R* is hydrogen or methyl;
RS is hydrogen or methyl;
R’ is hydrogen or methyl; and
XR! is a group selected from -CHSO,-R! and -C(CH;):S80,-R! wherein R is methyl, ethyl,
isopropyl, sec-butyl, isobutyl or phenyl; or
-XR'is -NHCO-R' wherein R' is 2-methoxyphenyl, 3-methoxyphenyl, 3-fluoro-4-

methoxyphenyl, 4-methoxy-3-trifluoromethylphenyl, 2-methoxypyridin-5-yl1, 2-
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methoxypyridin-4-yl, 2-methoxypyridin-4-yl, 2-acetamidopyridin-S-yl, 2-acetamidopyridin-4-
yl or 4-[(anilinocarbonyl)aminc]phenyl.

Another aspeet of the invention provides a compound, or a combination of
compounds, selected from any of the Examples or a pharmaceutically acceptable salt thereof.

Another aspect of the invention provides a compaund, or a combination of
compounds, selected from any of
N-[4,6-Bis[(35)-3-methylmorpholin-4-yl)pyrimidin-2-yl]-4-methoxy-benzamide,
N-[2,6-Bi3[(3S)-3-methylnwnrpholin-4-yl]pyrimidin-4-yl]-4-methoxy-3-
(triflusromethyl)benzamide,
N-[2,6-Bis[(38)-3-methylmorpholin-4-yl]pyrimidin-4-yl]-3-methoxy-benzamide,
N-[4,6-Bis[(38)-3-methylmorpholin-4-ylpyrimidin-2-y1]-4-methoxy-3-
(trifluoromethyl)benzamide,
N-[4,6-Bis[(3S)-3-methylmorpholin-d-yl]pyrimidin-2-y1]-3-methoxy-benzamide,
N-[4,6-Bis[(38)-3-methylmmpholin-4-yl]pyrimidin-2-y1]-6-methoxy-pyridine-3-
carboxamide,
N-[2,6-Bis[(38)-3-methylmorpholin-4-yl | pyrimidin-4-yl]-2-methoxy-pyridine-4-
carboxamide,
6-Acetamido-N-[2,6-bis[(3S)-3-methylmorpholin-4-yl]pyrimidin-4-yl]pyridine-3-
carboxamide,
N-[2,6-Bis[(35)-3-mzthylmorpholin-4-yl|pyrimidin-4-yl]-2-methoxy-benzamide,
2-Acetamido-N-[2,6-his[(3S)-3-methylmorpholin-4-yl]pyrimidin-4-yt]pyridine-4-
carboxamide,
N-[2,6-Bis[(38)-3-methylmorpholin-4-yl]pyrimidin-4-yl]-3-fluoro-4-methoxy-benzamide,
N-[4,6-Bis[(3S)-3-methylmorpholin-4-yl]pyrimidin-2-yl]-2-methoxy-pyridine-4-
carboxamide,
6-Acetamido-N-[4,6-bis[(3S)-3-meihylmorpholin-4-yl]pyrimidin-2-yl]pyridine-3-
carboxamide,
N-[4,6-Bis[(3S)-3-methylmopholin-4-yl]pyrimidin-2-y1]-2-methoxy-benzamide,
2-Acetamidn-N-[4,6-bis[(3S)-3-methyhnorpholin-4-y1]pyrimidin-2-yl]pyridine-4-
carboxamide,

N-[4,6-Bis[(3S)-3-methylmorpholin-4-y ) pyrimidin-2-y1]-3-fAuora-4-methoxy-benzamide,
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N-[2,6-Bis[(38)-3-methylmorpholin-4-yl]pyrimidin-4-yl]-4-
(phenylcarhamoylamino)benzamide,
N-[4,6-Bis[(3S)-3-methylmorpholin-4-yl]pyrimidin-2-yl1]-4-
(phenylcarbamoylamina)benzamide,
N-[2,6-Bis[(3S)-3-methylmorpholin-4-ylJpyrimidin-4-yl]-4-methoxy-hanzamide,
2-[(2R,6S8)-2,6-Dimethylmorpholin-4-y1]-4-[(3S)-3-methy lmorpholin-4-yl]-6-
(methylsulfonylmethyl)pyrimidine,
1-[4-[(3S)-3-Methylmorpholin-4-yl]-6-(meihylsul fonylmethy ) pyrimidin-2-ylpiperidin-3-ol,
4-[(3S)-3-methylmorpholin-4-y1]-6-(methylsulfornylmethyl)-2-morpholin-4-yl-pyrimidine,
3-[4-[(3S)-3-Methylmorpholiii-4-yl}-6-(methylsul fonylmethyl)pyrimidin-2-y1]-5,7-
diazabicyclo[4.3.0Juona-1,3,5,3-tetracne,

5-[4-[(3S)-3-Methylmaorpholin-4-y1}-6-(methylsul fonylmethyl)pyrimidin-2-yl]-1H-indole,
5-[4;[( IR)-3-methylmorpholin-4-yl]-6-(methylsul fonylmethyDpyrimidin-2-yl]-1H-indole,
5-[4-(Butan-2-ylsulfonyhnethyl)-6-[(3S)-3-methylnorphalin-4-yljpyrimidin-2-yl}-1H-indole,
5-[4-(buian-2-ylsulfinylmethyl)-6-[(3R)-3-methylmorpholin-4-yl]pyrimidin-2-yl]-1H-indole,
5-[4-[(3R)-3-methylmorplilin-4-yl]-6-(propai-2-ylsul fonylmethy Dpyrimidin-2-yl]-1H-
indole,

5-[4-(cthylsul fonylmethy)-6-[(3R)-3-methylmorpholin-4-yl pyrimidin-2-yl]-1H-indole,
4-[(3S)-3-Methylmorpholin-4-yl]-6-(methylsul fonylmethyl)-N-(1H-pyrazol-3-ypyrimidin-2-
amine,

4-[(3S)-3-Methylmorpholin-4-y1]-6-(methylsul fonylmethyl)-2-[4-(1H-pyrazol -4-
yDphenyl]pyrimidine,

4-[(35)-3-Methylmaorpholin-4-y1]-6-(methylsul fonylmethyl)-2-[3- (1H-pyrazol-4-
yDphenyl]pyrimidine,

5-[4-[(3S)-3-Meihylmorplislin-4-yl]-6-(methylsul fonylmethyl)pyrimidin-2-yl]-1H-indole-3-
carboxamide,
4-[(39)-3-Methylmorpliolin-4-yl]-6-(methylsulfonylmethyl)-2-[2-(1H-pyrazol-4-y1)-1,3-
thiazol-5-yl]pyrinidine,

6-[4-[(3S)-3-Meihylmorpholin-4-yl]-6-(methylsul fonylmethypyrimidin-2-y1]- 1H-indole,
6-[4-[(38)-3-Meihylmorpholin-d-yl]-6-(methylsul fomylmethyDpyrimidin-2-yl]- 1H-indole-3-

carboxamide,
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5-[4-[(38)-3-Methylmorpholin-d-yl1]-6-(niethylsul fonylmethy)pyrimidin-2-yl]- 1H-indole-2-
carboxamide,

6-[4-[(38)-3-Methylmorpholin-4-yl]-6-(methylsul fomylmethyl)pyrimidin-2-yl]-1H-indole-2-
carboxamide,

5-[4-[(3S)-3-Methylmarpholin-4-yl]-6-(2-methylsul fonylpropan-2-yl)pyrimidin-2-yl]-1H-
benzoimidazole,

3-[4-[(3S)-3-Methylmorpholin-4-y1]-6-(2-methylsul fonylpropan-2-yDpyrimidin-2-yl]-5,7-
diazabicyclo[4.3 .0]11-511&-1 ,3,5,8-tetraene, _
5-[4-[(3S)-3-methylmorphalin-4-y1]-6-(2-methylsul fonylprapan-2-ylpyrimidin-2-yl]-1H-
indole,

4-[4-[(3S)-3-methylmorpholin-4-y1]-6-(2-methylsul fonylpropan-2-ypyrimidin-2-y1}-1H-
indole,

6-[4-[(33)-3-methylmorpholin-4-yl]-6-(2-methylsul fony lpropan-2-yDpyrimidin-2-yl]-1H-
indole,
4-[4-(Benzenesulfonylmethyl)-6-[(3S)-3-methylmorpholin-4-yl]pyrimidin-2-yl]-1H-indole,
5-[4-(benzenesulfonylmethyl)-6-[(3S)-3-methylmarpholin-4-ylpyrimidin-2-y1]-1H-indole,
3-[4-(benzenesulfonylmethyl)-6-[(3S)-3-methylmorpholin-4-/1]pyrimidin-2-y1]-5,7-
diazabicyclo[4.3.0]nona-1,3,5,S-tetraene,
H-[4-(benzenesulfonylmethyl)-6-[(3S)-3-methylmorpholin-4-ylJpyrimidin-2-yl]-1H-indole,
and

5-[4-(benzenesulfonylmethyl)-6-[(3S)-3-methylmorpholin-4-yl]pyrimidin-2-y1]-1H-
benzoimidazole,

or a pharmaceutically acceptable salt thereof.

In certain aspects of the invention such as a compound of fornmla (T) for use as a
medicament for the treatment of proliferative Jisease; or the use of a componnd of formula (I)
in the manufacture of a medicament for use in the treatment of proliferative disease.

The invention also provides processes for the preparation of a compound of formula
(I) or a pharmaceutically acceptable salt thereof,

A compound of formula (I), wherein X = -S(0);CRR’-, may be prepared by oxidising
a compound of the formula (1), wherein X = SCRR’-, for example by using Oxonz®d at room

terperatore in a mixed solvent system of water and zthanol
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A compound of formula (I), wherein P!X = R'OCR®R’-, may be preparzd by the
reaction of a compound of formula (1), wherein R'X = HOCRSR-, with a compound of
formula (IT), wherain L' is a leaving group (such as halo, tosyl, mesyl ete.) optionally in the
presence of a suitable base such as triethylamine and a solvent such as tetrahydrofuran or

N, N-dimethylformamide.

L,

RG 7 RG R7
R ) U]

A compound of formula (1), wherein B'X = R'R*NCRR-, may be prepared by the
reaction of a compound of formula (1), wherein R'X = HR*NCRR-, with a compound of
formula (I1), wherein L is a leaving group (such as halo, tosyl, mesyl ete.) optionally in the
presence of a suitable base such as trethylamine and a solvent such as tetrahydraofuran or
N, N-dimethylformamide; or by the reaction of a compound of formula (I), wherein R'X=
HE*NCR®R-, with a compound of formula (I11) in the presence of a suitable reducing agent

sucl as NaCNBH,.
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A compound of formula (1), whersin X' = -S(0)CROR-, -SCRER’-, -0CROR'-, -
RMCRR-, -S(O)CRR’-, may be prepared by the reaction of a compound of formula (TV),
wherein L' is a leaving aroup (such as halo, tosyl, mesyl ete.), with a compound of formula
(V) optionally in the presznce of a snitable base such as triethylamine and a solvent such as

tetrahydrofuran or N,N-dimethylformamide.
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A compound of formula (T), wherein X = -SCR°R’-, may be prepared by the rzaction
of a compound of formula (IV), wherein L' is a leaving group (such as halo, tosyl, mesyl
eic.), with thiourea in a suitable solvent such as ethanol to generate a compound of formula
(VI) which is then subsequently reacted with a compound of formula (IT) in the presence of a

suitable base such as sodium hydroxide and a solvent such as N,N-dimethylformamide.
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A compound of formula (T), wherein X = FNC(0)-, may be prepared by the reaction
of a compound of fornula (VIT) with an amine of formula R'R*MH following the suitable
activation of the carboxylic acid by methods lnown in the literature such as the use of a
coupling agent such as HATU or the conversion to an acyl chloride.
o

.,N Y\k

A compound of formula (1), wherein X = -S(0),CPR-, may be prepared hy the
I 7 be prey Yy

O (v

sequential reaction of a compownd of formula (1), wherein X = -8(0)2CHz-, with a compound
of formula (VIIT) followed by reaction with a compound of formula (IX), wherein L'isa
leaving group (such as halo, tosyl, mesyl ete.), in the prasence of a suitable base such as
sodium hydride or potassium ferf-butoxide in a suitable solvent such as tetrahydrofuran or

N, N-dimethylformamide.
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A compound of formula (1), wherein R'X = HOCRR-, may be prepared by the
reaction of a compound of formula (X), with suitable organometallic reagents of fommla (XI)
and formula (XII) such as the grignard reagent in a suitalde solvent, Where P8 and R are
different then it may be possible (o use technigues known in the literature such the conversion
of a compound of formmla (X) to the Weinreb amide and reaction with an organometallic

eagent of formula (XI) and then reaction with an erganometallic reagent of formula (XIT) in a
subsequent step.
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A compound of formula (I) may be prepared from a componnd of formula (XIII),
wherein L2 is a leaving group (such as hals, tosyl, mesyl, -SMe, -S(0):Me etc.), with a
suitable organometallic reagent (such as the boronic acid RPB(OH); ar the boronic ester
R’B(DOR); ete.) in the presence of a suitable metal catalyst (such as palladium or capper) in a
suitable solvent such as 1,4-dioxane. Alternatively where R? conneets to the pyrimidine ring
througle a nitrogen, oxygen or sulplun atom a conpound of formula (I) may be preparad from
a compound of formula (XIT), wherein L2 is a leaving group (such as halo, tosyl, mesyl, -
SMe, -S(0),Me etc.), by reaction with the requirad amine, alcohol or thisl in the presence of a
suitable base such as potassium carbonate in a suitable solvent such as N,N-

dimethylformamide.
Eol
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It will be appreciated that a compound of formula (XIM) may be transformed into
another compound of formula (XIT) by techuiques such as oxidation, alkylation, reductive
amination &te., either lisied above or otherwise known in the literature.

A compound of formula (XTIT), wherein X!'= -S(C)')g(?R"’R”-, -SCR°F’-, -OCRR'-, -
RNCRER’-, -S(O)CRR-, may be prepared by the reaction of a compound of formula (XIV),
wherein L' is a leaving group (such as halo, tosyl, mesyl etc.), with a compound of formula
(V) aptionally in the presence of a suitable base such as tristhylamine and a solvent such as

fetrahydrofuran or N,N-dimethylformamide.

(X

A compound of formula (XIIT), wherein X = -SCRP-, may he prepared by the
reaction of a compound of formula (XIV), wherein L' is a leaving group (such as hals, tosyl,
mesyl etc.), with thiourea in a suitable solvent such as ethanol to generate a compound of
fornla (XV) whicl is then subsequently reacted with a compound of formula (IT) in the
presence of a suitable base such as sodium hydroxide and a solvent such as N, N-

dimethylformamide.
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(XIV) (XV) (X1

A compound of formula (XIT), wherein X = -R*NC(Q)-, may be prepared by the
reaction of a compound of farmula (XVI) with an amine of formula R'R*NH following the
suitable activation of the carboxylic acid by methods known in the literature such as the use of

a coupling agent such as HATU or the conversion to an acyl chloride,
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A compound of formula (XIT), wherein X = -S(0);,CRPR’-, may he prepared by the
sequential reaction of a compound of formula (XIIT), wherein X = -S(0)CHz-, with a
compound of formula (VIIT) followed by reaction with a compound of formula (IX), wherein
L' is a leaving group (such as halo, tosyl, mesyl ete.), in the presence of a suitable base such

as sodium hydride or potassium /eri-butoxide in a suitable solvent such as tetrahydrofuran or

Lo

L

N,N-dimethylformamide.
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A compound of formula (XIII), wherein R'X = HOCRSR-, may be preparad by the
reaction of a compound of formula (XVII), with suitable organomedallic reagents of fomula
10 (XI) and formula (XII) such as the grignard reagent in & suitable solvent, Where R® and R are
different then it may be possiblz (o use techniques kuown in the literature such the conversion
of a compound of formula (XVII) to the Weinreb amide and reaction with an organometallic
reagent of formula (XT) and then reaction with an organometallic reagent of fornula (XIT) in a

subsequent step .
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15 (XVII) (X1

A compound of formula (IV) may be prepared from a compound of formula (XTV),
whersin L? is a leaving group (such as hala, tosyl, mesyl, -SMe, -S(O);Me ¢tc.) and L'isa
leaving group (such as halo, tosyl, mesyl ete.), with a suitable organometallic reagent (such as
the boronic acid REB(OH), or the boronic ester RZB(OR); ele.) in the presence of a suitable

20 metal catalyst (such as palladivm or copper) in a suitable solvent such as 1,4-dioxane.
Alternatively where R? connects to the pyrimidine ring through & nitrogen, oxygen or sulphur
atom a compound of formula (IV) may be prepared from a compound of formula (XIV),
wherein L? i3 a leaving group (such as halo, tosyl, mesyl, -SMe, -S(0)Me etc.), by reaction
with the required amine, alcohal or thiol in the presence of a suitable base such as potassium

carbonate in a suitable solvent such as N N-dimethylformamide.

N
w
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A compound of formula (X) may be prepared from a compound of formula (XVII),
wherein L? is a leaving group (such as halo, tasyl, mesyl, -SMe, -S(0);Me etc.) and R is a
lydrogen or €4 alkyl group, with a suitable organometallic reagent (3uch as the boronic acid

2o o : 2y 7 SR R DU -
R B(OH); or the boronic aster RTB(OR); 2te.) in the presence of a suitable metal catalyst
(such as palladium or copper) in a suitable solvent such as 1,4-dioxane. Altermatively where
R? conneets to the pyrimidine ring ihrough a nitrogen, axygen or sulphur ator a compound of
formula (X) may be prepared from a compound of formula (XVII), wherein L? is a leaving
group (such as halo, iosyl, mesyl, -SMe, -S(0);Me etc.), by reaction with the required amine,
alcohol or thiol in the presence of a svitable base such as potassium carbonate in a suitable

solvent such as N, N-dimethylformamide.

A compound of formula (XVII) may be prepared from a compound of formula (XIX),
wherein L? is a leaving group (such as halo, tosyl, mesyl, -SMe, -S(0);Me etc.), with a
enitable organometallic reagent (3uch as the horanic acid RPB(OH), or the boronic ester
R’B(OP); eic.) in the presence of a suitable metal catalyst (such as palladinm or copper) in a
suitable solvent such as 1,4-dioxane. Alternatively where R? connects to the pyrimidine ring
through a nitrogen, oxygen or sulphur atom a compennd of formula (XVIH) may b prepared
from a compound of formula (XIX), wherein L? is a leaving group (such as halo, tasyl, mesyl,
-SMg, -S(0);Me ¢te.), by reaction with the required amine, alzohal or thiol in the presence of
a suitable base such as potassivm carbonate in a suitable solvent such as N,N-

dimnethylformanide.



WO 2009/007751 PCT/GB2008/050549

-51-
o} o)
N R3 [Nl 3
RYﬁ“ - RS SN
| I
NC NJ\LZ NC N/)\Rz
(XIX) (XVIlt)

A compound of formula (XX) may be prepared from a compound of fornmla (XXI),
wherein L? is a leaving group (such as halo, tosyl, mesyl, -SMe, -S(0);Me ete.), with a

. . . . R ) . .
suitable organometallic reagent (such as the boronic acid R7B(OH); or the boronic ester

(%]

R’B(OR); ete.) in the presence of a suitable metal catalyst (such as palladivm or copper) in a
suitable solvent such as 1,4-divxane. Alteratively where R cormesis to the pyrimidine ring
through a nitrogen, oxygen or sulphur atom a compound of fomula (XX) may be prepared
fiom a compound of formula (XXT), wherein L2 is a leaving group (such as halo, tosyl, mesyl,
-SMg, -S(0);:Me ete.), by reaction with the required amine, aleohol or thiol in the presence of
10 a suitable hase such as potassivm carbonate in a suitable solvent such as N,N-

dimethylformamide.

o o
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A compound of formula (T), wherein L' is a leaving group (such as halo, tosyl, mesyl
ete.), may be prepared by the reaction of a compound of formula (XXII) with a compound of
15 formula (XXIT) optionally in the presence of a suitable base such as triethylamine in a

suitable solvent such as N, N-dimethylformamide.
()
o L' N R?
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(X (XX n
It will be appreciated that a compound of formula (XXII) may be transformed into
another compound of formula (XXII) by techniques such as oxidation, alkylation, reductive
20 amination &te., either listed abave or atherwise known in the literature.
A compound of formula (IV), wherein L' is a leaving group (such as hala, tosyl, mesyl

ete.), may be prepared by the reaction of a compound of formula (XXIV) with a compound of
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formula (XXIII) optiemally in the presence of a suitable base such as triethylamine in a

suitable solvent such as N, N-dimethylformamide.

[o8

L1
0 8 —_—
(X X X
3 1 . 4 a
H R Ls 7N/ R Le 7N/ R
R R
(Xxiy (XXIV) (V)

” [ 1. . - s e ol feav o
A compound of formula (X), wherein L is a leaving zroup (such as halo, tosyl, mesyl

LA

ete.) and R is a hydrogen or a Ci alkyl group, may be prepared by the reaction of a
compound of formula (XNXV) with a compound of formula (XNIIT) optionally in the presence

of a snitable base such as trigthylarmine in a suitable solvent such as N, N-dimethylformamide.
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A compound of formula (XVIII), wherein L' is a leaving group (such as halo, tosyl,
10 miesyl ete.), may be prepared by the reaciion of a compound of formula (XXVI) with a
compound of formula (XXIIT) optionally in the presence of a suitable base such as
triethylaming in a suitable solvent such as N, N-dinmethylformamide.
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A compound of formula (XX), wherein L' is a leaving group (such as halo, tasyl,
17 mesyl ete.) and L? is a leaving group (such as halo, tosyl, mesy), -SMe, -S(0):Me ete.), may
be prepared by the reaction of a compound of formula (XXVII) with a compound of formula
(XXTIT) optionally in the presence of a suitable base such as tricthylamine in a suitable salvent

such as N,N-dimethylformamide.
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A compound of fornmla (XIIT), wherein L' i3 a leaving group (such as halo, tosyl,
mesyl ete.) and L is a leaving group (such as hala, tosyl, mesyl, -SMe, -S(0);Me ¢tc.), may
be prepared by the reaction of a compound of formula (XXVIIT) with a compound of fornmula
(XXIII) optionally in the presence of a suitable base such as tricthylamine in a suitable solvent
such as N, N-dimethylformamide.
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It will be appreciated that a compound of formula (XIT) may be transfonned into
another compound of formula (XIIT) by techniques such as oxidation, alkylation, reductive
amination &te., either listed above or otherwise Lknown in the literature.

A compound of formula (XTV), wherein L' is a leaving group (such as halo, tosyl,
mesyl ete.) and L is a leaving group (such as halo, tosyl, mesyl, -SMe, -S(0);Me ét¢.), may
he prepared hy the reaction of a compourdd of formula (XXIX) with a compound of formula
(XXIII) optionally in the presence of a suitable base such as lriethylamine in a suitable salvent

such as N, N-dimethylformamide.
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A compound of farmula (XVII), wherein L' is a lzaving group (such as halo, tosyl,
mesyl etc.) and L? is 2 leaving group (such as halo, tasyl, mesyl, -SMe, -S(0);Me etc.) and R
is a hydrogen or a C).q allzyl group, may be preparad by the reaction of a compound of
formula (NXXN) with a compound of formwula (KT optionally in the presence of a snitable

base such as tristhylamine in a suitable solvent such as N,N-dimethylformamide.
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A compound of formula (XIX), wherein L' is a laving group (such as halo, tosyl,
mesyl etc.) and L is a leaving group (such as halo, tosyl, mesyl, -SMe, -S(0);Me ete.), may
be prepared by the reaction of a compound of fommla (XXXT) with a compound of formula
(XXIII) opticnally in the presence of a suitable base such as tricthylamine in a suitablz salvent

5 such as N,N-dimethylformamide.
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A compound of formula (XXT), wherein L' is a leaving group (such az halo, tosyl,
mesyl etc.) and L? is a leaving group (such as halo, tosyl, mesyl, -SMe, -S(0);Me etc.), may
be prepared by the reaction of a compound of formula (XXXII) with & compound of formula

10 (XXIII) optionally in the presence of a suitable base such as triethylaming in a suitable solvent

such as N, N-dimethylformamide.
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A compound of formula (1), wherein R'X = H;NCH,-, may be prepared from a
compound of formula (XVII) by a reduction such as hydrogenation with hydrogen gas and a

15 suitable catalyst such as Palladiun om carbon in a suitable solvent such as ethanol.
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A compound of farmula (I), wherein R'X = FLNC(Q)-, may be prepared from a

compound of fomula (XVII) by hydrolysis with, for example, sodivm hydroxide in a

suitable solvent such as a water ethanol mix.
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U
A compound of farmula (1), wherein R'X = HNCPRR'-, may be prepared from a
ction with organometallic reagents (XTI) and (XII).
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compound of formula (XVIIT) by rea

e ()L O

(X1 N7 TR

RY — R
e X (A
,, a H,N =
) NCT O NE R TXNTR
R R
(Xvii 0

A compound of formula (XII), wherzin R'X = H-NCH,-, may be prepared from a
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compound of formula (XIX) by a reduction such as hydrogenation with hydrogen gas and a

snitable catalyst such as Palladium on carbon in a suitable solvent such as ethanal.
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A compound of farmula (XIIT), wherein R'X = HMC(Q)-, may be prepared front a
compound of fornula (XIX) by hydrolysis with, fior example, sadium hydroxide in a suitable

solvent such as a water ethanol mix.
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A compound of formula (XITT), wherein R'X = HNCRSE-, may be prepared from a

compound of formmla (XIX) by reaction with erganomeiallic reagents (XI) and (XII).
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It will be appreciated that the R group may be introduced and subsequently converted
to another group of the formula R at a subsequent stage in the synthesis using methods
known in the literature.

It will be appreciated that eettain of the various ring substituents in the componnds of
the present invention may be introduced by standard aromatic subsiitution reactions or
generated by conventional functional group madifications 2ither prior to or immediately
following the processes mentioned above, and as such are included in the process aspect of
the invention. For example compounds of formula (I) my be converted into further
compounds of formula (T) by standard aromatic substitution reactions or by conventional
functional group modifications. Such reactions and modifications include, for example,
introduction of a subsiitvent by means of an aromatic substitution reaction, reduction of
substituents, alkylation of substitnenis and oxidation of subsiituents. The reagents and
reaction conditions for such procedures are well known in the chemical art, Particular
examples of aromatic substitution reactions include the introduction of a nitro group using
concentrated nitric acid, the introdustion of an acyl group using, for example, an acyl halide
and Lewis acid (such as aluminium frichloride) under Friedel Crafis conditions; the
introduction of an alkyl group wsing an alkyl halide and Lewis acid (such as aluminium
trichloride) under Friedel Crafts conditions; and the introduction of a halagen group.
Particular examples of modifications include the reduction of a nitro group to an aming group
by for example, catalytic hydrogenation with a nickel catalyst or treatment with iron in the
presence of hydrochloric acid with heating; oxidation of allzylthio to allzylsulfinyl or
alkylsulfonyl. _

It will also be appreciated that in some of the reactions mentioned herein it may be
necassary/desirable to protect any sensitive groups in the compaounds. The instances where
protection is necessary or desirable and suitable methods for protection are known 1o those
gkilled in the art. Conventional protecting groups may be used in accordance with standard
practice (for illustration see T.W. Green, Protective Groups in Organic Synthesis, John Wiley
and Soms, 1991), Thus, if reactants include groups such as amino, carboxy or hydroxy it may
be desirable to protect the group in some of the reactions mentioned herein.

A uitable proteciing group for an aming or alkylaming group is, for example, an acyl
aroup, for example an all:anoyl group such as acetyl, an alkoxycarbonyl group, for example a

methoxycarbonyl, ethoxycarbonyl or fei-butoxysarbonyl group, an arylmethoxycarbonyl
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group, for example benzyloxycarbonyl, or an aroyl group, for example benzoyl. The
deprotection conditions for the above protecting groups necessarily vary with the choice of
protecting group. Thus, for example, an acyl group such as an allianoyl or alkoxycarbonyl
group or an aroyl group may be removed for exarmple, by hydrolysis with a suitable base such
as an alkali metal hydroxide, for example lithivm or sodium hydroxide. Altematively an acyl
group such as a rer-butoxycarbonyl group may be removed, for example, by treatment with a
suitable acid as hydrochlorie, sulfuric or phosphoric acid or trifluoroacetic acid and an
arylmethoxycarbonyl group such a3 a benzyloxycarbonyl group may be removed, for
example, by hydrogenation over a catalyst such as palladivm-on-carbon, or by treatment with
a Lewis acid for example boron tris(irifluoroacetate). A suitable alternative protecting group
for a primary aniino group is, for example, a phthaloyl group which may be removed by
treatment with an alkylamine, for example dimethylaminopropylaming, or with hydrazine.

A suitable protecting group for a hydroxy group is, for example, an acyl group, for
example an alkanoyl group such as acetyl, an aroyl group, for axample benzoyl, or an
arylmethyl group, for example benzyl. The deprotection conditions for the above protecting
groups will nzcassarily vary with ths choice of protecting group. Thus, for example, an acyl
group such as an allzanoyl or an aroyl group may be removed, for example, by hydrolysis with
a suitable base such as an alkali metal hydroxide, for example lithivm or sodium hydroxide.
Alternatively an arylmethyl group such as a benzyl group may be removed, for example, by
hydrogenation over a catalyst such as palladium-on-carbon.

A suitable profecting gronp for a carboxy group is, for example, an esterifying group,
for example a methyl or an ethyl group which may be removed, for example, by hydrolysis
with a base such as sodivim hydroxide, or for example a fere-butyl group which may be
removed, for example, by treatment with an acid, for example an organic acid such as
trifluoroacetic acid, or for example a benzyl group which may be removed, for example, by
hydrogenation aver a catalyst such as palladinm-on-carbon.

The protecting groups may be removed at any convenient staze in the synthesis vsing
conventional techniques well known in the chemical art.

Many of the intermediates defined herein are novel and these are provided as a further

feature of the invention,
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Bioloaical Assays

The following assays can be used to measure the effects of the compounds of the
present invention as mTOR Linase inhibitors, as PI3 Linase inhibitors, as iuhibitors in vitro o
the activation of PI3 kinase signalling pathways and as inhibitors in vitro of the proliferation
of MDA-MB-468 human breast adenocarcinoma cells.

(a)i) In Vitro mTOR Kinase Assay

The assay used AlphaScreen technology (Gray ef al., Analytical Biochemistry, 2003,
313:234-245) 1o datermine ihe ability of test compounds to inhibit phosphorylation by
recombinant mTOR.

A C-terminal truncation of mTOR. encompassing amine acid residues 1362 to 2549 of
mTOR (EMBL Accession No. 1L34075) was stably expressed as a FLAG-tagged fusion in
HEK293 cells as described by Vilella-Bach ¢/ af., Jownal of Biochemistry, 1999, 274, 4260-
4272, The HEK293 FLAG-tagged mTOR (1362-2349) stable cell line was routinely
maintained at 37°C with 5%6 CO; up o a confluency of 70-20% in Dulbecca's modified
Eagle's growth medium (DMEM; Invitrogen Limited, Paisley, UK Catalogue Mo. 41966-029)
containing 10% heat-inactivatad foetal calf serum (FCS; Sigma, Poolz, Dorset, UK, Catalogue
Na. FO392), 1% L-ghitamine (Gibco, Catalogue No. 25030-024) and 2 mz/ml Geneticin
(G418 sulfate; Invitrogen Limited, UK Catalogue No. 10131-027). Following expression in
the manmmalian HEK293 cell line, expressed protein was purified using the FLAG epitops tag
using standard purification techniques.

Test compounds were prepared as 10 mM stock solutions in DMSO and diluted into
watzr as required (o give a range of final assay concentrations, Aliquots (2 pl) of each
compound dilution were placed into a well of a Greiner 384-well low volume (LV) white
polystyrene plate (Greiner Bio-one). A 30 pl mixture of recombinant purified mTOR
enzyme, 1 pM biotinylated peptide substrate (Biotin-Ahx-Lys-Lys-Ala-Asn-Gln-Val-Phe-
Leu-Gly-Phe-Thr-Tyr-Val-Ala-Fro-Ser-Val-Leu-Glu-Ser-Val-Lys-Glu-NH;; Bachem UK
Ltd), ATP (20 pM) and a buffer solution [comprising Tris-HCL pH7.4 buffer (50 mM), EGTA
(0.1 mM), bovine serum albumin (0.5 mz/mL), DTT (1.25 mM) and manganese chloride (10
mM)] was agitat=d at room temperature for 90 minutes

Control wells that produced a maxinmm signal corresponding to maximum enzyne
activity were created by using 5% DMSO instead of test compomd. Control wells that

produced a minimum signal corresponding to fully inhibited enzyme were creatzd by adding
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EDTA (83 mM) instead of test compound, These assay solutions were inzubated for 2 hours
at room temperature,

Each reaction was stopped hy the addition of 10 pl of a mixture of EDTA (50 mM),
bovine serum albumin (BSA; 0.3 mg/mL) and Tris-HCl pH7.4 buffer (50 mM) containing
p70 So Kinase (T389) 1A3 Monoclonal Antibody (Cell Signalling Technology, Catalogue
No. 9206B) and AlphaScreen Sireptavidin donor and Protein A acceptor beads (200 ng;
Perkin Elmer, Catalogue Mo, 67600025 and 6760137R respectively) were added and the
assay plates were left for about 20 hours at room temperature in the dark. The resultant
signals arising from laser light excitation at 680 nm were read using a Paclard Envision
instrument.

Phosphorylated biotinylated peptide i3 formed in sifw as a result of mTOP. mediated
phosphorylation. The phosphorylated biotinylated peptide that is associated with
AlphaSereen Sweptavidin donor beads forms a complex with the p70 So Kinase (T389) 1AS
Monoclonal Antibody that is associated with Alphascreen Protein A acceptor beads. Upon
laser light excitation at 630 um, the donor bead @ aceeptor bead complex produces a signal that
can be measurad. Accordingly, the presence of mTOR kinase activity results in an assay
signal. In the presence of an mTOR kinase inhibitor, signal strength is reduced.

mTOR enzyme inhibition for a given test compound was expressed as an 1Cs, value.
(a)(ii)_In Vitro mTOR Kinase Assay (Echo)

The assay used AlphaScreen technology (Gray et «l., Analyiical Biochemisiry, 2003,

313: 234-245) 1o determine the ability of test compounds to inhibit phosphorylation by
ceombinant mTOR.

A C-terminal truncation of mTOR encompassing amina acid residues 1362 to 2549 of
mTOR (EMBL Accession No. L34075) was stably expressed as a FLAG-tagged fusion in
HEK293 cells as deseribed by Vilella-Each er ol Journal of Biochemistry, 1999, 274, 4266-
4272, The HEK293 FLAG-tagged mTOR. (1362-2549) stable cell ling was routinely
maintained at 37°C with 5% CO4 up 1o a confluency of 70-90% in Dulbecco's modified
Eagle's growth medinm (DMEM; Invitrogen Limited, Paisley, UK Catalogne No. 41966-029)

‘-‘ Q.

containing 1096 heat-inactivatad foetal calf serum (FCS; Sigma, Poole, Dorset, UK, Catalogue
No. F0392), 1% L-glutaminz (Gibeo, Catalogue Nao. 25030-024) and 2 mg/ml Geneticin

(G418 sulfate; Invitrogen Limited, UK Catalogue No. 10131-027), Following expression in
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the mammalian HEK293 cell ling, expressed protein was purified using the FLAG epitope tag
using standard purification techniques.

Test compounds were prepared as 10 mM stocl: solutions in DMSO and diluted in into
waterDMSQ  as required to give a range of final assay concentratioms. Aliquots (120012 pl)
of each compound dilution were acoustically dispensedplaced using a Labeyte Echo 550 into
a well of a Greiner 384-well low volume (LV) white polystyrene platz (Greiner Bio-ong). A
1230 pl mixture of recombinant purified mTOR enzyme, 1 M biotinylated peptide substrate
(Biotin-Ahx-Lys-Lys-Ala-Asn-Gln-Val-Phe-Leu-Gly-Phe-Thi-Tyr-Val-Ala-Pro-Ser-Val-Leu-
Glu-Ser-Val-Lys-Glu-NHy; Bachem UK Ltd), ATP (20 pM) and a buffer solution
[comprising Tris-HCI pH7.4 buffer (50 mM), EGTA (0.1 mM), bovine serum albumin (0.5
mg/mL), DTT (1.25 mM) and manganese chloride (10 mM)] was incubated at room
temperature for 12090 minutes.

Conirol wells that produced a maxinmm signal corresponding to maxinmuni enzyme

activity were created by using 10053% DMSO instead of test compound. Control wells that

produced a minimun signal corresponding to fully inhibited enzyme were created by adding

LY294002EDTA (100uMS3 mM) compound. These assay solulions were incubated for 2
hours at room temperature.

Each reaction was stopped by the addition of 510 pl of a mixture of EDTA (50 mM),
bovine serum albumin (BSA; 0.5 mg/mL) and Tris-HCI pH7.4 buffer (50 mM) containing
p70 S6 Kinase (T389) 1A3 Monoclonal Antibody (Cell Signalling Technalogy, Catalogue
No. 9206B) and AlphaScreen Streptavidin donor and Protein A acceptor beads (200 ng;
Perliin Elmer, Catalogue No. 6760002E and 6760137 respectively) were added and the
assay plates were lefl overnight at room temperature in the dark. The resultant signals arising
from laser light excitation at 680 nm were read using a Packard Envision instiument.

Phosphorylated biotinylated peptide is formed in siti as a result of mTOR mediated
phosphorylation, The phosphorylated biotinylated peptide that is associated with
AlptaSecreen Sweptavidin donor beads forms a complex with the p70 S6 Kinase (T389) 1AS
Muonoeclonal Antibody that is associated with Alphascreen Protein A acceptor beads. Upon
laser light excitation at 630 nm, the donor bead ; acceptor bead complex produces a signal that
can be measured. Accordingly, the presence of mTOR. kinase activity results in an assay
signal, In the presence of an mTOR. kinase inhibitor, signal strength is reduced.

mTOR enzyme inhibition for a given test compound was éxpressed as an 1C; value.
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(b)(@) InVitro PI3K Enzyme Assay
The assay usad AlphaScreen techiology (Gray of o/, Analytical Biochemisiry, 2003,

313: 234-245) (o determine the ability of test componnds 6o inhibit phosphorylation by
recombinant Type I PI3K enzymes of the lipid PI1(4,5)P2.

DNA fragments encoding hmman PI3K catalytic and regulatory subunits were isolated
from ¢cDNA libraries using standard molecular biology and PCR cloning techniques. The
selecied DNA fragments were used (o generate baculovirus expression veetors. In particular,
full length DNA of each of the p110c, pl LOf and p11035 Type Ta lnman PI3K p110 isoforms
(EMBL Accession Nos, HSU79143, S67334, Y10035 for p110c, p110f and p1104
respectively) were sub-cloned inio a pDESTI0 vector (Tnvitrogen Limited, Fountain Drive,
Paisley, UK). The vector is a Gateway-adapied version of Fasthacl containing a 6-His
epitope tag. A truncated form of Type Ib luman PI3K p110y isoform corresponding 1o amine
acid residues 144-1102 (EMBL Accession No, X8336A) and the full length human pSSe
regulatory subunit (EMBL Accession No, HSP13KIN) were also sub-cloned into pFastBacl

. vector containing a 6-His epitope tag, The Type Ta p110 constructs were co-expressed with

the pS5c regulatory subunit. Following expression in the baculovirus system using standard
bhaculovirus expression techiiques, expressad proteins were purified wsing the His epitope tag
using standard purification techniques.

DNA corresponding to amino acids 263 to 380 of human general receptor for
phosphoinositides (Grpl) PH doniain was isolated from a cDNA library using standard
molecular biology and PCR cloning techniques. The resultant DNA fragiment was sub-cloned
into a pGEX 4T1 E. coli expression vector containing a GST epitope tag (Amersham
Pharmacia Bictzch, Rainham, Essex, UK) as described by Gray <f ol., Analytical
Biochemishy, 2002, 313: 234-245), The GST-tagged Grpl PH domain was expressed and
purified using standard techniques.

Test compounds were prepared as 10 mM stocl: soluticms in DMSOQ and diluted into

water as required (o give a range of final azsay concentrations. Aliquats (2 pl) of each

compound dilution were placed into a well of a Greiner 384-well low volume (LV) white
polystyrene plate (Greiner Bio-one, Brunel Way, Stonehouse, Gloucestershire, UK Catalogne
Mo. 784075). A mixiure of each selected recombinant purified PI3K enzyme (15 ng), DIiCS-

PI1(4,5)P2 subatratz (40 pM; Cell Signals Inc., Kinnear Road, Columbus, USA, Catalogue Mo,
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901), adenosine friphosphate (ATP; 4 pM) and a buffer solution [comiprising Tris-HCl pH7.6
buffer (40 mM, 10 pl), 3-[(3-cholamidopropyl)dimethylammonio]-1-propanesnlfonate
(CHAPS; 0.04%%), dithiothreitol (DTT; 2 mM) and magnesium chloride (10 mM)] was
agitated at room temperature for 20 minufes.

| Control wells that produced a mininmum signal eorresponding to maximum enzyme
activity werz created by using 5% DMSQ instead of test compomd. Control wells that
produced a maximum signal corresponding to fully inhibited enzyme were created by adding
wortnzamin (6 pM; Calbiochem / Merck Bioscience, Padge Road, Beeston, Nottingham, UK,
Catalogne No. 681673) instead of test compound. These assay solutions were alsa agitated
for 20 minutes at room temperature.

Each reaction was stopped by the addition of 10 ul of a mizture of EDTA (100 mM),
bovine serum albumin (BSA, 0.045 %) and Tris-HCL pH7.6 buffer (40 mM),

Biotinylated-Di”S-PI(3,4,5)P3 (50 uM; C=Il Signals Ine., Catalogue Na. 107),
recombinant purifizd GST-Grpl PH protein (2.5 nM) and AlphaScreen Anti-GST demor and
acceplor beads (100 ng; Paclard Bioscience Limited, Station Road, Panghourne, Berl:shire,
UK, Catalogue Mo, 6760603M) were added and the assay plates were lefl for aboul 5 o
20 hours at room temperature in the dark, The resultant signals arising from laser light
excitation at 680 nm were read wsing a Paclzard AlphaQuest instrument.

PI(3,4,5P3 is formed in sifu as a result of PI3K mediated phosphorylation of
PI(4,5)P2. The GST-Grpl PH domain protein tlm is associated with AlphaScreen Anti-GST
donor beads forms a complex with the blullllylﬂl\.l,l PI(3,4,5)P3 that is associated with
Alphascrzen Streplavidn acceptor beads. The enymatically-produced PI(3,4,5)P3 competes
with biotinylated PI(3,4,5)P3 for binding o the PH domain protein. Upon laser light
excitation at 680 n, the donor bead : ascepior bzad complex produces a signal that can be
measured, Accordingly, PI3K enzme activity to form PI(3,4,5)P3 and subsequent competition
with biotinylated PI(3,4,5)P3 results in a reduced signal. In the presence of a PI3K enzyme
inhibitor, signal strength is recovered.

PI3K enzyme inhibition for a given test compound was expressed as an 1C;; value.

(b)(ii) In Vitro PI3K Enzyme 4A;SSELV (Echo)

The assay used AlphaScreen technology (Gray ef 4/., Analytical Biochemistry, 2003,
313: 234-245) in determine the ability of test compaunds to inhibit phosphorylation by
recombinant Type 1 PI3K enzymes of the lipid P1(4,5)P2.
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DNA fragmenis encoding human PI3K catalytic and regulatory subunits were isolated
from ¢cDNA libraries using standard molecnlar biology and PCR cloning techniques. The
selected DNA fragments were used to gencrate baculovirus expression vectors. In particular,
full length DNA of each of the p110c, pL10J and pl1105 Type Ta human PI3K p110 isoforns
(EMBL Accession Nos, HSU79143, S67334, Y0035 for p110c, p110[ and p1103
respectively) were sub-cloned into a pDEST10 vector (Invitrogen Limited, Fountain Driva,
Paisley, UK). The vector is a Gateway-adapted version of Fasthacl containing a 6-His
epitope tag. A truncated form of Type Ib human PI3K p110y isoform corresponding to aming
acid residues 144-1102 (EMBL Accession No. X8336A) and the full length human p83a,
regulatory subunit (EMBL Accession No. HSP13KIN) were also sub-cloned inta pFastBacl
vector comtaining a 6-His epitops tag. The Type Ta pl110 constructs were co-expressed with
the pS5a regulatory subumnit. Following expression in the baculavirus sysle.m using standard
baculovirus exprassion techmiques, expressed profeing wers purified using the His epitope tag
using stancdard purification techniques.

DNA corresponding to amino acids 263 o 380 of human general receptor for
phosphoinositides (Grpl) PH domain was isolated from a cDNA library using standard
molecular biology and PCR cloning techiaiques. The resultant DNA fragment was sub-cloned
into a pGEX 4T1 E. coli expression vector containing a GST epitope tag (Amersham
Pharmacia Biotech, Rainham, Essex, UK) as described by Gray et o/, Analytical
Biochemistry, 2003, 313: 234-245). The GST-tagzed Grpl PH domain was expressad and
purified using standard techiniques.

Test compounds were prepared as 10 mM stock solutions in DMSO and diluted in
DMSO to wateras requirad o give a range of final assay concentrations. Aliquaots (120012 pl)
of each compound dilution were acoustically dispznsed using a Labeyte Echo 550 placed into
a well of a Greiner 384-well low volume (LV) white polystyrens plate (Greiner Bio-one,
Brunal Way, Stonehouse, Gloucestershire, UK Catalogue Na. 784075). A mixture of each
selected recombinant purified PI3K enzyime (15 ng), DiCS-PI(4,5)P2 substrate (40 pM; Cell
Sizmals Ine., Kinnear Poad, Columbus, USA, Catalogue N, 901), adenosine triphosphate
(ATP; 4 pM) and a buffer solution [conprising Tris-HC1 pH7.6 bulfer (40 mM, 10 pl), 3-[(3-

cholamidepropyl)dimethylammonio]-1-propanesulfonate (CHAPS, 0.0496), dithicthreitol
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(DTT; 2 mM) and magnesium chloride (10 mM)] was agitatedincubated at room temperamre
for 20 minutes.

Control wells that produced a minimurn signal corresponding to maximum énzyme
activity ware created by using 1005% DMSO instead of test compound. Control wells that
produced a maximum signal corresponding to fully inhibited enzyme ware ereated by adding
Wwortmammin (6 pM; Calbiochem / Merck Biosciznce, Padge Poad, Beeston, Nottingham,
UK, Catalogue No. 681675) instead of test compound. These assay solutions were also
incubatedagitated for 20 minutes at room temperature,

Each reaction was stopped by the addition of 10 10pl of 2 mixture of EDTA (100
mM), bovine serum albumin (BSA, 0.045 %6) and Tris-HCl pH7.6 buffer (40 mM).

Biotinylated-DiCS-PI(3,4,5)P3 (50 nM; Cell Signals Inc., Catalogue Na. 107),

combinant purifizd GST-Grpl PH protein (2.5 nM) and AlphaScreen Anti-GST donor and
aceeptor beads (100 ng; Paclard Bioscience Limited, Station Road, Pangbowrne, Berkshire,
UK, Catalogne Mo, 6760603M) were added and the assay plates were left for about 5 to
overnight
20 hours at room temperature in the dark, The resultant signals arising from laser light
excitation at 680 nm werz read using a Packard AlphaQuest instrument.

PI(3,4,5)P3 is formed in sitr as a resull of PI3K mediated phosphorylation of
PI(4,5)P2, The GST-Grpl PH domain protein that is associated with AlphaScreen Anti-GST
donor bzads forms a complex with the biotinylated PI(3,4,5)P3 that is associated with
Alphascreen Streptavidin acceplor beads. The enymatically-praduced PI(3,4,5)P3 compete
with biotinylated PI(3,4,5)P3 for binding to the PH domain protein. Upen laser light
excitation at 680 nm, the donor bead : acceptor bead complex produces a signal that can be
measured. Accordingly, PI3K enzme activity to form P1(3,4,5)P3 and subsequent competition
with biotinylated PI(3,4,5)P3 resulls in a reduced signal. In the presence of a PI3K enzyme
inhibitor, signal strength is recovered.

PI3K enzymie inhibition for a given test compound was expressed as an IC;q value,

(©) In Vitro phospho-Serd73 Akt agsay

This assay determines the ability of test compounds (o inhibit phosphorylation of
Serine 473 in Akt as assessed using Acumen Explorer technology (Acumen Bioscience
Limited), a plate reader that can be usad to rapidly quantitate features of images generated by

laser-scanning.
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A MDA-MB-468 hunian breast adenocarcinoma cell line (LGC Promochem,
Teddington, Middlesex, UK, Catalogue No. HTB-132) was routinely maintained at 37°C with
5% COz up to a confluency of 70-90%% in DMEM containing 10%6 heat-inactivated FCS and
1% L-glutamine.

For the assay, the cells ware detached from the enltwra flask using ‘Accutase’
(Innovative Cell Tachnologies Inc., San Diego, CA, USA; Catalogue No. AT104) using
standard tissue culiure methods and resuspended in media to give 1.7x10° cells per mL.
Aliquots (90 ply were seeded into eacl of the inner 60 wells of a black Packard 96 well plate
(Perk:inElmer, Boston, MA, USA; Catalogue No. 6005182) (o give a density of ~15000 cells
per well, Aliquots (90 pl) of culture media were placed in the onter wells to prevent edge
effacts. The cells were incubated overmight at 37°C with 5% CO; to allow them to adhere,

Oun day 2, the zells were treated with test compounds and incubated for 2 hours at
37°C with 5% CO,. Test compounds wers prepared as 10 mM stock: solutions in DMSO and
serially dituted as required with growth media to give a range of concentrations that were 10-
fold the required final test concentrations. Aliquats (10 pl) of each compound dilution were
placed in a well (in triplicate) to give the {inal required concentrations. As a minimum
reponse control, each plate containzd wells having a final concentration of 100 pM LY294002
(Calbiochem, Beeston, UK, Catalogue No. 440202). As a masimum response control, wells
contained 19 DMSO instead of test compound. Following incubation, the contents of the
plates were fixed by ireatment with a 1.6% aqueous formaldehyde solution (Sigma, Paole,
Darset, UR, Catalogue No. F1635) al room temperature for 1 hour.

All subsequent aspiration and wash steps were carried out using a Tecan 26 well
plate washer (aspiration speed 10 mm/sec). The fixing solution was removed and the contents
of the plates were washed with phosphate-buffered saline (PBS; 50 pl; Giben, Catalogue No.
10010015). The contents of the plates were treated for 10 miinutes at room temperature with
an aliquot (50 pl) of a cell permieabilisation buffer consisting of a mixture of PBS and 0.5%%
Tween-20. The ‘permeabilisation’ buffer was removed and non-specific hinding sites were
blocked by ireatment for 1 hour at voom temperature of arc aliquot (50 pl) of a blocking buffer
consisting of 5% dried skimmed milk [*Marvel” (registeved trade mark); Premier Beverages,
Stafford, GB] in a mixture of PBS and 0.05% Tween-20. The ‘blocking’ buffer was remaoved

and the cells were incubatzd for 1 hour at room tzmperature with rabbit anti phospho-Akt
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(Serd73) antibody solution (30 pd per well; Cell Signalling, Hitchin, Herts, UK., Catalogue
No 9277) that had been diluted 1:500 in ‘blocking’ buffer. Cells were washed three times in a
mixture of PBS and 0.03% Tween-20. Subsequently, czlls were incubated for 1 hour at room
terperature with Alexafluor4SS labelled goat anti-rabbit 1gG (50 pl per well; Molecular
Probes, Invitrogen Limited, Paisley, UK, Catalogue Mo, A11008) that had been diluted 1:500
in ‘blocking’ buffer, Cells were washed 3 times with a mixtwe of PRS and 0.05% Tween-20.
An aliquot of PBS (50 pl) was added (o cach well and the plates were sealed with black plate
sealers and the fluorescence signal was detected and analysed.

Fluorescence dose response data obtained with each compound were analysed and the
degree of inhibition of Serine 473 in Akt was expressed as an IC;q value.

()

Inn Viira MDA-MR-468 human breast adenscarcinoma Proliferation Assa

This assay determines the ability of test compounds to inhibit cell proliferation as
assessed using Cellomics Arrayscan technology. A MDA-MB-46S human treast
adenocarcinoma cell line (LGC Promochem, Catalogne No. HTB-132) was routinely
maintained as described in Biological Assay (b) herein.

For the proliferation assay, the cells were detached fiom the culture flask using
Accutase and seeded into the inner 60 wells of a black Pacl-ard 96 well plate at a density of
2000 cells per well in 100 pl of complete growth media. The outer wells containgd 100 pl of
sterile PBS. The cells were incubaled overnight at 37°C with 5% CO; to allow them to
adhere.

On day 2, the cells were treated with test compounds and incubated for 48 hours at
37°C with 5% CO,. Test compounds were prepared as 10 mM siock soluiions in DMSO and
serially diluted as required with growth media (o give a range of test concentrations, Aliquots
(50 pb) of each compound dilution were placed in a well and the cells were incubated for 2
days at 37°C wiih 3% CQ;. Each plate contained control wells without test compaound,

Om day 4, BrdU labelling reazent (Sigma, Catalogue No. BO295) at a final dilution of
1:1000 was added and the cells were incubated for 2 howrs at 37°C. The medium was
removed and the cells in each well were fixed by treatment with 100 pl of a mixture o
ethanol and glacial acetic acid (90% ethanol, 5% glacial acetic acid and 5% water) for 30
minutes at room temperature. The cells in each well were washed twice with PBS (100 pl).

Aquenus hydrochloric acid (2M, 100 pul) was added (o each well. Afler 20 minutes at room
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temperature, the cells were washed twice with PBS. Hydrogen peroxide (3%, 50 pl; Sigma,
Catalogue No. H1009) was added o each well. After 10 minutes at room temperature, the
wells were washed again with PBS.

BrdU incorporation was detected by incubation for 1 hour at raom temperature with
mouse anti-BrdU antibady (30 pl; Caliag, Burlingame, CA, US; Catalogue Mo, MDS200) that
was diluted 1:40 in PRS containing 1% BSA and 0.05% Twaeen-20. Tnbound antibody was
removed with two washes of PBS. For visualisation of incoiporated BrdU, the cells were
treated for 1 hour at room temperature with PBS (50 pl) and 0.05% Tween-20 buffer
containing a 1:1000 dilution of Alexa fluor 488-labelled goat anti-mouse 13G. For
visnalisation of the cell nucleus, a 1:1000 dilution of Hoechst stain (Molecular Probes,
Catalogue No, H3570) was added. Each plate was washed in turn with PBS. Subsequently,
PBS (100 pl) was added to each well and the plates were analysed using a Cellomics array
scan to assess toial ezl number and numbar of BrdU positive cells.

Fluorescence dose response data obtained with each compound were analysed and the
degree of inhibition of MDA-MB-468 cell growih was expressed as an 1C;q value.

Although the pharmacological properties of the compounds of formula (I) vary with
structural change as expected, in general, it is believed that activity possessed by componnds
of fornula (1) may be demonstrated at the following concentrations or doses in one or more of
the above tests (a) to (d) :-

Test (a)(i):-  1C; versus mTOR kinase at less than 10 pM, in particular 0.001 - 0.5
pM for many compounds; for example 35 the ICS0 was measured on
two accasions, the values were 0.566 and 0,404 uM.

Test (b)(i):-  IC50 versus pl10y Type b human PI3K at less than 10 yM, in
particular 0.001 - 0.5 pM for many compounds; and 1Csg varsus p110a
Type Ia human PI3K at less than 10 pM, in particular 0.001 - 0.5 pM
for many compounds;
for example 35 the IC50 was measured on two oceasions, the values
were 37 and >127 uM.

Test (¢):- 1C5q versus Serine 473 in ALt at less than 10 pM, in particular 0.1 - 20
pM for many compounds); for example 35 the IC50 was measured on
one oceasions, the value was 3.357uM.

Test (d):- 1Csg at less than 20 pM.
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The following examples were tested in enzyme assay Test (2)(i):

Ex No. Test (a)(1) Ex Neo. Test (a)(1) Ex No. Test (a)(i)

ICso (M) ICso (nM) 1Cso (UM)
1 4.65 17 9.39 33 0.154
2 0.236 18 1.12 34 0.573
3 0.234 19 0.181 35 0.478
4 0.442 20 1.65 3o 1.64
5 0.364 21 2.3 37 0.336
6 2.68 22 1.7 38 5.35
7 2.84 23 0.0377 39 0.192
8 1.78 24 0.303 40 0.588
9 0.8594 25 0.385 4] 0.117
10 26.4 26 1.38 42 0.335
11 3.58 27 1.17 43 0.88
12 4 28 0.626 44 0.366
13 1.58 29 0.351 45 0.119
14 0.836 30 0.897 46 0.932
15 9.55 31 0.99 47 0.512
16 2.47 32 0.437 43 0.108

In some cases, these values may represent the average of two or more measurements.

By way of comparison, the corresponding unsubstituted morpholine compound (R3 is
hydrogen) has the following data: Test (a) 2.007and 0.650 nM; Test (b) 131.992,11.134,
79939, 31,705, and 32.644 nM; Test (¢) 16.170 uM,

The compounds of the presznt invention are advantageous in that they possess
pharmacological activity, In particular, the compounds of the prasent invention modulate (in
particular, inhibit) mTOR Linase and/or phosphatidylinositol-3-linase (PI3K) enzymes, such
as the Class Ia PI3K enzymes (e.z. PI3Kalpha, PI3Kbata and PI3Kdelta) and the Class Ib
PI3K enzyme (PI3Kgammsa). More particnlarly compounds of the present invention modulate
(in particular, inhibit) mTOR kinase, Mare particularly compounds of the present invention
modulate (in particular, inhibit) one or more PI3K enzyme. The inhibitory properties of

compounds of formula (I) may be denmonstrated vsing the test procedures set out herein and in
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the experimental section. Accordingly, the compounds of formula (I) may be used in the
treatment (therapeutiz or prophylactic) of conditions/diseases in human and non-human
animals which are mediated by mTOR Linase and/or one or more PI3K enzyme(s), and in
particular by mTOR kinase.

The invention also provides a phanmaceutical composition comprising a compound of
formula (1), or a pharmaceutically acceptable sali thereof, as defined hergin in association
with a pharmaceutically acceptable dilnent or carrier.

The compositions of the invention may be in a form suitable for oral use (for example
as tablets, lozenges, hard or soft capsules, aqueons or oily suspensions, emulsions, dispersible
powders or granules, syrups or elixirs), for topical use (for example as creams, ointments,
gels, or aqueous or vily solutions or suspensions), for administration by inhalation (for
example as a finely divided powder or a liquid aerosol), for administration by insufflation (for
examplz as a finely divided powder) or for parenteral administration (for exaniple as a sterile
aqueous or oily solution for intravenous, subcutaneous, intraperitoneal or intranuscular
dosing or as a suppository for rectal dosing).

The compositions of the invention may be obtainzd by conventional procedures nsing
conventional pharmacentical excipients, well kivown in the art. Thas, compositions intended
for oral use may contain, for esample, one or maore colonring, sweetening, flavouring and/or
preservative agents.

The amount of active ingrediznt that is combined with one or more excipients to
produce a single dosage form will necessarily vary depending upon the host treated and the
particular route of administration. For examiple, a fornmlation intended for oral
administration to humans will generally contain, for example, from 1 mg o 1 g of 'mtlve
agent (more svitably from 1 to 250 mg, for exaniplz from 1 to 100 mg) compounded with an
appropriate and convenient amount of excipients which may vary from about 5 (o about 98
percent by weight of the total composition.

The size of the dase for therapautic or prophylactic purposes of a compound of
formmla I will naturally vary according to the nature and severity of the disease state, the age
and sex of the animal or patiznt and the route of administration, according to well known
principles of medicine.

In using a compound of formula (1) for therapeutic or prophylactic purposes it will

generally be administered so that a daily dose in the range, for example, 1 mg/z to 100
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mg/kg body weight is received, given if required in divided doses. In general, lower doses

will be administered when a parenteral route is employed. Thus, for example, for infravenous
administration, a dose in the range, for example, 1 mg/kg to 25 mg/liz bady weight will
generally be used. Similatly, for administration by inhalation, a dose in the range, for
example, 1 mg/kz 1o 25 mg/lkg body weight will be used. Typically, unit dosage forms will
contain about 10 mg to 0.5 g of a compound of this invention.

As stated herein, it is known that mTOR linase and the PI3K enzymes have roles in
turmourigenesis as well as numerous other diseases. We have found that the compounds of
formula (I) possess potent anti-tumour activity whicl it is believed i3 obtained by way of
inhibition of mTOR kinase and/or ong or more of the PI3K enzymes.

Accordingly, the compounds of the present invention are of value as anti-tumonr
agents. Particularly, the compounds of the present invention are of value as anti-proliferative,
apoptotic and/or anti-invasive agents in the containment and/or treatment of solid and/or
liquid tumour disease. Particularly, the compounds of the present invention are expected 10
be useful in the preveniion or treatment of those tumowrs which are sensitive to inhibition of
mTOPR. and/or one or mors of the PI3K enzymss such as the Class Ia PI3K enzymes and the
Class Ib PI3K enzyme, Further, the compounds of the present invention are éxpected to be
useful in the prevention or reatment of those turnours which are mediated alone or in part by
mTOPR. and/or one or more of the PI3K enzymes such as the Class Ia PI3K enzymes and the

Class Ib PI3K enzyme. The compounds may thus be used to produce an mTOR. enzyme
inhibitory effect in a wan-blooded animal in need of such treatment. Certain compounds
may be used to produce an PI3K enzyme inhibitory effect in 2 warm-blooded animal in nee
of such treatment.

As stated herein, inhibitors of mTOR. kinase and/or one or more PI3K enzymes should
be of therapeutic value for the treatment of proliferative disease such as cancer and in
particular solid tumours such a3 carcinoma and sarcomas and the leukaemias and lymphaotd
malignancizs and in particular for ireatment of, for exampls, cancer of the breast, colorzctum,
lung (including small cell lung cancer, non-small cell lung cancer and bronchioalveolar
cancer) and prostate, and of caucer of the bile duct, bone, bladder, head and neck, lidney,
liver, gastrointesiinal tissue, nesophagus, ovary, pancreas, skin, testes, thyroid, uterus, cervix
and vulva, and of leukacmiias [including acute Lyniphoctic leukaemia (ALL) and chronic

myelogenous leulaemia (CML)], multiple myeloma and lymphomas.
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According to a further aspect of the invention there is provided a compaound of
formula (I), or a pharmaceutically acceptable salt thereof, as defined herein for use as a
medicament in a warm-blooded animal such as mar.

According to a further aspect of the invention, there is provided a compound of
formula (I), or a pharmaceutizally acceptable salt thereof, as dzfined herein for use in the
production of an anti-proliferative effect in a warm-blooded animal such as man,

According to a further aspect of the invention, there is provided a compound of
formula (I), or a pharmacentically acceptable salt thereof, as defined herein for use in the
production of an apoptotic effect in a warm-blooded animal such as man.

According to a further feature of the invention there is provided a compound of
formula (1), or a phanmaceutically acceptable salt thereaf, as defined herein for use in a warm-
blooded animal such as man as an anti-invasive agent in the containment and/or treatment of
proliferative disease such as cancer.

According (o a further aspect of the invention, there is provided the use of a compaound
of formula (1), or a pharmaceutically acceptable salt thereof, as defined herein for the
production of an anti-proliferative effect in a warm-bloodad animal such as man.

Avccording to a frther feature of this aspect of the invention there is provided the use
of a compound of formula (I), or a pharmaceutically acceptable salt thereaf, as defined herein
in the manufacture of a medicament for use iu the production of an anti-proliferative effect in
a warm-blooded animal such as man.

According to a further agpect of the invention, ihere is provided the vse of a compaound
of formula (1), or a pharmaceutically acceptable salt thereof, as defined herein for the
production of an apoptotic effect in a warm-blooded animal such as man.

According 1o a further feature of this aspect of the invention there is provided the use
of a compound of formula (T), or a pharmaceutically acceptable salt thereof, as defined herein
in the manufacture of a medicament for use in the production of an apoptatic effect in a
warni-blooded animal such as man.

According o a further feature of the invention there is provided the use of a conmpound
of formula (1), or a pharmaceutically acceptable salt thereof, as defined herein in the
marnufacture of 2 medicament for use in a warm-blooded animal such as man as an anti-

such as cancer.
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invasive agent in the contaimment and/or treatment of proliferative disca
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According (o a further feaiure of this aspect of the invention there is provided a
method for producing an anti-proliferative effect in a warm-blooded animal, such as man, in
need of such treatment which comprises administering to said animal an effective amount of a
compound of formula (I), or a pharmaceutically acceptable salt thereof, as defined herein.

According to a further feature of this aspect of the invention there is provided a
method for producing an anti-invasive effect by the containment and/or treatment of solid
tumour disease in a warm-blooded animal, such as man, in need of such treatment which
comprises adminisiering to said animal an effective amount of a compound of formula (I), or
a pharmaceutically acceptable salt thereof, as defined herein.

According to a further aspect of the irvention there is provided the use of a compound
of formula (1), or a pharmaceutically acceptable salt thereof, as defined herein in the
manufacture of a medicament for use in the prevention or treatment of proliferative disease
such as cancer in a warm-blooded animal such as man.

According to a further feature of this aspect of the invention there is provided a
method for the prevention or treatment of proliferative discase such as cancer in a
warm-blooded animal, such as man, in need of such treatment which comprises administering
to said animal an effective amount of a compound of fornla (T), or a pharmaceutically
acceptable salt thereof, as defined herein.

According (o a further aspect of the invention there is provided a compound of
formula (1), or a pharmaceutically acceptablé salt thereof, as defined herein for use in the
prevention or treatment of those tumowrs which ars sensitive to inhibition of mTOR kinase
and/or one or more PI3K enzymes (such a3 the Class Ta enzymes and/or the Class Ib PI3K
enzyme) that are involved in the signal transduction steps which lead to the proliferation,
survival, invasiveness and migratory ability of tumour cells.

According (o a further feature of this aspect of the invention there is provided the use
of a compound of fornmla (1), or a pharmaceutically acceptable salt thereof, as defined herein
in the manufacture of a medicarment for use in the prevention or treatment of those timours
which are sensitive to inhibition of mTOR Linase and/or one or more PI3K enzymes (such as
the Class Ia enzymes and/or the Class Ib PI3K enzyme) that ave involved in the signal
transduction steps which lead o the proliferation, survival, invasiveness and migratory ability

of tumour cells.
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According (o a further feature of this aspect of the invention theré is pravided a
method for the prevention or treatment of those tumowrs which are sensitive to inhibition of
mTOR. kinase and/or one or more PI3K enzymes (such as the Class Ta enzymes and/or the
Class Ib PI3K enzyme) that are involved in the signal transduction steps which lead to the
proliferation, survival, invasiveness and migratory ability of tumowr cells which comprises
administering (o said animal an effective amount of a compound of formula (1), or a
pharmaceutically acceptable salt thereof, as Jefined herein,

According o a further aspect of the invention thers is provided a compound of
formula (I), or a pharmaceutically ac ewmblc salt thereof, a3 defined harein for use in
providing a mTOR Linase inhibitory effect and/or a PI3K enzyme inhibitory effect (such as a
Class Ia PI3K enzyme or Class Ib PI3K enzyme inhibitory effect).

According (o a further feaiure of this aspect of the invention there is provided the use
of a compound of fommula (1), or a pharmaceutically acceptable salt thereof, as Jefined herein
in the manufacture of a medicament for use in providing a mTOR kinase inhibitory effect
and/or a PI3K enzyme inhibitory effect (such as a Class Ia PI3K enzyme or Class Ib PI3K
enzyme inhibitory effect).

According (o a further aspect of ihe invention there is also provided a mathod for
providing a mTOR kinase inhibitory effect and/or a PI3K enzyme inhibitory effect (such as a
Class Ia PI3K enzyme or Class Ib PI3K enzyme inhibitory effect) which comprises
administering an effective amount of a compound of formula I, or a pharmaceutically
acceptable salf thereof, as defined herein.

According to a further feature of the invention there is provided a compound of
formula I, or a pharmaceutically acceptable salt theveof, as defined herein for use in the
treatment of cancer, inflammatory Jiseases, abstructive airways diseases, inimunz diseases or
cardiovascular diseases.

According to a further feature of the invention there is provided a compound of
formula 1, or a pharmaceutically acceptable salt therenf, as Jd2fined herein for vse in the
treatment of solid twmours such as carcinoma and sarcomas and the lenkaemias and lymphoid
malignancies.

Aceording (o a further feature of the invention there is provided a compaound of

formula I, or a pharmaceutically acceptable salt thereof, as defined herein for use in the
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treatment of cancer of the breast, colorectum, lung (including smaall cell lung cancer, non-
small cell lung cancer and bronchivalveolar cancer) and prostate,

According to a finther feature of the inventiom there i3 provided a compound of
formula (I), or a pharmaceutically acceptable salt thereof, as defined herein for use in the
treatment of cancer of the bile duct, bonz, bladder, head and neck, lidney, liver,
gastrointestinal tissue, vesophagus, ovary, pancreas, skin, testes, thyroid, uterus, cervix and
vulva, and of lenlaemias (including ALL and CML), multiple myeloma and lymphomas.

According (o a further feature of the invention there is provided the use of a compound
of formula (1), or a pharmaceutically acceptable salt thereof, as defined herein in the
manufacture of a medicament for use i the treatment of cancer, inflammatory diszases,
obstructive airways Jiseazes, immune diseases or cardiovascular diseases.

According (o a further feature of the invention there is provided the use of a compaound
of formula (1), or a pharmaceutically acceptable salt thereof, as defined herein in the
manufacture of a madicament for use in the treatment of of solid tumaurs such as carcinoma
and sarcomas and thz leukaemias and lymphoid malignaneies.

According to a further fzature of the invention there is provided the use of a compound
of formula (I), or a pharmaceutically acceptabile salt thereof, as Jefined herein in the
mamfacture of a medicament for use in the treatment of cancer of the breast, colorectum,
lung (including small cell lung cancer, non-small cell lung cancer and bronchioalvealar
cancer) and prostate.

Acecording (o a further feature of the nvention there is provided the use of a compound
of formula (I), or a pharmacentically acceptable salt thereof, ag defined herein in the
manufacture of a medicament for use in the treatment of cancer of the bile duct, bone,
bladder, head and necl:, Lidney, liver, gastrointestinal tissue, oesophagus, ovary, pancreas,
skin, testes, thyroid, uterus, cervix and vulva, and of leulzaemias (including ALL and CML),
multiple myeloma and lymphomas.

According to a further feature of the invention there is provided a method for treating
cancer, inflammatory diseases, obstructive airways diseases, immune disgases or
cardiovascular diseases in a warm blooded animal such as man that is in nead of such
treatment which comprises administering an effective amount of a compound of formula (I),

or a pharmaceutically acceptable salt thereof, as defined herein,
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According to a further feature of the invention there is provided a method for treating
solid tumours such as carcinoma and sarcomas and the leukaemias and lympheoid
malignancies in a warm blaoded animal such as man that is in need of such treatment which
comprises administering an effective amount of a compound of formula (I), or a
pharmaceutically acceptable salt therzof, as defined herein.

According to a further feature of the invention there is provided a method for trzating
cancer of the breast, colarectum, lung (including small cell lung cancar, non-small cell lung
cancer and bronchisalveslar cancer) and prostate in a warm blooded animal such a3 man that
is in need of such treatment which comprises administering an effective amount of a
compound of formula (T), or a pharmaceutically acceptable salt thereof, as defined herein.

According to a further feature of the invention there is provided a method for treating
cancer of the bile duct, bome, bladder, head and neck, kiduey, liver, gastrointestinal tissue,
oesophagus, avary, pancreas, skin, testes, thyroid, uterns, cervix and vulva, and of leukazmias
(inzluding ALL and CML), multipls myeloma and lymphomas in a warm blooded animal
such as man that is in need of such treatment which comprises administering an effective
amount of a compound of formula (T), or a pharmaczutically acceptable salt thereof, as
defined herein.

As stated herein, the in vivo effecis of a compound of formula (T) may be exerted in
part by one or more metabolites that are formed within the human or animal body after
administration of a compound of formmula (I).

The invention further relates to combination therapies wherein a compound of
formula (I), or a pharmaceutically acceptable zalt thereof, or a pharmaceutical composition or
fornulation comprising a compound of formula (1) is administered concurrently or
sequentially or as a combined preparation with another treatment 5f use in the control of
oncology disease.

In particular, ihe treatment defined herein may be applied as a sole therapy or may
involve, in addition to the compounds of the invention, conventional surgery or radiotherapy
or chemotherapy. Accordingly, the compounds of the invention can also be used in
combination with existing therapeutic agents for the treatinent of cancer.

Suitable agents (o be used in combination include :-

(1) antiproliferative/antineoplastic drugs and combinations thereof, as used in medical

oneology such as allrylating agents (for example cis-platin, carboplatin, cyclophosphamide,



A )

10

15

-

30

WO 2009/007751 PCT/GB2008/050549

-76-
nitrogen mustard, melphalan, chlorambucil, busulphan and nitrosoureas); antimetabolites (for
example antifolates such as fluoropyrimidines like 5-fluorouracil and tegafur, raltitrexed,
methotrexate, cytosing arabinoside, hydroxyurea and gemeitabinz); antitumour antibiotics (for
example anthracyclines lilez adriamyein, bleomycin, doxorubicin, daunomycin, epirubicin,
idarubicin, mitomycin-C, dactinomycin and mithramyecin); antimitotic agents (for example
vinca alkaloids lile vincristine, vinblaztine, vindesine and vinorelbine and taxoids like
paclitaxel and taxotera); and topoisomerase inhibitors (for example epipoadophyllotoxins like
etoposide and (eniposide, amsacring, topotecan and camptothecins);
(i)  cyiostatic agents such as antivestrogens (for example tamoxifen, toremifene,
raloxifene, droloxifane and iodoxyfene), oestrogen receptor down regulators (for example
fulvestrant), antiandrogens (for example bicalutamide, flutamide, nilutamide and cyproterons
acetate), LHRH antagonists or LHRH agonists (for example goserelin, leuprorelin and
buserelin), progestogens (for example megestrol acetate), aromatase inhibitors (for example
as anastrozole, leirozole, vorazole and exemestane) and inhibitors of Sc-reductase such as
finasteride;
(i)  anii-invasion agents (for example ¢-Src Linase family inhibitors lile 4-(6-chlaro-
2,3-methylenadioxyaniling)-7-[2-(4-methylpiperazin-1-yl)ethoxy]-5-tetrahydropyran-
4-yloxyquinazoling (AZD0530; International Patent Application WO 01/94341) and
N-Q2-cliloro-6-methylphenyl)-2- {6-[4-(2-hydroxyethyDpiperazin-1-yl]-2-methylpyrimidin-

4-ylamino} thiazole-5-carboxamide (dasatinib, BMS-354325; . Med. Cheni., 2004, 47, 6658-

6661), and metalloproteinase inhibitors lilke marimastat and inhibitors of urokinase
plasminogen activator receptor function);

(iv)  inhibitors of growth factor function: for example such inhibitars include growth factor
antibodies and growth factor recepior antibodies (for example the anti-erbB2 antibody
trastnzumab [Herceptin™] and the anti-erbB1 aniibody cetuximab [C225]); such inhibitors
also include, for example, tyrosine kinase inhibitors, for examplz inhibitors of the epidermal
growth factor family (for examiple EGFR family tyrosine kinase inhibitors such as
N-(3-chloro-4-fluorophenyl)-7-methoxy-6-3-morpholinopropoxy)quinazolin-4-amine
(gefitinib, ZD1839), N-(3-ethynylphenyl)-6,7-his(2-methoxyethaxy)quinazolin-4-amine
(erlotinib, OS1-774) and G-acrylamido-N-(3-chiloro-4-fluorophenyl)-7-(3-
morphelinopropoxy)quinazolin-4-amina (CI 1033) and erbB2 tyrosine Linase inhibitors such

as lapatinib), inhibitors of the hepatocyte growth factor family, inhibitors of the platelet-
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derived growth factor family such as imatinib, inhibitors of serine/threonine linases (for
example Ras/Raf signalling inhibitors such as famesyl ransferase inhibitors, for example
soralenib (BAY 43-9006)) and inhibitors of cell signalling through MEK and/or Akt kinases;
(v)  antiangiogenic agents such as those which inhibit the effects of vascular endothelial
growth factor, [for example the anti-vascular endothelial cell growth factor antibady
bevacizumah (Avastin™) and VEGF receptor tyrosine kinase inhibitors such as 4-(4-bromo-
2-fluoroauiline)-6-methoxy-7-(1-methylpiperidin-4-ylmethoxy)quinazoline (ZD6474,
Zxample 2 within WO 01/32651), 4-(d-fluoro-2-methylindol-3-yloxy)-6-methoxy-7-(3-
pyrralidin-1-ylpropoxy)quinazoline (AZD2171; Example 240 within WO 00/47212),
vatalanib (PTR787; W 98/35985) and SU11248 (suniiinib; W 01/60814), and compaunds
that worl: by other mechanisms (for example linomide, inhibitors of integrin wvf3 function
and angiostatin)];
(vi)  vascular damaging agents such as combretastatin A4 and compounds disclosed in
International Patent Applications WO 99/02166, WO 00/4032%, WO 00/41669, WO
01/92224, WO 02/04434 and WO 02/08213;
(vii) antisense therapies, for example those which are directed to the targets listed above,
such as ISIS 2503, an anti-ras antisense agent;
(viii) gene therapy approaches, including approaches to replace aberrant genes such as
aberrant p53 or aberrant BRCA1 or BRCA2, GDEPT (géne-directed enzyme pro-dirug
therapy) approaches such as those using eytosine deaminase, thymidine kinase or a bacterial
nitroreductase enzyme and approaches to increase patient olerance to chemotherapy or
radiotherapy such as multi-drug resistance gene therapy; and
(ix)  immunotherapeutic approaches, including ex-vive and in-vive approaches to increase
the immunogenicity of patient tumour cells, such as transfection with cytokines such as
interleulzin 2, interleukin 4 or granulocyte-macrophage colony stimulating factor, approaches
to decrease T-cell anergy, approaches using transfected immune cells such as
cytoline-tranalected dendritic cells, approaches using cytokine-transfected tumour cell lines
and approaches using anti-idiotypic antibodies.

The invention will now ba furiher explained by reference o the following illustrative
examples.

Unless stated othizrwise, starting materials were commenrcially available, All solvents

and commercial reagents were of laboratory grade and were used as received.

PRy
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In the exanples 'H NMR spectra were recorded on a Bruker DPX 300 (300 MHz),
Bruker DRX 400 (400 MHz) insiument or a Bruker DRX 300 (500 MHz) instrumént. The
central peaks of chloroform-d 3y 7.27 ppmy, dimethylsulfoxide-ds (i 2.30 ppm) or acetone-
d; (5 2.05 ppm) were used as internal references. The following abbreviations have been
used: s, singlet; d, doublet; t, triplet; q, quartet; m, multiplet; br, broad.

Column chromatography was carried out using silica gel (0.04-0.063 mm, Merck). In
general, a Kromasil KR-100-3-C13 reversed-phase columu (250 x 20 mim, Akzo Nobel) was
used for preparative HPLC with mixtures of acetonitiile and water [containing 0.1%
trifluorvacetic acid (TFA)] used as the eluent at a flow rate of 10 mL/min.

The following methods were used for liguid chromatography (LC) / mass spectral (MS)

analysis :-

HPLC: Agilent 1100 or Waters Alliance HT (2790 & 2795)
Mass Spectrometer:  Waters ZQ ESCi
HPLC Column

The standard HPLC coluni used i3 the Phemonenex Gemini C18 Spm, 50 x 2 mm,
Acidic HPL.C Methods
The mabile phases used are: Mobile phase A: Water
Mohile Phase B: Acetonitrile
Mobile Phase C: 1% Formic Acid in 50:50 Water:MeCN (v/v)

Each method is followed by a rapid equilibration using a 5 mL flow rate for 0.45 mun,

Four generic HPLC methods are available:

5 Minute Monitor Acidic method

Time | Mobile Phase Mobile Phase Mabile Phase Curve Flow

/min | A: B: C: Rate
/mL/min

0.00 |95 0 5 1 1.1

4 0 95 5 6 1.1

4.5 0 95 b 6 1.1
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Time | Mabile Phase Mabile Phase Mobile Phase Curve Flow
/min | A: B: C: Rate
/mL/min
0.00 a5 0 5 1 1.1
4 57.5 37.5 5 6 1.1
4.5 57.5 37.5 5 6 1.1
Mid Acidic method for middle eluting compounds
Time | Mobile Phase Mabile Phase Mobile Phase Curve Flow
/min | A: B: C: Rate
/mL/min
0.00 |95 0 5 1 1.1
0.01 67.5 27.5 5 6 1.1
4.5 27.5 67.5 5 6 1.1
s Late Acidic method for late eluting compounds
Time | Mobile Phase Mobile Phase Maibile Phase Curve Flow
/min | A: B: C: Rate
/mL/min
0.00 95 0 5 1 1.1
0.01 27.5 67.5 5 6 1.1
4.5 5 95 5 6 1.1
Basic HPLC methods
In some instances the standard acidic methods may be unsuitable for sither the compound

10 ionisation or the clwromatograply separation required. Tn such cases four comparable Basic
HPLC methods are available.
The mobile phases used are: Mobile phase A: Water

Mobile Phase B: Acetonitrile



WO 2009/007751 PCT/GB2008/050549

-80-

Mobile Phase D: 0.1% 880 Ammemia inn acetonitrile

Each methad is followed by a rapid equilibration using a § mL flow rate for 0.45 min.

Minute Monitor Basic method

Time | Mabile Phase Mubile Phase Maobile Phasa Cwrve Flow

/min | A: B: D: Rate
/mL/min

0.00 95 0 5 1 1.1

4 0 95 5 6 1.1

4.5 0 95 5 6 1.1

Early Basic method for early eluting compounds

Time | Mobile Phase Mobile Phase | Mobile Phase Curve Flow

/min | A: B: D: Rate
/mL/min

0.00 95 0 5 1 1.1

4 57.5 37.5 5 6 1.1

4.5 57.5 37.5 5 6 1.1

Mid Basic method for middle eluting compounds

Time | Mobile Phase Mabile Phase Mabile Phase Curve Flow

/min | A: B: D: Rate
/mL/min

0.00 95 0 5 1 1.1

0.01 67.5 27.5 5 6 1.1

4.5 27.5 67.5 5 6 1.1
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Late Basic method for late eluting compounds

wy

N
o

Time | Mobile Phase Mobile Phase Muisbile Phase Curve Flow

/min | A: B: C: Rate
/mL/min

0.00 95 0 5 1 1.1

0.01 27.5 67.5 5 6 1.1

4.5 5 95 5 6 1.1

The following method was used for liquid clwomatography (LC) / mass spectral (MS)
analysis :- Instrument: Agilent 1100; Column: Waters ‘Symmetry’ 2.1 = 30 mm; Mass
Spectral analysis using chermical ionisation (APCT); Flow ratz: 0.7 mL/min; Absorption
Wavelength: 254 wiri; Solvent A: water + 0.1% TFA; Solvent B: acetonitrile -- 0.1% TFA ;
Solvent Gradient: 15-95% Solvent B for 2.7 minuies fllowed by 95% Solvent B for 0.3
minutes.

The following methods were used for LC analysis :-

Methad A :- Instrument: Agilent 1100; Column: Kramasil C18 reversed-phase silica,
100 % 3 mum, Spm particle size; Solvent A: 0.1% TFA/water, Solvent B: 0.08%
TFA/acetonilrile; Flow Rate: 1 mL/min; Solvent Gradient: 10-100% Solvent B for 20 minutes
followed by 100% Solvent B for | minute; Absorption Wavelengths: 220, 254 and 280 nm.
In general, the retention time of the product was noted.

Method B :- Instrument: Agilent 1100; Column: Waters ‘Xterra® CS8 reversed-phase
silica, 100 x 3 mm, 5pm particle size; Solvent A: 0.015M armmonia in water, Solvent B:
acetonitrile; Flow Rate: 1 ml/min, Solvent Gradient: 10-100% Solvent B for 20 minutes
followed by 100% Solvent B for | minute; Absorption Wavelength: 220, 254 and 280 am. In
general, the retention time of the produst was noted.

The following abbreviations are used herein or within the following illustrative

examples :-

HPLC  High Performance Liquid Chromatography

HBTU  Q-(benzotriazol-1-yD)-NNN' N'-tetramethyluroninm hexafluorophosphate;

HATU  O-(7-azabenzotriazol-1-y1)-N,N,N', N -tetrametlyluronium hexafluorophosphate;
s HORT  1-hydroxybenzotriazole;
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HOAT  1-hydroxy-7-azabenzotriazole;
NMP N-methylpyrrolidin-2-one;
DMSO  dimethylsulfoxide;

DMF N,N-dimethylformamide;
DMA  N,N-dimethylacetamide;

THF tetrahydrofuran;

DME 1,2-dimethoxyethane;

DCCI  dicyclohexylcarbodiimide;
MeOH  methanol;

MeCN  acetonitrile;

DCM dichloromethane;

DIPEA  N,N-diisopropylethylamine
DBU 1,8-diazabicyclo[5.4.0Jundec-7-ene;

RT room temperature (approximately 17 to 25°C);
tR retention time;
nyz mass/charge ratio.

The chemical names were generated by sofiware which used the Lexichem Toolkit (v.
1.40) from OpenEye Scientific Sofiware (www.eyesopen.com) to generate IUTPAC

conforming names.

rimidin-2-vl}-4-methoxy-

benzamide

0O N
AL A
N° 'N° N
\O H (0]

4,6-Bis[(35)-3-methylmorpholin-4-ylpyrimidin-2-amine (150 mg) was dissolved in pyridine
(5 mL) and 4-methoxybenzoyl chloride (96 mg) added. The reaction was heated to 90°C for 1
hour. Further 4-methoxybenzoyl chlaride (96 mg) was added and the reaction heated at 90°C
for a further 3 hours, The reaction was allowed to cool, evaporated to.dryness then dissolved

in methanol. The material was passed down a SCX-2 colunu and eluted with 7N anumonia in
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methanol. The fractions were concentrated in vacuws and chromatographed on silica, eluting
with 2.5% methanol in DCM, 1o give the desired compound (107 mg) as a pale blue salid.
NME Spectrum: 'H NMR (400.13 MHz, DMSO-d;) 5 1.11 - 1.15 (6H, n1), 3.01 - 3.08 (2H,
m), 3.40 (2H, q), 3.54 - 3.37 (2H, m), 3.68 (2H, d), 3.84 (3H, 5), 3.87 - 3.91 (2H, m), 3.93
(1H, 353, 3.96 (1H, s), 4.35 (2H, 1), 5.57 (1H, 5), 6.98 - 7.02 (2H, my, 7.86 - 7.88 (2H, m), 9.79
(1H, s)

Mass Spectrum; M-H" 428,

The preparation of 4,6-bis[(38)-3-methylmorpholin-4-yl]pyrimidin-2-amine is described

below.

4.6-Bis[(38)-3-mathylmorpholin-4-ylpyrimidin-2-aming

@
N7

j AN
N7 INTNTYN
\\\“‘J\/O

2-Amino-4,6-dichloropyrimidine (3.28 g) and (35)-3-methylmorpholine (4.44 z) were

dissolved in NMP (15 mL) under nitrogen. Calzium carbonaie powder (4.4 2) was added and
the stimred mixture heated to 200°C for 2.5 hours, The mixture was allowed to cool and
partitioned between ethyl acetate and a saturated aqueous solution of sodium hydrogen
carbionate, Solid residue was removed by filtration and the phases separated. The aqueans
phase was washed with ethyl acetate and then the organics combined, washed with 10%%
aqueous brine (1 x 30 mLj, 50% brine (1 x 30 mL) and brine (2 ¥ 30 mL), dried MgS0y) and
concentrated in vacuwo. The residue was cluomatographed on silica, elating with 0 - 2%
isopropanol in DCM (with a few drops of triethylaming added), to give the desired compound
as a colourless oil (2.76 g).

NME Spectrunt: 'H NME (400,13 MHz, CDCL) 5 1.22 - 1.2§ (6H, d), 3.12 = 3.19 (2H, m),

5 3.51 =357 (2H, m), 3.67 - 3.75 (4H, m), 3.31 — 3.85 (2H, m), 3.92 - 3.96 (2H, m), 4.26 (ZH,

Q), 4.46 (2H, br.s), 5.03 (1H, 5)
Mass Spectrum; M+H" 295
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2,6-Fis[(35)-3-methylmorpholin-4-yl]pyrimidin-2-amine)(120 mg) was dissolved in pyridine

(5 mL) and 4-methoxy-3-(trifluromethyl)benzoyl chloride (196 mgz) added. The reaction was

(%]

heated at @0°C for 2 hours then the reaction allowed o sool and concentrated in vacuo. The
residue was dissolved in methanol, passed down a SCX-2 colunm and the dasired material
eluted with 7N ammonia in methanol. The fractions were concentrated in vacuo and the
residue purified by prep-HPLC (basiz) o give the Jesired compound (97 mg) as a white solid.

10 NMP Spectrum: 'H NMR (400.13 MHz, DMSO-d;g) & 1.1S - 1.20 (6H, ), 3.07 - 3.10 (1H,
m), 3.11 - 3.14 (1H, m), 3.40 (1H, d), 3.43 (1H, ), 3.55 - 3.61 (1H, m), 3.38 - 3.62 (1H, m),
3.68-3.74 (2H, m), 3.87 - 3.95 CQH, m), 3.94 (1H, d), 3.99 (3H, 5), 421 - 422 (1H, m), 425 -
4,23 (1H, m), 4.62 - 4.64 (1H, m), 6.93 (1H, s), 7.39 (1H, d), 3.24 (2H, d), 10.258 (1H, s)

Mass Spectrum; M-+H" 496,

15
The following conpounds were made in an analogous fashion {rom 4,6-bis[(35)-3-
methylmaorpholin-4-yl]pyrimidin-2-amine or 2,6-bis[(3.5)-3-methy lmorpholin-4-yl]pyrimidin-

2-amine and the appropriate acid chloride.

Example Structure NAME LCMS
MH+
3 J:U] IN-[2,6-Bis[(35)-3-methylmorphiolin-4-f 428
| o BN yl]pyrimidin-4-y1]-3-methoxy-
P
N PR @) benzamide
4 -0 -[4,6-Bis[(38)-3-methylmorpholin-4-| 496
J\ ] ) Y
1 yl]pyrimidin-2-yl]-4-methoxy-3-
F (o] NIJ\\ L
PN ARy 1 |(rifluoromethyl)benzamide
~o I = H (o]
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Example Structure NAME LCMS
MH+
5 o ) IN-[4,6-Bis[(3S)-3-methylmonpholin-4- 428
.

. )‘\1 ! yl]pyrinidin-2-yl}-3-methoxy-
(SN Y benzamide
A H o

Example 3: 'H NMR. (400.13 MHz, DMSO-d;) 5 1.19 (6H, ), 3.06 - 3.15 2H, m), 3.36 -
3.40 (1H, m), 3.42 - 3.47 (1H, m), 3.53 - 3.62 (2H, m), 3.67 - 3.74 (2I1, m), 3.35 3H, 5), 3.90
- 3.96 (2H, m), 4.23 (1H, dj, 4.28 (1H, d), 4.61 - 4.63 (1H, m), 6.93 (11, 5), 7.15 - 7.18 (14,
m), 7.42 (1H, t), 7.50 (1H, t), 7.54 - 7.57 (1H, m), 10.06 (1H, s)

Example 4: 'H NME. (400.13 MHz, DMSO-dg) 5 1.13 - 1.14 (6H, m), 3.04 (1H, d), 3.07 (1H,
s), 3.37 (1H, 5), 3.40 (1H, d), 3.33 - 3.57 (2H, m), 3.67 (2H, d), 3.86 - 3.90 (2H, m), 3.92 -
3.95 (1H, m), 3.98 (4H, s), 4.34 2H, 1), 5.38 (1H, ), 7.35 (1H, d), S.11 (1H, d), 8.14 - 8.17
(1H, m), 10.15 (1H, s)

Example 5: 'H NMR. (400.13 MHz, DMSQ-dg) & 1.13 - 1,14 (6H, m), 3.01 - 2.07 (2H, m),
3.37-3.42 (2H, m), 3.53 - 3.57 CH, m), 3.6% (2H, d), 3.82 (3H, 3), 3.87 - 3.90 (2H, m), 3.92
(1H, s), 4.34 2H, 1), 5.538 (1H, 3), 7.0 - 7.12 (1H, m), 7.37 (1H, d), 7.40 - 7.43 (1H, m), 7.39
-7.45 (1H, m), 9.95 (1H, s)

The preparation of 4,6-bis[(38)-3-methylmorpholin-4-yl]pyrimidin-2-amine was described
earlier, the preparation of 2,6-bis[(35)-3-methylmorphalin-4-yl]pyrimidin-2-amine is
described below.

2.6-Bis[(3)-3-methylimorpholin-4-ylIpyrimidin-4-amiiie

A mixiure of 4-amine-2,6-dichloropyrimidine (4.33 g), (35)-3-meihylmorphaline (6.00 g) and
calcium carbonate (5.81 2) iu NMP (15 mL) was heated at 170-1S0°C for 3.5 howrs under
nitrogen with a water-cooled condenser fitted to the flasl:, The mixture was allowed to cool

and partitioned between zthyl acslate and a saturated aquenus solution of sodium hydrogen
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carbomate. Solid residue was removed by filfration and the phases separated. The aqueous
phase was washed with ethyl acetate and then the organics combined, washed with 20%
aquecus brine (1 x 50 mL), 50% brive (1 x 50 mL) and brine (2 x 30 mL), dried (MzSQy) and
concenirated in vacwo. The residue was cliromatographed on silica, eluting with 0 - 2.4%
isopropanol in DCM (with a faw drops of triethylamine added), to give the desired compound
as a light brown gum (4.5 g).

NMME Spectrum: 'H NMR (400.13 MHz, CDCl5) 5 1.23 - 1.25 (6H, m), 3.13 - 3.21 (2H, m),
3.48 - 3.58 (2H, m), 3.65 - 3.75 (4H, m), 3.86 - 3.96 (3H, m), 4.14 - 4.17 (1H, m), 4.23 - 4.30
(3H, m), 4.59 - 4.64 (1H, m), 5.03 (1H, s)

Mass Spectrum; M-+ 295

Example 6: N-]4.6-Bis][{3.5)-. ) 0y i rimidin- -6-methoxy-

pyridine-3-carhoxamide

2-Methoxy-S-pyrdinecarboxylic acid (180 mg) was dissolved in DMA (2 mL) and DIPEA
(0.216 L) and HATU (350 mg) were added o the solution. The reaction was allowed (o stir
at room temperatwre for 10 minutes then 4,6-bis[(3S)-3-methylmorpholin-4-yl]pyrimidin-2-
aminz (120 mg) added and the reaction stired for 18 hours at 40°C. The reaction was passed
down a SCX-2 column, washed with methanol and the desived material elutad with 7N
ammonia in methanol, The fractions were concenirated in vacue and the residue purified by
prep-HPLC (basic) to give the desired commpound (28 mg) as a pale red solid.

NMR Spectrum: "H NMP (400.13 MHz, DMSO-d;) & 1,10 - 1.14 (6H, m), 3.00 - 3.08 (2H,
m), 3.33 - 3.57 2H, m), 3.67 (2H, d), 3.86 - 3.87 (1H, m), 3.88 (1H, d), 3.90 (11, s), 3.93 -
3.93 (5H, m), 4.16 (1H, d), 4 33 2H, d), 5.57 (1H, s), 7.13 (IH, d), S.09 - $.12 (1H, m), 8.65 -

s 8.66 (1H, m), 10.05 (1H, s)

Mass Spectrun; M+H' 429,

O \
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The following compounds were made in an analogous fashion from 4,6-bis[(3S5)-3-

methylmorpholin-4-yl)pyrimidin-2-amineg or 2,6-bis[(35)-3-methylmorpholin-4-yl]pyrimidin-

2-amine and the appropriate carboxylic acid.

Example Structure NAME LCMS
MH+
7 £°] N-[2,6-Bis[(35)-3-methylmorpholin-| - 429
N\ 4-yl]pyrimidin-4-yl]-2-methoxy-
S 0 | . .
neTUNTNT TN Y ovridine-d-carbhoxa 3
Y ! pyridine-4-carboxamide
] J:OJ 6-Acetamido-N-[2,6-bis[(35)-3- 456
o NN methylmorpholin-4-yl]pyrimidin-4-
L - .
Ou lN\ o NK,O yllpyridine-3-carboxamide
9 XOJ IN-[2,6-Bis[(35)-3-methylmorpholin-| 428
. )\ 4-yl]pyrimidin-4-yl]-2-methoxy-
o0
(5w NKJ} benzamide
10 ):U] 2-Acetamido-N-[2,6-bis[(3.5)-3- 456
o tN imethylmorpholin-4-yl]pyrimidin-4-
R . .
I N"ﬂ‘ N 'v"L‘N‘l ! yl]pyridine-4-carboxamide
11 ):°~ N-[2,6-Bis[(35)-3-methylmorpholin-| 446
o N\N 4-yl|pyrimidin-4-yl]}-3-fluoro-4-
~ A :
- I J"u”” ol l‘ls: ! methoxy-benzamide
o0~
12 ,EO] IN-[4,6-Bis[(35)-3-methylmorpholin- 429
| . N\ 4-yl|pyrimidin-2-yl]-2-methoxy-
Oﬁhfju‘ulf*’ NJ\J) pyridine-4-carboxamide
13 ):UJ 6-Acetamido-N-[4,6-bis[(35)-3- 456
. N\ methylmeorpholin-4-yl]pyrimidin-2-
L s .
/ﬁ’w ‘[l/N ;l‘u‘fq' L \é yl]pyriding-3-carboxamide
M
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Example Structure NAME LCMS
MH+
14 J:O] IN-[4,6-Bis[(35)-3-methylmaorpholin-| 428
N e e qs -
oo N )\1 4-yl|pyrimidin-2-yl]-2-methoxy-
@,ﬂ e ‘NJW benzamide
| H Lo
15 J:OJ 2-Acetamido-N-[4,6-bis[(3.5)-3- 456
. 1 methylmorpholin-4-yljpyrimidin-2-
H
Wé’” Nu\j)kg’"‘lf‘ﬂ’ ) yl]pyridine-d-carboxamide
16 ,EO\ IN-[4,6-Bis[(35)-3-methylmorpholin-| 446
\ 4-yl]pyrimidin-2-yl]-3-fluoro-4-
O N
Py "“'Ll methoxy-benzaride
ol‘\,/,] H l_o Yy '
17 ,[“J IN-[2,6-Bis[(35)-3-methylmorpholin-] 532
N . . g
o f" 4-yl]pyrimidin-4-yl]-4-
ﬁjLNjiN AT ) (phenylearbamoylaming benzamide
H H
18 ,[‘3] IN-[4,6-Bi3[(35)-3-methylmorpholin-| 532
)11 4-yllpyrimidin-2-yl]-4-
i .f
(:LN JLN J ‘|)LH h ’f\J/\'O (phenylcarbamoylamino)benzamide

Example 7: 'H NMR (400.13 MHz, DMSO-dg) & 0.94 (3H, d), 1.24 (3H, d), 2

m), 2.96 (1H, d), 3.10 (1H, s), 3.13 - 3.21 (1H, m), 3.35-3.3
3.50 (1H, d), 3.57 - 3.60 (1H, my), 3.71 (1H, d), 3.90 (5H, s), 3.88
4.60 (1H, dj, 6.30 (1H, d), 7.02 - 7.03 (1H, o), 7.50 (1H, ), 8.25 -

S(1H, m), 3

57 -2.69 (1H,
39 -3.45 (1H, m),
3.96 (1H, m), 4.33 (1H, d),
S.26 (1H, m)

Example $: 'H NME. (400.13 MHz, DMSC-d,) 5 0.97 (3H, d), 1.24 (3H, ), 2.14 (3H, 3),
2.33-2.35(1H,m), 2.61 (1H, 5), 2.67 - 2.69 (1H, m), 2.96 (1H, d), 3.14 -
3.46 (1H, m), 3.50 (1H, d), 3.57 - 3.640 (1H, m), 3.71 (1H, d), 3.87 (1H, s), 3.88 - 3.92 (1H,
m), 4.32 (1H, d), 4.64 (1H, d), 7.88 - 7.91 (1H, m), 7.50 (1H, s), S.14 (1H, d), 8.40 (1H, d),

10.74 (1H, s)
Example 9: '"H NME (400.13 MHz, DMSO-dg) 5 1.17 - 1.21 (6H, m), 3.05 - 3.15 (QH, m),
3.36 - 3.48 (2H, m), 3.54 - 3.62 (2H, m), 3.67 - 3.74 (2H, m), 3.86 - 3.95 (3H, ), 4.00 3H,

3.19(2H, m), 3.39 -
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s), .17 - 4.21 (1H, m), 4.24 (1H, d), 4.34 (1H, d), 6.95 (1H, 5), 7.11 - 7.15 (1H, m), 7.25 (1H,
d), 7.56 - 7.61 (1H, m), 7.88 - 7.90 (1H, m), 10.08 (11, s)

Example 10: "H NMR (400.13 MHz, DMSO-d;) & 0.94 (3H, d), 1.24 (3H, d), 2.10 3H, 3),
2.64 (1H, d), 2.68 (1H, q), 2.94 - 3,01 (1H, m), 2.95 (1H, ), 3.09 (1H, d), 3.14 - 3.21 (3H,
m), 3.58 - 3.61 (1H, m), 3.71 (1H, d), 3.89 - 3.93 (2H, m), 4.33 (1H, ), 4.60 (11, d), 7.14 -
7.16 (1H, n1), 7.50 (1H, 5), §.17 (1H, 8), 8.39 - 8.40 (1H, m), 10.59 (1H, s)

Example 11: 'H NME. (400.13 MHz, DMSOQ-d;) & 0.98 (3H, d), 1.23 (3H, d), 2.34 (1H, 1),
2.33 - 2,57 (1H, m), 2.69 (IH, q), 2.71 (1H, 3), 2.94 (1H, ), 3.13 - 3.18 (1H, m), 3.15 - 3.13
(1H, m), 3.34 (1H, d), 3.42 (1H, d), 3.50 (1H, ), 3.57 - 3.60 (1H, m), 3.71 (1H, d), 3.91 (3H,
s), 4.29 (1H, d), 4.63 - 4.65 (1H, m), 7.23 (1H, t), 7.31 (1H, s), 7.33 (2H, d)

Example 12: '"H NMF. (400.13 MHz, DMSO-d;) 5 1.10 (6H, d), 2.97 - 3.04 (2H, m), 3.33 -
3.40 (2H, m), 3.50 - 3.33 (2H, m), 3.05 (2H, d), 3.84 - 3.55 2H, m), 3.87 - 3.90 (3, in), .24
(2H, 1), 5.55 (1H, 5), 7.08 (1H, 3), 7.22 - 7.24 (1H, m}, 8.24 - 8.26 (1H, m}, 10.24 (11, s)
Example 13: 'H NMR (400.13 MHz, DMSO-dg) & 1.10 - 1,14 (6H, m), 2.14 (3H, d), 3.00 -
3.08 (2H, m), 3.36 - 3.43 (2H, m), 3.33 - 3.56 2H, n1), 3.06 QH, ), 3.84 - 3.94 (5H, m), 4.33
(2H, d), 5.57 (1H, s), 8.12 (1H, d), 8.17 - 8.20 (1H, m), 10.10 (1H, s), 10.75 (1H, )

Example 14: "H NMR (400,13 MHz, DMSQ-dg) 5 1.0S (0H, dj, 2,95 - 2.99 (2H, n1), 3.34 -
3.38 (1H, my, 3.48 - 3.51 (2H, m), 3.63 (2H, d), 3.76 (1H, 5), 3.79 - 3.82 (6H, m), 3.34 (1H,
d), 3.86 (1H, s), 4.15 - 4.17 (2H, m), 5.49 (1H, ), 7.01 - 7.05 (1H, m), 7.09 - 7.11 (1H, m),
7.43 (1, d), 9.87 (1H, s)

Example 15: '"H NMR (400,13 MHz, DMSO-dg) 5 1.08 - 1.13 (6H, m), 2.11 - 2.12 (3H, m),
2.99-3.03 (2H, m), 3.33 - 3.39 (2H, m), 3.48 - 3.52 (2H, m), 3.63 (2H, d), 3.80 - 3.87 (4H,
m), 421 2H, d), 5.53 (1H, 5), 7.28 - 7.29 (1H, m), $.27 (1H, 5), §.36 - $.37 (1H, m), 10.26
(1H, s), 10.60 (1H, s)

: Example 16: 'H NME (400.13 MHz, DMSO-dg) & 1.14 - 1.15 (6H, m), 3.01 - 3.09 (2H, m),

3.37 - 3.44 (2H, m), 3.54 - 3.58 (2H, ), 3.6§ (2H, d), 3.87 - 3.94 (3H, m), 3.92 (4H, 3), 4.36
(2H, 1), 5.58 (1H, 8), 7.25 (1H, 1), 7.74 - 7.75 (1H, m), 7.77 (1H, 5), 9.92 (1H, s)

a
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Example 19: N-[2.6-Bis[(35)-. 101 j1)-4 [imidin- -J-methoxy-

benzamide

N
oA

2,0-Bis[(38)-3-methylmorpholin-4-ypyrimidin-2-amine)( (130 mg) was dissolved in
pyridine (5 mL) and 4-methoxybenzoyl chloride (96 mg) was added to the reaction and heated
10 90°C for | hour. Addidonal 4-methoxybenzoyl chloride (96 mg) was added and heating
was continued for a further 1 hour. The reaction was left to cool and then evaporated to
dryness and the conpound dissolved in nethanol and loaded onto a SCX-2 column (20g). The
compound was removed with 7N ammonia in methanol, concentrated in vacuo and the
residue chiromatographed on silica, eluting with 2.5% methanol in DCM, to give the desired
material (136 mg) as a pale blue solid.
NMR Spectrum: 'H NME. (400,13 MHz, DMSO-dg) & 1.1S - 1.20 (6H, m), 3.08 - 3.14 (2H,
m), 3.37 - 3.43 2H, m), 3.37 - 3.61 (3H, my), 3.67 2H, d), 3.85 (3H, s), 3.87 - 3.94 2H, m),
4.25 (2H, d), 4.61 - 4.64 (1H, m), 6.93 (1H, s), 7.03 - 7.05 (2H, m), 7.97 - 7.99 2H, m), 2.87
(1H, s)
Mass Spectrum; M+H" 428.

LExample 20; 2-[(2R.68)-2.6-Dimethylmorpholin-4-yl1}-4-[(35)-3-methylmorpholin-4-ylj-

6-(methylsulfonylmethyDpyrimidine

®
N7

0..0
J\
O
A mixture of 2- ‘.111-31'0-4-[(35)-3-1116111)/111101]31101in-—'l--yl]-fi-(n'nethylsu.lfc»nylme.[hyl)pyrimidine
(150 myg), cis-2,6-dimethylmorpholine (0.263 mL) and sodium carbonate (104 mg) in DMA
(3 mL) was heated at 130°C for 0.5 howrs in a microwave reactor. The reaction mixture was

loaded onto a SCX-2 column , the column washed with methanol then the desired material
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cluted with 7N ammenia in methanal. The fractions were concentrated in vacuo and the
residue purified by prep-HPLC (basic) (o give the desired compound (151 mg) as a salid.
NME. Spectrum: (DMSO-dg) 1,14 - 1.16 (6H, m), 1.18 - 1.19 (3H, m), 2.44 (2H, d), 3.12 (4H,
s), 3.43 (1H, d), 3.52 - 3.58 (2H, m), 3.55 - 3.61 (1H, m), 3.72 - 3.75 (1H, m), 3.94 (2H, s),
4.26 (3H, 5), 4.42 - 445 2H, m), 6.20 (1H, s)

Mass Spectrum; M--H" 385.

The following compounds were made in an analogous fashion using the appropriate amine.

Example Structure NAME LCMS
MH+
21 EOJ 1-[4-[(38)-3-Methylmaorpholin-4-yl]- 371
N7

§ 6-(methylsulfonylmethyl)pyrimidin-2-

0,0 |

N
s ~,f’\0«°“ yl]piperidin-3-ol

22 EOJ 4-[(3S)-3-methyhnorpholin-4-yl]-6-
\/(?LN" (methylsulfonylmethyl)-2-marpholin-
o, .0
- IN NN

4-yl-pyrimidine

Example 21: "H NMR (400,13 MHz, DMSO-dg) 5 1.16 - 1.18 (3H, m), 1.35 2H, d), 1.68

(1H, 5), 1.89 (1H, 5), 2.73 - 2,79 (1H, m), 2.91 - 2.95 (1H, m), 3.09 (1H, 5), 3.12 (3H, 5), 3.40

-3.45 (2, m), 3.36 - 3.59 (1H, m), 3.72 (1H, d), 3.90 - 3.94 (2H, m), 4.06 (1H, gj, 4.22 (2H,
s), 4.27 (1H, dy, 4.39 - 4.43 (1H, m), 4.78 (1H, d), 6.12 (1H, 5)

Example 22: ' NMR (400.13 MHz, DMSO-dg) 3 1.16 - 1,18 (3H, ), 3.12 (4H, ¢), 3.18
OH, d), 3.63 (SH, 5), 3.71 (11, ), 3.90 - 3.94 (2H, m), 4.25 (3H, 5), 6.21 (1H, s)

The preparation of 2-chloro-4-[(38)-3-methylmorpholin-4-yl]-6-
(methylsulfonylmethyl)pyrimidine is described below.
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2-Chloro-4-[(3.5)-3-methylmorphalin-4-y11-6-(metlylsulfomylmethyDpyrimidine

®
N7

0.0 [N

P P

cl
2,4-Dichloro-6-(methylsulfonylmethy Dpyrimidine (30 2, 0.13 mol) was dissolved in
dichloromethane and stirred (uider nitrogen) at -5°C. Tristhylamine (17.4 mL, 0.13 mol) was
added (o give a clear brown solution. (38)-3-Methylmorpholing was dissolved in
dichloromethane and added dropwise kzeping the reaction below -5°C. The cooling bath was
then removed and the mixture stivred for 1 hour, The reaction mixture was heated at reflux for
2 hours, then the reaction mizture was washzd with water, dried then evaporated. The crude
material was purified by preparative HPLC 0 give the dagired material as a solid (19.3 g).
NMR Spectrum: 'H NMR (400. 13 MHz, DMSO-4¢) 5 1.21 - 1.23 (m, 3H), 3.11 (s, 3H), 3.19
-3.26 (m, 1H), 3.42 - 3.49 (m, 1H), 3.58 - 3.62 (1H, m), 3.73 (d, 1H), 3.92 - 3.96 (in, 2H),
4.27 - 4.31 (m, 1H), 4.45 (s, 2H), 6.92 (s, 1H)

LCMS Specirum: MH-- 306, retention time 1.42 min, Method 5 Min Acid

2 4-Dichlora-6-(methylsulfonyimethyDpyrimidin:

Cl
0 0

P \j\
< N el
6-(Methylsulfonylmethyl)- | H-pyrimidine-2,4-dione (132 g, 0.65 moly was added to
phosphorus oxychloride (1.2 L) and the mixture heated to veflux for 16 hours, then cooled to
room temperature, The excess phosphorus oxychloride was removed in vacuo, the residue
azeotraped witl toluene (2 x 500 mL) and dissolved in dichloromethane. This mixture was
then poured slowly onto ice (4 L) and stirred for 20 munutes, then extracted with
dichloromethane (3 x 1 L) (the insoluble blacl: material was filtered off and discardad) and
ethyl acetate (2 x 1 L). The extracis were combined, drizd, then evaporated to leave the
desired material as a darl: brown solid (51 g). The material was uwsed without further
purification.
NMR Spectrum: '"H NMR (400.13 MHz, DMSOQ-dg) 53.13 (s, 3H), 4.79 (s, 2H), 7.87 (s, 1H)
LCMS Spectmng: MH- 239, retention time 1.21 min, Methad 5§ Min Acid
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6-(Methylsul fonylmethv])- 1 H-pyrimidine-2.4-dione

f-(Chloromathiyl)- L H-pyrimidine-2 4-dione (173 g, 1.09 mol) was dissolved in DMF (2L) and
methanesulphinic acid sodium salt (133.5 2, 1.31 mol) was added. The reaction was heated to
125°C for 2 hours then allowed 1o cool and the suspension filtered and concentrated in vacuo
1o give a yellow solid. The erude material was washed with water, filtered, then triturated with
{oluenz. The solid was filtered then triturated with ischexane to lzave the desired compound

as a yellow solid (250 2). The material was used without further purification.

methvisulfonylmethypyrimidin-2-

o, {Jr
P

N

IZ o

A mixiure of 5-bromo-1H-pyrrolo[2,3-blpyridine (250 mg), potassium acetate (374 mg) and
bis(pinacolato)diboron (387 mig) in 1,4 dioxane (12 mL) was degassed for 5 minutes then 1,1'-
bis(diphenylphosphino)ferrocenedichloropalladinm(IT) dichloromethans adduct added (63
mg). The reaction was heated to 80°C for 4 hours, 2-Chloro-4-[(35)-3-methylmorpholin-4-yl]-
6-(methylsulfonylmzthyDpyrimidine (3988 mg), ethanol (0.75 mL), 2M sodium carbonate
solution (3.2 mL) and 1,1'-bis(diphenylphosphino)farrocenadichlorapalladinm(II)
dichloromethane adduct (63 mg) were added and the heating continued for 16 hour. The
reaction mixture was allowed io cool and neviralised with 2M hydrachlorie acid. The reaction
mixture was passed through a SCX-2 column, the column washed with methanol then the
desired material eluted with 7N ammonia in methanol, The fractions were concentrated in
vacuo then chromatographed on silica, ¢luting with 2.5% methanol in DCM, to give the

desired compound (176 mg) as a white solid.
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NME Spectrum: (DMSO-dg) 1.27 (3H, d), 3.23 (3H, 5), 3.51 (1H, d), 3.67 (1H, d), 3.80 (1H,

dj, 4.01 (1H, &), 4.25 (1H, 5), 4.32 (3H, 8), 3.75 (1H, 5), 6.59 (1H, 5), 6.83 (1H, 5), 7.532 (1H,
s), 8.85 (1H, 3), 9.22 - 923 (1H, m), 11.83 (1H, s)

Mass Spectrum; M-+H" 388,

Example 24: 5-[4-[(35)-3-Methylmorpholin-4-yl]-6-(methylsulfonylmethyl)pyrimidin-2-
yll-1H-indole

O,

Q"’Ci/ﬁN
S &
e NJ\©j§
N
H

To a solution of 5-[4-chloro-6-(methylsul fouylmethy Dpyrimidin-2-yl]-1H-indale (97 mg,0.30
mmol) and DIPEA (174.5 mg, 1.35 mmol) in THE (4 mL) was added, dropwise, 3S-3-
Methylmorpholine (106 mg, 1.05 mmal) and the reaction warmed to 70°C avernight. The
reaction mixture was evaporated to dryness and applied direct to a basic prep HPLC system
for purification using a water/MeCN gradient. The title compaound was obtained as a cream
solid (38 mg).

NME Spectruni: 'H NMR (300.132 MHz, DMS0) 51.27 (3H, d), 3 24 (1H, 3), 3.28 (3H, s),
3.52 (1H, d), 3.67 (1H, dd), 3.80 (1H, d), 4.01 (1H, dd), 4.21 (1H, d), 4.51 (3H, ), .55 (1H,
d), 6.77 (1H, ), 7.39 (1H, m), 7.45 (1H, d), S.1o (1H, dd), $.61 (1H, 5), 11.24 (1H, 5)

LCMS Spectrum: MH+ 387.5 Retention time 1.29 Method: Monitor Mid Basic

The following compound was prepared in an analogous fashion from 5-[4-chloro-6-

(methylsulfonylmethyl)pyrimidin-2-yl]-1H-indol2 and the appropriate amine.
Example Structure NAME LCMS | Retention
| MH+ | Time
25 [OJ\ 5-[4-[(3R)-3- 387.6 1.27
N\ methylmorpholin-4-yl]-6-
oo %
/S -"J\/':

O (methylsulfonylimethyl)pyrin

N
" lidin-2-yl]-1H-indole
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Example 25: 'H NMR. (300.132 MHz, DMSO) & 1.26 3H, d), 3.24 3H, 5), 3.43 - 3.55 (1H,
m), 3.67 (1H, dd), 3.50 (11, d), 3.98 - 4 08 (2H, m), 4.21 (1H, &), 4.50 3H, ), 6.55 (1H, d),

6.77 (1H, 5), 7.39 (1M, d), 7.45 (1H, d), 3.16 (1H, ddy, .61 (1H, 5, 1124 (1H, 3)

The preparation of 5-[4-chloro-6-(methylsulfonylmethyDpyrimidin-2-yl]-1H-indole is

described below.

5-[4-chloro-6-(methylsulfonylmethyDpyrimidin-2-y1]-1H-indole

Cl

0, Ovﬁ N
)
N
H

2-(1H-indol-5-y1)-6-(methylsul fonylmethyl)-3H-pyrimidin-4-one (626 mg, 2.06 mmol) was
refluxed in phosphorous axychloride (15 mL) for 1 hour, the mixture allowed (0 2ool and the
phosplorous oxychloride removed under reduced pressure. The mixture was azeotroped with
toluene, water added and the mixture made basic (pH=10) with 6N sodium hydroxide
solution, The mixture was extracted with ethyl acetate, washed with brine, dried (MgSQL) and
evaporated under reduced pressurs to afford the desired material as yellow gum which
solidified on standing (547 mg)

NME Spectrum: 'H NMR (300.132 MHz, DMSO) 3 3.23 (3H, 3), 4.50 (2H, s), 6.61 - 6.62
(1H, n1), 7.45 (1H, t), 7.53 (1, d), 7.39 (1H, s), S.16 (1H, dd), S.0a (1H, s), 11.40 (1H, s)

LCMS Specirum: MH- 322,43 Patention time 1.36 Method: Moniior Mid Acid

2-(1H-indol-5-y1}-6-(methylsulfonylmethy)-3H-pyrimidin-4-one

0]

O\\ l'(i/fLNH
S & -
P Nm
N
H

2-Methylsulfanyl-6-(methylsulfonylmethypyrimidin-4-o (657 mg, 2.80 mmol), S-Indolyl
horonic acid (992 mg, 6.16 mmol), Copper (1) thiophene-2-carboxylate (1.39 g, 7.2 mmol)
and Palladium tetrakis triphenylphosphing (259 mg, 0.08 mmol) in 1,4 dioxane (17 mL) were

placed in a microwave tube, degassed with nitrogen , sealed and irvadiated at 130°C for

\

0
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45minutes. The 1eaction mixture was solubilised with NMP (S mL) and applied to a pre-
equilibrated SCX-2 column. The material was elted using a gradiznt of 0-6% ammonium
hydroxide in methanal, The residue was triturated with a small volume of ethyl acetate,
filtered and the solid washed with diethyl ether to give the Jesired material as a pale brown
solid (626 mg). |

NMER Specirum: 'H NMR (300,132 MHz, DMSO-d;) & 3.20 (3H, 5), 4.47 QH, 5), 6.38 (1H,
s), 6.58 (1H, &), 7.47 (1H, v), 7.51 (1H, d), 7.91 (1H, d), 8§.43 (1H, 5), 11.43 (1H, 5), 12.43
(1H, s)

LCMS Spectrwmn: MH-+ 304.5 Retention tirae 2.03 Method: Monitar Early Acid

2-Methylsulfanyl-6-(methylsulfonyimethyDpyrimidin-4-ol

OH
N™ ™
1!)j %
N e
N 0

~

~g*
6-(Chloromethyl)-2-methylsulfanyl-pyrimidin-4-ol (19.07 g, 100 mmol) was suspended in
acetoniirile (400 ml). To this stirring suspension was addad methanesulphinic acid sodium
salt (12.26 g, 120 ramol) and DMF (100 mL), The reaction was then heated to 100°C to give
a dark suspension and monitored by LCMS, Qnice complete, the solvents were removead and
the resultant product added to 1:1 methanol:DCM (200 mL) and acidified with acetic acid (10
mL). The resuliant precipitate was collected, washed with water (200 mL) and methanol (100
mL) and dried overnight in vacuo 1o afford the title conpound as a white solid (16.45 g).
NMR Spectium: 'H NME. (300,132 MHz, DMSO-d;) & 2.50 (5, 3H), 3.12 (s, 3H), 4.39 (s,
2H), 6.25 (s, 1H), 13.09 (s, 1H)

LCMS Speciruni: MH= 235.2, Retention Time 0.5 minutes, Methad: Smin Early Base

6-(Chiloromethy)-2-methylsulfanyl-pyrimidin-4-ol

OH
()
Cl N/)\ s”
S-Methyl-2-thispsendourea sulphate (20 g, 71.85 mmaol), ethyl 4-chloroacetoacetate (10.76

ml, 79.04 mmol) and sodium carbonate (13.93 g, 107.78 mmol) were dissolved in water (100

mL) and atined at RT overnight. The reaction was menitored by TLC, and once complete, the

PCT/GB2008/050549 \
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reaction precipitate was collected and the supernatant was neutralised with 6N hydrochloric
acid ta yield more reaction precipitate which was also collected. The accunulated precipitate
was then washed with water and an off-white z0lid was obtained. This was dried in vacwo at
60°C for 48 hours (o vield the desired compound as a pale yellow/white solid (43.2 2).

NMF. Spectrum: 'H NMR (300.132 MHz, CDCl3) 8 2.59 (s, 3H), 4.35 (s, 2H), 6.41 (s, 1H),
12.70 (s, 1H)

Mass Spectrum: M+ 190

-3-methvimorpholin-4-

sec-Butyl thiol (25 mg , 0.28 mmol) was dissolved in DMF (1 mL) and sodinm hydride (60%
suspension in minzral oil) (12 mg, 0.3 mmol) was added. The reaction was stirred for 10
minutes then 5-[4-[(38)-3-ni2thylmopholin-4-y1]-6-(methylsul fonyloxymethypyrimidin-2-
yl]-1H-indole (101 mg, 0.25 mmol) was added. The reaction was stirred at BT for a further 16
hours, to afford a solution of the sulphide intermediate. Water (1 mL) was added to the
reaction followed by m-chloroperbenzoic aiid (0.5 mmaol) and the reaction stirred at RT for 1
howr, The reaction mixture was diluted 1o 5 mL volume with acetonitrile and purifizd by bazic
prap HPLC to afford the desired product as a pale yellow solid (17 mg).

LCMS Specirum: MH+ 429,52, Retention Time 1.77 Method: Monitor Base

The following compounds were prepared in an analogous fashion
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Example Structure NAME LCMS [Retention
MH+ | Time
(min)
27* EOL 5-[4-(butan-2-
. A, ylsulfinylmethyl)-6-[(3R)-3-
g l\'rj\/’x d - o - 11 1° 1 24
kr b bfu\) meihylmorpholin-4- 413.5 1.3¢
" yllpyrimidin-2-yl]-1H-indole
28 ° 5-[4-[(3R)-3-
[NJ\ [4-[3R) |
rN methylmorpholin-4-yl]-6-
o“ "0 | < 0 g .
he “"\O:? (propan-2- 4155 | 170
" ylsulfonylmethyl)pyrimidin-
2-yl]-1H-indole
29 ° 5-[4-(ethylsulfonylmethyl)-6-

NJ\ [(BR)-3-methylmorpholin-4-
\fef/hN . g : 401.5 1.69
N M; yl]pyrimidin-2-yl]-1H-indole

H

* This material was isolated from the same preparation which gave 5-[4-(butan-2-

ylsulfonylmethyl)-6-[(35)-3-methylmorphalin-4-yl]pyrimidin-2-yl]-1H-indole.

The preparation of 5-[4-[(35)-3-methylmorpholin-4-yl]-6-
(mcthylsulfonyloxymethyl)pyrimidin-2-y1]-1H-indole is described belaw.

w

5-[4-[(3.8)-3-Methylmorpholin-4-vI1-6-(methvisulfonvloxymethyDpyrimidin-2-y1]-1 A-indole

®
N

rN

N0 &

.S N

o J\©\/\>
) N

H

]

[2-(1H-Indol-5-y1)-6-[(35)-3-methylmorphalin-4-yllpyrimidin-4-ylJmethanol (340 mg, 1.05

10 mmol) was suspended in DCM (8 mL) and treated with methane sulfonylehloride (0.125 mL,
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1.57 mmol) and iriethylamine (0.219 mL, 1.57 mmol). Afier 15 minutes the suspension was

evaporated (o give the desired product as a gummy solid (180 mg).

LCMS Spectrum: MH+ 403.61, Retention Time 2.26 Method: Monitor Base

[2-(1 H-Indol-5-y1}-6-[(3.5)-3-meilyimorpholin-4-yl Jpyrimidin-4-yllmethanol

O,

r I
HO N/)\@\>
N
H

To 2-(1 H-indol-3-y1)-6-[(35)-3-methylmmpholin-4-ylJpyrimidine-4-carboxylic acid (1 g, 2.9
mmol) suspended in dry THF (40 L) was added horane-THF complex, (1M in THF, 18 mL,
18 mmol). The reaétion mixture was heated slowly to 50°C far 20 minutes then partitioned
betwzen ethyl acetale and aqueous sodium lydrogen carbonate solution. The organics were
dried (MzSQy), filterad and concentrated o give a dark oil. The oil was chromatographed on
silica, eluting with 20-100% etlyl acetats in isohexane, to give the desired material as a pale
white solid (350 mg).

NMR. Specirum: 'H NMR (300,132 MHz, DMSO-dg) 5 1.25 3H, d), 3.21 (1H, ), 3.51 (1H,
td), 3.06 (1H, dd), 3.79 (1H, d), 4.00 (1H, dd), 4.20 (1H, d), 4.4S 2H, d), 4.51 - 4.57 (1H, m),
5.39 (1H, 1), 6.34 (1H, dd), 6.56 (1H, 5), 7.37 (1H, 1), 7.42 (1H, d}, 8.1 (1H, dd), 8.60 (1H,
s), 11.18 (1H, s)

LCMS Spectrumi: MH= 325.49, Retention Time 1.72 Method: Monitor Base

2-(1 H-Indol-5-vD-6-[(35)-3-methylmompholin-4-ypyrimidine-4-carboxylic acid
®
N7
N

l
HOYﬁN\/ \
o N
H

Methyl 2-chloro-6-[(35)-3-methylmorpholin-4-y1] pyrmidine-4-carboxylate

(1 g, 3.68 mmol), indole-5-boronic acid (711 mg, 4.42 mmol) and

dichlorobis(triphenylphosphine)palladiun (130 mg, 0.1S mmol) were dissolved in 185 DMFEF



10

20

25

WO 2009/007751 PCT/GB2008/050549\

-100-

in 7:3:2 DME:Water:EtOH (15 mL) and aqueous sodium carbonate (CM, 5 mL) was added.
The reaction was sealed and heated o 125°C for 30 minutes in the microwave reactor. The
reaction was then evaporated and the mixture dissolvad in 7:2-1 DMSO:Acelonitrile-Water
and acidified to pH=2 with hydrochloriz acid. The resulting precipitate was collected by
filtration and dried to afford the title compound as a pale yellow solid (1.1 g).

NME Spectrum: 'H NMR (300,132 MHz, DMSO-dg) & 1.28 (3H, d), 3.14 - 4.85 (7TH, m),
6.57 (1H, s), 7.13 (1H, s), 7.30 - 7.86 (3H, m), 8.23 (1H, d), 8.70 (1H, 5), 11.30 (1H, s)
LCMS Speciruni: MH+ 33940, Retention Time 1.31 Methad: Monitor Base

Metlr/] 2-chloro-6-[(33)-3-mathyhnorpholin-4-ylpyrimidine-4-carbox ylate

®
Nz

LN
0 N/*CI

0]

Methyl 2,6-dichloropyrimidine-4-carboxylate (4.4 g, 21.25 mmal) in DCM (20 mL) was
cooled in ice and treated dropwise with 3S-3-methylmorpholine (2.37g, 23.4 mmol) and

DIPEA (8.15 mL, 46.8 mmol). After 3 howrs polymer supported isocyanate scavenger resin

- (1g) was added and the mixture was stirrad for 30 minutes then filtered. The solution was

evaporatzd and purified by fash silica chromatography, nting with § — 20% methanaol in
DCM, to give the desired material as a white solid (5.0 g).

NME Spectrum: 'H NMR (300.132 MHz, DMSQ-dg) & 1.23 (3H, d), 3.16 - 3.36 (2H, n),
3.45 (1H, td), 3.59 (1H, dd), 3.71 (1H, d), 3.87 (3H, 8), 3.93 (1H, dd), 4.33 - 4.56 (1H, m),
7.28 (1H, s)

LCMS Specirum: MH- 272,38, Reteation Time 1.52 Method: Monitor Base
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2-Chloro-4-[(3.9)-3-methylmorpholin-4-yl]-6-(mathylsul fony hmethyDpyrimidine (1.00 ), 1H-
¢ pyrazol-3-amine (300 mg) and potassium carbonate (498 mg) were dissolved in butyronitrile
(20 mL). The mixture was heated at reflux (117°C) for 24 hows, The reaction was diluted
with ethyl acetate (20 mL) and washad with water (20 mL). The water was 2xtracted with
ethyl acetate (20 mL) and the combined organic extracts dried over magnesium sulfate and
evaporated. The crude praduct was purified by chroraatography om silica, eluting with 0-5%%
10 methanol in DCM. The minor isomer was collected and gave the desired material as a yellow
gum (45 mg).
MM Spectrum: 'H NME. (400,13 MHz, CDCl5) 5 1.32 - 1.37 (3H, m), 1.68 (1H, ), 3.02
(3H, ), 3.07 (1H, m), 3.34 - 3.41 (1H, m), 3.55 - 3.62 (1H, m), 3.71 - 3.75 (1H, m), 3.81 (1H,
d), 4.02 - 4.06 (1H, m), 4.28 (2H, ¢), 4.31 (1H, m1), 5.30 (1H, s), 5.31 (JH, d), 3.75 (2H, 5),
15 6.48 (1H, s), 7.48 (1H, d)
LCMS Spectruni: MH- 353, Retention Time 1.01min, Methad Monitor Acid

3.5)-3-Methvimorpholin-4-vl

Ixample 31: 4- y-(methvlsulfonylmethyl

razol-4-yl)phenvllpvrimidine

®!
N~
/S N/
~NH
=N

20
Nifrogen was bubbled throngh a mixture of 2-chlore-4-[(3S)-3-methylmorpholin-4-yl]-6-
(methylsulfonylmethyDpyrimidine (210 mgz, 0.69 mmal), ier-buiyl 4-[4-(4,4,3,5-tetramethyl-
1,3,2-dioxaborolan-2-yl)phenyl]pyrazole-1-carboxylate (270 mg, 0.73 mmol), potassinm
phosphate tribasic (511 mg, 2.4 mmol) in dioxane for 10 minutes. Bis(tri-rert-

25 butylphosphine)palladium(0) (18 mg) was added and the reaction was degassed several times
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then heated at 80°C for 16 hours. After cooling the mixture was exiracted with ethyl acetate,
washed with water, dried MzSQ.), filtered and evaporated. The crude material was
chromatographed em silica, eluting with 60-75% ethyl acetate in hexane, to give the desired
material (71 mg) as a white solid.

NMR Spectruni: 'H NME. (400.13 MHz, DMSQ-dg) & 1,26 (3H, d), 3.22 (2H, §), 3.25-3.30
(2H, 1), 3.55 (1H.dd), 3.68 (1H, d), 3.78 - 3.51 (1H, d), 4.03 (IH, dd), 4.15 (1H, s), 4.50 (3H,
s), 6.84 (1H, s), 7.71 - 7.73 (2H, d), 8.00 (1H, s), 3.27 (1H, ), .30 - S.33 (CH, )

LCMS Speciruri; MHA414, reiention time 1.81 mins, method monitor base.

Tha preparation of 2-chloro-4-[(3S)-3-methylmorpholin-4-yl}-6-

(methylsulfonylmethyl)pyrimidine was described earlier.

The preparation of /er-butyl 4-[4-(4,4,5,5-tetramethyl-1,3,2-diaxaborolan-2-
yDphenyl]pyrazole-1-carboxylate is described below.

teri-Buivl 4-[4-(4.4.5.5-tetramathyl-1.3 2-dinxaborolan-2-yDphenylpyrazole-1-carboxylate
>>L ?
\
o
0
/,N _( _A

A mixture of fer t-butyl 4-(4-bromophenyl)pyrazole-1-carhoxylate (1.1 g, 3.4 mmal),

bispinacolato diborane (1.04 g, 4.1 mmol), potassium acetate (1 g, 10.2 mimal), 1,1'-
bis(diphenylphosphino)feirocensdichloropalladium(Il) dichloromethane adduct (167 mg) in
dioxane (15 mL), were hzated at 90°C for 5 howrs. The mixture was Jdiluted with water and
exfracted into ethyl acetate. The organics were dried (MgSQO.), filtered and svaporated and the
residue clwomatographed on silica, eluting with 30 ethyl acetate in hexane, to give the

desired material (835 mg).

: NMR Spectrm: 'H NMR. (400,13 MHz, DMSO-dg) 5 1.31 (12H, 5), 1.61 (7H, 5), 7.68 (2H,

d), 7.75 (2H, d), 8.30 (1H, 5), $.78 (11, 5).

LCMS Spectrum; no MH-- ion observed, retention time 2.82mins , method monitor base

W
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tert-Butvl 4-(4-bromophenyDpyrazole-1-carboxylate

Br
0
2 'N"'( _A
=\ o

A mixiure of 4-(d-bromophenyl)-1H-pyrazole (800 mg, 3.6 mmol), (2-methylprapan-2-

ylhoxycarbonyl rert-butyl carbonate (1.18 g, 5.38 mmol) and DMAP (100 mg), in THF (20
mL) were heated at SO°C for 3 hours. The mixiure was evaporated, dissalved in DCM and
chromatographed on silica, eluting with 40% ethyl acetate in hexane, to give the desired
material (960 mg).

NME Spectruni: 'H NMR (400,13 MHz, DMSO-dg) & 1.61 (9H, 53, 7.58 (2H, d), 7.70 (2H, s),
8.30 (1H, s), 8.80 (1H, s).

LCMS Specirum no MH--, reteniion time 2,8 1mins, methaod monitor base.

Example 32: 4-[(3.5)-3-Methylmorpholin-4-

razol-4-yl)phenvl]pyrimidine

A mixture of izre-butyl 4-[3- (4,4,5,5-tetramathyl-1,3,2-dioxaborolan-2-yl)phenyl]pyrazole-1-
carboxylate (270 mg, 0.73 mmol), 2-chloro-4-[(3S)-3-methylmorpholin-4-yl]-6-
(methylsulforylmethypyrimidine (210 mz, 0.69 nunol), potassium phosphate tribasic (511
mg, 2.4 mmal), bis(ti-rert-butylphosphine)palladiom(0) (18 mg) in toluene (2 mL), ethanol (4
mL) and water (2 mL) was stitred at 80°C for 16 hours, Afier cooling the mixture was
extracted with ethyl acetate, washed with water, the organics dried (MgS0y), filtered and
evaporated. The residue was chromatographed om silica, eluting with 70-100 °¢ ethyl acetate
in hexane, to give the desired material (116 mg).
NMER Spectrum 'H NME (400.13 MHz, DMSO-dg) 5 1.26 - 1.25 (3H, d), 3.24 (2H, ), 3.52
2H, d), 3.35 (1H, dd), 3.66 - 3.69 (1H, ddy, 3.80 (1H, dj, 3.99 - 4.03 (1H, 1d), 4.206 (1H, s),

5 4.54 (3H, 3), 6.38 (11, 5), 7.48 (1H, dd), 7.72 - 7.75 (1H, ), 7.93 (1H, 5, 8.16 (1H, dj, $.22

(2H, 5), 8.50 (1H, ), 12.99 (1H, s)
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LCMS Specirum MH-- 414, retention time 1,$6 mins, method moaitor base.

The preparation of ser-butyl 4-[3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yDphenyl]pyrazole-1-carboxylate is described below.

teri-Butyl 4-[3-(4.4.5.5-tetramethvl-1.3.2-dioxaborolan-2-yDphenylpyrazole-1-carboxylate

% 0]
Lyt

A mixture of fer-butyl 4-(3-tromophenyl)pyrazole-1-carboxylate (1.1 g, 3.4 mmol),

hispinacolatodiborane (1.038 g, 4 mmal), potassinm acetate (1 g, 10.2 mmol), 1,1'-
bis(diphenylphosphina)ferrocenadichloropalladivm(Il) dichloromethane addnct (167 mg) in
dioxane (15 mL) was heated at 90°C for § hours. The mixtwe was diluted with water and
extracted into ethyl acetate, The organics were dried (MzS0.), filtered and evaporated and the
residue chromatographed on silica, ehuting with 30% ethyl acetate in hexane, to give the
desired material (1.1 g).

NME Spectrum: 'H NMR (400.13 MHz, DMSO-d5) 5 1.33 (12H, 3), 1.62 (9H, s), 7.40 (1H,
dd), 7.60 (1H, d), 7.88 (1H, d), 7.92 (1H, d), $.29 (11, ), $.70 (11, s).

LCMS Specitum; no MH-- ion obsarved, retention time 2.89mins, mathod monitor base.

tert-Butyl 4-(3-bromophenyDpyrazole-1-carhoxylate

A mixture of 4-(3-bromophenyl)-1 H-pyrazole (800 mg, 3.6 mmol), (2-methylpropan-2-
yDoxycarbonyl rer-butyl carbonate (1,15 g, 5.38 mmol) and DMAP (100 mg), in THF (20
mL) were heated at $0°C for 3 hours. The mixiure was evaporated, dissolved in DCM and
chromatographed on silica, eluting with 40% ethyl acetate in hexane, to give the desired
material (1.1 g).

NME Spectrum: 'H NME (400, 13 MHz, DMSO-idg) 51.62 (9H, s 7.35 (1Hdd), 7.50 (1H, dd),
7.78 (1H, dd), 8.05 (1, d), 8.35 (1H, s), 8.54 (11, s).
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LCMS Spectrum; 1o MH+ ion observed, retention time 2.67mins, method mo mitor base.

Example 33: 5-[4-[(35)-3-Methylmorpholin-4-y1]-6-(m¢thylsulfonylmethypyrimidin-2-

yll-1H-indole-3-carboxamide

E"J.,,,

o, Li/ﬁ*u H,
Triethylamine (0.064 mL, 0.52 mniol) and HATU (23 mg, 0.25 mmol) were added (o a stirred
suspension of 5-[4-[(35)-3-methylmorpholin-4-y1}-6-(methylzulfonylmethyl)pyrimidin-2-yl]-
1H-indole-3-carboxylic acid (20 mg, 0.2 mmol), in DCM (S mL) at RT. After 10 minutes an
aqueous solution of ammonia (1 mL) was added and the reaction stirred for 45 minutes. The
mizture was washed with a saturated aqueous solution of sodium hydrogen carbonate, the
organics dried (MgS0,), filterad and evaporated. The residue was chromatographed on silica,
eluting with 0-10% methanol in ethyl acetaie, and the solid obfainzd trinwated with a mizture
of diethyl ether and hexane to give the desired material (11 mg).
NMER Spectrun: 'H NMR (500,13 MHz, DMSO-ds) 5 1.27 (3H, d), 3.27 - 3.28 (4H, m), 3.6
(1H, v), 3.69 (1H, d), 3.7 (1H, d), 4.0 (1H, d), 4.20 (1H, 5), 4.49 (1H, 5), 4.51 (3H, 5), 6.75
(2H, s), 7.48 (1H, 5), 8.09 (1H, s), 8.18 (1H, d), 9.20 (1H, s}, 11.62 (1, s).

LCMS Spectrum; MH+ 430, retzntion time 1.45mins, methad monitor base.

The preparation of 5-[4-[(3.5)-3-methylmorpholin-4-y]-6-(methylsulfonylmethyDpyrimidin-
2-yl]-1H-indole-3-carboxylic acid is describad below.

5-[4-[(3)-3-Meathylmorpholin-4-yl]-6-(methvlsulfonvlimethyDpyrimidin-2-yl1]-1 A-indole-3-

carboxylic acid

0,

ﬁ/
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A mixture of methyl 5-[4-[(35)-3-methylnorpholin-4-yl]-6-(methylsulfonylmethyDpyrimidin-
2-y1]-1H-indole-3-carboxylate (177 mg, 0.4 mmol) in 2M sodium hydroxide solution (3 mL),
methanol (7 mL) and THF (5 mL) was heated at 90°C for 4 hours then left to stir at RT for 16
hours. The organizs were removed in vaows and the mixture washed with ethyl acetate, The
aquecus layer was acidified (pH = 4-6) and the praduct extracted with ethyl acetatz. The
organics were washed with water, dried (MzS0.) and evaporated to give the desired material
(90 mg) which was used without further purification.

LCMS Spectrumn MH- 431, retention tine 0.73n1ins, method monitor base,

Methyl 5-[4-[(3.9)-3-methlmorpholin-4-v1]-6-(methylsulfonylmethyDpyrimidin-2-yl]-1H-

indole-3-carboxylate

[O]
N
o)

0,0 ' SN i O\
SSAYE 5
L

A mixture of methyl 5-(4,4,5,5-tetrametlyl-1,3,2-dioxaborolan-2-yl)-1 H-indole-3-carbaxylate

IZ z

(250 mg, 0.83 mmol), 2-chloro-4-[(38)-3-mzthylmorpholin-4-yl]-6-

(methylsul fonylmethyD)pyrimidine (230 mg, 0.75 mmol), potassivm phosphate tribasic (560
mg), bis(tri-ferr-butylphosphine)palladivm(0) (24 mg) in toluene (2 mL), ethanol (4 mL) and
water (2 mL) was stinved at 30°C for 16 hours, After cooling ihe mixture was axtracted with
ethyl acetate, washed with water, the organics driecd (MzS0.), filtered and evaporated. The
residue was chiromatographed on silica, eluting with 65 % cthyl acetate in hexane, to give the
desired material (190 mg).

NMR Spectium: 'H NME. (400,13 MHz, DMSO-dz) & 1.28 (31, d), 3.25 (4H, d), 3.53 (1H,
d), 3.66 (1H, d), 3.84 (4H, 5), 4.03 (1H, d), 4.20 (1H, d), 4.55 (3H, s), 6.82 (1H, s), 7.535 (1H,
d), 8.13 (1H, d), 8.25 (1H, d), 9.09 (1H, d), 12.05 (1H, s)

LCMS Spectium; MH+ 445, retention time 1.93mins, method monitor base.
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Methyl 5-(4.4.5.5-tetramethyl-1.3.2-dioxaborolan-2-y1)-1H-indole-3-carboxylate

A mixture of methyl reri-butyl S-bromoindole-1,3-dicarbaxylate (600 mg, 1.7 mmal),
bispinacolatodiborane (516 mg, 2.3 mmol), potassium acetate (498 mg, 5.1 mmaol), 1,1'-
bis(diphenylplhiosphino)ferrocenedichloropalladinm(Il) dichloromethane adduct (S3 mg) in
dioxane (10 mL) was degassad several iimes and heated at 90°C for 14 hours, The reaction
was diluted with water and exiracted with ethyl acetate, the organics dried (MgSO.), filtered
and evaporated. The residue was chromatographed on silica, eluting with 5096 ethyl acetate in
hexane to give the desired material.

NME. Specirum: 'H NMR. (400.13 MHz, DMSO-dg) 5 1.32 (12H, 3), 3.82 (31, §), 7.46 (1H,
d), 7.50 (1H, d), 8.10 (1H, 8), 8.43 (I1H, s5), 12.00 (1H, s)

LCMS Spectium; MH-- 302, retention time 2.23mins, monitor base.

Methyl tert-butyl S-bromoindole-13-dicarboxylate

(@)
O\
Br

N\

o

A mixiure of 5-bromao-1-[(2-methylpropan-2-yloxycarbonyl]indole-3-carboxylic acid (1 g,
2.9 mmol), poiassium carhonate (609 mz, 4.4 mmol) and iodomethane (626 mg, 4.4, mmal) in
DMF (15 mL) was hzated at 70°C for 1.5 hours. The mixture was allowed to ¢ool, diluted
with water and extracted with ethyl aceiate, The organics were washad with water, dried
(MgS0,), filtered and evaparated. The residue was chivomatographed on silica, eluting with
15-20% ethyl acetate in hexane, (o give the desived material as a white solid (600 mg).

NMP Spectium: 'H NME. (400,13 MHz, DMSO-dg) $1.65 (9H, s5), 3.59 (3H, 5), 7.58 (11,
dd), 8.07 (1H, d), .19 (1H, d), S.26 (1H, s)

LCMS Specium; o MH-- ion observed, retention time 3.32mins, method monitor base

3
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A mixture of 2-(2-broma-1,3-thiazol-5-y1)-4-[(35)-3-methylmorpholin-4-yl]-6-

s (methylsulfonylmethyl)pyrimidine (150 mg, 0.346 mmol), 4-(4,4,5,5-tetramethyl-1,3,2-

0

dioxaboralan-2-yl)-1H-pyrazole (100 mg, 0.515 mmol), 2M aqueous solution of sodinm

hydrogen carbonate (1 mL), dichlorobis(iriphenylphosphine)palladium(IT) (20 mg) in DMF (2

mL), DME (4 mL), water (1.5 mL) and ethanol (2 mL) was degassed several times then
heated at 95°C under a nitrogen atmosphere. The reaction was allowed to cool, diluted with
watar and extracted with ethyl acetate. The organics were washed with water, dried (MgSQy),
filtared and evaporated. The residue was chromatographed on silica, eluting with ethyl
acetate, and the solid obtained was triturated with a mixture of ethyl acetate and hexane to

give the desired material (50 mg).

NMR Spectrum: 'H NMR (400,13 MHz, DMSO-dg) & 1.25 (3H, d), 3.20 (1H, d), 3.28 3H, s),

3.50 (1H, dd), 3.62 (1H, ddy, 3.7 (1H, ), 4.00 (1H, dd), 4.15 (1H, 5), 4.40 (1H, 5), 4.50 (2H,
s), 6.81 (1H, 5), $.05 (14, 5), 8.42 (1H, 5), $.46 (1H, 5), 13.35 (11, s).

LCMS Spectium: MH- 421, retention time 1,59mins, method monitor base.

The preparation of 2-(2-bromao-1,3-thiazol-5-y1)-4-[(35)-3-methylmorpholin-4-yl1]-6-
(methylsulfonylmethyl)pyrimidine is described bielow.

]
2D

2-(2-Bromo-1.3-thiazol-5-v-4-[(35-3-miethylmorpholin-4-

(methylsulfonylmethyDpyrinidine

,)—-Br
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teri-Butyl nitrite (0.921 mL) was added to a mixture of copper (T) bromide (282 mg, 2 mmal),
in acetomiirile (S mL). After stirring for 435 minutes, 5-[4-[(3S)-3-methylmorpholin-4-y1]-6-
(methylsulfonylmethypyrimidin-2-y1]-1,3-thiazol-2-amine (600 mg, 1.38 mmol) was added.
The reaction was stired for 45 minute then heated at 60°C for 2 hours. The reaction was
allowed to cool, partitioned betwean ethyl acetatz and water, the organics dried (MgSQ.),
filtered, and evaporated. The residue was chromatographed on silica, eluting with 50-60%
ethyl acetate in hexane, and the solid obiained friturated with a mixture of diethyl ether and
hexane o give the desired material as a pale yellow solid (255 mg).

NMR Spectrunt; 'H NME (400,13 MHz, DMSO-d;) 5 1.24 (3H, d), 3.17 3H, 3), 3.23 (1H, d),
3.46-3.51 (1H, dd), 3.65 (1H, ), 3.77 (1H, d), 3.96 - 3.99 (1H, d), 4.12 (1H, s), 4.40 (1H, s),
4.49 (2H, s), 6.88 (1H, s), 8.30 (1H).

LCMS Spectium; MH-+ 4335, retention time 2,11mins, method monitor base. .

5-[4-[(3.5)-3-Methylmarpliolin-4-y1]-6-(methy lsulfonylme thyDpyrimidin-2-yl]-1,3-thiazol-2

amine

fﬁ

A solntion of tert-tutyl N-[5-[4-[(35)-3-methylmorpholin-4-yl]-6-

/)-—NH

(methylsulfonylmethyl)p ynmldm-’?-yl] 1,3-thiazol-2-y1]-N-[(2-methylpropan-2-
yhoxycarbonyl]earbamate (1.7 3, 2.9 mmol) and TFA (5 mL) in DCM (15 mL) was stirred at
RT for 16 hours. The solvent was removed under reducad pressure and the residue made basic
with agqueous ammonia solution, The product was extracted with ethyl acetate, the organics
dried over sodium sulphaie, filtzred and evaporatzd to give the desired material as a white
solid (1 g).

NME Spectrum: 'H NMP. (400,13 MHz, DMSO-dg) 5 1.16 - 1.22 3H, m), 3.13 - 3.1 (1H,
m), 3.19 (3H, s), 3.43 - 3.50 (1H, m), 3.60 - 3.63 (1H, n1), 3.75 (1H, d), 3.94 - 3.97 (14, dd),
4.04 (1H, dy, 4.37 (1H, 8), 4.40 (2H, 3), 5.75 (1H, 8), .64 (1H, s), 7.40 (2H, 5), 7.73 (1H, s)

LCMS Spectrunm; MH-- 370, retention time 1.38 mins, method monitor base.
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tert-Butyl N-[5-[4-[(3.8)-3-mathylmorpholin-4-y1]-6-(methylsulfonylmethyDpyrimidin-2-yl]-

1,3-thiazol-2-y11-N-[(2-methylpropan-2-yDovycarbonyl]carbamate

A mixture of feri-butyl N-[(2-methylpropan-2-yl)oxycarbonyl]-N-(5-tributylstannyl-1,3-

5 thiazol-2-yl)carbamate (3 g, 5.1 mimol), 2-chloro-4-[(35)-3-methylmorpholin-4-yl]-6-
(methylsul fonylmethyDpyrimidine (1 g, 3.2 mumeol) and palladium tetrakis
(triphenylphasphing) (50 mg), in toluens (10 mL) was heated at 105°C for 2 hours undar
nitrogen, The mixhne was chromatographed on silica to give the desired material (1.7 g).
NMR Spectrum: 'H NMR (400,13 MHz, DMSO-CL;) 5 1.20 (3H, d), 1.53 (9H, s5), 3.1S (3H, s),

10 3.55 (1H, ©), 3.62 (1H, d), 3.75 (1H, d), 3.93 (1H, d), 4.10 (1H, s), 3.90 (1H, s), 3.98 (2H, s),
6.80 (1H, s), 8.18 (1H, s)

LCMS Specirum; MH-= 570, retention time 2,89mins, method monitor base.

feit-Butyl N-[(2-mzthylpropan-2-yDoxycarbonyl]-N-(5-tribuiylstannyl-1,3-thiazol -2-

5 yl)carbamate

o )<
)—-N

n-Butyl lithium (1.6M in hexanes, 30 mL, 0.48 mol), was added to diisopropylamine (6.7 mL,
(.43mol) in THF (480 mL) at 0°C. The mixture was stirred at 0°C for 30 mins then cooled to
—78°C. teri-Butyl N-[(2-methylpropan-2-yl)oxycarbonyl]-N-(1,3-thiazol-2-yDcarbamate (12 3,
20 0.05 mol) was added and solution stirred for 30 minuies. Tributyltin chloride (16.3 mL) was
added and solution stirred for 30minutes before allowing to warm to RT. Tha reaction was
quenched with a saturated aqueous solution of annmonivm chloride (20 mL) and the product

extracted with ethyl acetate. The arganics were dried over sodium sulphate, concentrated in
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vacuo and ehromatographed on silica, eluting with 5-15% ethyl acetate in hexane, to give the
desired material as a clear oil (9 g).

NME Spectrunt: 'H NMR (400.13 MHz, DMSO-d;) & 1.49 (1SH, s), 7.50 (1H, d), 7.55 (1H,
d)

i

tert-Butyl N-[(2-methylpropan-2-yDoxyearbonyl]-N-(1,3-thiazol-2-ycarbamate
o )<
e

A solution of 2-aminothiazolz (5 g, 0.05 mol), (2-methylpropan-2-yl)oxycarbonyl tert-butyl

carbonate (27.8 g, 0.15 mol) and DMAP (100 mg) in THF (100 mL) was stirred at reflux

overnight. The mixture was allowad 5 200l and concentrated in vacu.s. The residue was
chiromatographed on silica, eluting with 8% cthyl acetate in hexane, to give the desired
material as a white solid (12 g).

NMR Spectrum: '"H NMR (400.13 MHz, DMSO-dg) 5 1.4% (1SH, s), 7.50 (1H, d), 7.55 (1H,
d)

LCMS Spectrum MH- 299, retention time 2.6 mins, method monitor base

Example 35: 6- -(methylsulfonylmethyhpyrimidin-2-
yl]-1H-indole
®
N7

A mixture of 2-chloro-4-[(3S)-3-methylmorpholin-4-y1]-6-(methylsulfonylmethy)pyrimidine
(350 mg, 1.15 mmaol), 1H-indol-6-ylboroniz acid (277 g, 1.72 mmol), 2M agqueous solution
of sodium hydrogen carbonate (1.5 mL), dichlorabis(triphenylphosphine)palladium(1l) (45
mg) in DMF (2 mL), DME (4 miL), water (2 mL) and ¢thanol (2 mL), was degassed several
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times then heated at 95°C under a nitrogen atmosphere. The reaction was allowed to cool,
diluted with water and extracted with ethyl acetate. The organics were washed with water,
dried (MgSQ.), filtered and evaporated. The residus was chromatographed on silica, eluting
witl ethyl acetate, and the solid obtained was triturated with a mixture of ethyl acetate and
hexane (o give the desired material as a beige solid (390 mg).

NMR Spectrun: 'H NMR (400,13 MHz, DMSO-dg) & 1.35 (3H, dj, 3.18-3.28 (4H, m), 3.51
(1H, ad), 3.68 (1H, dd), 3.79 (1H, d), 4.00 (1H, dd), 4.20 (1H, d), 4.52 3H, 5), 6.48 (1H, 8),
6.79 (1H, s), 7.45 (1H, s), 7.58 (1H, d), $.07 (1H, d), 5.45 (1H, 5), 11.30 (IH, s).

LCMS Spectium; MH+ 387, retention time (2.12mins , methad monitor base,

‘methylsulfonylmethyhpyrimidin-

A suspension of 6-[4-[(35)-3-methylmorpholin-4-yl]-6-(methylsul fonylmethyl)pyrimidin-2-
yl]-1H-indole-3-carbonitrile (43 mg, 0.10 mmol), in a 30% solution of hydrogen peroxide (2
mL), aqueous anmionia (1.5 mL) and ethanol (2 mL) was stirred at RT for 7 howrs. The
reaction was diluted with water and extracted with ethyl acetate. The organics were dried
(MgSQ,), filtered, evaporated and the residue triturated with a mixture of diethyl ether and
hexane to give the desired material as a yellow solid (27 mg).

NMP S TH NMP. (500.13 MHz, DMSQ-d;) 5 1.33 (3H, d), 3.19 (3H, s), 3.30 (1H,
dd), 340 (1H, 1), 3.55 (1H, dd), 3.70 (1H, d), 3.75 (1, d), 3.99 (1H, d), 418 (1H, d), 4.45
(2H, 5), 4.33 (1H, s), 6.6S (1H, 5}, 6.72 (1H, ), 5.05 (1H, 35), S.12 (2H, s), S.43 (1H, s), 9.30
(1H, s), 11.40 (1H, s).

LCMS Specirunt, MH-+ 430, retention time 1.46mins, meihod monitor base.

celiruim;

The preparation of 6-[4-[(35)-3-methylmorpholin-4-y1]-6-(methylsulfonylmethypyrimidin-

2-yl}J-1H-indole-3-carbonitrile is described below.
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6-[4-[(3.53-3-Methylmorpholin-4-y1]-6-(methylsul fonylmethyDpyriniidin-2-y1]-1 H-indole-3-

carbonitrile
®
N
0, ,,Ci/f§ N
/S N/
=N
N /
H

A suspension of 6-[4-[(3.5)-3-methylmorpholin-d-y1]-6-(methylsul fonylmethypyrimidin-2-
yl]-1H-indole (200 mg, 0.52 mmol), in dry acetonitrile (15 mL), was warmed unfil all
material dissolved. The reaction was cooled to 0°C aud chlorosulphonyl isocyanate (0.045
mL) added, followed by dry DMFE (3 mL). After 3.5 howrs the mixture was exiracted into

ethyl acetate and the organics wached with water, dried (MzS0,), filtered and evaporated.

The residue was chromatographed on silica, eluting with 70% cthy! acetate in hexane, to give

the desired material as a cream solid (45 mg).

LCMS Spectiwm: "H NMR (500,13 MHz, DMSO-dg) S 1.30 (3H, 1), 3.15 (3H, 5), 3.30 (1H,
dd), 3.58 (1H., dd), 3.70 (1H, d), 3.80 (1H, d), 4.0 (1H, dd), 4.18 (1H, dy, 447 (2H, 5), 4.53
(1H, s), 6.79 (1H, ), 7.68 (1H, d), 8.20 (1H, s), $.25 (1H, dj, 8.55 (1H, s), 12.0 (11, s).

LCMS Spectruni; MH-- 412, retention time 2.01mins, niethod monitor base.,

The preparation of 6-[4-[(3S5)-3-methylmorpholin-4-y1]-6-(methylsulfonylmethyl)pyrimidin-
2-yl]-1H-indole was described earlier.

Example 37: 5-|¢ -3-Methylmorypholin-4-yl]-6-(methvlsulfonylmethyl)pyri

vll-1H-indole-2-carboxamide

: Of*@
Tricthylamine (0.1 mL, 0.73 mmol) and HATU (222 mg, 0.58 mmal) were added to a stirred
suspension of 5-[4-[(35)-3-methylmorpholin-4-yl]-6-(methylsulfmylmethyDpyrimidin-2-yl]-

a
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1H-indole-2-carboxylic acid (210 mg, 0.43 mmal), in DCM (10 mL) at RT. After 10 minutes
an aqueous solution of ammmonia (2 mL) was added and the reaction stirred for 45 minutes.
The mixture was washed with a saturaied aqueous solution of sodium hydrogen carbonate, the
organics dried (MgS0.), filiered and evaporated. The residue was chromatographed on silica,

eluting with 0-5% methanaol in ethyl acetats, and the solid obtained triturated with a mixture

L

of diethiy! ether and hexane 1o give the desired material (S5 mg).

NME SDaCtmm: "H NMR (400.13 MHz, DMSO-dg) & 1.27 (3H, d), 3.24 - 3.26 (3H, m), 3.53
(1H, dd), 3.68 (1H, dd), 3.80 (1H, d), 4.0 (1H, &1y, 4.20 (1H, d), 4.5 (3H, ), 6.50 (1H, 5), 7.21
(1H, s), 7.35 (1H, s), 7.48 (1H, d), 7.95 (1H, 5), $.24 (1H, d), 8.65 (1H, 5), 11.70 (1H, s).

10 LCMS Spectrum; MH- 430, retention time 1.59mins, method manitor base,

The preparation of 5-[4-[(3.5)-3-methylmorpholin-4-y1]-6-(methylsulfonylmethyl)pyrimidin-

2-yl]-1H-indole-2-carboxylic acid is described below.,

15 5-[4-[(38)-3-Methvimorpholin-4-y1]-6-(methylsulfonylmethy Dpyrimidin-2-y1]-1 H-indole-2-

carboxvlic acid

),

o ,w N

-5 N()\©f\>—«o
N OH
H

A mixture of ethyl 5-[4-[(38)-3-methylmorpholin-4-y1]-6-(methylsulfonylmethyl)pyrimidin-
2-y1]-1H-indole-2-carboxylate (390 mg, 0.85 mmol) in 2M aqueous sodium hydroxide

20 solution (3 L) and mathanol (10 mL), was refixed for 4 hours. The organics wars remaoved
in vacuo and the mixiure adjusied o pH = 5 with 2M liydrochloric acid. The mixture was
exiracted with DCM and the organics dried (MgSQy), filtered and evapaorated. The residue
was triturated with a mixture of dicthyl ether and hexane to give the desired material as a
cream solid (210 mg).

25 NMR Spectrum: 'H NMR. (400,13 MHz, DMSO-dg) 5 1.22 (3H, d), 3.22 (3H, 3), 3.38 (1H, t),
3, 50 (1H, dd), 3.68 (1H, dd), 3.80 (1H, d), 4.0 (1H, dd), 4.21" (1H, d), 4.51 (3H, 5), 0.78 (1H,
s), 7.03 (1H, s), 7.45 (1H, d), 8.24 (1H, d), 8.65 (111, s), 11.

LCMS Spectrum; MH+ 431, retention time 0.79mins, method monitor base.
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Ethyl 5-[4-[(3.5)-3-methylmorpholin-<-y1]-6-(methylsulfonylmethyDpyrimidin-2-y1]-1H-

indole-2-carboxylate

®
N7

00 ¥
Z~N ©
H \

A soln of ethyl fert-butyl 5-[4-[(3S)-3-methylmorpholin-4-yl]-6-
(methylsulfonylmethyD)pyrimidin-2-yl]indole-1,2-dizarboxylate (600 mg, 1.07 mmeol) in TFA
(v mL) and DCM (20 mL) was stirred at RT for 2 hours, The mixture was concentrated in
vacun and the residue made basic with aquesus ammonia, The mixture was extracted with
ethyl acetate and the organics dried (M2S0.), filtered and evaporated. The residue was
triturated with diethyl ether and filterad to give the desired material as a pale yellow salid
(450 mg).

NMR Spectruns; 'H NMR (400.13 MHz, DMSO-d;) 5 1.28 (3H, d), 1.36 31H, 1), 3.23 (3H, s),
3.55 (1H, ddj, 3.6 (1H, dd), 3.78 (1H, d), 3.89 (1H, s}, 4.0 (1H, Jdd), 4.21 (11, 5), 4.35 (2H,
qQ), 4.52 (3H, s), 6.81 (1H, 8), 7.29 (14, s), 7.52 (11, d), S.31 (II-I, d), 8.71 (1H, s).

LCMS Spectruni; MH-- 459, retention time 2.26mins, method monitor base.

Ethyl sert-butyl 5-[4-[(35)-3-methylmorpholin-4-y1]-6-(methylsul fonylmethyDpyrimidin-2-

yllindole-1.2-dicarboxylate

A mixture of ethyl fert-butyl 5-(4,4,5,5-1=tramethyl-1,3,2-dioxaborolan-2-yl)indole-1,2-
dicarboxylate (1.2 z, 2.9 mmaol), 2-chloro-4-[(3S)-3-methylmorphalin-4-yl]-6-
(methylsulfonylmethy)pyrimidine (450 mg, 1.45 mmol), potassium phosphate tribasic (1 2,

4.7 mmal) and bis(tri-Zer-butylphosphins)palladivm(®) (50 mg) in toluens (5 mL), ethanal
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(10 mL) and water (5 mL) was stirred at $0°C for 16 hours. After cooling the mixtre was
extracted with zthyl acetate, washed with water, the organics dried (MgSO.), filtered and
evaporated. The residue was chiromatographed on silica, eluting with 50-70 % ethyl acetate in
hexane, 1o giva the desired material contaminated with ethyl 5-[4-[(3,5')-3-methylmc:1*pl’;-31ﬁ1-- -
y1]-6-(methylsulfomylmethyDpyrimidin-2-yl]-1 H-indole-2-carboxylatz (600 mg). The crude
mixture was used without further purification.

LCMS Spectrumi MH--559, retention time 2.91 mins, methad monitor base.

Ethyl teri-butyl 5-(4.4.5.5-tetramethyl-1,3 . 2-dioxaborolan-2-yDinduole-1,2-dicarbox ylate

o)

-0

A mixture of ethyl feit-butyl S-chloroindole-1,2-dicarbaxylate (1.45 g, 4.5 mmal),
bispinacalatodiborane (1.4 g, 5.5 mmol) tricyclohexylphosphine (93 mg, 0.33 mal),
bis(Jibenzylideneacetone)palladium (80 mg) and potassium acetate (684 mg, 6.97 mmal) in
dioxane (30 mL), was degassed several times, then heated at 20°C fior 16 hours. The mixture
was allowed to cool, diluted with water and extracted into ethyl acetate. The organics were
washed with water, dried MgS0.), filtered and evaporated. The residue was
chromarographed on silica, eluting with 15% ethyl acetate in hexane, to give the desired
material as a pale yellow solid (1.2 g).

LCMS Spectium no MH-- ion observed, retention time 2.53mins, method monitor base.

yl]-1H-indole-2-carboxamide

0, .Fi/ﬁ“ H
- thle
7 %
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Triethylamine (0.093 L, 0.68 mumol) and HATU (205 mg, 0.54 mmol) were added (o a
stirred suspension of 6-[4-[(38)-3-methylmorpholin-4-yl1]-6-
(methylsulfonylmethypyrimidin-2-yl]-1H-indole-2-carboxylic acid (195 mg, 0.43 mmaol), in
DCM (10 mL) at RT. After 10 minutes an aquesus solution of ammonia (2 mL) was added
and the reaction stirred for 45 minutes. The mixture was washed with a saturated aquecus
solution of sodivm hydrogen carbonate, the organics dried (MgSO.), filtered and evaporated.
The rasidue was chiromatographed on silica, eluting with 0-10% methanol in ethyl acetate, to
give the desired material as a yellow solid (10 mg).

NME Specirum: 'H NMR (500.13 MHz, DMSO-dg) & 1.28 (3H, d), 3.27 (4H, m), 3.55 (1H,
dd), 3.638 (14, s), 3.78 (1H, d), 4.0 (1H, d), 4.19 (1H, 5), 4.52 (3H, ), 6.30 (1H, 5), 7.14 (1H,
§), 7.35 (1H, 8), 7.64 (1H, d), 7.93 (1H, 5), 8.03 (lI—I,‘d), SAS(1H, s, ), 11.65 (1H, s).

LCMS Spectrum; MH- 430, retention timel.72mins, method monitor base.

The preparation of 6-[4-[(35)-3-mnethyhnorpholin-4-yl]-6-(methylsulfonylmethy Dpyriniidin-

2-y1]-1H-indole-2-carboxylic acid is described below.

6-[4-[(38)-3-Methvhmorphalin-4-v1]-6-(methvisul fonylmethyDpyrimidin-2-y1}-1 A-indole-2-

carboxvlic acid

O,

Q. .,‘irN H
-5 NG N, OH

A mixture of ethyl 6-[4-[(35)-3-methylnonpholin-4-yl]-6-(methylsulfonylmethylpyrimidin-

2-yl]-1H-indole-2-carboxylate (430 mg, 1 mmaol) in 2M aqueons sodium hydroxide solution

(3 mL) and methanol (15 mL), was refuxed for 4 howrs, The organics were remaved in vacuo
and the mixture adjusted to pH = 5 with 2M hydrochloric acid. The mixture was extracted

with DCM and the organics dried (MgSQ.), filtered and evaporated. The residue was

5 triturated with a mixturs of diethyl ether and hexane to give the desived material as a cream

solid (200 mg).
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NME. Spectrum: 'H NMR. (400.13 MHz, DMSO-d;) & 1.25 (3H, d), 3.26 (4H, 5), 3.52 (1H,

dd), 3.60 (1H, d), 3.79 (1H, d), 4.0 (1H, dd), 4.20 (1H, d), 4.52 3H, 5), 6.52 (1H, 3), 6.85 (1H,
5), 7.62 (1H, d), 8.09 (1H, d), 8.52 (1H, 5), 11.40 (1H, s).

LCMS Spectrum; MH- 431, retention time 0.91mins , method monitor base.

Ethyl 6-[4-[(35)-3-methylmorpholin-4-y1]-6-(methylsul fonylmethyDpyrimidin-2-y1]-1/-

indole-2-carhoxylate

0,

A soln of ethyl fert-butyl 6-[4-[(35)-3-methylmorpholin-4-yl]-6-
(methylsulfonylmethyDpyrimidin-2-yllindole-1,2-dicarboxylate (300 mg, 1.43 mmaol) in TFA
(4 mL) and DCM (10 miL) was stirred at RT for 2 hours. The mixture was concentrated in
vacno and the residue made basic with aqueosus ammonia. The miviure was extracted with
ethyl acetate and the organics dried (MgSQy), filiered and evaporated. The residue was
triturated with Jdiethyl ether and filtered (o give the desired material as a white solid (450 mg).
NMR Specirum: 'H NMR (400,13 MHz, DMSO-dg) 5 1.28 (3H, d), 1.35 (31, 1), 3.25 (3H, 5),
3.55 (1H, dd), 3.70 (1H, d4d), 3.79 (1H, d), 4.02 (1H, dd), 4.20 (1H, d), 4,48 (1H, q), 4.55 3H,
8), 6.85 (1H, s), 7.18 (1H, s), 7.72 (1H, d), 8.13 (1H, d), 8.55 (1H, s), 12.00 (1H, s).

LCMS Spectrunm; MH-- 459, retention time 2.3%9mins, mathod monitor base.

Ethyl fert-butyl 6-[-4-[(3S)-3-methylmorpholin-4-y1]-6-gmeihylsul fonylimethyDpyrimidin-2-

Nindole-1.2-dicarboxylate

SIS

0
00 [N 0
/‘S I N/ b?‘ O—/
7 %
A mixiure of ethyl fzrt-butyl 6-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)indole-1,2-
dicarboxylate (918 mg, 2.2 mmeol), 2-chiloro-4-[(3S)-3-methylmorpholin-4-yl]-6-

(methylsulfonylmethy)pyrimidine (450 mg, 1.45 wuonol), potassium phosphate ribasic (1.1 g,
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5.1 mmol) and his(tri-se-butylphosphine)palladium() (30 mg) in toluene (5 mL), ethanal
(10 mL) and water (5 mL) was stirred at S0°C for 16 hours, After cooling the mixiure was
exiracted with ethyl acetate, washed with water, the organics dried (MgSQ.), filtered and
evaporated, The residue was chromatographed on silica, eluting with 50-70 %6 cthyl acetate in
hexane, to give the desired material as 2 white solid (800 mg).

NME Spectrunt: 'H NMR (400.13 MHz, DMSO-d;) 5 1.23 (3H, d), 1.32 (3H, 1), 1.63 (9H, s),
3.28 (3H, 5), 3.52 (1H, dd), 3.68 (1H, a4y, 3.80 (1H, d), 3.88 (11, 5), 4.0 (1H, 1), 4.22 (1H,
d), 4.35 (1H, q), 4.52 3H, 3), 6.33 (1H, 3), 7.32 (1H, 5), 7.50 (1H, d}, $.34 (1H, d), 8.98 (1M,
s).
LCMS S

cotrum; MH-- 559, retention time 2,97mins , method monitor base.

Ethyl iert-butyl 6-(4.4.5 . 5-tetramethyl-1,3,2-dioxaborolan-2-yDindole-1,2-dicarboxylate

%/
o) ' OnJ

/ O

A mixture of ethyl fere-btyl 6-bromoindale-1,2-dicarboxylate (3 g, S.1 mmal),

bispinacolatodiborane (2.48 g, 0.97 mmol), potassinm acetate (3.23, 0.032mwol), and 1,1'-
bis(diphenylphosphino)ferrocenadichloropalladivm(IT) dichloromethane adduct (200 mg), in
dioxane (25 mL), was degassed several times, then heated at 90°C for 16 hours. The mixture
was allowed to cool, diluted with water and extracted into ethyl acetate. The organics were
washed with water, dried (MaS0.), filiered and evaporated. The residue was
chromarographed on silica, =luting with 15% ethyl acetate in hexane, to give the desired
material as a colourless gum (2.17 g). ,

NMR Spectrum: 'H NMR (400.13 MHz, DMSO-dg) 5 1.33 (15H, 5), 1.57 (91, s), 4.33 (2H,
q), 7.28 (1H, s), 7.58 (1H, d), 7.70 (1H, d), 8.89 (1H, s).

LCMS Speciruni, no MH-- ion observed, retention time 2.7Smins, method monitor base
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(2-methylsulfonylpropan-2-

Nitrogen was bubbled through a mixtre of /eri-butyl 5-(4,4,5,5-teframethyl-1,3,2-

divxaborolan-2-yl)benzoimidazole-1-carbosxylate (464 mg, 1.34 mmol),

wy

2-chloro-4-[(35)-3-methylmorpholin-4-y1]-6-(2-methylsulfonylpropan-2-yDpyrimidine (250
mg, 0.75 mmol), sodium carbonate (397 g, 3.75 mmol), palladium tetrakis
triphenylphosphine (30 mgy in DME (4 mL) and water (0.5 mL) for 15 minutes then heated at
90°C for 16 hours. The mixture was concentrated in vacuo and dissolved in DCM. TFA (9
10 mL) was added and mizinre heated at 40°C for 30 minut2s before being concentrated in vacua
and partitioned betwaen DCM and 2M hydrochloric acid. The aqueous layer was made basic
with ammonia and exiracted with DCM. The organic layer was dried (MgS0,), filtered and
evaporated 1o give the desired material as a cream solid (220 mg).
NME. Spectrun; 'H NMR (400.13 MHz, DMSO-dg) § 1.25 (3H, d), 1.7S (6H, s), 2.05 (3H, 5),
15 3.25 (1H, m), 3.52 (1H, ddb), 3.68 (1H, d), 3.7S (1H, d), 4.0 (1H, d), 425 (1H, d), 4.65 (1H, s),
6.78 (1H, 38), 7.65 (1H, 3), 8.30 2l S), 8.62 (1H, s), 12.35 (11, s).

LCMS Specirun; MH- 416, retention time 1.84mins, method monitor base.

The preparation of feri-butyl 5-(4,4,5,5-tetramethyl-1,3,2-disxaborolan-2-yl)benzoimidazole-

20 1-carboxylate is described below,

teri-Butyl 5-(4.4.5.5-tetramethyl-1.3.2-dioxaborolan-2-ybensoimidasole-1-carhoxylate

&
Ty

0]

A mixture of fer-butyl 5-bromobenzoimidazole-1-caboxylate (2.5 g, 8.5 mmal),

25 bispinacolatodiboran (2.56 3z, 10.07 mmaol), potassium acetate (3.3 g, 33.67 mmal) and 1,1'-
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bis(diphenylphosphine) ferrocenedichloropalladium(Il) dichloromethane adduct (200 mg) in

dioxane (23 mL) was degassed several times then heated at $0°C for 16 howrs. The mixture

eluting with 20%ethyl acetate in hexane, to give the desived material as a pale yellow gum
(2.65 g).

LCMS Spectrum M(-BOC)H+ 243, retention time 1.90mins, methad monitor base.

feri-Butyl 5-bromobenzoimidazole-1-carboxylate

Br\c[:‘> >v

7o

A solution of 5-bromo-1 H-benzoimidazole (2 g, 10.1 mmal), (2-methylpropan-2-
yDoxycarhonyl feri-butyl carbonatz (3.3 g, 15.1 mmal) and DMAP (200 mg) in THF (30 mL)
was heated af reflux for 16 hours, The reaction was allowed o cool, diluted with ethyl acetate
and washad with water. The organics were dried (MzSQ,), filtered and evaporated and the
residue clromatographad on silica, eluting with 20% ethyl acetate in hexane, to give the
desired material as a mixture of isomers (2.5 g). The material was wsed without further
purification,

LCMS Spectium no MH-+ ion abserved, retention time 2.67mins, method monitor base.

The preparation of 2-chloro-4-[(3.5)-3-methylmorpholin-4-yl]-6-(2-methylsul fonylpropan-2-

yDpyrimidine is described below.

2-Chloro-4-[(35)-3-methylmorpholin-4-y1]-6-(2-methyvlsul fonvipropan-2-yDpyriniidine

®
N

00 N
S N el

2-Chloro-4-[(3S)-3-methylhmorpholin-4-y1]-6-(methylsul fonylmethyDpyrimidine (2.1 g, 6.87

s mimol) was dissolved in DMF (20 mL) and the reaction cooled i -5°C. Sodivm ser-butoxide

(650 mg, 6.87 mmol) was added to the reaction, followed by iodomethane (0.4 mL, 6.87

mmol), maintaining the temperature at -5°C. A second aquivalent of sodivm fer-butoxide
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(630 mg, .87 mmol) and iodonethane (0.4 mL, 6.87 mmol) were then added and the reaction
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stirred at -5°C for 1 hour, then at room femperature for 4 hours. DCM (20 mLL) was added and
the reaction washed with 2M aqueous hydrochloric acid (20 niL). The organic phase was
dried over magnesium sulphate, filtered aﬁd concentrated 7n vacwo. The crude solid was
chromatographed on silica, eluting with 0-50% cthyl acetate in DCM to give the desired
material (2.2 g).

NMR Spectrum: 'H NMR (400,13 MHz, DMSO-dg) 61.21 (4, 3H), 1.6S (s, 6H), 2.74 (3, 3H),
321 (m, 1H), 3.45 (m, 1H), 3.59 (m, 1H), 3.73 (d, 1H), 3.94 (m, 1H), 4.07 (d, 1H), 4.45 (s,
1H), 6.86 (s, 1H)

LCMS Spectrum: MH-- 334, retention time 1.85 min, Methad 5 Min Base

A mixture of 2-chloro-4-[(3.5)-3-methylmorpholin-4-y1]-6-(2-methylsulfony lpropan-2-
yDpyrimidine (150 g, 0.45 mmol), 5,7-diazabicyclo[4.3.0lnona-1,3,5,8-tetraen-3-ylboranic
acid (130 mg, 0.81 munol), sodium carbonate (23S mg, 2.2 mmol) and palladium tetralis
triphenylphosphine (30 mg) in DME (4 mL) and water (0.6 mL) was heated for 4 hours at
90°C. The reaciion was allowed 1o cool, diluted with water and extracted with sthyl acetate.

The organics were washed with water, dried (MgSQ,), filtered and evaporated. The residue

5 was purified by basic prep HPLC o give the desired material (148 mg).

NMR Speatum: "H NMR (400,13 MHz, DMSO-dg) 5 1.25 (3H.d), 1.80 (5H, 5), 3.03 3H, 3),
3.25 (1H, m), 3.52 (1H, m), 3.68 (1H, dd), 3.80 (1H, d), 4.0 (1H, d), 4.30 (1H, d), 4.55 (14,
5), 6.58 (1H, d), 6.80 (10, 3), 7.55-7.70 (2H, m), 3.87 (1H, 5), 9.25 (1H, 5, 11.85 (1H, s).
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LCMS Specirurm; MH+ 416, retention time 1.94mins, method monitor base.

The following compounds were prepared in an analogons fashion,

Example Structure NAME LCMS [Retention
MH+ time
(min)
41 (01 5-[4-[(3S)-3-methylmorpholin- 415 2.24
L 4-y1]-6-(2-
0o ’JN\
SNy methylsulfonylpropan-2-
Z~N
" yDpyrimidin-2-yl]-1H-indole
42 EO] d-[4-[(3S)-3-methylmorpholin- 415 2.14
N
0o [ Y 4-yl]-6-(2-
. ® rethylsulfonylpropan-2-
yDpyrimidin-2-yl]-1H-indole
43 EU] 6-[4-[(3S)-3-methylmorpholin- 415 232
L 4-y1]-6-(2-
oo [\ H
/37((:‘\():“/ methylsulfonylpropan-2-
yD)pyrimidin-2-yl]-1H-indole

Example 41: 'H NMR (400.13MHz DMSO-d6) 5 1.25 (3H, d), 1.75 (6H, s), 3.05 (3H, 5),
3.22 (1H, dd), 3.52 (1H, dd), 3.65 (1H, dudy, 3.78 (1H, d), 4.0 (1H, dd), 4.28 (1H, d), 1.65 (1H,
s), 6.35 (1H, ), 6.72 (1h, ), 7.38 (1H, d), 7.42 (1H, d), $.20 (1H, d), 8.62 (1H, ), 11.20 (1H,

s).

Example 42: 'H NME. (400.131\/11—12 DMSO-de) 5 1.28 (3H, d), 1.80 (o}, 5), 3.0 (3H, 3),

(1H, dd), 3.52 (1H, dd), 3.68 (1H, d), 3.80 (TH, ), +.01 (1H, dy, 4.25 (1H, &), 4.65 (1H, ),

6.50 (1H, 8), 7.18 (1H, dd),

s).

S2(1H, d), 7.40 (1H, d), 7.52 (1H, d), $.12 (1H, 5), 11,20 (1H,

\

3.25

Example 43: "H NMFE. (400.13MHz DMSO-d6) 3 1.25 3H,d), 1.79 (6H,5), 3.08 (3H,s), 3.20-
3.30 (4H,m), 3.52 (1H,dd), 3.62 (1IL,dd), 3.79 (1H.d), 4.02 (1H,d), 4.25 (1H,d), 4.64 (1H,8),
6.48 (1H,9), 6.79 (1H,8), 7.43 (1H,d), 7.61 (1H,d), £.10 (1H,d), $.47(1H,8), 11.25(1H,s).

N
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The preparation of 2-chloro-4-[(3.5)-3-methylmorpholin-4-yl]-6-(2-methylsulfonylprapan-2-

yDpyrimidine was described earlier.

Example 44: 4-[4-(Benzenesulfonylmethyl)-6-[(3.5)-3-methylmorpholin-4-yllpyrimidin-2-

vll-1H-indole

o

[Nj'l,’
S NH
S N/)\l A
T4

To a solution of 4-(henzenesulfonylmethyl)-2-chloro-6-[(35)-3-methylmorphaolin-4-
ylpyrimiding (200 mg, 0.54 nunol) in ¢thanol was added toluene (1 mL), water (1 mL), 1H-
indol-4-ylboronic acid (219 mg, 1.36 mimal), tri-patassivm orthophosphate (404 mg, 1.90
o) and palladivmbis(tri-t-butylphoshing) (16.74 mg, 0.03 mmol). The reaction was
degassed then purged with nitrogen and heated at SO0°C for 2 hours.

The reaction mixture was cooled 9 RT diluted with ethyl acetate (10 mL) and washed with
water (5 mL). The organie layer was dried (MaSO4), filtered and evaporated. The crude
product was purified by flash silica chromatography, elution gradient 0 to 10%6 (3.5M
ammonia in methanol) in DCM, to give the desired material as a beige solid (130 mg).
NMR.Spectium: 'H NMR. (400.132 MHz, DMSO-d;) & 1.22 (3H, dj, 3.22 (1H, m), 3.50 (1H,
t), 3.66 (1H, m), 3.79 (1H, d), 4.00 (1H, m), 4.06 (1H, m), 4.39 (1H, 5), 4.75 (2H, s), 6.60
(1H, s), 7.08 (1H, t), 7.14 (1H, 5), 7.36 (1H, 1), 7.49 (1H, d), 7.61 (2H, 1), 7.71 (2H, 1), 7.85
(2H, d), 11.15 (1H, s)

LCMS Specirum: MH- 449, retention time 1,96 min

The following compomds ware prepared in an analogous fashion from the appropriate

5 boronic acid or boronic ester.
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Example [Structure NAME LCMS| Retention
MH-+ | time (min)
45 [01 5-[4- 449 223
. p\/(’lN"' (benzenesulfonylmethyl)-6-
N

z

4\():\9 [(3S)-3-methylmorpholin-4-

e S
o
yl]pyrimidin-2-y1]-1H-indole
46 EOJ 3-[4- 450 1.97

5 ng (benzenesulfonylmethyl)-6-

O s N‘J\TI\:IN\) [(3S)-3-methylmorpholin-4-
H yl]pyrimidin-2-yl]-5,7-

diazabicyclo[4.3.0]nona-
1,3,5,8-tetracne
47 Eo] 6-[4- 449 2.20
(benzenesulfonylmethyl)-6-
EJ’ s “AIC/J’j/ [(3S)-3-methylmorpholin-4-
~ yllpyrimidin-2-yl]-1H-indole

“ ®! 1 30 [ 171
0.0 kaN"' (benzenesulfonylmethyl)-6-
oy - .
C St (L5 [(38)-3-methylmorpholin-4-

yl]pyrimidin-2-yl]-1H-

Lbenzoimidazole

Example 45: "H NME (400,132 MHz, DMSO-d;) & 1.21 (3H, d), 3.22 (JH, m), 3.49 (1H, m),
3.64 (1H, m), 3.78 (1H, d), 3.99 (1H, m), 4.13 (1H, d), 4.40 (1H, ), 4.72 (2H, s), ©.49 (1H, s),
6.60 (1H, 5, 7.32 (1, d), 7.38 (11, 1), 7.64 (2H, 1), 7.79 (2H, m), 7.83 (21, d, 8.15 (1H, 3),
11.17 (1H, s)

Example 46: 'H NME. (400.132 MHz, DMSO-d5) 5 1.24 (3H, d), 3.26 (1H, m), 3.50 (1H, m),
3.65 (1H, m), 3.78 (1H, d), 3.99 (1H, m), 4.15 (11, d), 4.42 (1H, 5), 4.74 (2H, s), 6.52 (1H,
mi), 6.69 (1H, 8), 7.50 (1H, t), 7.04 2H, ), 7.77 (1H, m), 7.85 (2H, m}, 8.36 (1H, d), $.82 (1H,
d), 11.76 (1H, s)

Example 47: 'H NMR. (400.132 MHz, DMSO-d;) & 1.22 (3H, d), 3.19 (1H, m), 3.50 (1H, m),
3.65 (11, ), 3.78 (1H, d), 3.99 (1H, m), 4.11 (1H, d), 4.33 (1H, 5), 4.72 (2H, 5), 6.45 (1H,
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m), 6.59 (1H, s), 7.44 (1H, tj, 7.4S (2H, d), 7.64 (1H, 1), 7.71 (1H, m), 7.76 (1H, m), 7.84 (2H,
m), 8.14 (1H, s), 11.19 (1H, s)

Example 48: 'H NMR (400.132 MHz, DMSO-d;) & 1.22 (3H, d), 3.20 (1H, m), 3.50 (1H, 1),
3.65 (1H, d), 3.78 (1H, d), 3.99 (1H, d), 4.12 (1H, d), 4.40 (1H, 5), 4.73 (2H, 5), 6.64 (1H, s),
7.63 (3H, m), 7.75 (1H, m), 7.87 (3H, m), 8§.25 (2H, m), 12.51 (1H, s)

The preparation of 4-(benzenesulfonylmethyl)-2-chloro-6-[(35)-3-methylmorphalin-4-

yl]pyrimidine is described below.

4-(Benzenesulfonylimethyl)-2-clilora-6-[(38)-3-methylmorpholin-4-yIpyrimidine

O,
Shes

4-(Benzenesulfonylmethyl)-2,6-dichloro-pyrimiding (2.8 g, 9.24 mmol) was dissolved in

DCM (20 mL) and stirred (under nitrogen) at -3°C. Triethylamine (1.42 mL, 10.17 mmol)
was added o give a clear brown solution. (35)-3-methylmorphaline (935 mg, 9.24 mmaol) was
dissolved in DCM and added dropwise Leeping the reaction below -5°C. The cooling bath
was then removed and the reaction mixtwre stirred at room temperature for 1 hour, The
reaction mixture was then washed with water (50 mL), dried over magnesium sulphate,
filtered and soncentratzd in vacuo. The srude material was chromatographed on silica, eluting
with 0-50% ethyl acetate in DCM to give the desired material as a white solid (2.6 g).

NME Spectrum: 'H NME (400.13 MHz, DMSO-dg) S 1.15 (d, 3H), 3.15 (m, 1H), 3.42 (m,
1H), 3.56 (m, 1), 3.72 (d, 1H), 3.92 (m, 2H), 4.15 (s, 1H), 4.62 (s, 2H), 6.66 (5, 1H), 7.74 (t,
1H), 7.76 (1, 1H), 7.7% (d, 1H), 7.80 (m, 2H)

LCMS Spectrum: MH-- 368, retention time 1.95 min, Method 5 Min Base

4-(Benzenesulfonvlmethiyl)-2.6-dichloro-pyrimidine
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6-(Benzenesulfonylmethyl)-1 H-pyrimidine-2,4-dione (13.3 g, 49 nmol) was added to
phosphorus oxychlorvide (100 mL) and the mixture heated o reflux for 16 hours, The reaction
was then cooled to room temperature and the excess phosphorus oxychloride was removed in
vaens. The residue was azeatroped with toluene (2 x 100 mL) and dissalved in DCM. This
mixture was then poured slowly onta ice (1 L) and stirred for 20 minutes, then extracted with
DCM (3 x 300 mL) The exiracts were combined, dried over magnesium sulphate, then
concentrated in vacuo o give the desived material as a brown solid (12 2). The material was
used without further purification.

NMR Spectium: "H NMR (400.13 MHz, DMSO-dg) 3497 (s, 2H), 7.65 (t, 2H), 7.72 (3, 1H),
7.79 (m, 3H)

LCMS Spectium: M-H 301, retention tinie 2.08 min, Mzthad 5 Min Basic

6-(Benzenesulfonylmethy)-1H-pyrimidine-2.4-dione

(0]

/U\NH

0.0
@"‘é’\”‘“‘w“l‘\*o
G-(Chlorometlyl)- | H-pyrimidine-2,4-dione (8 g, 50 mmol) was dissolved in DMF (200 mL)
and benzenesulphinic acid sodivm salt (9.8 3, 60 mmol) was added. The reaction was heated
{2 125°C for 2 hours then allowed 15 cool and the suspension filtered and concentrated in
vacuo 1o give a yellow solid. The arudz material was washed with water (100 mL), filtered,
then triturated with acetonitrileto give the desired material as a cream solid (13.2 g). The
material was used without further purification,

NME Spectrum: '"H NMR (400,13 MHz, DMSQ-dg) od 46 (5, 2H), 7.69 (1, 2H), 7.81 (m, 1H),
7.87 (m, 3H), 10.85 (s, 1H), 11.11 (s, 1H)
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CLAIMS

1. A compound of formula (T)

ou

g

Y%

formula (I)
or a pharmaceutically acceptable salt thereof; wherein
X is a linlzer group selected from CRA=CR’-, -CR'=CRCROR-, -CRSRTCPA=CRY, -C=C-, -
C=CCROR'-, -CRR7C=C-, -NR*CROR-, -OCRR’-, -SCRR-, -S(O)CRR'-,
-S(0)CROR -, -C(NR'CEPR-, -NR*C(O)CRR’-, -NR*C()NRCRR-,
NR*S(O),CRER -, -S{,NR*CER -, -C(0)NE"-, -NR*C()-, -NRC(O)NR?-, -S(0);NR"-
and -NR*S(0),-;
Y and Y? are independently N or CR® provided that one of 'Y and Y2 is N and the other is
CRS;
R' is a group selected from C_galkyl, Coallenyl, Cogalkynyl, carhocyelyl, carbocyclylC.
salloyl, heteracyclyl and heterocyclylC)gallzyl, which group is optionally substituted by one or
more substituent group selected from hals, cyano, nitro, R, -0, -SR?, -SOR?, -SO,RS,
ACORS, -CO,RY, -CONR'R', NPPR'?, -NR'COR', -NRCO,R', -NRICONRRY,
NRCOCONR'R'® and -NR’SO,R';
R? is a group selected from Cpalkyl, carboeyelyl and heterocyelyl which group is optionally
substituted by one or more substituent group independently selected fiom hala, cyano, nifro, -
R, -OR", -SRY, -SOR", -SO,RY, -CORY, -CORY, -CONRVRP, -NRVRY, and -
NR''COCONR'R'S;
R is selected from halo, cyano, niro, PP _ORE SR -SORE, -souRE CORY, -CORY,

-CONRPRY, NRPRM _NEPCORY, -NFPCOR! and -NRPSO.RM;

5 R* and R® are independently hydrogen or C_alkyl;

or R and R* together with the atom or atoms 1o which they are attached form a 4- to 10-

membered carbocyclic or heterocyclic ring wherein 1, 2 or 3 ring carbon atoms is optionally
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replaced with N, O or S and which ring is optionally substituted by one or more substituent
groups selected from halo, cyana, nitro, hydroxy, oxo, Cialkyl, Cigalkaxy, haloCy.galkyl,
haloC)galkoxy, hydroxyC).calkyl, hydroxyCgalliony, CgalkoxyCgalkyl, CsalkoxyC;.
calkoxy, amino, C.salliylaming, bis(Calkylamine, aminoCjgalkyl, (CzallyaminaCy.
salkyl, bis(CysalkyDaminoCy_galkyl, cyanoCi.galkyl, Csalkylsulfonyl, Cy.
salkylsulfonylaning, C)_galkylsulfonyl(C) sallylamino, sulfamayl, Cygalkylsulfamoyl,
bis(C.calkylsulfamoyl, Cyealkanoylaming, Cgalkanoyl{C.sallyl)amino, carbamaoyl, C;.
calkylearbamaoyl and bis(C)_galk:yl)carbamoyl;

R® and R are independently selected from hydrogen, halo, cyana, niﬁ'-:» and Cy_galkyl;

R® is selected from hydrogen, halo, cyano and C)alkyl;

R® and R™ are independently hydrogen or a group selected from C)galkyl, carhocyclyl,
carbocyclylC)gallzyl, heterocyclyl and heterocyelylCigall:yl which group is aptionally
substituted by one or more substitwent groups selected front hala, eyano, nitro, hydroxy, Cy.
calkyl, Cygalkoxy, haloC).galkyl, halaCgalkoxy, hydroxyC .galkyl, hydroxyC.calkoxy, C;.
salloxyC) salkyl, C)_alkoxyC) salkoxy, aming, C)salkylamina, bis(C.galkyl)aming,
aminoC).galkyl, (C).galkyDaminaCgalkyl, bis(C_salkyaminaC_gallyl, cyanaC)_sallyl, Cy.
calkylsulfonyl, C,_salkylsulfonylaming, C).sallzylsul fmyl(Ccalkylamine, sulfamayl, C;.
salkylsulfamoyl, bis(Csall:yDsulfamoyl, Csallanoylaming, Cy.sallanoyl{Csallyl)aming,
carbamoyl, C.galkylcarbamoyl and bis(C-galkyl)carbamaoyl;

R" and R' are independently hydrogen or a group selected from Cygallyl, carboeyelyl,
carbocyelylC) galkyl, heterocyclyl and hsteracyclylC)_galkyl which group is opticnally
substituted by one or more snbstituent groups selected from halo, cyano, nitro, hydroxy, Cy.
alkyl, Cgalkoxy, haloCy_galkyl, haloC)gallzoxy, hydroxyCgalkyl, hydroxyCy.gall:oxy, Ci.
galkoxyC)alkyl, CisallioxyCygallzoxy, amina, Cgalkylaming, bis(C.gallzyl)amina,

s aminoC.galkyl, (CgallkyDaminaC)_galkyl, bis(Cy.salkylaminoC) salkyl, cyanoCy_galkyl, C;.

galkylsulfonyl, Cjgallanoylamine, C)gallzanoyl(C.sallyl)aming, carbamoyl, Ci.
galkylcarbamoyl and bis(C).gallkyl)carbamaoyl; ‘

RB, RY, R'® and R'® are independently hydrozen or a group selected from C)gallyl,
carbacyclyl, carbocyclylC)_galkyl, heterocyclyl and heterocyclylCy.salkyl which group is
optionally substituted by one or more substituent groups selected from halo, cyana, nitro,
hydroxy, Csalkyl, Csalkoxy, haloC)_gallyl, haloC)_galkoxy, hydroxyCealkyl, hydroxyC.

salkoxy, CsalloxyCgallyl, CsalkoxyCgalkoxy, amino, Cy.salkylamine, bis(Cy.
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ealkylyamino, aminoCygalkyl, (C)alkyl)aminoC).salkyl, bis(C).gallylaminaC)_salkyl,

cyanoC)_zalkyl, C).gallylsulfonyl, C).galkylsulfonylaming, Cgalkylsulfonyl(C)_gallzyl)aming,
sulfamoyl, Cj_gallaylsulfamoyl, bis(Cy.salkylsulfamoyl, € gall:anaylamine, <) salkanoyl(C,.

allzylamine, carbamaoyl, C.gallyylcarbamayl and bis(C)_galliyl)carbamayl.
2. A compound of formula (T), or a pharmaceutically acceptable salt thereof, according to

claim 1 wherein 'Y is CH and Y2 is N.

3 A compound of formula (I), or a pharmaceutically acceptable salt thereof, according to

claim 1 or 2 wherein X is -S(0),CROR - ar -C(O)NHR'-,

4, A compound of formula (I), or a phammaceutically acceptable salt thereof, according to

claim 3 wherein X is -S(0),CHz-, -S(C)CH(CH;)-, -S(0)2C(CH; )2- or -C(O)NH-.

5. A compound of formula (1), or a pharmaceutically acceptable salt thereof, according to
any ons of claims 1 to 4 wherein R' is a group selected from methyl, athyl, isopropyl, sec-
butyl, isobutyl, phenyl, 2-methoxyphenyl, 3-methoxyphenyl, 3-fluoro-4-methaxyphenyl, 4-
methoxy-3-trifluoromethylphenyl, 2-methoxypyridin-5-yl, 2-methaxypyridin-4-yl, 2-
1net11‘:»xypyfidin-4-yl, 2-acetamidopyridin-5-yl, 2-acetamidopyridin-4-yl and 4-

[(anilinocarbonyl)amingphenyl.

6. A compound of formula (T), or a pharmaceutically acceptable salt thereof, according to
claim § wherein -XR' is a group selected from -CH,S0,-R! and -C(CH;):80:-R! wherein R

is methyl, ethyl, isopropyl, sec-butyl, isobutyl or phenyl; or

5 -XR!is NHCO-R! wherein B! is 2-methozyphenyl, 3-methoxyphenyl, 3-flnoro-4-

methoxyphenyl, 4-methoxy-3-trifluoromethylphenyl, 2-methoxypyridin-5S-yl, 2-
methoxypyridin-4-yl, 2-methoxypyridin-4-yl, 2-acetamidopyridin-5-yl, 2-acetamidapyridin-4-

yl or 4-[(anilinocarbonyl)amino )phenyl..

7. A compound of formula (I), or a pharmaceutically acceptable salt thereof, according to
any one of claims 1 to 6 wherein R? is selected from morpholinyl, piperidinyl, phenyl,

naphthyl, pyrolyl, imidazolyl, pyrazolyl, furanyl, thienyl, pyridinyl, pyrimidinyl, pyridazinyl,
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azaindolyl, indolyl, quinolinyl, benzimidazolyl, benzofuranyl, dibenzofiranyl, benzothienyl
which group is optionally substituted by ene or more substithent group independently selected
from halo, methyl, methoxy, hydroxymethyl, cyanomethyl, phenoxy, pyrrolidinyl, -CONHa,
-CONHCH; and -CON(CHas),.

8. A compound of formula (I), or a pharmaczautically acceptable salt thereof, according to
any one of claims 1 to 6 wherein R? is (pyrazol-3yl)amina, hydroxypiperidinyl, indol-4-yl,
indol-5-yl, indel-6-yl, azaindolyl, benzimidazol-5-yl, 3-(pyrazol-4-yl)phenyl, 4-(pyrazol-4-
yDphenyl, 2-aminocarbonylindal-5-yl, 3-aminocabonylindel-5-yl, 2-aminocarbonylindol-6-
yl, 3-aminocarbonylindol-6-yl, morpholinyl, 2-(pyrazal-4-ylthiazol-5yl or

methylmorpholinyl.

9. A compound of formula (I), or a pharmaceutically acceptable salt thereof, according to
claim 1 selected from any one of
N-[4,6-Bis[(33)-3-methylmorpholin-4-yl]pyrimidin-2-yl]-4-methoxy-benzamide,
N-[2,6-Bis[(35)-3-methylmorpholin-4-yl]pyrimidin-4-yl]-4-methaxy-3-
(trifluoromethyl)benzamide,
N-[2,6-Bis[(3S)-3-methylmorpholin-4-yl]pyrimidin-4-yl]-3-methoxy-benzamide,
N-[4,6-Bis[(35)-3-methylmorpholin-4-yl)pyrimidin-2-yl]-4-methoxy-3-
(triflucromethyl)benzamide,
N-[4,6-Bis[(3S)-3-methylmorpholin-4-yl]pyrimidin-2-yl]-3-methoxy-henzamide,
N-_[4,6-]3is[(3S)-3-n’nethyln'lonpl'l-:vlin-4-yl]pyrimidin-ﬁ-yl]-6-melho.\:y-pyTidine-3-
carboxamide,
N-[2,6-Bis[(3S)-3-methylmorpholin-4-yl)pyrimidin-4-y1]-2-methoxy-pyridine-4-
carboxamide,
H-Acetamidia-N-[2,6-bis[(3S)-3-methylmorpholin-4-yl]pyrimidin-4-yl]pyridine-3-
carboxamide,
N-[2,6-Bis[(3S)-3-meathylmorpholin-4-ylpyrimidin-4-yl]-2-methoxy-benzamide,
2-Acetamido-N-[2,6-bis[(3S)-3-mzthylmorpholin-4-yl]pyrimidin-4-yl]pyridine-4-
carboxamide,

N-[2,6-Bis[(35)-3-methylmorpholin-4-/1]pyrimidin-4-y1]-3-fluoro-d-methoxy-benzamide,
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N-[4,6-Bis[(3S)-3-methylmorpholin-4-yl]pyrimidin-2-yl]-2-mzthoxy-pyridine-4-
carboxamide,
6-Acetamido-N-[4,6-bis[(38)-3-methylmorpholin-4-yl]pyrimidin-2-yl]pyridine-3-
carboxamide,
N-[4,6-Bis[(3S)-3-methylmorpholin-4-yl]pyrimidin-2-y1]-2-methoxy-benzamide,
2-Acetamido-N-[4,6-bis[(38)-3-meihylmorpholin-4-yl]pyrimidin-2-yl]pyridine-4-
carboxamide,
N-[4,6-Bis[(3S)-3-methylmorpholin-4-ylpyrimidin-2-y1]-3-flusro-4-methozy-benzamide,
N-[2,6-Bi3[(3S)-3-methylmorpholin-4-yl]pyrimidin-4-yl]-4-
(phenylcarbamoylamino)benzamide,
N-[4,6-Bis[(3S)-3-methylmorpholin-4-yl)pyrimidin-2-yl1]-4-
(phenylcarbamoylamino)benzamide,

N-[2,6-Eis[(3S)-3-methylmorpholin-4-yl ] pyrimidin-4-yl]-4-methozy-benzamide,
2-[(2R,68)-2,6-Dimethylmorpholin-4-yl]-4-[(3S)-3-methylmorpholin-4-yl]-6-
(methylsulfonylmethyDpyrimidine,
1-[4-[(3S)-3-Mzihylmorpholin-4-y1]-6-(methylsulfonylmetliy)pyrimidin-2-ylpiperidin-3-al,
4-[(3S)-3-methylmorpholin-4-yl]-6-(methylsul fonylmethyl)-2-morpholin-4-yl-pyrimidine,
3-[4-[(3S)-3-Methylmmpholin-4-y1]-6-(methylsul fonylmethyl)pyrimidin-2-yl]-5,7-
diazabicyclo[4.3.0]nona-1,3,5,8-tetraene,

5-[4-[(3S)-3-Methylmorpholin-4-yl]-6-(methylsul fony lmethy pyrimidin-2-yl]- 1H-indole,
5-[4-[(3R)-3-methylmorpholin-4-y1}-6-(methylsulfonylmethyl)pyrimidin-2-y1]-1H-indole,
5-[4-(Butan-2-ylsulfonylmethyl)-6-[(3S)-3-methylmorpholin-4-yl]pyrimidin-2-yl]-1H-indole,
5-[4-(butan-2-ylsulfinylmethyl)-6-[(3R)-3-methylmorpholin-4-ylpyrimidin-2-yl]-1H-indole,
5-[4-[(3R)-3-methylmorpholin-4-yl]-6-(propan-2-ylsulfonymethy Dpyrimidin-2-yl]-1H-
indole,

5-[4-(ethylsulfonylmetliy])-6-[ (3R)-3-methylmorpholin-4-yl]pyrimidin-2-y1]-1H-indole,

4-[(3S)-3-Methylmorpholin-4-yl]-6-(methylsul fonylmeihyl)-N-( 1 H-pyrazol-3-yDpyrimidin-2
amine,

4-[(3 S)-3-Mcthylmolph-:»lin-4-yl]-6-.(mc~.lhylsulfonyln'lethyl)-2-[4 -(1H-pyrazol-4-
yDphenyl]pyrimidine,

4-[(3S)-3-Methylmorpholin-4-yl]-6-(methylsul fonylmethyl)-2-[3- (1H-pyrazol-3-
yDphenyl]pyrimidine,
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5-[4-[(3S)-3-Meihylmorpholin-4-yl]-6-(methylsul fonylmethyl)pyrimidin-2-yl]- 1H-indole-3-
carboxamide,

4-[(3S)-3-Meihylmorpholin-4-yl]-6-(methylsul fonylmeihyl)-2-[2-( 1 H-pyrazol-4-y1)-1,3-
thiazol-5-yl]pyrimidine,

6-[4-[(3S)-3-Methylmorpholin-4-y1]-6-(methylsulfony lImethyl) pyrimidin-2-yl]-1H-indole,
6-[4-[(3S)-3-Methylmorpholin-4-y1}-6-(methylsul fonylmethypyrimidin-2-yl]-1H-indole-3-
carboxamide,

5-[4-[(3S)-3-Meihylmorpholin-4-y1]-6-(methylsul fony lmetly)pyrimidin-2-yl]- 1H-indole-2-
carboxamide,

6-[4-[(3S)-3-Methylmorplolin-4-y1}-6-(methylsul fany Imeihypyrimidin-2-yl}- 1H-indole-2-
carboxamide,

5-[4-[(38S)-3-Methylmorpholin-4-y1]-6-(2-methylsul fonylpropan-2-yl)pyrimidin-2-yl]-1H-
henzoimidazole,

3-[4-[(3S)-3-Methylmorpholin-4-y1]-6-(2-methylsul fanylpropan-2-yl)pyrimidin-2-yl]-5,7-
diazabicyclo[4.3.0]nona-1,3,5,S-tetracne,

5-[4-[(3S)-3-methy horphiolin-4-y1]-6-(2-methylsul fonylpropan-2-ypyrimidin-2-y1]- 1H-
indole,

4-[4-[(38)-3-methylmorpholin-4-yl1]-6-(2-methylsul fonylpropan-2-yl)pyrimidin-2-yl]-1H-
indole,
6-[4-[(3S)-3-methylmorpholin-4-y1]-6-(2-nethylsulfonylpropan-2-yDpyrimidin-2-yl]- 1H-
indole,

4-[4-(Benzenesul fonylhethyl)-6-[(3S)-3-methylmorpholin-4-yl]pyrimidin-2-yl]-1H-indole,
5-[4-(benzenesulfonylmethyl)-6-[(3S)-3-methylmorpholin-4-yl)pyrimidin-2-yl]- 1 H-indole,
3-[4-(benzenesulfonylmethyl)-6-[(3S)-3-methylmorpholin-4-ylJpyrimidin-2-yl}-5,7-
diazabicyclo[4.3.0]nona-1,3,5,8-tetraene,

6-[4-(benzenesul fonylmethyl)-6-[(3S5)-3-1ethy norpholin-4-y1]pyrimidin-2-y1]-1H-indole,
and

5-[4-(benzenesulfonylimethyl)-6-[(35)-3-methylmorpholin-4-yl )pyrimidin-2-yl]-1H-

benzoimidazole,or a pharmaceutically acceptable salt thereof.

10. A compound of formula (I) or a pharmacentizally accepiable salt thereof according to

any one of Claims 1 to 9 for use as a medicament in the treatment of proliferative disease.

D
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11.  The use of a compound of fornmula (T) or 2 pharmaceutically acceptable salt therecf as
defined in any one of claims 1 to 9 in the manufacture of a medicament for use in the

treatment of proliferative disease

12, Theuse of a compound of formula (I), or a pharmaceutically acceptable salt thereof,
as defined in any one of claims 1 10 9 for the production of aun anti-proliferative effect in a

warm-blooded animal such as man.

13.  The use of a compound of formula (I), or a pharmaceutically acceptable salt thereof,
a3 defined in any one of claims 1 to @ in the manufacture of a medicament for use in the

production of an anii-proliferative effect in a warm-blooded animal such as man.

14. A method for producing an anti-proliferative effect in a warm-blooded animal, such as
man, in need of such treatment which comprises administering to said animal an effective
amount of a compoumd of formrula (), or a pharmaceutically acceptable salt thereof, as

defined in any one of claims 1 to 9.

15. A mcthod for treating cancer, inflanunatory diseases, obstructive airways diseases,
immunz diseazes or cardiovascular diseases in a warm blooded animal such as man that is in
need of such treatment which comprises administering an effective amount of a compound of
formula (1), or a pharmacentically acceptable sall thereof, as defined in any one of claims 1 to

9.

16. A pharmaceutical compasition comprising a compound of formula (I) as defined in
any one of claims 1 t2 9, or a pharmaceutically accepiable salt thereof, in association with a

pharmaceutically acceptable diluent or carrier.

17. A compound of formula (I) as defined in any one of claims 1t0 9, ara

pharmaceutically acceptable salt thereof, for use as a medicament.
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COMPUESTO - 946

La presente invancién se refiere a compuestos morfoling pirimidina, a procz2cos para

u preparacién, a composicionee farmacéuiicas que log contiznen y a su uco én tarapia, por

(%2}

ejeinplo en el tratamiento de enfermedadss proliferativas como el cdncer y en particular en
enfzrmedades mediadas por una quinasa mTOR y una & mds enzimas PISK.

En la aciualidad se comprende con claridad qua la dzcrzgulacién de loc cncogenas y
los genes supresorss tumorales contribuy: & la formacidn de tmores malignas, por gemplo
medianie ¢l anmento de la proliferacidn czlular o el aumento de la supervivencia czlular.
También ce sabe que las viaz de zefializacién mediadas por las familias PI3K/mTOR. tiznen un
papel fundarnzntal en vna serie de procesos celulaces que incluyzn la proliferacién y
suparvivencia, y que la desrzgulacidn de estas vias ec un factor cauzants dz un amplio
ecpectro de cdnceras humanos y otras enfermedades.

El blanco del antibiétics macrdlido Rapamicina (cirolimug) en loc mamifaros 2c la
enzima mTOR. Esta enzima pertenece a la familia de las protzinas quinasas (PIFKE) de la
quinasa similar a la fosfatidilinositol (FI) quinaca, que tambiin incluye ATM, ATR, DNA-PK
y hSMG-1. mTOR, al igual que otras mizmbras de la familia PIFEE, na posee actividad dz
lipida quinasa datectable, cino que en su lugar actda como una serina/trzonina quinaca, Mucho
dz] conocimiento de la sefializacidn de mTOR sz basa 2n el nso de Rapamicina. La
Fapamicina se une primero a la inmuncfilina de 12 EDa proteina de unidn a FIZS06 (FEBF12)
y este complejo inhibz 1a sefializacién de mTOR (Te= y Blznic, Szminars in Cz11 and
Develapmental Biology, 2005, 16, 20-37). La proteina mTOR congta de un dominio quinasa
catalitico, un dominio dz unién a Rapamicina-FIE{BP12 (FR2B), un dominic represaor putativa
préxime al C-terminal y hasta 20 moitvos HEAT repetidos en tdndam 2n el N-terminal, asi
coms dominios FRAP-ATM-TRRAP (FAT) y FAT C-tzrminales (Huang y Houghiton,
Current Opinion in Pharmacology, 2003, 3, 371-377).

La gquinasa mTOR. =25 un regulader clave del crecimiznto celular y ez ha demactrado
que regula un amplio rango dz funcionzs celularzs que incluyen la traduccidn, la
transcripcion, el recambio de ARNm, 1z zctabilidad de las proteinas, la reorganizacion dal
citoezqueleto de actina y la avtofagia Jacinto y Hall, Natre Pevizws Molecular and Cell
Bioclogy, 2003, 4, 117-126). La quinasa mTOR intzgra sefiales de 1o factoras de crecimienta
(commio la insulina o 21 factor dz crecimiento semejania a la infulina) y nutrientes (como

aminodcidoz v glucosa) para regular =] crecimiento celular. La quinasa mTOR se activa
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mediante factores de crecimiento a través de la via PISK-ALL La funcidn megjor caractzrizada
de la quinasa mTOR en lag células de mamiferos es la regulacién dz la traduccidn a traviéc de
des vias, a saber la activacidn de SGET ribosdmica para potznciar la raduccidn de los ARNm
que llevan un racto de oligopirimidina (TOP) §’-terminal y la supresidn de 4E-BP1 para
permitir la raduccidn del ARNm dependiente de CAP.

En general, loz investizadores han explorado las rales fisicldgicos y patoldgicns dz
mTOR vsando 1a inhibicidn con Rapamicina y andlogoc de Ia Rapamicina basdndos: an su

especificidad por mTOR. como blanco intraczlular. Mo abstante, 1oz datos recientess sugierzn
que la Rapamicina presenta accionzs inhibitorias variablzs cobre las funciones de cefializacidn
dz mTOR y cugieren qus la inhibiciédn diracta del dominia de 1a guinasa mTOR puade
dzsplegar actividades anticancerigenas sustancialmente mds amplias que las actividades
logradas con Rapamicina (Edinger e al., Cancer Research, 2003, 63, 8451-8460). Por ecta
razém, los inhibideres potentes y szlectives de la actividad quinaca de mTOR zerfan tilzs para
permitir una comprenzidn m4s completa de la funcién quinasa de mTOR y para proporcionar
agentes terapéuticos.

En la actualidad existe una considerable zvidencia que indica que las viac anteriores a
mTOR, como la via de PISK, zon frzoueni2ment2 activadas en el cancer (Vivanco y Sawyezrs,
Nature Reviews Cancar, 2002, 2, 489-301; Bjomsti y Houghion, NMature Reviews Cancer,
2004, 4, 335-348; Incld e al., Nature Genetics, 2003, 37, 19-24). Por 2jempla, los
componzntes de la via de PI3I] que eotdn mutados en diferenies tumorze humanas incluyzn
mutaciones que activan los receptores del factor de crecimiento y la amplificacién y/o la
sohreexpresidn de PI3K y Akt.

Ademdés existen pruzbas de que la proliferacidén celular endotzlial puede inchisa ser,
dependiente dz la sefializacién de mTOR. La proliferacidn celular endotelial ec zztimulada
mediante la activacién por el factor de crecimiento ezlular endotelial vascular (VEGF) de la
via de sefializacion PISK-AL-mTOPR. (Dancey, Expert Opinicn on Investigational Dimgs,
2008, 14, 313-328). Por ofra parie, z¢ cr2e que la cefalizacidn de la quinasa mTOR controla
parcialmente la cintzzie de VEGF a travée de electos sobre 1a exprasidn del factor inducible
por hipoxia 1on (HIF-1e0) (Hudson e al., Meolecular and Cellular Biclogy, 2002, 22, 7004-
7014). Por consignientz, 1a angiozgenesis tumaral pusde dzpender de la sefializacidn dz la

quinasa mTOR de dos maneras, a través de la sintesis inducida por hipozia de VEGE por las
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células inmaoralzs y estromalas, v a fravés dz la estimulacién por VEGF de la proliferacion
endotelial y la supervivencia a través d= la cefalizacién PISIZ-ALt-mTOR.

Estos hallazgos cugieren que los inhibidorzs farmacoldgicos de la quinasa mTOR
dzberfan tzner valor terapdutico para el tratamiento de lag divercas formas dz cdncer que
comprendzn tumores s$lidos como los carcinomas y sarcomas, y las leucemias y neoplacias
linfoides. En particular, 1og inhibidores d= la quinasa mTOR deberfan tener valor terapéntico
para 2l fratamiento, por gjempla, del cdncer d2 mama, colorrectal, de pulmén (inclusive
carcinoma pulmonar microcitico, carcinoma pulmonar no microcitico y cancer
bronguicalveolar) y de prasiata, y del cdncer de conducto biliar, huecas, vajiga, cabzzay
cuello, rifién, higada, tejido gastrointesiinal, esdfago, avaria, pancreas, piel, testiculo, tiroides,
titern, cuello de diero y vulva, y de lencemiac (incluco LAL y LMC), mizloma maltiple y
linfornas.

Ademis de la tumorigénzsis, hay pruebas dz que la quinasa mTOR tiene un papel en
una serie sindromes J2 hamartoma. Estudios reciznies han demaosirada que las protein
supiesoras de iumorzs como TSCL, TSC2, PTEM y LKB1 conirolan estrechamentz 12
sefializacién dz la quinasa mTOR. La pérdida dz estas protzinaz supresoras de tumores da
Ingar & vna seriz de afecciones tpo hamartoma comao resultado de la elevada sefializacidn dez

la quinasa mTOR. (Tee v Blenis, Seminars in Cell and Developmental Biology, 20035, 16, 29-
37). Los sindromes con un vineuls molecular establecido con la desregulacidn de 1a quinasa
mTOR incluyen el sindrome de Peutz-Jeghers (PIS), la enfermedad dez Cowden, el sindrame
de Bannayan-Rilzy-Ruvalcaba (BRIS), el sindromz de Protzus, la enfermedad de Lhermitte-
Duclos y 1a esclerasis tuberosa (TSC) (Inold af ;1/., Mature Genztics, 2003, 37, 19-24). Los
pacientzs con setos sindromes desarrollan de manera caracteristica tumores hamartomatasos
beniznes en muchos érganos.

Estudios recientes revelaron vn papzl de la quinasa mTOR en otras enfermedades
(Eacton & Houghton, Expert Opinion on Therapeutis Targets 2004, 3, 551-504). La
Rapamicina ha demostrado ser un potente inmunosupresor mediante la inhibicidn de la
proliferacién inducida por antigena de 1oz linfocitos T, 1os linfocitos B y la praduccidn de
anticuerpos (Sehzal, Transplantation Proceedings, 2003, 35, 7S-145) y poi 1o tanto [9s
inhibidores de la quinasa mTOR también puzden ser inmunoonpresoras diiles. La inhibicidn
de 1a actividad quinasa de mTOR también puade z2r 1itil en la prevencidn Jz rzestenasis, qua

s &l control de 1a proliferacidn no deseada de células normalzs en la vasculatura, en rzzpuesta
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a la introduccién de stents 2n el iratamients de enfzrmedades vasculares (Morice ¢f al., Mew

England Journal of Mzdicine, 2002, 346, 1773-1750). Ademads, el andlogo de la rapamicina,
evarolimus, puede reducir la gravedad y la incidencia de vasculapatias dzl alainjerto cardfaco
(Bicen ¢f al., New England Journal of Medicine (2003) 349, $47-358). Se ha azociads un
aumenio de la actividad de la quinasa mTOR con hipertrofia cardiaca, que es un factor dz
riesgo grave, de importancia clinica, de insuficiencia cardiaca y ec consecuzncia dz un
aumnento del tamaifio celular de los cardiomiocitos (Tee & Blenis, Seminars in Cell and
Developmantal Biology, 20035, 16, 29-37). Por 1o ianta ce espera que loc inhibideores dz la
quinasa mTOR czan valiocos en la prevencidn y el tratamiznto de nna amplia gama de
enfermadadas adzmds del cdncer.

También se cree que wna seric de 2cba derivados de morfoling pirimidina pnedan
tener aciividad iinhibiioria de la familia dz quinasas fosfatidilinasitol (FT) 3-quinasas.

Lac fosfatidilinasitol (PT) 3-quinazas (PI3K) san lipido quinasas ubicwas que acnian
tanto como transductores de sefial posteriores a los receptores dz la aaperficie celular como en
laz viaz constitutivag intracelulares de trifico de merabranas y protefnas. Todas laz PI3K son
enzimas de especificidad dual con una actividad de lipido quinasa que fosforila los
fosfoinositidos en la posicidn 3-hidroxi, y una actividad protzina quinasa menos caracterizada.
Loz productos lipidicns de las reacciones catalizadas por PISIT que comprenden 3,4,5-
trifosfaio de foszfatidilinasitcl [PI(3,4,5)P;], 3,4-bisfocfaio de fosfatidilinosivwol [PI(3,4)FP:] y 3-
mionofosfato de fosfatidilinositol [PI(3)P] constituyzn segundos mensajeroc en una diversidad
de vias de tranzduccién de cedial, que incluyzn las ecenciales para la proliferacion, adhzcidn y
supervivencia celularzs, la remodelacidn del citozsquelético y @ tréfico dz las vesiculas.
PI3)P =cid constitutivaments presente en todas las célulag y one nivelze ni cambian
dramiticamente luego de la sstimulacidn agonisia. En contraposicidn, PI(3,4)F: Y PI(3,4,5)P;
estdn nominalmente ansentes en la mayorfa dz laz eélnlas pero se acumulan ripidamznts con
la estimulacién agonista.

Loz efectos en dirzccidn 3 de 1os segundos mensajeros 3-focfoinaciiidos praducidas
por PI3K son mediados par las moléeulas blanco gque contienen dominios dz unidn a 3-
fosfoinasitido coma 21 dominio de la homologia de pleckstring (PH) y log dominios
recientemente identificados FYVE y phox.

Las proteinas blanco bizn caraclerizadas para PISK incluyen PDK1 y la proteina quinaza B
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(PIB). Ademds, las tirosina quinasas come Bik y ik con dependientes de la actividad de
PI3K.

La familia dz lipido quinasas PI3K se pueds: clasificar en irzs grupos de acuerdo con
su ecpecificidad por el sustrato fisio]-:’:gico (Vanliazsebroecl er al., Trends in Biol. Sci., 1997,
22, 267). Las enzimas PI3K clase I fosforilan sélo a PL En contrapasicidn, las enzimas PI3K
clace I fosforilan tanto a PI como a 4-fosfato de PI [PI(4)P)]. Las enzimac PI3K clase |
fosforilan a PI, PI(4)P y 4,5-bisfozfato de PI[PI(4,5)P,], aunqus s¢ cree qua sélo PI(4,5)P; e
el sustrato fizsioldzico celular. La fosforilacidn de PI(4,5)P; produce 2 segundo mensajera
lipido PI(3,4,5)P;. Mizmbros mds lzjanamente relacionados de la super familia de lpido
quinasas son las quinasas clase IV como mTOR. (ratada antes) y 1a quinaza dependiente de
ADN que fosforila los residuss serina/treonina dentro de loc sustrabos protzicas. Las mds
estudiadas y comprendidas de lag lipido quinasas PI3IZ son las enzimas PIZK clas2 L

Las PI3K clase I son heterodimeros que constan de una subunidad catalitica p110 'y
una subunidad reguladora. La familia 2 divide ademds en enzimas clase Ia y clase Ib
basdndose en los patronzs de regnlacidn y =1 mecanismo de regulacién. Laz enzimas clage Ia
constan de ez subnnidades cataliticas diferentes (p110a, pl10Q y p1108) que forman
dimeros con cinco subunidades reguladoras difzrentzz (p85¢i, pS5ci, pS0ar, pASH v pSSy),
siendn todas las subunidades catalfiicas capaces de inferactnar con todas lag subunidadas
reguladoras para formar una diversidad de heterodimercs. Las PISK clasz Ia ce activan
generalmenie en respuecia a la estimulacidn del factor de crecimiento del receptor tirasin
quinaza a iravés Jde la intzraccién de sus dominios SH2 de la subunidad reguladora con

esiduns fosfo-tirosina especificos del receplor activado o proteinas adaptadoras coma IRS-1.

Tanto pl10¢ coma pl10f s2 2xpresan constitutivamentz en todac 19s tipes dz célulaz, en
tanio que la expresidn de pl10S ectd més rectringida a las pablaciones dz laucocitos y algunas
células epiteliales. En contraposicidn, la dnica enzimas clace Ih consta de una subunidad
catalitica p110y que interactda con nna subunidad rzguladora pl101. Por ofra partz, 1a enzima
clase I se aciiva en respuesta a 1o sist=mas de receptores acoplados a protzina G (GPCR) y
su exprazidn parece estar limitada a los leucocitos y cardiomioscitos.

En la actualidad existe una considerable evidencia de que las enzimac PI3F clacz Ia
contribuyzn a la mmaorigénesis en una amplia diversidad de cincerss hamanos, ya sea dirzeta
o indirectamente (Vivanco y Sawyere, Mature Feviews Cancar, 2002, 2, 489-501). Por

ejemplo, la subunidad p110e se amplifica en alzunos twmorae coma los de wvario (Shayesteh
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et al., Nature Genetics, 1900, 21 09-1(2) y cnello de dters (Ma er al., Oncogeng, 2000, 19,
2739-2744). Mdc racieniemenie, mutaciones aciivanias deniro del sitio catalitico de 1a
subunidad caialitica p110a han sido asociadas a oiros varios timores como los de 1a regidn
colorrectal y de marma y puliadn (Samuszls ef 2/, Science, 2004, 304, 554). Las mutaciones
relacionadas con tmores en la subunidad reguladora pS5 también fueron identificadas en
cénceres como los de ovario y colon (Philp 2 ol., Cancer Fesearch, 2001, 61, 7426-7429).
Ademis de los efecios direcios, se cree que la activacién de las PISK ¢las: Ia contribuye a
eucesos tmorig=nos que s producen en wna etapa antérior @n las vias dz sefializacidén, por
¢jemplo mediante la activacidn dependiente del ligande o indzpendiente del ligando de
receptores tirosin quinasa, sistemas GPCER. o integrinas (Vara f /., Cancer Treatment
FPeviews, 2004, 30, 192-204). Los ¢jemples de dichas vias de cefializacidn anteriorzs incluyen
la sobrezxprecidn del receptor tirosin quinasa erbB2 en una varizdad de tumores 1o que
conducs a la activacidn de las vias mediadas por FISI (Harari e al., Oncogene, 2000, 19,
6102-6114) y a la zobreexpresion del oncogen ras (Hauffmann-2zh ¢/ al, Naore, 1997, 355
544-348). Ademds, las PI3K clase Ia pusden contribuir indirectamente a la tumorigénasis
cansada por diversos sucesos de sefializacidn posteriores. Por gjamplo, la pérdida del efecto
de 1a fosfatasa supresora de tumorzs PTEN que cataliza la conversidn de PI(2,4,5)P;
mevamanie 2n FI(4,5)P; se asacia con una amplia gama de tumores a través de la
desregulacién de la produccidn dz PI(3,4,5)P; mediada por PI3IT (Simpson y Parsons, Exp.
Cell Pas., 2001, 264, 29-41). Ademds, ce crae que el auments dz 1os efzcios de afras sucesos
dz zefializacidn mediados por PI3I contribuye a una diversidad dz cdnceres, par ejemplo
mediants activacién de Al:t (Micholson y Anderson, Cellular Signalling, 2002, 14, 351-395),
Ademds de tznzr un papel en la mediacién de la sefializacién proliferativa y dz
suparvivencia en células tumorales, exicten pruznac de que las enzimas PI2K clase Ia
contribuyen a la inmorizénesis zn células estromales asociadas a tumorzc. Por gjampla, se
sabe que la sefalizacidn de PI3K tiene una funcidn importante en la madiacidn de las sucecos
angiogénicos en células endoteliales, en respuzsia a factores pro-angiogénicos coma VEGEF
(Abid et al., Arterioscler. Thromb. Vasc. Biol., 2004, 24, 294-300). Como las enzimas PI3K
clace I también (iznen participacién en la motilidad y Ia migracidn (Sawyzr, Expert Opinion
Investig. Druge, 2004, 13, 1-19), los inhibidores de las znzimag PI3F deberfan proporcionar
beneficios terapduticos a ravés de la inhibicidn dz la invasidn de las células tumorales y las

meatdstasis. Ademds, las enzimas PI3E clase I tiznen un importante papel en la regulaciédn de
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las células inmunitarias contribnyendo a log efzctos pro-tumorigénicos de las ¢élulas
inflamatorias (Couzzens and Werb, Natare, 2002, 420, £60-867).

Esios hallazzos cugiersn que 1os inhibidores farmacalégicoc de 1as enzimas PI3K clase
I tendrdn valor ierapéutico para &l iratamiento de diversas enfermedades inclusive diferentes
formas de cdncer que comprenden twmarss eélidos eoms 1oz carcinomas y sarcomas, y 1as
leucermias y neaplasias linfoides. En particular, 1o inhibidares de las enzimas FI2K clase I
debarian tzner valor tzrapéutico para ¢l tratamiznto, por zjzmplo, dzl cdncer dz mama,
colarrecial, de puliidn (inclusive carcinoma pulmanar microcitica, carcinoma pulmonar no
microciiico y cdncer brongquioalveclar) y d= prdstata, y del cdncer d= conducta biliar, hnesos,
vejiza, cabeza v cuzllo, rifidn, higade, tzjido gastrointestinal, eséfago, ovario, pincreas, piel,

ssticulo, tiroides, ttero, cuello de diero y volva, y de 1zucemias (incluso LAL y LMC),
mieloma miltiple y linfomas.

FI31Zy, 1a PISE clase Tb, e activa madianie 103 GPCR, como se demosivd finalmznte
en ratones que carecian de 1a enzima. Por 1o tanta, los nzutrdfilos y macrdfagos de animalas
que carecen de PISKy no pudisron producir PI(3,4,5)P; en respuasta a la estimulacién con
diversas sustancias quimioticticas (come IL-8, CSa, IMLP y MIP-1a), n tanio que la
cefalizacidn a través de recepiores acoplados a proteinas tiresina quinasa para laz PI3K clase
Ia permanecid intacta (Hirsch e al., Science, 2000, 287(5455), 1049-1053; Li ef al., Science,
2002, 287(3453), 1046-1049; Sasald er al., Science 2002, 237(5455), 1040-1040). Por otra
parte, 1a fosforilacion dz PEB mediada por PI(3,4,5)P; no fue iniciada par estas ligandos de
GPCR 2n células que carscian d= PI3Iy. Considerados en conjunto, los resultados
demostraron que, al menos en las células hematopoyéticas eén descanso, PI3KYy es 1a tinica
isoforma de PISK que &3 activada por los GPCR in vive. Cuanda se analizaron in vitio
nautréfilos derivados de médula de ratén y macrdfagos peritonzales dz ratones tipo silvestre y
PIBI’.’{", se abservd un dzsezmpeiio reducida, pero no twialment: anulade, én loc ensayos de
quimictaxia v adherencia. Sin embargo, esto sé traduce en una drictica dizminucidn de la
infilracién dirigida por IL-8 de nentrdfilos en los tejidos (Hirsch 2 al., Sciznce, 2000,
237(5455), 1049-10353.). Lios datos recientss sugizren que PISEy participa én &l proczso de
Misqueda de vias mads quz en la generacidn de fueiza macinica para la matilidad, puzsto que
la migracién al azar no 25t disminuvida en células que carzcen de PI3ITy (Hannigan et al.,

Proc, Nai. Acad. of Sciences of V.S AL, 2002, 99(6), 3603-8). Loz datos que vinculan a PI3IY
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con la patolegia de enfermedades respiratorias proviznen de 1a democtracidn de que PI3Ky
tiene un papel central en la regulacién d= Ya infiltracién pulmanar inducida por endotoxinas y
la activacidn de neniréfilos que praduce una lesidn pulmonar aguda (Yum ef al., J.
Immunology, 2001, 167(11), 6601-8). El hecho de que a pesar dz que PI3KY s2 exprzza
mucho en log l2ucocitos, cu pérdida parace no interferir con la hematopoyesis, y €l hecha dz
que 1os ratones que carecen de PI3Ky son viablae y fértiles implica ain mds a esta isoforma dz
PI3K como un posible blanco farmacoldgico. El trabajo con ratones con gznes inactivados
tarnbién esiablece que PI3KYy &5 un amplificador ecencial de la activacidn de mastacitos
(Laffargue et al., Irnmunity, 2002, 16(3), 441-451).

Por 1o tanto, ademas dz en la tomorizénesis, existen prmebas de que las enzimac PI3K
clase I tienzn un papsl en otras enfermedades (Wymann 2/ o/, Trznds in Pharmacological
Science, 2003, 24, 366-376). Tanto las enzimas PI2E claze Ia como la inica enzima clase Ib
tiznzn importantes funciones en las célulae del sistema inmunitario (Foyasu, MNature
Immunclazy, 2003, 4, 313-319) y por consiguients con blancos terapfuticas para las
indicaciones inflamatorias y alérgicas. Informes recientes demuezstran qus 1os ratones que

carecen de PI3Ey y PI3ELS son viables, pero ticnen respuestas inflamatorias y alérgicas
atenuadas (Ali ¢r al., Natore, 2004, 431(7011), 1007-11). La inhibicién de PIZK tambifn es
itil para tratar enfermedades cardiovacculares a travézs de efectos antiinflamatorios o
direclamente afzciando a los miocitos cardiacos (Prazad ef al., Trends in Cardiovascular
Medicing, 2003, 13, 206-212). Por 1o tanto, se ecpera que Los inhibidores de lac enzimas PI2IK
clage I s2an valiozas 2n la prevencidn y ¢l tratamienta d2 una amplia gama de enfermedades
ademds del cancer.

Sz han identificada varios compuestor que inhiber, a las PI3IT y a la quinasa similar a
la fosfatidilinositol (PT) quinaza (PI3EID), que inclayzn wortmanina y ¢l derivade de la
quercetina LY294002. Esios compuesios son inhibidorss razonablementz especificos de las
PI3K y las PISKE con respecto a otraz quinasas, pera carecen d2 patencia y tiznen poca
seleciividad dentra Je las familias de PISIL

En consecnencia, serfa deseable abtenar otrag inhibidores eficaczs de mTOR y/o PI3K
para nsar en &l tratamients del cdncer, las enfermadades inflamatorias u obstructivas Jde las

vias regpiratonias, y las enfermedades inmunitarias o cardiovasculares.
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Los derivado:s dz la menfoling pirimidina y log inhibidores de PI3K con conocidos en
el 4rea.

La solicitud de paiente internacional WO 2004/0483a5 divalga compuestos que
poceen actividad inhibiioria de 1a enzima PISK y que con dtiles en el tratamiento del cdncer.
F5t05 compuastos son pirimidinas sustituidas con arilamine y heteroarilaming que difieren dz2
los compnzsios de la presente invencidn en viriud de sus sustituyentss arilamino y
heteroarilamine. WO 2004/048363 no divulga compuesios con los sustituyenies KR! de la
presents invencidn. Los inhibidores Jz 1a actividad de PI3K vtiles en el tratamiznto del cincer
tarnbin s2 divulzan cn la solicitud de patente eurcpea 1277 73% que menciona compuestos
heteroarilo biciclicos sustitnidas con 4-maorfoling coma quinazolina y derivadoc de pirido[3,2-
dlpirimidina y compuzstos hetzroarilo triciclicos sustitidos con 4-morfoling paro no
derivados de pirimidina monociclicos.

WO2007/080352, WO2003/023180 y WO2008/023159 divulgan compuestos gne
poseen actividad inhibitoria de las enzimas mTOR y/o PISE y son dtiles en el tratamiento del
céncer.

Una serie de compuestos como 4-morfolin-4-il-6-(fenilsulfonilmetil)-2-piridin-4-il-
pirimidina y 4-{6-[(fznilsulfonil)metil]-2-piridin-2-ilpirimidin-4-il Jmorfolina fusron

registrados en la base de daios dzl Chermnical Abztracts pzro no ¢z indied cu utilidad y no se
sugicre que estos compuzsios tengan actividad inhibitoria de mTOR y/o PI3K o que tengan
propiedadss terapéuticas tiles

Sorprendentemsente, hemos encontrado que ciertos derivados dz la marfolino
pirimidina poeseen propiedades terapéuticas vitiles. Sin Jezzar adherimos a restriccionss
tedricas, se cree que la uiilidad terapéutica de los derivados proviene de su actividad
inhibitoria de l1a quinasa mTOR y/o una o mis enzimas PI3K (come Iag enzimas dz 1a clasz Ia
v/o la enzima de la clace Ib). Debido a que las vias de sefializacién mediadas por las familias
PI3F/mTOR tienen un papel fundamental 2n una czriz d2 procesos celulares que incluyen la

2

proliferacidn y supervivencia, y debida a que la decregulacidn de estas vias ez un factor
causante d= un amplio 2spectro de cdnceres homanos y otras enfermedades, ce espera que 103
derivadoc sean terapéuiicamente dtilec. En particular, se espera que 1oz derivados tengan
propiedades antiproliferativas y/o apoptéticas 1o que significa que serdn diiles en el
tratamiento de enfermedadzs proliferativas como el cdncer. Los compuestos de la presente

invencidn también pueden ser Utiles para inhibir la proliferacidn celular descontrolada que
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curge de varias enfarmedades no malignas como enfermedadzs inflamatorias, enfermedades
chstruciivas de las vias respiratorias, enfermedades inmunitarias o enfermedades
cardiovasculares.

Gzneralmente, log compuzstos 4z la presente invencidn poseen una polente actividad
inhibitoria de la quinasa mTOR pero el compuecta tambin puede poseer una potante
actividad inhibitoria de una o mds enzimas PI3K (como las anzimas de la clase Ta y/o la
enzima de la clase Ib).

De conformidad con un aspecto de 1a presznte invencidn, se estipula un compuecto de

férmula (I)
INN / '/K

férmula (I)
o una de sue sales farmacéuticamente aceptables, donde
X &5 un grupo de unidn szleccionada entrz -CR*=CR’-, -CR*=CR’CRR-,
-CROR'CRP=CR"., -C=C-, -C=C0CROR -, -CRORC=C-, -NR'CR°R’-, -OCRR-,
SCROR’-, -S()CROR-, -S(0):CRER -, -C(OONRCESE' -, -NRAC(D)CRR-,
NRAC(ONRECROR -, -NR*S(0),CRR-, -S(0),NRCROR-, -C()NR*-, -NRZ(D)-,
NECONE-, -S(0);MR - y -NR*S(0)o-;
Y ¢ Y2 zon independientemnens N o CR® sizmpre que uno de 'Y e Y2 25 N el atre 25 CRS,

1
R’ es un gmpo seleccionado entre Cygaliquila, Cygalquenilo, Casalquinilo, carbociclila,

carbociclilCygalquilo, heterociclilo y heteraciclilCgalquilo, donde dicho grupa 2std

opcionalmentz sustiivido con una o mds grupas sustituyzntzs seleceionados entre halo, ciano,

nitro, B, -OF’, -SB, -SOR’, -S0,R°%, -COR®, -COR’, -CONR'R'®, -NRR',

-NR’ »R”’ NRACOR', NEICONROR'S, NRICOCONR'R" y -NRISOLR 'Y,

R? &z un grupo scleccionado entre C_galquilo, carbociclila y heteraciclila dande dicho grpo
2std opcionalments sustimido con uno o mis grupos susitnyzntes seleccionados

indepéndientamem entre halo, ciano, nitro, Rr! , -OR' -SR”, -SDF{“, -SOZR”,

-Cor"!, -coR", -CONRVER, -NE'R, v -MNEUCOCOMRR'S,
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R s& selecciona entre halo, ciano, nitro, R, -C)F’.”, --SR”, -SC)RB, -SOLRY, -CORB,
-CO,R", -CONEPRY -NRPRY, -NRPCOR", -NRCORM y -NR"SO.R;
R*y R® son independientzmente hidrégeno o C, galquilo;
oR y R* junte con el diomo o domcs a los cnales ectdn unidas forman un anillo carbociclica
o hetzrociclico de 4 a 10 miembros dondz 1, 2 4 3 dtomos de carbona del anillo eztdn
opcionalmante reeniplazadas por M, O 5 S y donde el anillo estd apeionalmente sustitnidas con
unG o mas grupos sustitnyentes seleccionados znire halo, ciano, nitro, hidroxi, axa, C.
galquilo, Cgalcoxi, haloCy_galquila, haloC) salooxi, hidroxiC)salquile, hidroxiC)galcoxi, Cy.
galeowiC)galquils, C)galcoxiC) galcoxi, amino, C)salquilaming, bis(C.galguil)amino,
aminoC.galquila, (C)salquil)amineC) salquils, bis(Cj.galquil)aminaC)_galgnils, cianoC;.
salquile, C)galquilenlfonila, C)salguilsulfonilaming, Cjsalquilsulfonil(C_galquil)aming,’
sulfamoilo, Cygalquilsulfamoila, bis(Cj.salquil)sulfamoilo, Cy.salcanoilamino, C,.
gqlcmull((‘ 1-salquil)amine, carbamoilo, Cy.galquilcarbamaily y bis(Cy.calquil)carbamoilo;
y R’ e seleccionan independieniemznts entre hidrégens, hala, ciana, nitro y Cygalquilo;
R? se selzcciona entre hidr$gene, halo, cianc y C.galquilo;
R’ y R zon cada uno indzpendizntzmenie hidrégens o un gmpo seleccionado éntre Cy.
galquile, carbociclilo, carbocichilCy galqnilo, haterociclila y heterociclilC) galquilo donde
dicho grupo estd opeionalmente sustituide con uno o méds grupos sustituyentes selzccionados
entrz halo, ciano, nitro, hidroxi, Cjgalquils, C, salcoxi, halaC, galquile, haloCgalcoxi,
hidroziC) galquilo, hidroxiC) galcoxi, CigalcoxiC)salquilo, C)galcoxiCgalcoxi, amina, Cj.
galquilamino, bis(Cjsalquil)aming, aminoCy.salgquila, (C).galquil)aminoCi galguilo, bis(Ci.
salquil)aminoC) galquils, cianoC) galquils, ) galquilsulfonila, Cygalquilsulfonilaming, Cy.
galquilzulfonil(C)_galquil)amineo, sulfameils, C;salguilsulfamoila, bis(C)galquil)sulfamaoila,
Calcanoilaming, Cysalcanail(Cgalquil)amine, carbamoilo, Cgalquilcarbamoila y bis(Cy.
galquil)carbamoilo;
R" v R son cada uno independienternznie hidrégena o un grupo seleccionado entre Cy.
salquilo, carbociclile, carbociclilC galquilo, heteraciclilo y heteraciclilC.salguilo donde
diche grupo 2std opeionalmentz sustituido con una o mds grupos sustitey:nt2s seleccionadas
enire halo, ciano, nitro, hidroxi, Csalguils, Cisalcoxi, halaC.galquilo, haloC galeaxi,
hidroxiC) galquile, hidrexiC) galeoxi, CpgaleoxiC) salquilo, CsalcoxiC)galcoxi, amina, Cy.

calquilamine, bis(C) galquil)aming, aminoCgalquila, (C).galgnil)aminoC) ¢alquil, bis(C;.
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salquil)aminoCy galquile, cianoC)salquils, Cygalguilsulfonila, Cyealcanoilaming, C,.
salcancil(C_galquiamine, carbamoilo, Calguilcarbamailo y bis(C).galquil)carbamoilo;
RP, RM¥ RPy R son cada uno independientzmente hidrézena o un grupo seleccionado
entre Cjgalquilo, carbociclilo, carbociclilC)salquile, hzterociclila y hetaraciclilCysalquilo
donde dicho grupe 2std opcionalmente sustitnido con uno o mas grupos sustitnyentes
seleccionadas entre halo, ciano, nitro, hidroxi, Csalquilo, € galcoxi, haloCgalquilo, halaC,.
galcozi, hidroziC_salguilo, hidroziCy salcaxi, CjsalcoxiC)salquila, CigalcoxiCy.galcovi,
amine, Cygalquilamine, bis(C)salquil)aming, aminaC).galquile, (C)galquil)aminoC)_galquilo,
bis(C).salquil)aminoC ) salquilo, claneCygalquilo, Cjsalguilsulfonila, C) galguilznlfonilaming,
Csalquilsulfonil(Csalquil)aming, sulfameilo, Cigalquilsulfameaila, bis(C.
salquil)sulfameilo, Cealcanoilamino,

Cgalcanail(Cy galgquil)aming, carbamoila, Cjealquilcarbamoilo y bis(C).salguil)carbamioilo;
para usar como wn medicaments zn 2l ratamiznto de enfermedades proliferativas.

De conformidad con un aspecto de la presente invencidn, se estipula un compnesto de

Su

férmula (I)
0]

férmula (I)

o una de sus sales farmacénticamente aceptables, donde

X ez uin grupo dz union selzccionadn entre -CR=CR’-, -CR*=CRCDR-,
-CRR'CR’=CR"-, -C=C-, -C=CCRF -, . CRR'C=C-, -MR*CRR-, -OCRCR-,
-SCESR’-, -S(CROR’-, -S(0),CRR -, -C(ONRACROR-, -NE‘C(ONRPCROR -,

4~

SO NRACROR -, (MR-, -NRAC(D)-, -NEC(O)NES-, -S(0),MR%- y -NR*S(0),-;
Y & Y2 son independizntemeniz N o CR® sizmpre quz une de 'Y 2 2 &5 Nel atro o5 CRS;
R =5 un arupo seleccionado sntre Cgalyuilo, Cosalquenilo, Cygalquinila, carbaciclilo,
carbaciclilC) galquilo, heterociclila y hetzraciclilCy galguile, donde dicho grupo estd

opcionalmentz sustitnido con nno o més gmpos sustituyentes seleccionados entre halo, clano,
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nitrs, R®, -0R, -SR%, -SOR®, -SO,RY, -COR’, -00,RY, -CONRR'®, -NRR',
-NR'COR', -NRCO,R'®, -NRICONR'RS, -NRUCOCONRR" y -NRSO,R'Y;

5 un grupo seleccionada entre Cgalquils, carbociclilo y hetzraciclilo dond: dicho grupo
estd opcionalmente sustimido con une o mas grupos custiyzntes seleccionados
independientemente enire halo, ciano, nitro, RU _op' sp', SorY, -so,RM
-CoRM, -coRY, -CONRUR'?, -NRVE, v -NRCOCONRR'S;

R se celecciona entre halo, ciano, nitro, -RP , -OR”, -SF1'3, -SDRB, —SOZRB , -COR”,
-CO,RE, CONRPRY, -NRPRY, -NRPCORY, -NRPBCORM v -NRPSO,R,

Rr* y RS son independientzmente hidrégeno o C,galquilo;

o R y R junto con el dtomeo o diomos a los enales zstédn unidos forman un anille carbociclico

z

o hzterociclico de 4 a 10 miembros donde 1, 2 6 3 dtomos de carbong del anillo estin
opcionalmentz reemplazadas por N, Q o Sy donde &1 anillo ectd opeionalmenta sustitnido con
uno o mis grupos sustituyzntes selaceionadoc hale, clano, nitro, hidroxi, oxe, Cjgalgnila, Cy.
galcoxi, haloC) galquilo, haloC galcaxi, hidroxiCygalquils, hidroxiCy salcoxi, € galcoxiCy.
galquile, CysaleoxiC) salcoxi, amino, Cj.salquilaming, bis(C Malquﬂ)mmnu, aminoCygalquile,
(Cr.salguil)amineCy galquile, bis(C)salquil)aminoC.salquilo, cianoC) galguile, C,.
salgquilsulfonila, C)zalquilsulfonilaming, C)salquilsulfonil(C).galquil)amins, sulfameilo, C;.
salquilsulfamoilo, bis(C).salguil)sulfamoilo, C.salcancilaming, Cisalcanoil(C) salquil)aming,
carbamaile, Cygalquilcarbamoile y bis(C)_galquil)carbamoilo;

R® v R’ e celeccionan independiznterznte entrz hidrdgzno, halo, ciano, nitro y C_galquilo;
R® se selecoiona entre hidrégena, hala, ciano y Cjgalquilo;

R’ y R zon cada nno independizntzmente hidrégeno o un grupo szleccionado entre Cy.
salquilo, carbociclilo, carbociclilC.galquilo, heteraciclilo y heteraciclilCysalquilo donde
dicho grupo estéd opcionalmente sustituido con v o mds grupos custituyentes selzccionadas
entre halo, ciano, nitro, hidroxi, C)salquilo, Cgaleori, haloZ) salquile, halaCy galcoxi,
hidroxiCygaliuils, hidroxiC) galooxi, CsalcaxiC)salquilo, C)galcaxiC ) galcoxi, amino, C).
salquilaming, bis(C.galemil)aminng, amina”) salquila, (CisalguilamincCy galguilo, bis(Cy.
salquil)aminaCy zalquils, cianoC) salquilo, C; salquilsulfonila, C)salquilsulfonilaming, C;.
galquilzulfonil(C).salquil)aming, sulfamasila, C)salquilsulfamoilo, bis(C)salquil)zulfamacilo,
C\salcanoilamino, C).galcansil(Csalquil)aming, carbamnila, Cpgalquilcarbameaila y bis(C).

salquil)carbamoilo;
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R" y R :0n cada uno independientamente hidrigens o un grupa selzccionads antre C.
calquilo, carbociclila, carbociclilCysalquile, heteraciclilo y heterociclilCy galgquila donds
dicho grupe estd opcionalmente sustituida con und o més Z2mpos sustitnyentes seleccionados
entre hala, ciano, nitro, hideoxi, Cpsalquilo, Cjgalcori, haloCy galquila, haloC, salcoxi,
hideoxiC).galquilo, hidioziC) galenxi, C)galcoxiC) galgnils, CgalcoxiC)galeoxi, amino, Cy.
calquilamino, bis(C.;alguil)amins, aminoC) alquilo, (C)salquil)aminaC)salquile, bis(C,.
calquil)aminaCy_galqmilo, cianolC) salquilo, C) salquilsulfonils, C)galcancilaming, C,.
calcancil(C)_salquil)aming, carbamaila, C)_salquilcarbamoila y bis(C)salquil)carbamioilo,
RB, R R v R 501 cada uno indzpandizntemznts hidrézeno o un gmpo seleceionado
entre Cygalquilo, carbociclilo, carbociclilC galquilo, heteraciclily y heteraciclilCygalguilo
donde dicho grupo ectd opcionalmente sustitnida con uno o mAc grupos sustituyentas
seleccionadaos entre halo, ciano, nifro, hidroxi, C).salquilo, C.galcoxi, haloC) galquila, haloC;.
galcaxi, hidroxiC).salgquilo, hidroxiC)salcaoxi, CsalconiCigalquila, C)saleoxiCysalcoxi,
amino, C)galquilaming, bis(C.galquil)amino, aminoC) galquile, (C)salquil)aminoC; galquilo,
bis(C.salquil)aminoC ) salquilo, cianaCysalquilo, Cy.salquilsulfenilo, C).salguilsulfonilamino,
C1salquilsulfonil(Cysalquil)aming, sulfamoilo, Ci salquilsulfamaila, bis(C.
salquil)sulfamoile, C)¢alcancilamine, Cyealcancil(C)¢alquil)aming, carbamaila, Cj.
salquilcarbamoilo y bis(C.ealquil)carbamoilo;
para uzar como v medicamento en ¢l iratamiznia de enfzrmedades proliferativas.

De conformidad con un aspecto de la presente invencidn, s2 estipula un compuesto de

férmula (1)
L

0]

férmula (I)
o una de sus sales farmacéuticamente aceptables, donde
[ . 4~ ~T 4
X es un grupo de unidn zeleccionado entrz -CR'= CR-, -CR=CR’CRER’-,

-CRR'CR*=CR’-, -C=C-, -C=CCRE-, -CR°R'C=C-, -NE*CRR’-, -OCRSR’-, -SCRSR'-,
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SRR, -S(0)CROR-, -C(ME'CROR-, -NR CONR CROR-, -S(0).MR*CRR -,
CCOOHNR’-, -NRAC(D)-, -NRUC(OINE?-, -S();NR’- y -MR*S(0)s-;

1Y ¢ Y2 s50n independisniemente N o CRS® siempre qua uno d2 'Y e Y? es Nl atra ec CRE;
R &s un grupo seleccionads entre Cgalquilo, carhaciclila, carbociclilCsalquilo,

hzterociclilo y heterociclilCysalquile, donde dicho grupe esid opcionalments sustituido con

< . . 0 00 0
uno o mas grupos suctimyentes seleccionadas enire hala, ciano, nitro, 7, -OR7, -COR’,
. [} ~
-CONR’R', -NR°R'" y -NR°COR'?,
R 25 un grupo seleccionada entre Cgalquilo, carbociclila y heterociclila donds dicho grupo

z

st opcionalmente sustituido con wno o mas grupos sustimyzntes seleccionados

independiznizmentz enire hala, ciana, nitro, R -DR”, COR! l, -CONR'R'? y

_NR''R'2%:

R? e selecciona entre halo, ciano, nito, -IZ'.”, -C)R”, -CC!R”, -CCnN'R”RM, NR"pM y

-NR"COR";

R*y R®son independientzmente hidrdgeno o Cjgalquilo;

R® y R’ sz seleccionan inde spendizntzments entre hidrégzna, halo, ciano, nitro y Cygalgqnilo;

R3 s¢ selecciona entre hidrdgeno, hale, ciano y C)galquilo

R’ y R son independientemante hidedzzno o un grups seleccicnado 2ntre Cysalquilo,

carbaciclila y heterociclilo donde dicho grupe estd opeicnalmenta sustimids ¢on und o mas

grupas sustituyentes selzccionados entre halo, ciano, nitro, hidroxi, Cygalguilo, C)galeoxi,

haloC) galgquils, haleC)salcoxd, hidroxiC) galquilo, hidroziCysaleoxi, CigaloaxiC) salquilo,

CealcoxiC) galcoxi, aming, Cjgalquilaming y bis(C).salquil)aming;

RM y R™ zon ind spendientzments hidrégzno o un grupo seleccionada entre Cgalquilo,
carbociclily y heteraciclily donde dicho grupo 2std opeionalmente suctituido con uno o mis

grupos sustituyenies selecciomados entre halo, ciane, nitro, hidroxi, C)salquile, C)ealcon,

haloCy_galquile, haloC) galenxi, hidroxiC) galquile, hidrexiCygalcori, ) salcoxiC) galquilo,

CigalcoxiCysalcoxi, amino, C) salquilaming y bis(Cjgalquil)amino;

R" y R con indzpendientemente hidrdgeno o un grupo szleccionado entre Cygalquilo,

carbociclilo y heteraciclile donde diche grupo zotéd opcionalmente sustitnido con wio o méis

grupos sustituyentes seleccionados zatre halo, ciand, nitro, hidroxi, Cygalguile, Cygalooxi,

haloCygalguile, haloC).salcoxi, hidroxiC, salgquila, hidroziCysaleori, CisalcoxiCy galquilo,

C1ealeoriC) salcoxi, aming, C) salquilaming y bis(Csalquil)amino;

para usar coma un medicamento en &l tratamiento de enfermedadas proliferativas.
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De conformidad con otro aspecto de 1a presznte invencidn, se estipnla el uso dz un
/ j\
1
1
R! ~ 1\
b \ /
X

férmula (1)

compuesto de farmula (I)

o una de cus sales farmacéuticamente aczptables, d-‘-nde

X &s un grupo de unidn seleccionado entre -CR ‘=CRS., -CR*=CR’CROR'-,
CER'CRP=CR"., -C=C-, -C=CCRR-, -CROR'C=C-, -NR'CR°R-, -OCRR -, -SCRR/-
SS(O)CRCE-, -S(0)CRCR-, -C(ONR'CRR-, -NE‘C(O)RR-, -NR*C(O)NFCRR-,
NR*S(0),CROR -, -S(0),NR'CROR-, -C(0)NR-, -NR*C(D)-, -NRC()MR’-, -S(0);NR*- y
-NRS(O)-;

Y ¢ V2 zon independizniementz N o CR® siempre que uno de Ve Y? a5 Nal owra es CR
R es un arupo szleccionado entre C)galquils, Cogalquenilo, Cogsalquinilo, carbacicliia,
carbociclilCy galquilo, heterociclilo y heterociclilC) galguils, donde dicho grupa estd
opcionalmente suctitida con uno o Més grupoc sustituyznizs celeccionados entrz halo, ciano,
nitre, <R, -OR®, -SR®, -SOR?, -SO,R, -CORY, -00,R’, -CONRR'?, -NER'”, -NR'COR'®,
NRACOR'C -NRICONR RS, -NESCOCONRR y -MRSO,R'?,

R? ¢2 un arupo seleccionado entre Crgalomilo, carbociclilo hPmncwl]lu dondsz dicha gmpo
o

l‘\

25t opcionalmente sustitwideo con un o s Zrupos suuutuycnle seleceionados
independientemente entre halo, ciano, nitro, R CoRM SR sor!' -so,RY, -CORM,
-CoRM, ccoNRVR"?, NR'R? y -NR"CCN?C)I‘IR”R]G'

R® 5e szlacciona entre halo, ciano, nitro, -l'"“ - )Pl“ Pl“ =S 'P” SOZRU, -COR”,
-COR, -CONEFE!, .NEPRY, -MRPCORY, -NE"*CO,R y -NRPSOR'Y,

R"yR5 son independizntementz hidrdgeno o C,salquilo;

o Ry R junto con &l dlomo o 4omas a los cuales estdn unidos forman wn anillo carbaciclice
o hetzrociclico dz 4 a 10 miembros donde 1, 2 9 3 atomos de carbong del anillo ectdn
opcionalmente rezmplazados por M, O o S y donde el anillo estd opcionalmeanie susiimido con

uno o mds grupos sustituyznies seleccionados halo, ciano, nitro, hidroxi, 520, Cgalquila, C;.
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salcoxi, halaC salquile, haloC).galeoxi, hidroxiCyealquilo, hidroxiCysaleozi, CgalcaxiC.
calquilo, CysaleaxiCy galenxi, aming, C)galquilaiing, bis(Cygalquil)aming, amineC)galquile,
(Cygalquil)aminoCy.galquilo, bis(C)salquil)aminoC) galquile, cianoC)_salquilo, Cy.
galquilsulfonilo, Cygalquilsulfonilaming, Csalquilsulfonil(C) salquil)ariing, sulfameilo, Ci.
salquilsulfamailo, bis(Cy.galquil)sulfamsils, Cysalcancilamino, € galcanoil(C)galquil)amina,
carbamoila, C)galquilcarbamoilo y bis(Cgalquil)carbamailo;

R® N R’ e seleccionan indzpendizniemente entre hidrégeno, hala, ciane, nitro y Cygaliuila;
R® se selecciona entre hidrégens, halo, ciano y C)salquilo;

R’ y R :5n cada une independizntements hidrégens o un Zrpo selzecionado entre C.
salquilo, carbociclila, carbociclilC) galquilo, heterociclile y heterociclilCy galquilo donde
dicho grupo estd opcionalmente snstitnido con uno o mads grupos custituyentes seleccionados
entre hala, ciane, nitro, hidroxd, Csalquilo, Cjgalcoxi, halaC)salquilo, haloC).saleaxi,
hidroxiC).salquila, hidroxiC)galcoxi, C)salcoxiCygalqnils, C)galeoxiC)salcoxi, amino, C.
salquilaming, bis(C)salguil)aming, aminoCysalquile, (C).galquil)aminoC) galquile, bis(Cy.
salquil)aminoC _salquilo, cianoC h;alquilc}, Cisalquilsulfonila, C,.galquilsnlfonilamine, Cy.
salquilsulfonil(C)salquil)amine, culfamoilo, C galquilsulfamoilo, bis(Cy.galquil)sulfamoilo,
Csalcancilaming, C)_salcanoil(C).galgquil)aming, carbamaila, T salquilcarbamioilo y bis(Cy.
galquil)carbamoilo;

Ry R"son cada une independizniemente hidrégeno o un grupa szleccionada entra Cy.
calquilo, carbaciclily, carbociclilCy galquils, hetercciclilo y haterociclilCy galquilo donde
dicho zrapo estd opcienalmente sustitnido con uno o mas grupos custitnyenies seleccionadas
entrz hala, ciano, nitro, hidraxi, C)salquilo, C)galeoxi, haloC) salquila, haloC)galcoxi,
hidroxiCy_galquily, hidroziC) galeoxi, C)galcoxiC) salquile, ) salcoxiCygalcoxi, amino, C.
calgquilamino, bis(Cgalquil)aming, aminoC) salguilo, (C)salguil)aminoC) galquilo, bis(C;.
salquilaminoC) galquils, clanoC) galguils, C)galquilzulfonile, C)salcancilamino, C,.
calcanoil(C) galquil)amine, carbamoilo, C)salquilcarbamilo y bis(C)galquil)carbamaoilo;
RY, R™ R y R son cada uno indzpendientemente hidrégeno o un grupa seleccionado
entra C)_galquilo, carbociclils, carbaciclilC) galguilo, heterociclilo y heterociclilCy_galquilo
donde diche grupo estd opcionalmentz sustitnido con una o mas grupas sustitayentas
celeccionados entre hala, cianw, nitro, hidroxi, C).galquila, C)salcoxi, haloC.salquilo, haloC;.
¢aleoxi, hidvoxiC) salquilo, hidroxiCy galcoxi, CyealcoxiC) salquiln, C)galenxi) salcoxi,

ariino, C_galquilamino, bis(C, galquil)aming, aminoC).salguilo, (C).salquil)aminaCysalquile,
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bis(C)salquil)aminnC salquila, cianaC).salquilo, Cpsalguiloulfonils, Cygalquilsulfonilaming,
C.alguilsulfonil(Cy galquil)aming, sulfamoile, Cysalguilsulfamaila, bis(Cy.
salquil)sulfamoilo, Cy_galcanoilaming, C)salcanoil(C).salguil)amine, carbamaoila, Cy.
calquilcarbamoil y bis(Cygalquil)carbamailo;
en la fabricacidén de un medicam=nio para wsar 2n =} tratamiento de enfarmzdades
proliferativas.

Dz conformidad con olro aspecio de la presznte invencidn, se estipula el uzo de un
commpuesto de férmula (I)

0

RS
]Y Yz

o 1L

N R2

A
|

férmula (I)
o una de sus sales farmacénticaments aceptables, donde
X &5 un grupo dz unién seleccionado entre - CR=CR>., -CR'=CR’CEOR’-,
-CE*R'CR’=CR"., -C=C-, -C=CCRF-, -CROR'C=C-, -NR'CR®R'-, -OCRR-, -SCRR-,
S(O)CROR-, -S(0),CROR-, -C()NRACRR-, -NRC(O)NRPCROR-, -S(0):NR*CRER-,
-C(CYNR’-, -MRC(D)-, -NR'C(ONR’-, -S(0):NR*- v -NE*S(D)z-;
Y e Y? con independientements N o CR® siempre que nna de 'Y e Y2 es N 2l atro 25 CR®;
R! 2z un grupo seleccionads entre Cpgalquile, Ca.salquenilo, Cs.salquinila, carbociclila,
carbociclilCygalquilo, hetzrociclilo y heterociclilCy galquilo, donde dicho grupa estd
opcionalmente sustituida con uno o mds grupas sustituyentzs seleccionados entre halo, ciana,
nitrs, -B7, -0R, -7, -SORS, -SO,R®, -COR’, 00uRY, -CONRR', -NP°R',
NRUCOR'®, -NRPCO,R'®, -NF CONE R, -MNRCOCONER' y -NRSO,RY;
R? &5 un grupe scleccionads entre C galquilo, carbeciclilo y hetzrociclilo donde dicha grupo
estd opeionalmente sustituido con uno o MAs gmpos suctituyentes seleccionados
independizntemente entre halo, ciano, nitro, -R”, -C’R”, SR .sorM, -SORM,
-CoR", .cop!! -coNRUR, -NRVR? y -NRMCOCONRR'S,
R? se s2lecciona entre halo, ciano, nitro, —Rlz, -OR”, -SR”, -SC)R”, -SO»_.R”, -CC)R”,

~ 113 4 R llpl4 kI LIS K i 4
-CO,RE, .CONRPRY, .NRPRY, -NPPCORY, -RPCO,RM™ y -NRPSOLR™;
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R*y R’ son independientemente hidrdgeno o C)salquilo;

oR! Vi R* junto con el dtomo o dtomas a los cuales #stdn unidos farman un anilla carbociclico
o heterociclico de 4 a 10 miembros donde 1, 2 § 3 dtomos dz carbona del anillo estin
opcionalments reemplazados por N, 0o Sy donde el anillo estd opcinnalmente sustituido con
uno o mA: grupos sustituyentes selzccionadas hala, ciano, nitro, hidroxi, axo, Cisalquila, Cy.
salcai, halaCysalquilo, halaC) galcoxi, hidroxiC,salquilo, hidroxiC) saleoxi, CygaleoxiCy.
salquila, C)salcoxiC) salcoxi, aming, C)galquilamino, bis(C).calquil)aming, aminoCysalquila,
(C1salqui)aminoC_galguilo, bis(Cy.salquil)amino salquile, cianoC) salquile, Cy.
calquilanlfonilo, C)salquilsulfonilaming, C)salquilsulfonil(C)salquil)aming, sulfamailo, C;.
galguilsulfamoilo, bis(Cgalquil)znlfamails, Cygalcansilaming, Cgalcanoil{Cy calquil)amins,
carbamoilo, Cy¢alquilcarbamoilo y bis(Cgalquihcarbamailo;

RS v R se seleccionan independientemente entre hidrdgzno, halo, ciana, nitro y Cjgalquilo;
R? se selecciona entre hidrégenn, hala, ciana y Cgalquilo;

R’ y R con cada wno independientemente hidrdgeno o un grupo seleccionada entre C,.
galquilo, carbaciclilo, carbioeiclilCy galquilo, heterociclilo y heteraciclilCsalguile donde
dicho grupo sstd opcionalmente snatituido con una o mas grupas sustituy 2ntes selzccionados
entre halo, ¢iano, nitro, hidroxi, Cpgalquila, Cpsalcozi, haleC) galguile, haloC, saleoxi,
hidroxiC)galquilo, hidroxiC,.galeoxi, C)galeoxiC salquils, C)galeoxiC)salcoxi, aming, Cy.
calquilaming, bis(Cysalquil)arming, aminoC) galquilo, () salquil)aminoC; ¢alquilo, bis(Cy.
salquil)aminoC) salquilo, cianoCgalquilo, C;salquilsulfonilo, C)galquilsulfonilamina, C;.
salquilzulfonil(Cy.salquil)amine, cnifamails, C) galquilsulfamoilo, bis(C).salquil)sulfamaila,
Ci.¢alcancilamino,

Cgalcanoil(C) galquil)amino, carbamoilo, C)salquilcarbamailo y bis(C).galquil)carbamoilo;
Ry R zon cada une ind zpendientemente hidrégens o un gmpo selzccionado entre Cy.
salquila, carbaciclilo, carbocicilCygalguilo, heteraciclilo y hatzrociclilCy galquilo donde
dicho grupo estd opcionalmentz susiitmido con una o mas grapos sustimyentzs szleccionados
entre halo, ciano, nitre, hidroxi, C)salquila, C)salcoxi, haloC) galquile, halaC)salcoxi,
hidroziC_galquilo, hidroxiCgalcoxi, CgalcoxiCgalquils, C)galenziC) galcoxi, aming, Cy.
calquilaming, bis(Cygalquil)aming, aminaC)salquilo, (C)salquil)aminaCigalquila, bis(Cy.
salquil)amineCy salquile, cianoCysalquile, C)salguilsulfonilo, C)salcancilamina, C;.

calcancil(Cy salquil)aming, carbamoilo, C)galquilcarbamoilo y bizs(Csalquil)carbameilo;
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RY, RM RPy R son cada uno independieniemente hidrégens @ un grupo seleccionado
entre C)_galquilo, carbociclila, carbociclilCy galguilo, heteraciclilo y heterociclilCysalquilo
dondz dicho gripo estd opcionalments sustituido con uno o mas grupos suztitnyentes
seleccionados entre halo, ciano, nitra, hidrozi, C).galquilo, C)galeoxi, haloCsalquila, haloC,.
galcoxi, hidroxiC) salguilo, hidroxiC) galcoxi, CgalcoxiCygalquila, CygalcoxiC)salcox,
amino, Cy_galguilamino, bis(Csalquil)aming, aminaCy.galquils, (C)galquil)aminoC, salquile,
bis(Cy calquil)aminoC) galquila, cianoC)salquils, Cygalquilsulfonila, Csalquilsulfonilamino,
Cygalquilsulfonil(C)_salquil)amine, sulfamailo, Cjgalquilsnlfamoilo, bis(Cy.
salquil)zulfamoilo, Cgalcanoilamine, C)galcanail(Ci.salquil)aming, carbamaila, C;.
galquilcarbamoila y bis(C).¢alquil)carbamoilo;

en la fabricacidn de un medicamento para usar en el fraiamicnto de enfermedades
proliferativas.

Dz conformidad con otro aspecto de la prasentz invencidn, se estipula 2l uso de un

[Ol
N~ R
e
Rl"\ )'\ ’}/'J\
X7 N g

férmula (I)

compuesto de férmula (I)

¢ una e sus sales farmacéuticamente aceptablzs, donde
X 25 un grupo de vnion seleccionado entrz - 3R4=(ZR5-, -CRY=CI CR6R7-,
=S
e | ! 4 Y, Y Y T ™, | (I R ) '}
-CER'CR’=CR’-, -C=C-, -C=CCRF/-, -CRR'C=C-, -NR'CROR., -OCRSR-, -SCROR-,
et | Sy 0 he Ffart) 4 ~p6 " oy N Sy 4 ~1y6
SOONCRR-, -S(0),CROR -, -C(HNRICRSR-, -ME CONRPCRSR-, -S(0),NR'CRR-,
. 4 B A ey P P
-C(ONR™, -NEAC(0)-, -NRACOINE-, -S(0),NR - y -NR*S(0),-;
2 . . ~ : - 2
'Y ¢ Y? son independientzmentz N o CR® siempre que wio de 'Y & Y es N el atro 22 CR3;
R &3 un grupo seleccionado entre Cgalquils, carbociclilo, carbociclilCy galquilo,
heterociclilo v heteraciclilC.galquilo, donde dicho zmpo ectd opcionalmente sustimido con
y q aruy [
uno o mas grupos sustituyentes seleccionados entre halo, ciand, nitra, B, -0R°, -COR®,

CONFR! NRPR'?y -NR'COR'?,
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R? &5 un grupo seleceionado entre Cygalquile, carbociclilo y hetzrociclilo donds dicha grupo
estd opcionalmente sustimido con uno o mW&s grupos sustimyentes seleccionados
independientemente znire halo, ciana, nito, R -or! cor!!, CONRVR™ ¥y NRU'R'™%
R se selzcciona entre halo, ciand, niti, -R”, -OR”, -CCDR”, -CDNR”RM, NRPR™ y
-NR"COR'%;
R* y R® son independientemente hidrdgeno o Cgalquilo;
R® y R’ se scleccionan indepzndientemsznte entre hidrdgeno, halo, clano, nitra y Crgalguilo;
R® s czlecciona entra hidréz=no, halo, ciano y C)salquile;
R’y R son independizntemente hidrdgeno o un grupe seleccionada entre Cygalguils,
carbociclilo y heterociclilo donde dicha gmpo 568 epcionalments sustituida ¢on uno o mis
grupos sustitnyentes celzccionados entre halo, ciano, nitro, hidroxi, Csalquilo, Cysalcoxi,
haloC).galquilo, haloC) galcoxi, hidroxiC) galquila, hidrmxiC)galcozi, C)galecoxiCygalguilo,
CiealconiCsaleoxi, aming, Cygalquilamino y bis(Csalquil)amine;
R"y R 50 independientement: hidrdgeno ¢ un grupo seleccionada entra Cygalquilo,
carbociclilo y heterociclilo donde dicha grupe estd opcionalmente sustitvide con ung 0 mis
grupos sustituyentes seleccionadns entre halo, ciano, nitre, hidroxi, Cygalquilas, Cgalooxi,
halaC) galquilo, haloZ) galcox, hidraxiC) salquilo, hidroxiC) saleaxi, C)galcariCy salguilo,
Cy¢alcoxiCygalcoxi, aming, Cgalquilaming y bis(C.salquil)amino;
R y R son independientements hidrdzzno o un gmpo seleccionado entre C) zalquila,
carbociclilo y heteraciclila donde dicho grapo 23td opcionalmenie sustitwida con wng o mas
ampos sustituyentzs seleccionados enire halo, ciano, nitro, hidrexi, Cysalquila, Cysaleoxi,
haloC)_galquile, haloC galcoxi, hidroxiC) salquilo, hidroxiC) galcoxi, CsalcoxiCy.galquilo,
CiealcaxiC) galeoxi, aming, C).galguilamina y bis(C, ¢alquil)amino;
en la fabricacién de un medicaments para vsar en el tratamiento de enfermedades
proliferativas.

De conformidad con ot aspecto de la presents invencidn, también se estipnla un

compuesto de fdrmula (I)
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férmula (I)

o una dz sus zales farmaciuticamente aceptablzs, donde
X ¢3 un grmpo de unidn seleccionada entre -CF’.‘=CF{5-, -CR4=C‘R5CR6R7-,
-CROR’CR’=CR*., -C=C-, -C=CCRR-, -CRORC=C-, -NR'CRR-, -OCR R,
SCROR-, -S(OHCROR-, -S(0),CECR -, -C(O)NRCRCR-, -NR*C(O)CROR-,
NERCONNR’CROR-, -NRAS(0),CRR -, -S(0).NF rr-6r' -C(OHNER-, -MRC(D)-,
NPRYC () )NR -, =(0); NF*. y NR* SO)z-;
Y 2 Y2 san independientemeznta N o CR® sier mpra que uno de Y ¢ Y? ez Nel atra ez CRY,
R! zsun ampo seleccionada entre C)galquilo, Cagalquenila, Cosalquinilo, carbociclilo,
carbociclilCysalquilo, hateraciclilo y hetzrociclilC)salquila, donde dicho grupo estd
opcicnalimente susiituide con una o mis grupos sustituyenize seleccionados entrs hala, ciana,
nitro, -F°, -OR°, -SP°, -SOR®, -0,R’, -COE®, -CO,RY, -CONR'R'?, -NRR'S,
NEPCOR'™, -NFACO,R', -NETCONRR!, -NRICOCONR RS y -NE SR,
R%esun grupe celeccionado entre Cpgalquilo, carbociclilo y heteraciclilo donde dicha zrupo
estd opeionalmenie sustitwido con uno o mis grupos sustitnyentes celeccionados
independieniemente entre hala, clano, nitio, -R! ', -Ol"\”, -SR”, -SC)R”, -SOzl’\'”,
Cop!! .cop!, -CONRVE"?, -NRURY, y -NRMCOCONRPR'S,
R? 52 z2lzcciona entre halo, clano, nitro, E"° UPI“ P]“ -SC Dl'\l“ -SO, R" -u.)l"'3
-CO.R, -CONRRY, -NRR", -NR”COR”, HEPCORM v -NRPSO,R M
R y R® s0n independizntemente hidrégena o C)alquilo;

R'y R* junto con €l dionmo o dtomos a los cuales estdn unidos forman un anillo carbociclica
o heterociclico de 4 a 10 miembros donde 1, 2 & 3 dtomos de carbone del anill estdn
opeionalmente reemplazados por N, Q o S y donds el anills estd opcionalmenie sustituido con
uno o mas grupos sustitnyznies s2leccionados halo, ciano, nitro, hidroxi, oxo, Cjgalquile, Cy.
calcori, haloCy_salquilo, haloC) galoaxi, hidroxiC) galquilo, hidroxiC) galeaxi, CjaleoxiCy.

ealquilo, C)alcoxiC)salcoxi, amino, € galquilaming, bis(C)salquiarine, aminoC salquilo,
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(Cj-¢alquil)aminoCygalquilo, bis(Cj.galquil)aminoCi.salquilo, cianaCyealquilo, Ci.
salquilsulfonila, C)galguilsulfonilaming, Csalquilsulfonil(C.salquil)aming, sulfamoilo, Cy.
calquilsulfamoilo, bis(C)salquil)sulfamoile, C)salcancilaming, Cy.galcanoil(Cy.salquil)amine,
carbamuilo, Cjgalquilcarbamoila y bis(Cjgalquil)carbamaila;

R® ¥ R’ 5¢ zelzccionan independientements entre hidrdgeno, halo, ciana, nitro y C)galquilo;

R® s

[l
[72]

clecciona entre hidrdgeno, hala, ciano y Cisalquilo;
R’ y R s0n cada uno independientzment: hidrsgeno o un grupo seleccionado entre Cy.
calguila, carbociclilo, carbuociclilCy galquilo, heteraciclilo y heteraciclilCy_galquilo dande
dicho grupo e2téd opcionalmente sustitwido con una o mads grupos sustituyentes seleccionados
entre halo, ciano, nitro, hidroxi, C)galquilo, C;salcoxi, haloC)galquilo, haloC) saleaxd,
hidrariCy galquile, hidroxiC) galcaxi, CygalcariC) salquilo, C)salcoxiC) galcori, amine, €.
salquilaming, bis(Ci.galquil)aming, aminoCsalquiln, (C).salquil)aminoCy salgquile, bis(C).
salquil)aminoCy galquila, cianoCsalquilo, C)galquilsulfaonile, Cyealquilsulfonilamineg, ;.
salquilsulfonil(C.salquil)amine, sulfamoilas, C)galquilsulfamoilo, bis(C).salquil)sulfamoilo,
Cealcanvcilamine, C)galcanoil(C) galquil)amine, carbamailo, C) salguilcarbamoile y bis(Z;.
salquil)carbamoilo;
RM y R z0n cada uno independientements hidrdgeno o un grpo s=leccionado entre Cy.
galquile, carbociclilo, carbociclilCy galquilo, heterociclilo y hetzrociclilC) galguila donde
dicho grupo estd opcionalmente suctitwido con uno o mas grapas sustitnyeniss sxleccionados
entre halo, ciang, nitro, hidroxi, Csalquila, C)galcoxi, haloCysalquils, haloC) salcoxi,
hidroxiCy salquilo, hidroxiCy galcaxi, CpsalcoxiC) salquilo, C)saleariC) salcoxi, amino, Cy.
salquilaming, bic(C) galguil)aming, aminoC, salquile, (C) salquil)aminoC) salquilo, bis(C,.
galquil)amineC) galquiln, cianoC| galquiln, Cjsalquilsulfonila, € salcansilaming, Cy.
¢alcanoil(C galquil)amino, carbamnilo, Csalquilcarbamoilo y bis(C.galquil)carbamailo;
RY, R™ R y R 5an cada uno independientzmente hidrézene o un grupo selzceionado
entre C galquilo, carbociclilo, carbociclilC) galguilo, heteraciclilo y hetzraciclilC salquila
donde dicho grups estd opcionalimente sustitido con uno o mas grupos sustituyentes
selzccionados entre hale, ciano, nitra, hidroxi, Cysalquilo, C)salcoxi, hale) galgqnilo, haloC).
alcaxi, hidroxiCy_galquilo, hidroziC).galcori, C).salcoxiC.salquile, CigalcoxiC) saleax,
aming, Cy.galquilaming, bis(Cj.salquil)amine, aminaC)_galquilo, (C)_galquil)aminaC_salguilo,
bis(C)salquil)amineC).galguilo, cianoCy galquilo, C galquilsulfonilo, C)salguilsulfonilaming,

C1.ealquilsulfonil(C)salquil)amino, sulfamaila, Cgalguilsulfamailo, bis(C,.
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calqui)sulfamoile, C)galcanailaming, C)galcancil(Csalquil)aming, carbamaila, C.

calquilcarbarmnilo y bis(C) ealquil)carbamailo.

De conformidad con otro aspecto de la presente invancidn, también se actipula un

El
R\/J\)\

férmula (I)

compmesto de férmula (I)

o una de sus zales farmacéuiicamente acepiables, dondz

X e un grupo dz unién seleccionado entrs - TR=CP-, -CR'=CR’CROR-,
CRR'CRP=CR"., -C=C-, -C=CCRR -, -CROR'C=C-, -NR'CROR'-, -OCRR-, -SCRR-,
-S(OYCRORT-, -S(0),CROR-, -C(O)NRACRE -, -NF‘."‘C(D)NRSCR6R7-, -S(D)NR‘CESR'-,
C(HNRA-, -NRC(D)-, -NRCOINE’-, -S(0)NR- y -NR*S(D),-;

'Y = Y? son inde pendizntemente M o CE® sicrapre que uno de 'Y & Y2 25 N el atro 25 CRY;
R! 25 un arupo selzccionado entrz C)galquilo, Cogalgmenilo, Cssalquinilo, carbaciclilo,
carbociclilC) salguile, heterociclilo y heteracicilCygalquils, donde dicho grmpo estd
opcionalmente sustiinido con une o mds grupes sustituyentes seleccionados entre halo, ciana,
nitrs, -R°, -0R?, -SR®, -SOR®, -0’ -CORY, OO0 F°, -CONRR', -NR°R',

NECOR'?, NRCOLR'®, -NEPCONE'R'?, -NESCOCONR 'R y -NESO.R',

R? &5 un grupo seleccionads enitre C 1salquilo, carbaciclile y heterociclilo dondz dicho gmpa
estd opcionalmente sustitnido con une o mas grupos sustituyentss seleccionados
independieniementes entre halo, ciano, nitro, R -orM, SR, -SDR”, SR,

-CorM, -cop!, -conRMR? NEVR? y RN COCONRR'S,

R3 se celecciona independizntemente entre halo, ciano, nitro, -RB C)R13, -R”, -SOR”, -
SR, 0ORY, -CORY, CONRPRY, -NEPRY, -NRPCORY, «NR”CC)J\"‘" y-
NR"’SOR™;

R* y R® son independientzmente hidrégena o C) salquilo;

o R V R* junto con 2] dfomo o diomas a los cuales esidn unides forman un anilla carbociclicn

o heterociclico de 4 a 10 miembros donde 1, 2 & 3 dtomos de carbona del anillo estdn
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apcionalmente resmplacados por N, 00 Sy donde el anillo eztd opcionalments suctitnido con
uno & mas Zruopos sustituyentes seleccionadas halo, clano, nites, hidrozi, oxo, Csalquile, C;.
galcoxi, haloC galquile, hialoC galcaxi, hidroxiCysalquilo, hidroxiCysaleoxi, CygalcoxiC.
calquilo, C)galcoxiCysalcoxi, aming, Cgalquilamino, bis(Cygalguil)amina, aminol)galquilo,
(CsalgquilaminoCy.galguilo, bis(C galquil)aminaC) galquila, cianaC) galquilo, C;.
salquilsulfonilo, Csalguilzulfonilaming, Cygalquilsulfenil(C)salguil)amina, sulfamaila, Cy.
calquilsulfamoile, bis(Cysalquil)sulfameils, Cygalcanvilaming, Cygalcanoil(Cy.galquil)aming,
carbamiilo, Cj galquilcarbamacilo y bis(Cy¢alquil)carbamailo;

RS v R7 se seleccionan indzpendientemanie enire hidrdgeno, halo, ciana, nitra y C).galquila;
RS

9 . . c 1.
Ry R'"zan cada uno independientementz hidrdgeno o un grupo seleccionado entre Cy.

(]

& selecciona entre hidrdgeno, hale, ciano y C)salquilo;

salquilo, carbociclile, carbociclilCysalquilo, hatzraciclilo y hzterocicilCysalquilo donde
dicho grmpo zcif opoionalments sustituido con uno o mis gmpos sustituyentes seleccionados
enfre halo, ciano, nitro, hidroxi, Cl.lgalquilo, C\salcoxd, haloCy galquila, haloC) galeor,
hidraziC).salquilo, hidroxiC) galcoxi, ChgaleoxiC) salquilo, C)galeoxiC)galonxi, amina, C.
salquilamine, bis(Cj.salguil)aming, aminaCy.salquilo, (C).¢alquil)aminaC) galgnile, bis(Cy.
calquilaminoC) _galquilo, cianoCy galquile, Cy galquilsulfonila, Cyealquilsulfonilamine, C;.
galquilsulfonil(C).salgnil)aming, sulfamaile, Csalquilzulfameilo, bis(Cgalquil)zulfamaila,
C|salcanoilamino, Cj_salcanail(Cygalgquil)aming, carbamaila, C) galquilcarbamcilo y bis(Cy.
salquil)carbamoilo;
R! y R 500 cada uno independizniements hidréz2no o un grupa seleccionada zntre Cy.
galquile, carbociclilo, carbociclilCysalquilo, heteraciclila y heterociclilCy galquila donde
dicho grupo estd opcicnalmente sustitvido con o o mas grapos sustituyentas selzccionados
enfre halo, ciano, niira, hidroxi, Cgalquils, C, galcoxi, haloCsalquile, haloC) galcoxi,
hidroxiC ) salquile, hidvoxiC) galcoxi, C)salcoxiCysalquile, C)galeoxiC) galeori, amino, C;.
salquilamino, bis(C)salquil)aming, aminoC).galquilo, (Csalquil)amingC).galguilo, bis(Cy.
galqui)aminaC)_galgnilo, cianaCgalquila, Csalquilsulfonilo, Cysalcansilamino, Cy.
salcanoil(C)_salquil)amino, carbarmailo, C ,_(.,alquil-:arl’:amoil«:: y bis(C | galquilcarbamailo;
RB, RM RY y R son cada uno 1ncl\,p.,ruhmt; nente hidrdgens o un grupo
seleccionade entre Cjsalquilo, carbeciclile, carbociclilCy.galquilo, heterociclilo y
heterociclilC) galquils dende dicho grupo estd opeionalmente custitnido con uno o més grupos

sustituyznias seleccionados entre hiala, ciano, nitro, hidrexi, C.galquilo, Cysaleoxi, haloC;.
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galquila, haloCy galcoxi, hidroxiC) salquile, hidroxiC galcoxi, CjsaleoxiC)salquilo, C).
caleaxiCy galeaxi, aming, Cgalquilaming, bic(C,.salquil)amino, aminoCsalquilo, (C;.
calquil)aminoC)_galgnile, bis(C).salquil)amingC galquile, cianoCysalquile, Cy.
salquilsulfonilo, C)galguilenlfonilaming, Cysalquilzulfonil(Csalquil)aming, sulfamaeilo, Cy.
salquilsulfamaoils, bis(Cgalquil)sulfamaily, Cygalcanoilaming, C)ealcanoil(Cygalquil)amino,
carbamoilo, Cgalguilcarbamoilo y bis(Cy.salquil)carbamoilo.

De conformidad con oiro aspecio de 1a precente invencidn, también se zstipula un
sp

El

'y \Y
RN

férmula (I)

compuesta de férmula (T)

R2

o una de cus cales farmacéniicaments aceptablzs, donds

X 25 un grupo dz unidn celeccionads entre - CR*=CR’-, -CR'=CR’CROR-,
CRR'CRP=CR"-, -C=C-, -C=CCRR-, -CR°R'C=C-, -NE‘CRR-, -OCRR-,

-SCROR’-, -S()CRSE-, -S(0),CRR -, -C(ONE'CROR -, -NRC(O)NESCROR-,
-S(0)NECESR -, -CO)NE*-, -NRC(0)-, -MR C()NR-, -S(0)NR’- y -NE*S(0),-;

'y & Y2 son independientemence N o C CR® ciemipre que uno de 'Y @ Y2 es N el ouro és s CRE,
R! =5 un gmpo s2leceionado entre C).salquila, carbociclilo, carbociclilCygalquilo,
heteraciclilo y heterociclilC salquilo, donde dicho grupo estd opcionalmente snstituido con
uno o mas gmpos sustituyzntes seleceionados entre halo, ciano, nitro, R ‘,.9, -C)Rg, -CORg,
CONER'®, -NR°R'Oy -R*COR'?;

R* 2z un grupo szlzccionads entre Cygalquils, carbociclilo y heteraciclilo donde dicho grupo
estd opcionalments custituida con uno o mis grupas sustituyentzs selzccionados
independientemants entrz halo, ciano, mtra, R, -Op! ], -CoR! I CoNR''R"? v MRUR"?
R ::
-NR"COR'%

Rr* y RS son indzpendiznternznte hidrégeno o C)galquilo;

R A

J ~ = t T 4 4
g=lecciona entre halo, ciano, nitra, BB DR .cop, CONEPRY, npPp! y

¥y

RS v R7 sz seleccionan inds zpendizntemantz entre hidrdgeno, halo, ciano, nitro y C_galquila;
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R® ce selecciona entre hidrégeno, hala, ciane y Cjgalquilo;
R’ y R" zon independicntemente hidréz2no o un grupo celeccionado entre Cygalquilo,
carbociclilo y heterociclilo donde dicha grupo estd apcionalmentz zustituido con une o mis
grupos sustituyentes seleccionados znire halo, ciana, nitro, hidroxi, Cigalgquils, Cjgalcex,
halaC)_galquilo, haloC galcoxi, hidroxiC) galquilo, hidroxiC) galzaxi, CysalcaxiC.galgnilo,
Cy.ealeaiC) galcoxi, amino, Cysalquilarmins y bis(C.salquil)aming;
RY y R" con independieniemenie hidrdgano o un grupo selzccionado entre Cgalquilo,
carbociclilo y heterociclily donde dicho grupa estd opeionalmente sustituida con uno o més
grupas sustituyentes celeccicnados entr: halo, ciano, nitro, hidroxi, Csalquilo, Cygalooxi,
haloCysalquilo, haloCy saleaxi, hidroxiC.salquilo, hidroxiCysalzaxi, CygalenxiCy galgnilo,
16alcoxiCgaleori, aming, C)salguilaming y biz(C) salquil)amino;
R y R con indzpendientemente hidrégeno o un grupo seleccionado entre C)galquilo,
carbociclilo v hetercciclilo donde dicho grupe estd opeicnalmente sustitnido con uno o més
arupos sustitnyentes selzccionadas entre halo, cians, nitro, hidroxi, Cjealquila, € salcoxd,
haloCy salquilo, haloC)salcoxi, hidraxiC)salquile, hidroxiC)saleoxi, CyaleoxiC) galquiloe,
CiealcoviC) salcoxi, amine, C)salquilaming y bis() salquil)amino.

Algunas compuestas de fSrmula () son capacss de existir en formas
esterenisoméricas. Sz comprenderd que la invencidn abarca todos 1os isdmeras dpticos y
gzoméiricas de 1os compuestos de fSrmaula (1) y sus mezclaz, incluidas 1os rac matc-s. Los
tautdmeros y sus mezclas tambidn constitnyen un aspecto de la prezants invencidn. Los
solvatos y sns mezelac también constituyen un acpecta de la presents invencidn, Por gjzmplo,
un solvato adecvado dz un compnests de férmula (1) es, por #jemplo, un hidrato camo nn
hemihidrato, un monchidrato, un dihidrato o un tihidraio o una cantidad altzrativa de éstos.

La preseante invencidn sz refierz a los comipuestos de férmula (I) coma 1os aqui
definidos aci comea a sus sales. Las sales para ucar en composiciones farmacuticas cerdn zales
farmacéniicamentz aceptables, pero otrac sales puzden car itiles 2n la produccién de 1os
compuestos de frmula (I) y Jd= cus sales farmacénticaments aceptables. Las sales
farmacéuiicamente acepiables de la invencidn puzden, por ejemplo, incluir sales de adicidn de
acido d2 compuazstos e fSrmula (1), coma los aqui definidas, que cean suficientements
basicos para formar dichas sales. Dichas sales de adicidn Jde 4dcido incluyen, pero no
erxcluzivamente, sales de fumaraio, meiancculfonato, clothidrata, bromhidrats, citrato y

malzato y cales formadas con dcido fosférica y dcida sulfirico. Ademis cuanda 10s
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compuestos de férmula (I) son suficientemente dcidos, 1as cales son sales bisicas y 10s
¢jemplos incluyen, pero no 2xclusivaments, una sal de un metal alcaling por gjempla sodio o
potasio, una zal de un mzial alcalinotérreo por ajernpla calcio o magnesio, o una zal de una
amina orgdnica por 2jemplo triztilamina, stanolamina, dictanclamina, triztanolamina,
morfolina, N-metilpiperidina, N-etilpiperidina, dibencilamina o aminodcidos coma lisina.

Los compuestos d= fmula (I) también sz pueden proporcionar come ésteres
hidralizables in vive, Un &ster hidrolizable in vive de vn compuesto de férmula (I) que
contiens un grupo carboxi o hidroxi ¢, por ejermpla un &ster farmacéuticamants aceptable qus
se escinde #n ¢l organismo humana o animal para producir 2l 4cido o el alcohol originales.
Dichos ésteres sz pusden identificar madiante admistracidn del compuesto de pruzba, por
ejemplo por via intravenosa, a un animal de prueba y examinando a continuacién los liquidos
COIPUlale del animal de prueba.

Los ésteres farmacéuiicamente acepiables adecuados para carboxi incluyen Estera
Ci.ealeazimetilo por gjemplo metoximetils, cteres C)galcansiloximatila por Zjemplo
pivaloiloximatilo, ésteree falidilo, ésteres Cs.geicloaleoxicarboniloxiCysalquilo por jzmplo
1-ciclohexilcarboniloxiztilo, ésteres 1,3-dioxolen-2-conilmetilo por ejemplo S-metil-1,3-
dioxalen-2-onilmetilo, y ésteres Cysalcoxicarboniloxietily por ejemplo 1-
metoricarboniloxicetila; y s& pueden formar en cualquier grapo carbori de 1oz compnestos de
esta invencidn.

Loas

fin

steres fanmacéuticamente aceptables adecuados para hidroxi incluyen Esteres
inorgdnicos como ésteres de fosfatn (incluidos Esteres ciclicos fosforamidicos) y éterer -
aciloxialquilo y compuzstos rzlacionadas, los cuales como resultado de la hidrélisis in vivo
del Ester se rompen para dar ¢l o 1os gropes hidroxi originalzs. Las ejemplos dz Steres o-
aciloxialquils incluyen aceiorimetoxi y 2,2-dimetilpropicnilozimetoxi. Una szleceidn de
grupos que forman ésteres hidrolizables in viva para hidroxi incluyzn C)-jpalcansile, por
ejemplo formilo, acetilo, benzoils, fenilacetils, benzoils y fenilacetilo custituidos; Cy-
ioaleozicarbonilo (para dar éstzres carbonato de alguilo), por ejemplao etoxicarbonilo, di-C-
salquilcarbamoilo y N-(di-Cy-,ztilaminoetilo)-N-C)-alquilcarbamoilo (para dar carbamatos);
di-C;-salquilaminoacetilo y carboxiacetily. Los gjzmploc de sustituyentes del anillo en
fenilacetilo y benzoilo incluyen aminometilo, Cy.salquilaminometils y di-(Cy-
salquilaminometilo, y morfoling o pipzrazinge unidos desde un dtoino de nitrdgana del anillo

através de nn grpo de unidn metilzng a la posicidn 3- 5 4- del anillo benzoilo. Otros Estzres
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hidrolizables in vive interesantes incluyen, por gjemplo, RACE)OC, salquil-C-, dond: RA
s por ejemplo, benciloxi-Cj-4alquilo, o fenilo. Los sustituyentes adecuadas en un grupo
fenilo en dichos ézterss incluyen, por ejemplo, 4-C)-piperazine-Ci-jalquila, piperazing-Ci-
salquilo y morfoling-Ci-salquilo.

Laoo compuestos de fénmula (I) también 52 pueden administrar 2n forma de un
profarmaco que s rompa en &l organisma hwmano o animal para dar un compuasto Jz
férmula (I). Se conocen en el drea diversas formas de profarmacos. Por zjemplos de dichas
derivados de profdrmacos, véase
a) Design of Prodras, aditado por H. Bundgaard, (Elsevier, 1955) y Methods in
Enzymology, Val. 42, p. 309-396, editado por I Widder, et al. Academic Press 1935).

b) A Textbool: of Diug Dezign and Development, editado por Krogogaard-Larcen y .
Bundgaard, Capitule § “Design and Application of Prodiugs”, por H. Bundgaard p. 113-191

(1991);

c) H. Bundzaard, Advanced Drug Delivery Reviews, 8, 1-38 (1992);
d) H. Bundgaard, ¢i al., Journal of Pharmaczuiical Sciences, 77, 285 (1988); y
e) N. Kakeya, ¢t al., Chem Pharm Bull, 32, 692 (1934).
En ecta especificacidn el término genérico Cpqalqlulu incluye grupos alquils (anto
de cadena linzal como ramificada, Sin embargo las refers a gmpos alquilo individoalzs

coma “propilo” son especificas Unicamente para la versidn de cadena linzal (es decir, n-
propilo e isopropile) v las refzrencias a grupos alquilo individuales de cadena ramificada
come “feri-butils” son especificas Unicamanie para la versidn de cadena ramificada.

El prefijo Cpq en Cgalquilo y otros términos (donde py o son enteros) indica el rangn
de atomos de carbano que estd presente en el gmpo, por gjemplo Cigalguilo incluye Cjalquilo
(metilo), Caalquilo (etilo), Csalquilo (propila como k-propilo e isopropila) y Caalquilo (-
butile, sec-butilo, isabuiilo y reri-butilo).

El término C,.qalcoxi comprende grupos —0-C; galquilo.

El término C, qalcancile comprende grupos —~C(O)alquilo.

El término halo incluye fluoes, clor, bromo y yodo.

“Carbociclile” &5 un anillo saturado, insaturada o pamalmr ¢ saturado, monociclico,
biciclico o triciclico qus contiens entrz 2 y 14 dtomas 2n 2l anilla, donde un grupo CH; del
anillo puede estar recmplazado por un gmpo C=0. “Carbociclilo” incluye “arilo”, “C,.

geicloalquile” y “Cpqcicloalquenilo”.
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“Arilo” es un anillo carbociclico aromatico, monociclico, biciclica o triciclico.

“Cp{,cicl‘:'alc,]uc—nilc-” s un anillo carbociclico insaturado o parcialmente saturado,
monociclico, biciclico o ticiclica que contiene al menas 1 enlace C=C'y donde un grupo CHa
del anilla puede estar reemplazado por un grupo C=0.

“Cpqcicloalquils” es un anillo carbaciclico saturado, monociclico, bicfelica o triciclico
donde un grupo CH; del anillo puede estar reemplazado por un gapo C=0.

“Heterociclilo” &5 un anillo saturady, insaturada o parcialments caturado, monaciclica,
biciclico o (riciclico, qus contiene 2ntre 3 y 14 dtomos en el anillo dz 1as cuales 1, 2,3 6 4
dtomes dzl anillo se eligen entre nitrdg2no, azufre v oxizens, donde el anillo puede estar
unido por carbono o nitrdégens y dondz un dtoma de nitidgzno o azofre dz1 anills puede estar
oxidado y donde un grupo CH, del anillo puede estar reemplazade por un gmpo C=0.
“Heterociclilo” incluye “heteroarils”, “ciclohsteroalguile” y “cicloheteroalguenilo”.

“Heteroarilo” es un haterociclilo aromdticn, monociclico, biciclico o triciclico que
tiene particularmente 5 a 10 dtomos en &l anilla, de los coales 1, 2, 3 4 4 dtomos del anillo <2
eligen entre nitrdzens, azufre u oxigzno donde un nitrégena o azuflre del anillo pnede sstar
oxidado.

“Cicloheieroalquenils” as un anillo heternciclilo insamrado o parcialmente saturado,
monaciclics, biciclics o ticiclico, que tiene particularmente 5 a 10 atoinos en <l anillo, dz los
cnales 1, 2, 3 & 4 dtomos del anillo se eligan 2ntre nirdgerio, azufre u oxigena, dondz 21 anillo
pueds estar unids por carbono o nitrégeno y donde un dtoma de nitrdgeno o aznfre dzl anillo
puede estar oxidado v donds un grupo CHy del anills pusde estar reemplazada por un grupo
C=0.

“Ciclohatercalquilo” es un anillo heterociclico saturado, monaciclico, biciclico o
triciclico que tizn2 particularmentz 5 a 10 dtomos en el anillo, de los cnales 1, 2, 3 & 4 dtomos
del anillo se eligen entre nitrdgend, azufre u oxizgens, donde el anillo puede estar unidi por
carbono o nitrdzzno y dondz un dtomo de nitrdzeno o azufie del anillo poeds estar ovidado y
donde un grupo CH; del anillo puede estar reemplazado por un grapo C=0.

Esta espacificacidn puzde hacer veo de términos compuestos para Jdescribir grupos que
comprenden mds de una funcionalidad. A menos que aqui se dezcriba algo diferente, dichos
términos deben sar intzrprziados comao se sobreentiznden 2n 2] rea. Por gjemplo,

carbociclilCpgalquila comprende Cpgalquila sustituido con carbociclilo, heteracicilC,.
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qalquilo comprende Cpqalguils susiituids con heteraciclila, y bis(Cyqalquil)aming comprends:
aming sustituide con 2 grupos Cpgalquila que pueden cer iguales o diferentes.
HaloC,galgquilo s un grupo Cpgalquila que estd sustituido con 1 o mds custimyentas
P P4

z

halo y particularmente 1, 2 & 3 su uluyvnlw ialo. De manera similar, otros términos

(%]

genéricos que eontienen haly come haloCpgaleo:i pueden contener 1.9 mds sustituyzntes halo
y particularmente 1, 2 ¢ 3 sustituyentes halo.

HidroxiCpqalguilo &5 un grupo Cpgalquilo que estd sustitmido con 1 0 mds
suctiinyentes hidroxilo y particularmente 1, 2 & 3 sustitwyzntes hidroxi. De manera similar,
otros términos genéricos que contiznen hidroxi coma hidraxiCpgaleoxi pueden contener 10
10 maz y particularmente 1, 2 & 3 sustituyentes hidroxi.

CyqalcoxiCpgalquilo ez un gmpo Cpgalquilo que 2264 sustitnide con 1 o mas
sustituyznies Cyqalcoxi y particularmante 1, 2 & 3 suctituyentes Cyqalcoxi. De mansra similar
otros iérmings gendricos que contienen Cpgaleoxi coma CpgalcoxiCyqalcoxi pusden contenzr

2

1 o miz sustituyentes Cpgalcari y particularmente 1, 24 3 custituyzntes Cp galcosi,

13 Cuands loz eusiituyenies opcionales se zligen enire “1 6 27, enirz “1, 2.6 3” 0 entre “1,
2,24 4" grupos o sustituyentes se debe comprender que esta definicidn incluye todos Las
custituyentes que hayan sido elzgidos de uno de 1as grupas apecificados, s decir gque tados
1oz sustituyentes sean iguales o todos 1os sustituyentes que hayan sida slegidos de dios o mds
dz 1oz gropos ecpecificados, e decir que los sustituyentes no s2an iguales

20 Los compuestos d= 1a presznte invencisn fueron denominadas con ayuda del programa
informético (ACD/Name versién 8.0).

“Enfermedad(zs) proliferativa(s)” incluye enfermedad(es) malignas(s) come el céncer
asf como enfarmedad(es) no malignas(s) como enfermedadzes inflamatorias, enfermedades
obstructivas de las vias respiratoriaz, enfermadades inmunitarias o enfermedades

25 cardiovasculares.

Los valores adecuados para cualquier grupe B o cualquier parte o sustituyente para tales

grupos incluyen:

para Cj.salquilo: metilo, eiilo, propila, butilo, 2-metilpropilo y terf-butilo;
para Cygalqguilo: C14alquilo, pentilo, 2,2-dimetilpropilo, 3-metilbutile y
30 hexilo;

para Cs.gcicloalquilo: ciclopropile, ciclobutila, ciclopentila y ciclohexilo;
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para CsgricloalquilCsalquilo:

para arilo:

para aiilC.salquilo:
para carbociclila:
para halo:

para Cjsalcaxi:
para C,galcoxi:
para C) galcanoilo:

para heteroarilo:

ara heteroarilCi_salguilo:
1

para heterociclilo:
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ciclapropilmetilo, ciclopropiletila, ciclobutilmetilo,
ciclopentilmetilo y ciclohexilmetilo;
fenilo y naftilo;
bengila, fenetilo, naftilmeiilo y naftilztilo;
arilo, ciclohexenilo y Cs.geicloalquilo;
fluoro, cloro, broma y yoda;
metori, etoxi, propoxi ¢ isepropoxi;
C).4alcoxi, pentiloxi, 1-etilpropoxi y hexiloxi;
acetilo, propancilo y 2-metilpropancilo;
piridile, iraidazolilo, quinolinilo, cinolilo, pirimidinile,
tienilo, pirrolilo, pirazolila, tazolilo, tiazalilo, triazalilo,
oxazolilo, isoxazolila, furanils, piridazinile, pirazinilo,
indolilo, benzofuranilo, dibenzofuranilo y benzotienilo;
pirrolilmetile, pirraliletla, imidazolilmetila,
imidazoliletila, pirazolilmetilo, pirazoliletilo,
furanilmetilo, furantletilo, tienilmetilo, iieniletilo,
piridilmetile, piridiletils, pirazinilinetilo, pirazinilatilo,
pirimidinilmetilo, pirimidiniletilo, pirimidinilpropila,
pirimidinilbutilo, imidazelilprapilo, imidazolilbutilo,
quinalinilpropilo, 1,3,4-triazolilpropilo y oxazolilmetilo;
heteroarils, pirrolidinilo, isoquinalinilo, quinoxalinilo,
benzotiazolilo, benzoxazaolilo, piperidinilo, piperazinilo,
azetidinila, maifolinilo, tetrahidroisoquinolinilo,
tetrahidroquinolinilo, indolinilo, dihidro-2H-piranilo y

tetrahidrofuranilo.

Se debe tzner en cuenta que los gjemplos proporcionados para los términos usadas en

la descripcidn no son lirnitantes.
Los valores particulares de ni, X, 'Y ¢ Y2, XR', '{', YR, l'\'z, R3, "\4, R , F(é, R7, 17-'.8,
R% RO Ry R zon los siguientzc. Dichos valares se pueden nsar individualmentz o en
30 combinacidn, cuando corresponda, en relacidn con cualquier aspecto de la invencién, o una de
cus partzs, y con cualquiera de las definiciones, reivindicacionas o realizaciones definidas en

este documento.
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X

En un aspecto de la invencidn X es un grupo de unidn seleccionado entre
-NRCROR-, -OCROE-, -SCROR-, -S()CRE-, -8(0),CROF-, -C(O)NR*CRR-,
NRCOHNEPCROR -, -S(0),NRACRIR -, -NRA*C(0)-, -CONNE, -S()NR - y -NR*S(0),-.

En otro aspecta X ez un grupo de vnidn celeccionado entre NR‘CROR-,
-OCROR’-, -SCROR-, -S(0)CRCR-, -S(0)CROR -, -C(O)NRACESR-,
NR'COMECROR -, -S(0),NR'CROR, -C(O)NE- and -NR*C(0D)-.

En otro aspacto X es un grupo de unidn selzccionada entre -NR'CR°R’-,
-OCRSR-, -SCROR-, -S)CROR-, -S(0),CROR-, -C(O)NER- v -NR4Z(0)-,

En otro aspecto X es un grupa de unidn selaccionado entre -NR'CR°R’-,
-OCROR-, -SCROR-, -S(CROR- y -S(0).CRR-.

Adn en olro aspecto X s un grupo de unidn seleccionado enire -SCRR’.,
-S(OCROR’- y -S(),CR°R-,

En otro aspecto X ez un grupa de unidn seleccionado entre NRACH,-, -OCH,-,
-SCHz-, S(OYCH;-, -S(C);CH;-, -CONER- y -NRAC(D)-.

En otro aspecto X 25 un grupo de union szleccicnado entre NR'CH,-, -OCH,-,
-SCHy-, S(O)CHy-, y -S(0),CH;-.

En otro aspecto X &5 un grupo de unidn seleccionado entre -NHCH,-,
-N(CH3)CH,-, -OCH,-, -SCHp-, -S(CH,-, -S(0),CH,-, -C(CHNH-, -CO0)N(CH3)-,
-NHC()- y -N(CH3)C(O)-.

Atn en Sire aspzcio X es on gropo de unidn selzccionado entre -NHCH;-,
-N(CH;)CH;-, -OCH;-, -SCH;- y -S(0);CHp-.

En otro aspecta X &5 -SCHy- o -S(0),CH;-.

En otro aspecto X es -S(0),CH;-.

En otre acpecto X 25 un grupo de unidn selaccionado 2nire SO, CESR -y
-C(O)NR*-.

'YeY?

En un aspecto de la invencion 'Y 2s N 2 Y? e CRE,

En otro aspects 'Y es N e Y2es CH.

Auin en otro aspecto 'Y es CR¥ e Y? es N.

En otro aspects 'Y es CH o CF e Y2 &5 N.

Aun zn otro aspecto 'Y es CHe Y255 N
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R!

En un acpecto de la invencidn R' ez un zrupo seleccionade zntre C)alguila, Cs.
ecicloalguila, arilo, CageicloalquilCysalquils, arilCyqalgnile, cicloheteraalymilo, heterparilo,
ciclohetzroalquilCsalquile, heieroarilC).salguils, dende dicho grupo estd opcionalments
enctitvido con uno o mds grupos sustituyentes selzccionados entre hala, clano, nitro, 1'19, -Cle,
-COR®, -CONRR!®, -MF°R!%y -NRYCOR!®,

En ofro aspecto, R' s un grupo seleccinmado entre metilo, etila, propilo, butilo,
isobuiilo, teri-buiilo, ciclopentils, ciclohexila, fzuila, bencilo, fenetila, pirralidinila, pirralilo,
imidazaolilo, pirazolila, furanilo, tienilo, piridinilo, pirimidinilo, pirazinilo, pirrolidinilmetilo,
pirrolidiniletila, pin'c:vlilmetilo, pirrolilziilo, imidazolilmetilo, imidazaliletilo, pirazolilmetilo,
pirazolilztilo, furanilmetile, foraniletilo, tenilmetilo, teniletilo, piridinilmetilo, piridiniletilo,

_ z

pirimidinilmetilo, pirimidiniletilo, pirazinilmetilo y piraziniletilo, donde dicho grupo estd
opeionalmente sustitnido con 1, 2 & 3 grupas suctitmyzntzs seleccionadas entré halo, ciano,
nitro, B, -OR?, -COR®, -CONRR'®, -NER'® y .NR'COR',

En otro azpecta, R! e5 un grapo szleccionado entre metilo, etils, prepilo, butilo,
isobutilo, ieri-buiilo, ciclohexilo, fenilo, beneilo, fenziilo, piridinilo, pirazoliletilo,
furanilmetilo, idenilmetilo y pirazinilztilo, donde dicho grupo estd opeionalmente sustituido
con 132 grupos susiiinyenizs selzecionados entie halo, clano, metilo, matoxi, wiflnorematilo,
trifluorometaxi, -MHCONHCH;, -NHCOCH;, «CONH, y -COMNHCH,;.

En otro aspecto, R! zs un grupe seleccionado entre metilo, &tilo, propilo, tatilo,
iscbutilo, teri-butilo, ciclohexila, fenilo, bencilo, fenetila, piridinilo, pirazalilztila,
furanilmetilo, denilmeztilo y piraziniletilo, donde dicho grapo &std opcionalmente sustituida
con 162 grupos sustituyentes seleccionados entre halo, ciano, metilo, matoxi, trifluorometilo,
trifluorometoxi, -CONH, y ~-CONHCH;.

Aln en otro aspecto R! ez un grupo seleccionada entre metila, etilo, n-propilo,
isopropile, n-butilo, sec-buiila, isobutilo, tart-butils, ciclohexila, -CHZCN, -CHZC()NH;,
-CH,CH;NC(Q)CHs, fenila, 4-fluorofenils, 2-clorofenilo, 3-clorofenilo, 2-cloro-6-
fluorofenilo, 3-clora-4-fluorofenila, 4-broma-2-flnorofenilo, 4-irifluarometilfenila, 4-
trifluarometoxifenils, 4-ciancfenile, 3-meioxifenilo, 4-metoxifenila, 3,4-dimetoxifenilo, 4-
(N-metilaminccarbonil)fenilo, bencilo, 4-fluorobencilo, 2-clombencilo, 2-clora-6-
fluorobencilo, 4-meioxibencilo, fenetilo, 3-trifluorafznetilo, furan-2-ilmeatilo, tien-2-ilmetila,

2-pirazin-2-iletilo, piridin-3-ile, 2-metilpiridin-3-ilo, 2-aminacarbonilpiridin-3-ila, 2-
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metazifenilo, 3-flooro-4-metozifenile, 4-metoxi-3-rifluorometilfenilo, 2-metoxipiridin-5-ilo,
2-metoxipiridin-4-ilo, 2-metoxipiidin-4-ilo, 2-acetamidopiridin-S-ilo, 2-acztamidopiridin-4-
ilo y 4-f(anilinocarbonil)amino]fenilo.

Atn en ol a3pecio R es un gmpo celeccionada entre metilo, etilo, izoprapile, sac-
butile, isabutile, fenilo, 2-metoxifenilo, 3-metoxifenilo, 3-fluora-4-metozifenilo, 4-metoxi-3-
triflucrometilfznilo, 2-metoxipiridin-S-ilo, 2-metoxipiridin-4-ilo, 2-matozipiridin-4-ilo, 2-
acztamidopiridin-5-ilo, 2-acztamidopiridin-4-ils y 4-[(anilinocarbonil)amino]fenilo.

-X-Rl

Alin én oiro aspecto -XR' &5 un grupo celeccionado entrz -CH.SO, R'y
-C(CH,):80,-R! donde R e matilo, etila, isopropila, sec-butils, isabuiilo o fenilo.

Atin en otro aspecto -XR' ez -NHCO-R' dondz B! es 2-metozifanila, 3-metoxifenilo,
3-fluoro-4-meioxifenilo, 4-metozi-3-trifluoromeiilfenily, 2-metoxipindin-S-ila, 2-
metoziphidin-4-ilo, 2-metoxipiridin-4-ilo, 2-acetamidopiridin-5-ilo, 2-acetamidapiridin-4-ilo
0 4-[(anilinocarbonil)amino]fenilo.

R’

En un aspecto de la invencidin R? s selecciona entre arilo y heteroarila dande dicho
grupo estd opeionalmenie suctituido con uno o mds grupos sustituyentes seleccionados
indzpendientemente entre halo, ciano, nitro, ! ', -OR”, -COR! ', CONRMR!? y NEHRE

En otro aspecio B2 cz selecciona entre fenila, naftilo, pirrolilo, imidazolilz, pirazolila,
fucanile, tienilo, piridinilo, pirimidinilo, piridazinilo, azaindalils, indclilo, quinclinilo,
bencimidazolilo, benzofuranilo, dibenzofuranilo, benzotienils donde dicho grupo estd
opcionalmente sustitnide con uno o mds grupos sustituyzntes scleccionados
independizsntemente antre halo, ciano, nitro, RY op!, -CC)F{”, -CONR!R! y NPRUR"

~En ofro aspecto R? z= selecciona entre morfolinils, piperidinilo, fenila, naftila,
pirrolils, imidazolilo, pirazolilo, furanila, tienile, piridinile, pirimidinilo, piridazinilo,
azaindolila, indolilo, quinolinile, bencimidazolilo, benzafuranilo, dibznzafuranilo,
benzotiznila dondz dicho grupo 2s5td opeionalment2 sustitnido con und & mas gmpos
sustituyentzs szlzccionados independientzmente entre hala, metile, mztoxi, hidroximetilo,
cianometiln, fenoxi, pirrolidinilo, -CONH,, -CONHCT, y -CONH(CH;)..

En oiro a pbuul‘ se celzeciona entre fenilo, nafilo, pirralile, imidazolilo, pirazclilo,
furanilo, tienila, piridinilo, pirimidinilo, piridazinilo, azaindalilo, indalils, guinolinilo,

bencimidazolilo, benzofuranilo, dibznzofuranilo, benzotienilo donda dicho grupo estd
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opcionalmente sustituido can uno o mds grupos sustituyentes seleccionados
independientem=nie enire halo, matilo, metaxi, hidroximetila, cianometila, fenoxi,
pirrolidinils, -CONH,, -CONHCH; y -CONH(CH;),.

Aun en olro azpecta R? &5 3-(hidroximetil)fznilo, 4-(hidroximetl)fznilo, 4-
(cianometil)fenila, 3,4-dimetoxifenilo, 3-fluoro-4-metoxifenilo, 4-fenoxifenilo, 3-pirralidin-1-
ilfznila, 3-(aminocarbonil)fenilo, 4-(Jimetilaminocarbonil)fenilo, furan-3-ilo, tien-3-ila, 5-
(hidiozimetil)tien-2-ilo, piridin-2-ilo, piridin-4-ilo, 2-metoxipiridin-5-ilo, 2-metoxipirimidin-
5-ilo, 2-metoxinafi-6-ila, 5,7-diazabiciclo[4.3.0lnona-2,4,8, 10-tztraenilo, azaindolily, indal-5-
ilo, 1-metilindol-5-ilo, quinolin-6-ils, bencimidazolila, benzofuran-2-ilo, dibenzofuran-1-ilo y
benzotien-3-ilo.

Atin en otro aspecto R? &2 piridin-2-ilo, 3-hidrozifznilo, 4-hidroxifenila, 3-
hidroximetilfenila, 4-hidroximetilfenilo o indol-5-ilo.

En otro aspecio R? &5 fenila, pirazol-3ilo, pirazol-4-ilo, hidroxipiperidinilo, indal-3-
ilo, azaindolilo, 3-(pirazol-4-il)fenilo, 4-(pirazol-4-ihfenils, 2-aminocarbonilindal-5- 110 3-
aminocarbonilindol-5-ila, marfolinilo, 2-(pirazol-4-iDtazol-5-ilo, metilmorfolinilo o
dimetilmorfolinilo.

En otro aspecto R? es (pirazol-3il)aming, hidvoxipiperidinile, indol-4-ilo, indol-5-ila,
indol-6-ilo, azaindolile, bencimidazol-5-ilo, 3-(pirazol-4-il)fenila, 4-(pirazal-4-ihfznilo, 2-
aminocarbonilindol-5-ilo, 3-aminocarbonilindol-5-ilo, 2-aminocarbonilindsl-6-ilo, 3-
aminocarbonilindol-6-ilo, morfolinilo, 2-(pirazol-4-il)tiazol-5-ilo o metilmorfolinilo.

Aun en olro aspecto RZee azaindolilo, indol-5-ilo, bencimidazolilo, 3-hidraxifenila,
4-hidroxifenilo, 3-hidroximetilfenilo o 4-hidroximeiilfenilo

En otro aspecto R? &s piridin-2-ilo.

En otra aspecto R? &z 3-hidroxifenilo o 4-hidroxifenilo,

Aln et oiro aspecio R? s 3-hidroximetilfenilo o 4-hidrozimetiifenilo,

Alin en ot aspects, R? es indol-5-ilo.,

En un aspecto R? &s morfolinilo.

En otro aspecio R? 5 mor folinilo, metilmorfalinilo o dimetilmarfolinils,

R}

En un aspecto de la invencién R? es metilo

R*

En un aspecto Jde la invencién R es hidrégeno o matilo.
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En otra aspecto R &s hidrégeno.

R®

En un aspecio de la invencidn R’ &5 hidrégena o matilo,

En otro aspecta R’ &s hidrégeno.

5 R’

En un aspzcto de la invencidn RS &5 hidrégens o metilo.

En otro aspecto R® &s hidrégeno,

R’

En un aspecto d= la invencisn R’ &5 hidrégens o metilo,

10 En otro aspecto R’ &s hidrdgeno.

En otro aspecto de 1a invencidn, cuando R e: metilo, R &5 metilo.

R®

En un aspecto dz la invencién R® s hidrégeno o hala.

En otra aspects R® &s hidrégeno o fluore.

15 En otro aspecto R® es hidrageno.

R’

En un aspecto de 1a invencién P? &2 hidr$gens o Cyalquilo apcionalments snatitnido
con 1, 2 & 3 ampas cusiitmyentes z:leccionadas entre halo, ciand, nitro, hidroxi, Cyaalcoxi,
amino, Cyalquilamino y bis(C_salquil)amino.

20 En otro azpecto RY ez hidrégena o C)ualquilo opcionalmente sustituida con 1,24 3
sustituyentes halo.

En otre aspecto R® &5 hidrdgeno, metilo o trifluoremetilo,

R
En un aspects de la invencién R'° es hidrégena,
25 R!

En un azpecto de la invencién R es hidrézzno o un arupe 22leccionado sntrz C,.
o (=1
salquilo, arilo v cicloheteroalquils donde dicho zrapa estd opcionalmente onstitwido con 1, 2 4
3 !
3 grupos seleccionadas entra halo, hidroxi y ciano.
En ciro aspecio P! ez hidréaena, matilos opcionalmente suctituide con hidroxi o ciana,
o
30 fenilo o pirrolidinilo.
En otro aspecto R

R12

5 hidrdgeno o metilo.

(1
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En un aspecto Jde la invancidn R'? &5 hidrégeno o metilo.

En una clase particular de compuectos de farmula (I), 6 una de sus sales
farmacéuticamente aceptables;

X =5 un grupe de unidn seleccionado entre NRCR (”‘[’7 C)CR6R7- -SCR6R7-,
S(OCROR-, -S5(0),CROR -, -C(O)MEACROR-, -NEC(O)NFSCROR-, -S(0),NRACRR -,
NRAC(D)-, -CONR-, -S(O),NR*- y -NR*S(0),-;

Y e Y2 con independizntementz N o CR® sie mpre gue uno dJde 'Y e Y2 3 Nel atra ez CRY;

R es un grupo seleccionado sntre C) galquile, carbociclilo, carbociclilCy galquila,

heterociclilo y haterociclilCsalquila, donde dicho grupo estd opcicnalmente sustitwido con

une o mds grupos susiituy:zntes seleccionados entre halo, ciano, nitra, F°, -0, -COR®,

-CONR’R'®, .NRPR'C y -NR°COR'?,

R? ce selecciona entre arilo y hztzroarilo dondz dicho gropo estd opcionalmente sustitvido con

uno o mds grupos sustituyentes seleccionados independizntements entre halo, ciano, nitro,

RY, -oR", -corRM, -CONR''R” y -NR''R",

R? es metilo;

R* y R® son independientzmentz hidrégzno o C) galquilo;

RS y R 5= czleccionan inde pendientzmente entre hidrdgenao, halo, ciano, nitro y Cy_galquilo;

R® se seleccinna entre hidrédgens, halo, ciano y ) salquilo;

R’ N R zon independientermnzniz hidrdgzno o un grupo celzceionado entre Cygaliuila,
carbociclilo y heierociclila donde dicho grupe eotd opcionalimznts snstituido conuno o mds

grupos sustituyzntes seleccionados entre halo, ciana, nitra, hidroxi, Cigalquile, C)galeox,

haloC salquilo, haloC) galcoxi, hidraxiC) galguile, hidroxiC) salcoxi, C)galcoxiC) galgnila,

CisalcoxiCygalcoxi, aming, C)salquilamino y bis(C) ¢algnil)amina;

R" y R" 50n independizntemente hidrdgeno o un grupo seleceionado entre Cygalquilo,

carbociclilo y hetzraciclily donde dicho gmpo 2268 opeionalments sustitnido con uno o més

grupos suctituyente: szleccionados entrs halo, cians, nitro, hidrozi, Csalquilo, Cysaleoxi,

haloC, galquils, haloC) salcoxi, hidroxiC) salquilo, hidroxiCysalcaxi, CysaleoxiCysalquilo,

Cy¢alcaxiCy saleoxi, aming, Cygalquilaming y bis(C) ¢alquil)amino;

RBy R con independientements hidrégeno o un grupo seleccionads entre C).galquilo,

;

carbociclilo y haterociclilo donde dicho grupe estd opcionalmante sustituido con nns o mas

grupas sustituyent2s celeccionados entre hale, ciano, nitro, hidvoxi, Cygalquilo, Cgalcoxi,
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haloC).salquilo, halaC) salcaxi, hidroxiCysalquilo, hidraxiC)salcoxi, CsalcaxiC.galquile,
Ci.galcoxiC) salcoxi, aming, Cgalquilaming y bis(Cgalquil)amino.
En oira clase particnlar de compuestos dz fénmula (I), o una dz sus cales
farmacéuticamente aceptables;
4 . PR 4 -] = - B L S 4"1 6.7 "’"6‘7 “ﬂ“i,6 7
X ez un grupo de unidn celzccionada entre -NR'CRR -, -OCRPR'-, -SCE'R’-,
N Sy ~ T & imp g o A~
S(OCRER-, -§(0):CROR -, -CONE'CRR-, -NRC(C)NRPCROR -, -$(0):MRCROR,
- 4 4y
-C(O)NR"- y -NR"C(D)-.
ly es CR® e Y es N;
R! esun arupn seleccionadn entre C)_qalquilo, Csgcicloalguile, arilo, CsgeicloalquilCy.
qalquilo, arilCalquila, cicloheteroalquilo, hstervarilo, cicloheteraalgnilCy.alquilo,
heteroarilCy_yalquilo, dond: dicho grups estd opcionalments sustiivido con uno o mds grupos
P S S S S PO S BN S A - |1 0,10
sustituyentes szleccionados entre halo, clana, nitro, R7, -OR”, -COR™, -CONRR™, -NR'R ™y
-NR’COR".
R? zz selecciona enire arilo y hetervarilo dondz dicho grupo ectd apeionalments sustituida eon
2rif
s o mds Zrpos cusiituyznies seleccionados independientemenis entre halo, ciano, nitro,
- — —~ 2 2
" -or! ccor!, -coNR'RPy -NETR";
R} es metilo;
4 . . . .
R*y R® son independientemente hidrdgeno o Cygalquilo;
RS y R s¢ seleccionan independicntzraents entre hidrégeno, halo, ciana, nitro y Cjgalquila;

R® ce

wl

elecciona entre hidrdgeno, haln, ciano y C) galquilo;

R’ y R" 50n ind 2pendientemente hidrdgens o un grpo seleccionado entre C)salquilo,
carbaciclilo y heteraciclile dondzs diche gripe 2std opcionalments sustitnido con uno & mds
grupos snstituyentes seleccionados entre hala, ciano, nitro, hidraxi, Cgalguilo, Cpgalcoxi,
haloCy_galquils, haloCygalcoxi, hidroxiT salquils, hidroxiCi.salcori, CgaleaxiCysalgquilo,
Cy_galcoxiC galzoxi, amina, C)galquilamine y bis(C, galquil)aming;

R" y R son indzpendientemzntz hidrégens o un gmpe celzccionade entre C)salguile,
carbociclilo y heternciclily dondz dicho gmpo 2514 epeionalmente snatitnido con una o mds
grpos sustituyentzs seleccionadas entre halo, ciand, nitro, hidroxi, C)galguilo, Cygaloox,
halaCy galquilo, haleC salcoxi, hidroxiC) salquile, hidroxiCsalcari, CisaleoxiC) galquilo,
Ci¢aleoxiCgalcoxi, amino, Cy.salquilamine y bis(CTysalquil)aming;

R? y R son independientemente hidrégens o un Zmpo seleccionads entre C)galquilo,

carbociclilo y heterociclilo donde dicho grupo estéd opcionalmentz sustituids con una o mAis
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gmpos sustituyentes seleccionadas entre hala, ciand, nitro, hidraxi, C)galquile, Cyealeoxi,
haloC_salguilo, haloCy salcoxd, hidraxiCygalguila, hidroxiCgalcoxi, CysaleoriC galquilo,
C1.ealcoxiCsalcoxi, amine, Cygalquilaming y bis(C).salquil)amino.

En otra clase particular de compuestos de férmula (I), o una de sus sales
farmacéuticamente aceptables;
X es un grupo de unidn seleccionado entre -NF(4CF:6F:7-, -ClCR6R7-, -SCROR-,
-SOOCROR-, -S(0)CROR-, -C(OHNR’- y -NR*C(D)-;
'Yes CHo CFe Yes N;
R!esun grupo seleccionado entre metils, etilo, propilo, butila, iscbutilo, tert-butilo,
ciclohzzila, fenilo, bencilo, fenziilo, piridinilo, pirazolilztils, furanilmetilo, tienilmetilo y
pirazinilatilo, dend= dicho grupo 2364 opcionalmentes sustituido con 1.9 2 grupos custituy:ntzs
seleccinnadas enire halo, ciana, métilo, metoxi, tifluorometilo, iflusromsetox, -
NHCONHC Hs, -NHCOCH, -CONH; y -CONHCH;;
R? se selecciona enire morfolinilo, piperidinila, fenils, naftile, pirrolile, imidazalils,
pirazolila, furanile, tienils, piridinilo, pirimidinilo, piridazinils, azaindaolilo, indalilo,
quinolinile, bencimidazolilo, bznzofuranila, dibenzofuranils, benzotienilo donde dicho grupa
estd opcionalments sustituido con wno © MAs Zrupos sustitnyentzs celzcoionados
independienternente cnbre halo, metilo, metoxi, hidroximetilo, cianometilo, fenoxi,
pirrolidinilo, -CONH,, -CONHCH; y -CON(CTH3),;
R? es metilo;
R*es hidrégeno o metilo;
RE es hidrégeno o metilo;
R’ es hidrégeno o metilo.

En oira clase particular de compuestos de férmula (I), o una d= zus salas
farmacéuticamente aceptables;

(&3 un grups dz unidn seleccionado entra MRCRER-, -OCRSR., .SCEOR-, -S(C')CP.6R7-,
-S(0),CRSR -, -CONR'CROR -, -NECENNR CROR -, -S(0):NR*'CRR’, -(O)NR - y
-NR*C(0O)-.

Yy esCR® e Y2 es N;
R &5 un zrupo seleccionady entre C.salquilo, Csgcicloalquile, arilo, Cs.cicloalquil Cy.
aalquiln, arilC) salquils, ciclohetervalquils, hetersarilo, cicloheteroalquilCy.aalquilo,

hetzroarilCyaalguilo, donde diche gropo 2sid apcionalmente cnstimido con uno o mas grupos
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sustituyentes seleccionados 2ntrz halo, ciana, nitro, Rg, -ORQ, -COR?, -CONRE’RIO, MROR!0 y
-NR’COR".
R? 5z selecciona entrs arils y hieteroarile dende dicho grpe estd opcionalmente sustitnido con
uno ¢ mis rupos sustitnyentes seleccionados md»pond];ule nente entre halo, ciano, nitr, -
R", -0R" -.COR", -CONR'R"? y -NR''R'?;
R3 es metilo;
R* y R® son independizntemante hidrégenc o Cjealguilo;
R® Yy R ze seleccionan indzpendientemente 2ntre hidrégeno, hale, cians, nitro y C,salguilo;
R® s¢ selecciona entre hidrégena, halo, cian y C).galquilo;
R’ y R" son inda zpendientemente hidrdgens o un grapa seleccionado entre C)galquila,
carbociclilo y heterociclile dendz dicho grupe et opcionalmente sustitnida con wne o mas
grupos sustiiuyenies seleccionados entes hale, ciano, nitro, hidroxi, Cygalquilo, Cgalcoxi,
halaC)galquilo, halaC) galeaxd, hidraxiCygalquile, hidroxiCygaleoxi, CigaloaxiCy galquila,
C1ealcoviCy saleoxi, aming, C).salquilamino y bis(C)galquil)amino;
R y R" con independizntementz hidrézzno o un grupo selzccionado entre Cgalquilo,
carbeciclilo y heterociclila dondz dicho grupo estd opcionalmentz sustituida con una o mas
grupos sustituyentes seleccionados entre halo, ciano, nitro, hidroxi, Cygalquilo, Cjgalcoxi,
haloC) galquile, haloC)salcoxi, hidraxiCygalquile, hidroxiCygaleaxi, Cj.salcoxiCy.salgnilo,
CyealcoxiCyzaleaxi, amino, Cygalquilaming y bis(Cygalquil)amino;
R y R son indzpendientzments hidrézeno o un grupa seleccionado entra C)alguilo,
carbociclilo y heterociclilo donde dicho grups estd opcicnalmente suctituido con uno o mds
gmpos sustituyzntes seleccionados entre hala, ciano, nitra, hidroxi, C)salquilo, C)galcaxi,
haloCy salquilo, haloC) galeoxd, hidroxiC) salquils, hidrexiC)salcoxi, C).galeoxiC) galquilo,
Cy.ealcoriCygalcoxi, aminn, C)galquilamina y bis(Cy.galquil)amina.

En otra clage particular de compuzstos de [Srmula (I), o una dz sus sales
farmacéuticamente aceptables;
X 25 unn grupo Jde unidn seleccionado entre -S(0),CPER-, -C(C")l\IR4- Vi NEAC(O)-;
Y esCHo CFe Y2es N
R!esun grupa seleccionado entre metilo, etile, propilo, butila, isobutile, tert-butila,
ciclohexilo, fenilo, bencilo, fenetile, piridinils, pirazeliletilo, furanilmetilo, tienilmatilo y

pirazinilziilo, donde dicho grupo estd opcionalmente sustituida con 1§ 2 grupos sustituyzntes
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seleccionados znire halo, ciano, metilo, metoxi, trifluoraimetilo, triflaorometoxt, -
NHCONHC¢H:, -NHCOCH,, -CONH, y -CONHCH3;
R? ce selecciona enive morfolinile, piperidinilo, fenilo, naftilo, pirrolila, imidazelila,
pirazolilo, furanilo, tienilo, piridinilo, piiimidinilo, piridazinila, azaindolilo, indolilo,
quinalinilo, bencimidazolily, benzofuranilo, dibenzofuranils, benzotienilo donds dicho grpo
estd opcionalmente susiituido con uno o mds grupos sustitnyentes seleccionados
independientemente entre halo, metilo, metoxi, hidroximetils, cianometila, fenoxi,
pirrolidinile, -CONH,, ~CONHCH; y -CON(CHa),;
R? es metilo;
R*es hidrégeno o metilo;
R® &s hidrégeno o metilo;
R es hidrégene o metilo.

En ofra clase particu_llar d= compuestos de férmula (I), o una de suc sales
farmacéuticamente aceptables;
X &5 un grups dz unidn szleccionado entre -S(0)CRSR- y -C(O)NEA-:
'YesCHe YZes N;
R! ¢s un grups celeccionade entre metilo, etils, isopropile, sec-butilo, isobutilo, fenilo, 2-
metoxifenilo, 3-metoxifenilo, 3-flnoro-d-metoxifenilo, 4-metoxi-3-triflnorometilfenila, 2-
meiozipiridin-5-ila, 2-metoxipividin-4-ilo, 2-metoxipiridin-4-ilo, 2-acetamidopiridin-S-ilo, 2-
acetamidopiridin-4-ilo y 4-[(anilinocarbonil)amino]fenila;
R%es (pirazol-3il)amino, hidroxipiperidinily, indol-4-ilo, indol-5-ilo, indal-6-ilo, azaindalilo,
bencimidazol-5-ila, 3-(pirazol-4-il)fenile, 4-(pirazol-4-il)fenilo, 2-aminocarbonilindol-5-ilo,
3-aminacarbanilindol-5-ilo, 2-aminocarbonilindol-6-ila, 3-aminocarbonilindol-6-ilo,
morfolinilo, 2-(pirazol-4-itiazol-5-ilo o metilmaorfolinilo;
R? es metilo;
R* es hidrégens o metilo;
RC es hidrégeno o metilo;
R’ es hidrégeno o metilo.

En otra clase particular de compuestos de farmula (T), o una de sus sales
farmacénticamente aceptables;

YesCHe Y?es N;
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R! ez un arupo seleccionado znfre matilo, #tilo, isopropils, sec-butila, isabutilo, f2nilo, 2-
metorifenilo, 3-metaxifenila, 3-Mluoro-d-metoxifenilo, 4-metaxi-3-trifluorometilfenilo, 2-
meioxipiridin-5-ilo, 2-metoxipiridin-4-ilo, 2-metoxipiridin-4-ila, 2-acetamidapiridin-5-ila, 2-
acetamidopiridin-4-ilo y 4-[(anilinocarbonil)aminc]fenilo;

&5 (pirazol-3-il)amine, hidroxipiperidinilo, indol-4-ilo, indol-5-ilo, indol-6-ilo, azaindslila,
bencimidazol-5-ilo, 3-(pirazol-4-il)fenilo, 4-(pirazol-4-il)fenilo, 2-aminocarbonilindol-5-ilo,
3-aminocarbonilindol-5-ilo, 2-aminccarbonilindol-G-ilo, 3-aminocarbonilindsl-6-ilo,
morfolinile, 2-(pirazol-4-ihtiazol-5-ilo o metilmorfolinilo;

R3es metilo; ,

R%es hidrégenc o metilo;

RS es hidrégzno o metilo;

R s hidrégeno o metilo; y

XR' ez un grupo seleccionado enire CH.SO,-F! y AC(CH:),S80,-R! dende B! 25 metilo,
etilo, isapropilo, sec-butily, isobutilo o fenile; o

XR! o5 NHCO-R! donde B! &5 2-metoxifenilo, 3-metozifenilo, 3-flucro-d-matoxifenilo, 4-
metoxi-3-trifluorometilfenils, 2-metoxipividin-5-ila, 2-metoxipiridin-4-ilo, 2-metoripiridin-4-
ilo, 2-acetamidapiridin-5-ilo, 2-acztamidopiridin-4-ilo o 4-[(anilinocarbonil)amina]fenila,

Otro aspecto de 1a invencidn estipula un compuasto, o una combinacién de
compuestos, seleccionados entre cualquiera de 1o ejemplos o una de sus sales
farmacéuticamente aceptables.

Otro aspecto de 1a invencidn estipula un compuestd, o una combinacidn de
compuestos, seleccicnados entre cualquiera de
M-[4,6-Eiz[(3S)-3-metilmorfolin-4-il]pirimidin-2-i1]-4-metoxibznzamida,
N-[2,6-Bis[(3S)-3-meiilmorfolin-4-i pirimidin-4-i1]-4-mziox i-3-(irifluorcmeiil)benzamida,
N-[2,6-Bis[(3S)-3-matilmaifolin-4-il] pirimidin-4-i1]-3-metoxibenzamida,
N-[4,6-Bis[(3S)-3-metilmorfelin-4-il)pirimidin-2-il]-4-m=toxi-3-(trifluorometil)benzamida,
N-[4,6-Bis[(3S)-3-matilmorfolin-4-il]pirimidin-2-il]-3-metoxibenzamida,
N-[4,5-Bis[(35)-3-m= uhuulf-:'lin-4-il]pirin'lidin-‘Z—i1]-fj-lnet-:-kipiridina-3-carb0xz‘u’nida,
N-[2,6-Bis[(3S)-3-metilricorfolin-4-il] pirimidin-4-il]-2-metozipiridina-4-carboramida,
6-Acetamido-N-[2,6-biz[(3S)-3-metilmorfolin-4-il]pirimidin-4-il]piridina-3-carboxamida,

N-[2,6-Bic[(3S)-3-metilmorfolin-4-il]pirimidin-4-il}-2-metoxibznzamida,

2-Acetamido-N-[2,6-bis[(3S)-2-metilmor folin-4-il]pirimidin-4-il]piridina-4-carboxamida,
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N-[2,6-Biz[(3S)-3-metilmarfolin-4-il] pirimidin-4-i1]-3-fluor-4-meiox ibenzamida,
M-[4,6-Bis[(3S)-3-metilinon flin-4-il]pirimidin-2-il] -2-melo}:i piridina-4-carbozamida,
6-Acetamida-N-[4,6-bis[(3S)-3-metilmarfolin-4-il]pirimidin-2-il]piridina-3-carboxamida,
N-[4,6-Biz[(3S)-3-metilmorfolin-4-il]pirimidin-2-il}-2-metoibenzamida,
2-Acetamida-N-[4,6-bis[(3S)-3-metilmorfolin-4-il]pirimidin-2-il]piridina-4-carbaramida,
N-[4,6-Bis[(3S)-3-maziilmorfolin-4-il]pirimidin-2-i1]-3-flusro-4-metoxibenzamida,
N-[2,6-Bis[(3S)-3-metilmorfolin-4-il]pirimidin-4-i1]-4-(fznilcarbamoilamino)benzamida,
N-[4,6-Biz[(3S)-3-mztilmarfolin-4-il]pirimidin-2-i1]-4-(fznilcarbamoilamino)benzamida,
N-[2,6-Biz[(3S)-3-metilmarfolin-4-il]pirimidin-4-il]-4-meztoxibznzamida,
2-[(2R,65)-2,6-Dimetilmaorfalin-4-11]-4-[(2S)-3-meilmeorfolin-4-il]-6-
(metilsulfonilmetil)pirimidina,

1-[4-[(3S)-3-Metilmarfolin-4-il]-6-(metileulfonilme il pirimidin-2-i1]piperidin-3-ol,
4-[(58)-3-Meiilmorfolin-4-i1]-6-(metilsulfonilmatil)-2-morfolin-4-il-pirimidina,
3-[4-[(3S)-3-Meiilmorfolin-4-i1]-6-(meztilzulfonilmetil)pirimidin-2-il]-5,7-diazabicicla
[4.3.0]niona-1,3,5,8-tetracno,
5-{4-[(3S)-3-Metilmorfolin-4-il]-6-(metilsulfonilmstil)pirimidin-2-i1]- 1H-indal,
5-[4-[(3R)-3-Meatilmorfolin-4-il]-6-(metilsul fonilmeiD)pirimidin-2-il}- 1 H-indol,
5-[4-(Butan-2-ilsulfonilimatil)-6-[(3S)-3-metilmorfolin-4-il]pirimidin-2-il]- 1H-indol,
5-[4-(Butan-2-ilsulfonilmetil)-6-[(3R)-3-metilmarfolin-4-il]pinmidin-2-il}- 1H-indol,
5-[4-[(CR)-3-Metilmorfolin-4-i1]-6-(propan-2-ilsulfonilmetil)pirimidin-2-i1]- 1H-indol,
5-[4-(Btlsulfonilimetil)-6-[(3R)-3-metilmarfolin-4-il]pirirmidini-2-i1]- TH-indol,
4-[(3S)-3-Mziilmarfolin-4-il]-6-(metilsulfonilmeatil)-M-(1H-pirazal-3-il)pirimidin-2-amina,
4-[(3S)-3-Meiilmorfolin-4-il]-6-(metilsulfonilmetil)-2-[4-(1H-pirazol-4-il)fenil ]pirimidina,
4-[(33)-3-Metilmorfolin-4-il1]-6-(metilsulfonilmetil)-2-[3-(1H-pirazol-4-il)fenil pirimidina,
5-[4-[(3S)-3-Meiilmorfolin-4-il]-6-(metilsul fonilme il pirimidin-2-i1]- 1TH-indal-3-
carboxamida,

4-[(3S)-3-Meiilmorolin-4-il]-6-(metilsul fonilmetil)-2-[2-(1 I'I-pil‘21201;4|~-i])- 1,3-tiazol-5-
il]pirimidina,

6-[4-[(3S)-2-Metilmorfalin-4-il]-6-(metilsulfonilmetiD pirimidin-2-i1]- 1H-indol,
G-[4-[(3S)-3-Metilmiorfolin-4-il]-6-(metilsulfonilmetiDpirimidin-2-il]- 1H-indo]-3-

carboxamida,
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5-[4-[(3S)-3-Metilmarfolin-4-il]-6-(metilsulfonilme til) pirimidin-2-il]- 1H-indol-2-
carboxamida,

6-[4-[(3S)-3-Metilmorfalin-4-il]-6-(metilsul fonilmetil)pirimidin-2-il]- 1H-indol-2-
carboxamida,
5-[4-{(3S)-3-Meiilmorfolin-4-il]-6-(2-meiilsulfonilpropan-2-il)pirimidin-2-il]-1H-
benzoimidazol,
3-[4-[(3S)-3-Matilmorfolin-4-il]-6-(2-metilsulfonilpropan-2-iYpirimidin-2-il]-5,7-diazabiciclo
[(4.3.0]nona-1,3,5,8-tetracno,
5-[4-[(3S)-3-Meiilmorfolin-4-i1}-6-2-maztilsulfonilpropan-2-il)pirimidin-2-il]- 1H-indol,
4-[4-[(2S)-3-Meiilmorfolin-4-il]-6-(2-metilsul fonilpropan-2-il)pirimidin-2-i1]- 1H-indol,
6-[4-[(39)-3-Metilmaorfolin-4-i1]-6-(2-meztilsul fonilpropan-2-ilpirimidin-2-il]- 1H-indol,
4-[4-(Bencenosulfonilmeiil)-6-[(38)-3-metilmorfolin-4-il]pirimidin-2-i1]- 1H-indol,
5-[4-(Bencenosulfonilmetil)-6-[(3S)-3-metilmorfolin-4-il]pirimidin-2-i1]- 1H-indol,
3-[4-(Bencenosulfonilmetil)-6-[(3S)-3-meatilmorfolin-4-il]pirimidin-2-y1]-5,7-
diazabiciclo[4.3.0]nona-1,3,5,8-tetraeno,
6-[4-(Bencenosulfonilmetil)-6-[(3S)-3-m=ztilmarfolin-4-il]pirimidin-2-il]- 1H-indol, y
5-[4-(Bencenozulfonilmetil)-6-[(3S)-3-meiilmorflin-4-il]pirimidin-2-i1]- 1H-benzaimidazaol,
o una de sus sales farmacéuticamente aceptables.

En ciertos aspectoe de la invencidn como un compuesto de fSrmula (I) para usar ¢omo
un medicamznto para el tratamiento dz 2nfermedadae proliferativas; o el uso de un compuesto
de férmula (I) 2n la fabricacidn de un medicamento para usar en el tratamisnta de
enfermedades proliferativas.

La invencidn también estipula procesos para la preparacidn de un compuesto de
farmula (I) o una de sus cales farmacfuticamente aceptables.

Un compuesto de fdrmula (I), dondz X = -S(C))ZCR6R7-, se pnede preparar oxidando
un compuzsta de formuta (I), donde X = SCRR-, por gjemplo usando Oxone® a temperatura

ambiente 2n un sistema solvente mezclado de agua y etanol.

L !
N“R® N R®
8 - 8
RYQN o S%N
o I s
R‘/-.K NR? Rn.v'w}i ‘N R?
RG R7 RS R7
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Un compuesto de fdrmuala (I), dondz R'X = R'OCRR-, se puede preparar mediantz
la reaccidn dz2 un compuesto de formula (I), donde pIX = I-IOCR6R7-, ¢aon un compuesto de
férmula (IT), donde L' ez un arupo saliznte (como halo, wsilo, mazilo, etc.) opcionalments 2n
presencia de una base adecvada como trictilamina y un solvente coma tetrahidrofurano o N,N-

dimetilformamida.

N ()
«T» sRS .T\’ RG
11 8 —_— 8
"o o T T
(D) wo A Lol b,
X . N R R N R
R® R’ R® R’
0] ®
Un compuesio de f5rmula (I), donde R'YX = R'R*MCR°R’-, ce pnzdz preparar
madiante 1a reaccidn de un compuesto de férmula (I), donde 'Y = HR*MCROR-, con un
compuesio de f5rmula (1), Jonde L' e un grupo saliente (coma halo, tosile mesilo, ztc.)

opcionalimente en presencia de una base adzcuada como trictilamina y un colvente coma
tetrahidrofurano o N, N-dimetilformamida; o medianie la reaccidén de un compuesto de
Fonls Ty dende PRI Y e o Jo £l s )
formula (I), donde R'X = HR*NCR®R-, con un compuzsio de férmula (IIT) en preszncia de

un reductor adecuado como NaCNBH;.

R=L CL )
0] NTR N R
Rs\rk RH/‘\
=N 4 SN
R‘—/’O N LA A,
\ RN R RN R
R® R R® R
() (U] (M

Un compuesto de frmula (1), donds X' = -S(0),CR R, -SCER'-, -OCRR-,
RNCERER-, -S()CROE-, o2 puede preparar madiante la reaceidn de un compnestd de
formula (IV), dondz L'esun grupe saliente (como halo, tosilo, mesila, etc.), con un
compuesto de fémula (V) opcionalmente én presencia de una base adecuada como

triciilamina y un solvente como tetrahidrofuranc o N N-dimetitformamida.

ot !

'\,ij R3 ‘rj\l\ RS
8 ——— 8

R—X'H il T\‘N R T N
L‘* | /1 2 V‘ | »’-J\ a
V) K NR RYTK NTTR

RS 7 HG R7
(Iv) 0}
Un compuesio de fdrmula (I), donde X = -SCRSR’-, ze pueds przparar mediante la

reaccidn de un compnesto de [Srmula IV), dende L' 5 un grupo saliente (como hals, tesile,
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mesilo, etc.), con tiourea en un solvente adecuadas como stanad para gznerar un cormpuesta de
férmula (VI) el cual se hace reaccionar posteriorments con un compuests de fdrmula (1) en
presencia de una base adecuada como hidréxido de sodis y un solvents como N,N-

dimetilformamida.

0. .0 e
[ [l A=t (1o
SH N” "R N 'R {n N R
py e —_— R l Rt L
HN" “NH N Y i
o I a1 5. A,
A N R 2 Il 6,\R7 MR R .PGI\R7 N R
R" R A
) N ()

Un compuesio dz férmnla (I), donde X = -RIMC(0D)-, sz puade preparar mediantz la
reaccidn de vn compuesty de fdrmula (VII) con una amina de formmla R'R*NH dezpués da la
activacién adecuada del dcido carbozxilico por méiodas bibliozraficos conacidos coma el uso

de un agente acoplante como HATU o la conversidn én un clorura de acilo.

1, ()

NN’- - R J
HB\\\ —'l*«‘,- -_— gl Rq\ /g
H N R\ [l N
wo, M, N YR S G
N R R NTTR
O i 0
Un compuesto de fsrmula (1), donds X = -S(0),CRR’-, se pnade preparar mediante 1a

reaccidn secuzncial dz un compuesta de férmula (I), donde X = -S(0)2CHz-, con nn
compuesio de farmula (VIID) seguido de la reaccién con un compunesto de fSrmula (IX), donde
L' ez un grupe saliente (como hale, tozilo, mecilo, 2te.), en prezencia de la base adecuada
come hidrure de sodio o iér-butdxids de potasio en un solvenie adecnado como

tetrahidrofurano o N, N-dimetilformamida.

o} 0
R-L' E j« 3 [ ] 3
Vil N™ TR N" "R
RN A — Bl A
oo N 90 N
R-L' e A e AL,
RV N R RS RN TR
(IX) R® R’
® 0)
Un compuesta de fsmmula (1), donde R'X = HOCRSR'-, se puzde praparar rediantz 1a

reaccidn de un compuesio da férmula (X), con reactivos organometdlicos adecvadoc de

fdrmmla (XT) y fSrmula (XII) con &l reactive de grignard en un zolvente adecnado. Cuands o
7 . . L. g Lo .

y R' son diferenizs entonces &3 pocible usar técnicas biblingrificas conocidas como la

conversidn de un eompuesto de [Srmula (X) en la amida de Weinreb y la reaccidn con un
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reactivo organomeidlico de fémiula (XI) v después la reaccidn can un reactivo

organometéalico de fsrmula (XII) en un paso posterior.

! t 1.

(x) R’ NR
RSy, — Ky
R™M .O\I A e o M NP
(X RSXR7
8 (X) 0}

Un compuesta de fomiula (I) se pueds preparar a partic de un compuesto de férmula
(XIID), donde L2 &5 un zoupo caliznte (como halo, toeilo, mesilo, -SMe, -S(0):Me, etc.), con
un reactivo orzanometdlico adecwado (coms &l dcido bordnico R2B(OH). o el écter bardnico
RZB(OR)Z, cie.) en presencia de un catalizador meidlica adscuado (comd paladia o cobrz) en
nn solvente adecuado como 1,4-dioxano. Alternativamzante, cuando R? se conecta al anills de
pirimidina a fravés de un dtomo de nivdgens, oxigens o acufre, un c.omlmc-.:t-:- de férmula (I)
se puedz preparar a partir de un compussio de frmula (XTI, donde % &3 un grapo saliente
(como halo, tosilo, mesilo, -SMe, -S(0);Ms, etc.), mediante la reaccidn con 1a amina, 21
alcohol o el tiol requeridos, en presencia de una base adecuada como carbonato de potasio en

un solvente adecuado como N, N-dimetil formamida.

0 0
1, C1,
R® ,i‘\ R — R NL R
=N >SN
P'!")IN'I‘LZ Rl l‘N"'l\R2
(X1 U

Se apreciard que wn compueste de fdrmmla (XIH) s2 puede transformar en otro
compuesto de férmula (XT) madiante técnicas comeo oxidacidn, alquilacidn, aminacién
reductiva, etc., o bien come las mencionadas antes o bizn téenicas bibliograficac conocidas.

Un compueste de frmula (XTI, dondz X' = -S(0)CRR -, -SCRSR-, -OCRR.,
-R*NCERR-, -S(D)CRGR7 e puede preparar mediants 1a reaccidn de un compnesto de
férmula (XIV), donds L'ecun grupo salients (como hals, tosilo, mesilo, ete.), conun
compnesio de famula (V) opcionalments =n przcencia de una baca adecvada como

trigtilamina y un solvenie coma tetrahidrofrans o N,N-dimetilformamida,
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0

o]
jou e
R X X
R=X'H g jﬁ'}' ¥ Y:T\Lz

v) XN R“ISCN
R R
(XIV) (X1
Un compuzsia de fdrmnla (XI), donde X = S(“PGR uede preparar mediante 1a

reaccién de un compuesto de férmula (XIV), donde ! ec un gmpe salients (come hale,
tozilo, mesilo, #c.), con iiourea en un solvente adzcuado como etanol para Zenzrar un
compuesio de fSmula (XV) que posteriorments & hace reaccionar con un compussto de
férmula (II) en presencia de una base adecnada como hidréxide de sodio y un solvente coma

N,N-dimetilformamida.

ay 1, e ay
N \ hll R , N R

rX

SH n

R | e A a r®
H,N “NH ' ‘N I n N
e . e 0 T

AN L T A N L ROTA LN L

6 7 " 6 7 6 7

NHR R R* R
XIv) (Xv) D)

Un compuezio de farmmla (XTH), donde X = -R4NC(O) , &= puzde preparar mediante
la reaccién de un compuesto de frmmla (XVI) con una amina de férmula R'R*NH de zopués de
la activacién adecvada d=1 dcido carboxilics por métodos bibliogrificos conocidos como el

ueo de un agente acoplante coma HATU o la conversidn en un cloraro dz acilo,
(L o
N R
8
R\(gN \(‘\
HO L fl I/N k_

T OONTY
O xw iy
Un compuesto de férmula (Y1), dondz X = -S(O),CROR- e puede prejarar
mediante 1a reaccién secuzncial de un compuesto de farmula (XIII), donde X = -S(0):CHoa-,
con un compuestd de frmula (VII) szguido de la reaccidn con un compuestos de férmula
(IX), donde L' 3 un gmpo saliente (como hale, tosilo, mesile, #(c.), en presencia de wna bace
adecuada como hidrura de sadio o ieri-butdzido de potazio én un colvente adecuads como

iefrahidrofurano o N, N-dimetilformamida.
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Un compuesto de frmula (XII), donde R'X = HOCRSR'-, s2 puzdz preparar
mediante la reaccidn de un compueste dz fsrmula (XVID), con reactivas organaimetalicns

adzcuadoz de fdrmula (XI) y fdrmuls (XIT) como el reactiva de grignard en un solvente

s adzcuads, Cuando R® y R7 can diferentes entoncss s posible usar iécnicas bibliogrdficas
conocidas come la conversidn dz un compuzsto de fSrmula (XVII) en la amida de Weinreb y
la reaccién con un reactivo orzanometdlico dz fdrmula (XI) y después la reaccidn con un
reactivo organomeatilico dz fdrmula (XII) en un paso posterior,

0 o}
RE-M [ l [ j\
) N R? NTR?
Re N —_ Ra A
v P Y
R—M Ia) A Ho WA,
Ry N U XN T
(X1) \g RE R
(xviny (X
10 Un compuzsto de frmula (TV) se puzde preparar a partis de un compuezsto de férmmla

(XIV), donde L% 25 grupo saliente (como halo, tosilo, mesila, -SMe, -5(0):Me, ete.) y L
ez un gmipa salientz (coma hals, tacilo, mesilo, ete.) con un reactivi organometdlico adecuado
(como 2] acido borénico RzB(OH)z o el Ester borénico \ZE(DR)Z, etc.) en presencia dz un
catalizador metdlico adecuady (como paladio o cobre) en un salvente adecnado como 1,4-

15 dioxano. Aliernaiivaments, cuando R? 3¢ conecia al anilla de pirimidina a travic Jdz un dtomo
de nitrégens, oxizenc o azufre, un compuesto de [Srmula (V) se puede preparar a partir de un
compuesto dz fSrmula (XIV), donde L% &5 un arupa saliznte (come halo, tosile, mesilo, -SMe,
-S(O);Me, ete.), mediante la reaccién com la amina, ¢l aleohel o el tiol requaridas, ¢n
presencia dz una base adecnada como carbonaty A2 potasio en wn solvante adeenado como

20 N,N-dimetilforimamida.

(e} o}
R"\l/g N —_— R Ay
LL | ,_J s Lt T ,k 2
R5XR7 N L RGXF(7 N R
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Un compuesto de formmla (X) se pueds preparar a partir d2 un compuesta de fdrmula

XVID), donde L2e3un arupo saliente (como halo, wsilo, mesilo, -SMe, -S(0)Me, zte.) y IX
s un hidrédgeno @ un grupe C. alquils, con vn reactivo organometilico adecuada (como el
4cido bordnico B LU 1), o el éster bordnica R’B(OR), 21%.) en presencia dz un catalizador
metdlico adecuads (comao paladio o cobre) 2n un zolvante adecuado coma 1,4-dioxana.
Aliernaiivaments, cuando R? ce conecta al anillo de pirimiding a través 4z un dtomo da
nitrdzena, oxigeno o azufre, un compusests de fSrmmla (X) 22 puede preparar a partir de un
compnects de fdrmula (XVI), dondz L2 &¢ un grupo saliznte (coma hale, tosilo, mesilo, -
SMe, -S(0),Me, etc.), mediantz la reaccidn con la amina, ¢l aleohol o ¢l tiol requeridos, en
presencia de una baze adecuada coma carbonato dz patacio en un solvente adecuada caimo

N, N-dimetilformamida.

o ()

N R
I Lo b,
| ”

R.'O""’ N’\F(Q
O (xvn) O

Vn compuesia de férmula (XVIID) s2 puede preparar a partir de un compuest dz
farmmla (XIX), donde 2esun arupo salieniz (coma halo, tosilo, mesilo, -SMe, -S(0):Me,
elc.), con un rzactivo organcmetdlico adecuads (come &l acido bordnico R_ZB(C,I'I)Q o el Sster
borénico R? B(OR), elc.) en presencia de un catalizador metdlico adecuads (como paladio o
¢obre) en un solvente adecnado como 1,4-dioxano. Altzrnativamentz, cuando P2 3z conecta al
anillo de pirimidina a través de un dtomo de nitrdgeno, oxigeno o azufre, v compuests de
férmula (XVII) z2 puede preparar a partir Jde un compuzsto de fSrmula (XIX), donde L L2z un
arupo caliente (como hala, tosila, mesila, -SMe, -S(Q):Me, cte.), mediante 1a reaccidn con la
amina, el alcohol o &l tiol requeridos, @n presencia de una bace adzcuada coma carbionato de

potasio en un solvents adecuady coma N,N-dimetilformamida.
L .
N R N R
8 — 8
le/k : R \ﬁ'\f\
‘N{ : . - 2

(XIX) (xvi
Un compuesto de fSrmula (IX) se puede preparar a partir de un compugsto de

formula (XXI), dondz L2esun arpo salientz (coma halo, tosilo, mesilo, -SMe, -S(0).Me,
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etc.), con un reaciivo organometilico adzcuads (como 21 dcido bordnico RIB(OH), o el écter

s . 2 . . . ~ IV LI T 1. N _ LA
barénico R'B(OR),, lc.) en prezencia de ua caializador metdlico adecuada (como paladio o
. . . 2 . N
cobre) zn un solvente adzcuado como 1,4-dioxano. Alizrnativamznte, cuanda R° se conecta al
anillz de pirimidina a través de un dlomo ds nitrdgena, oxigena o azufre, nn compuests de

. rr . I 1oed. T2
farmula (XX) sz puede preparar a pariir de un compuesto de fémula (XXT), donde L es un

v

arupo saliente (coma halo, tosilo, mecila, -SMe, -S(0):Meg, z(c.), mediante la reaccidn con la
amina, el alcohol o el tiol requeridas, =n presencia de nna base adzenada coma carbonato dz

potasio en un solvente adecuade como N, N-dimetilformamida.

1, 1,
N~ "R

N” "R
8 o 8
R\HQN R\K§N
g/l »’I 2 a ~’k 2
L7 N Lt L N R
(XX (XX)
10 Un compuesto de férmula (I), donde L' esun grupa saliznte (coma halo, tosila,

mesila, eic.), s¢ puede preparar mediante la reaccidn de un compuesta de férmnla (XXII) con
un compuesto de fdnmula (XXIID) opcionalmentz en preszncia de una bazz adzcnada como

trietilamina en un solvente adecuado como N, N-dimetilformamida.
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15 Se apreciard quz un compuesto de férmula (XXTII) se puede transformar en oiro

compuesio de farmula (XXIT) mediante (Scnicas como oxidacidn, alquilacidn, aminacidn
reductiva, ete., o bizn como lag mencionadas antzs o bien ticnicas bibliograficas conacidas.
Un compuesta d2 farmula IV), donde 'es un grupe saliente (como halo, tosilo,
mesilo, eic.), 3¢ puede preparar mediante la reaccidn de un compaesto dz férmula (XXIV) con
20 un compnesto de formula (XXII) opeionalmente en presencia de una base adecuada como

trietilamina en un solveni= adecuado como N, N-dimetilformamida,
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Un compuesio de férmula (X), donde L' es an gmpo salientz (como halo, tosilo,
mesilo, etc.) y R es un hidrdgens o un grope C . alquilo, se puede preparar madiante la
reaccién de un compuesio de formula (XXV) con un compuesto de frmula (XKNIII)
opcicnalmente en presencia de una base adecuada coma trietilamina én un solvente adzcuado

s como N, N-dimetilformamida.

().
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Un compuesio de fdmmula (XVIII), donde L' esun gmpa calients (como halo, tasilo,
mesila, efc.), ze puede preparar mediante 1a reaccidn de un compuesia de férmula (XXVI) con
un compuesto de frmula (XXII) opcicnalmentz 2n presencia de una base adecvada como

10 irieiilamina en un solvents adecuado como N,N-dimetilformamida.
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(XXV1) (Xvii
Un compuesto de férmula (XX), dond: L' &5 un gmpe zaliente (como halo, tasila,
mesilo, ele) y L2 &5 un arupo saliznte (coma halo, tosilo, mesilo, -SMe, -S(0);Me, etc.), ce
puede preparar mediante la reaccidn de un compuesto de (Srmula (XXVID) con un compiesto
15 de formula (XXIIT) opcionalmente en presencia de una base adecuada como triztilaming en un

salventz adecuads como N, N-dimetilformamida.
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Un compuzsto de fdrimula (XHI), donde L' ez un gimpa salizntz (como halo, tozilo,
mesilo, elc.) y L2 esun gmpo salientz (como halo, (55ilo, mesilo, -SMe, -S(0):Me, ete.), se
20 pueds preparar mediante la reaccidn de un compuesio de férmula (XXVII) con un compussta
de fSrmula (XXII) opcionalmente en presencia de una base adecnada como trietilamina zn un

solvente adecuado como N, N-dimetilformamida.
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Se apreciard que un compnzcto de férmula (XII) se puede transfermar =n otro
compuesto dz: férmula (XII) mediante (fcnicas como oxidacidn, alquilacidn, aminacidn
reductiva, elc., o bien como las mencionadas antes o bien téenicas biblingraficas conocidas.

Un compmesio de férmula (XIV), donde L'esun arups saliente (coma halo, tocila,

5
mesilo, zic.) y L2esun arupo salisnte (coma halo, toeilo, mesilo, -SMe, -8(0):Me, ztc.), se
puede praparar medianie la reaccidn de un compuesio de fdrmula (XXIX) con un compussto
de fdrmula CXXII) apeionalmenie en presencia de una base adzcnada coma triztilamina en un
solvente adecuado como N,N-dimetilformamida.
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Un compueste de férmula (XVII), donde L' 5 un grupo salient: (como hala, tosilo,
mesilo, elc.) y L2 ez un grupo salientz (como halo, tozilo, mezilo, -SMe, -S(0):Me, etc.) y R
s un hidrdgens o un grupo Cy.4 alquilo, se puade preparar mediante la reaccidn de un
compuecto de frmula (NXX) con un compuesio de [Srmula (XXIIT) opcicnalmente en
15 precencia de una base adecunada como trictilamina en un solvents adecuado coma N,N-

dimetilformamida.
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Un compuesto de fdrmula (XIX), dondz L'esun grupo saliente (coma halo, tocilo,
mecila, efc.) y L2z un arupo salientz (como halo, tacilo, mecila, -SMz, -5(0):Me, ete.), se
puede preparar mediante la reaccidn de un compuesta de [Srmula (XXXI) con un cormpuesio
de férmula (XXII) opcionalmente 2n przsencia dz una base adecuada como trictilamina en wn

solvente adecuado como N,N-dimetilformarmida.
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Un compuesto de fdrmula CLXI), dondz L' &5 un gmpo saliente (como hale, weilo,
merilo, etc.) y L2 arupe saliznte (come halo, (osilo, mesila, -SMe, -S(0):Me, etn.), c¢ pueds
preparar mediante la reaccidn de un compnzsts de Frmula (XXXII) con un compuesto de
férmula (XXII) epcionalments en presencia de una bass adecuada coma trietilamina en wn

solventz adecuado como N,N-dimetilformamida.

o
: , 1
§

(XXX1) (XX1)
Un compuzzcio de [drmula (I), donds R'X = H,NCH;-, sz puzds preparar a partir de un
compuesio de fdrmula (XVII) mediante una reduccién como hidrogenacion con hidrdgezno

2asc050 y un catalizador adzcuado coma paladic sobre carbdn en un solvente adecwado coma

etanol.
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1In compnzsto de fSrmula (1), donde R'Y = HaNC(0Q)-, se puade preparar a partir de

un compuesto dz férmula (XVIID) mediante hidrélizis con, por gjempls, hidréxids dz sadia #n

un solvente adecuade coma una mezcla de agua y etanol.
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In compuesia de férmula (I), donde RN =H, NL,R 2 suzde preparar a partir de
& 2 | prep ap
un compuesto de fdrmula (XVII) mediante reaccién con reactivos organometdlicos (XI) y

(X10).
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Un compnesio de férmmla (XII), donde Y = HyNCH.-, ¢ pueds preparar a partir de
un compuesto dz farmula (XIX) mediante una reduccidn coma hidrogenacidn con hidrégeno

gaseoso y un catalizador adzcuade como paladio sobre carbén en un solvante adzcuada como

5 etanol.
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Un compuesto de formula (XIIT), donde R'Y = H.MC(Q)-, se pueds preparar a partir
de un compuesto de fimmla (XIX) mediante hidrélisis con, por ejemplo, hidrdxido de sodio

en un solvente adzcuado como una mzzcla de agua y 2tanol.
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n compuesto de {érmula (XTI, donde R'X = H,NCR®R'-, s¢ puede preparar a partir

de un compuesto de [rmula (XIX) mediante rzaccidn con reactivos organometalicos (XI) y

(X1D).
0 o)
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Se apreciard que el grupe B° se puede introducir y posteriarments convertir én otro
orapo de 1a férmula R? en una etapa postzrior de la sintesis vzando métadas bibliograficos
[=) <

conocidos.

.
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Se apreciard que alzunas dz 1oz diversos sustituyentes dzl anillo de los compuestos de
la presente invencidn se pneden introdncir mediante reaccionzs dz sustitucidn aromitica
estdndar o generar mediante madificaciones convencionales dz 192 grupos fncionales ya c2a
aniez o inmediatamente despuss de los procesos mencionados previamenie, y como talss estin
incluidas en el aspecto del proceso de la invencidn. Por gjemplo los compuastos de férmula
(I) se puedzn converiir 2n otros compuecias de férmmla (I) mediantz reacciones de sugtitucién
aromdtica estandar o mediante modificaciones convencionales dz los grupos funcionales.
Dichas reaccionzs y modificaciones incluyzn, por ejemplo, introduccidn dz un sustitayent:
por medio de una rzaccidn de susiitucidn aromdiica, raduceidn de sustituyenies, alquilacidn de
suctituyentes y oxidacién de sustituyentes. Los reactivos y las condiciones de rzaccién para
tales procadimientos son bien conocidos @n el drza quimica. Los gjemplos particulares 4
reaccionzs de susiitucidn aromdiica incluyen la introduccidn de un grupo nited usando 4cido
nitrico concanlradio, 1a introduccidn de un grupo acilo usando, por gjemplo, un halure dz acilo
y un dcido de Lewis (como tricloruro de aluminio) en eondiciones dz Friedel Crafts; la
introduccidn de vn grupo alquilo vsands un halwo de alguilo y un dcido de Lewis (coma
tricleruro de aluminio) en condicionss de Friedel Crafts; y la introduccién de un grupo
halézzna, Los ejemplos particnlares de madificaciones incluyen la reduccidn dz un gropo
niiro a wn grupo aming mediante, por 2jemplo, hidrogenacidn catalitica con un catalizador dz2
nfquel o ratamiznio con hierro én presencia de dcido clorhidrico con calentamisnto;
oxidacidn de alquiltio a alquilsalfinile o alguilsulfonilo.

También s= apreciard que en alzunas dz las reaccionzs mzncionadas aqui puede cz
necesario o deseable proteger iodos oo grupos sensibles de las compnestos. Las casos 2n qua
la proteccion es necesaria o dzseable y los métodos adecnados para la proteccidn, con
conccidos por 1os zxpertos 2n la materia. Sa puneden ncar los grmpos protectoras
convencionalzs de conformidad con la practica ectdndar (por iluctracidn consulte T.W. Grezn,
Protective Groups in Organic Synthezis, John Wiley and Sons, 1991). De este modo, ci los
rzactantes incluyzn gropos coma aming, carboxi o hidroxi puede szr deseable proteger el
grupo =n algunas dz las reaceiones mencionadas aqui.

Un grupa protector adecuado para un grupo amino o alquilaming es, par gjempla, un
arupe acila, por ejempla un grups alcansila como acetilo, un grmpo aleoxicarbonilo, por
ejempla un grupo metoxicarbonilo, etoxicarbonilo o ter-butoxicarbonilo, un grupo

arilmetoxicarbonilo, por ejemply benciloxicarbonila, o un gmpo arails, por ejemplo benzoilo.
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Las condicionss de desproteccidn para los zrupos protsctores antzriores varian
necesariamenta con la zlzccidn dzl gropo protector. De 2stz moda, por gemplo, nn grapo

acilo como un grupo alcanailo o alcoxicarbonila & un grupo aroilo puede ser eliminado por
gjemplo, mediante hidrdlisis con una base adecuada coma un hidrédxido de un metal alealing,
por ejemplo hidrdxido de sadio o de litio. Altzrnativamente, un grapa acild ¢omd un grupo
fert-butaxicarbonilo puede ser eliminado, por ejermpls, mediante ratamiento con un dcido
adecuado come dcido clorhidrica, sulfirico o fosfirien o dcido trifluorcacitico y un grupo
arilmetoxicarbonile come un grupo bencilexicarbonilo puede ser sliminado, por ejemplo,
mediante hidrogenacidén con un catalizador como paladio sobre carbén o mediante tratamiento
con un 4cido de Lewis, por ejemplo tris(trifluaroacetato) de bovo. Un grupa protector
adzcuado altzrnativo para an grupo amins primario e, por gjzmplo, un grupo ftaleilo que
puede ser eliminado par tratamiento con una alquilamina, por &emplo
dimetilaminopropilamina o con hidrazina.

Un grupo protector adzcuada para un grupo hidrexi &s, por gjempls, un grupo acilo,
por ejempla un grupo alcanoilo como acetilo, un grupo arilo, par gjemplo benzoilo o un
grupo arilmetils, por gjempls bencile. Las condiciones d2 desproteccidn para 1o0s grupos
protectores antedichos variarin nececariamenie con la 2leccidn del grupo pratector, De 2ste
moda, por gjemplo, un grupo acilo coms un grapo alcansils o arcilo pueds sar eliminads por
ejemiplo, mediant: hidrélisis con una base adecuada como un hidréxzide de un metal alcaling,
por ejemplo hidréxido de sodio o Jde litio. Alternativamente, un grupo arilmetilo como un
grupe bencilo puede ser eliminade, por ejemplo, mediante hidrogenacidn en un catalizador
como paladio sobre carbdn.

Un gmipa protector adzcuado para un grupo carboxi s, por éjempla, un gmpo
esterificador, por ejemplo vn grupo metile o etilo que puede ser eliminada, por gjzmplo,
mediante hidrélizis con una base come hidrézidia de codio, o por gjzmplo un grapo ferf-butilo
que pueds= ser eliminado, por ejempla, mediante tratamients con un dcido, par gjemplo un
acido orgdnico como acida trifluorcacética, o por gjemplo un gropa bencils que puede ser
eliminado, por ejemply, mediant: hidrogenacidn con vn catalizador como paladio sobre
carbén.

Los grupas proteciores se pueden eliminar en cualquier etapa conveniznte de la

2

sintzsis usando écnicas convencionales bien conocidas en ¢l drea quimica,
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Muchos de 1oz productos intermedios definidas aqui son nuevos y se proporcionan

como nna caracteristica adicional de la invencidn.

Ensavyos biolégicos

Los enszayos signientes se pueden uzar para medir 105 efectos de los compuestas de la
pracente invencién coms inhibidorzs de la quinaca mTOR, como inhibideres de 1a quinasa
PI3, como inhibidores in vitro de la activacién de las vias dz sefializacidn de la quinasa PI3 y
como inhibidores in vitro de la proliferacidn de células de adznocarcinoma de mama humano
MDA-MB-468.

(2)(1) Ensayo In Vitro de 1a quinasa mTOR

El ensayo utilizé la t2cnologia AlphaScreen (Gray ef al., Analytical Biochemistry,
2003, 313: 234-245) para detziminar 1a capacidad de 1os compuzstos de prueba para ihibir 1a
fosfarilacidn mediante mTOR recombinante.

Un truncamiento C-tzrminal de mTOR que abarcaba los residuos de amincdcidos 1362
22549 de mTOR (EMBL N de registro L34075) se 2xpresé establemente come una fusidn
etiquetada con FLAG en célulag HEK293 cegiin describen Vilella-Bach ef ul., Journal of
Biochemistry, 1999, 274, 4266-4272. La linea czlular ectable HEF293 etiquetada con FLAG
mTOR (1362-2549) s manimve rutinariamenie & 37 °C ¢on 5% de CO- hasia una confluzncia
de 70-90% 2n medio de cultivo Eagle modificado de Dulbecco (DMEM; Invitrogen Limitad,
Paicley, Reine Unido, N° de caidlaga 41963-029) que contenia 10% dz suero de feta d2
terero inactivado por calor (FCS; Sigma, Poolz, Dorzet, Feino Unida, M° de catdlogo
F0392), 1% de L-glutamina (Gibco, N° de catdlogo 25030-024) y 2 mg/ml dz Geneticina
(sulfato de G418; Invitrogen Limitzd, Reino Unide, N° de catdlogo 10121-027). Luega de la
exprzsion 2n la linea celular HEK293 de mamiferos, la proteina expresada se purificd usanda
la ziigueta para el epitopo FLAG utilizando técnicas de purificacidn corrientes.

Los compuestos de proeba se prepararon como solucionzc madrz 10 mM en DMSO 'y
se dilnyeron en agua, segin fue necesario, para dar un rango Je concentiacionszs finales de
encayn. Sz colacaron alicuatas (2 pul) dz2 cada dilucidn de compnests en un pocilla de una
placa Greiner de 334 pocillos de bajo volomen (LV) de polizstireno blanca (Grainar Bio-one).
Una mezcla de 30 pl de enzima mTOR recombinants purificada, sustrato peptidico
biotinilado 1 M (Biotina-Ahx-Lys-Lyz-Ala-Azn-Gin-Val-Phe-Len-Gly-Phe-Thr-Tyr-Val-
Ala-Pro-Ser-Val-Len-Glu-Ser-Val-Lys-Glu-NHy; Bachzm UK Lid), ATP (20 pM) v una
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solucién amaortignadara [que comprendia (ampdn Tris-HC1 de pH 7.4 (50 mM), EGTA (0.1
mM), albiimina de svero bovina (0.5 mg/mL), DTT (1.25 mM) y clomre d2 manganeso (10
mM)] se agitd a temperaimra ambiznte durante 90 minutos.

Los pacillos de conirol que produjeron una s=fial mixima correspondiznte a la
actividad enzimdtica maxima sz crearon usando 5% de DMSO en ver del compuesto de
praeba. Los pocillas de contral que produjzron una sefial minima correspondiznte a la 2nzima
totalmenie inhibida se crearon agregands EDTA (83 mM) en vez del compuezta de prueba.
Ezias soluciones de ensays se incubaron Jurante 2 horas a temperatura ambients,

Cada reaccién ce detuvo mediante 12 adicidn de 10 pl de vna mazela de EDTA (50
mM), albimina de suera boving (BSA; 0.5 mg/mL) y tampdn Tris-HCl de pH7.4 (50 mM)
que contenfa aniicuerpo monoclonal anti-quinasa p70 S6 (T389) 1AS (Cell Signalling
Technology, N° de catdlago 9206B) y se agregaron perlas dadoras de estreptavidina y perlas
aczpionas de proteina A, AlphaScreen (200 ng; Perldin Elmer, N° de catilogo 67600028 y
676013 7R respectivamentz) y 1as placas de ensayo se dzjaron durante aproximadamante 20
horas a temperaiura ambiznte en la oscuridad. Las sefiales resultantes provenientzs de la
excitacidn con luz ldzer a 680 nm se leyeron usando un inctrwmnento Packard Envision,

Sz formd péptido bisiinilada fosforilads in siie como resultado dz la fosforilacidr
mediada per mTOR. El péptido bisiinilade focforilado gque sz asocia con las perlas dadoras di
estreptavidina AlphaScreen forma un complejo con el anticuerpo monoclonal anti-quinasa
p70 S6 (T289) 1AS que se asocia con lac peilas aceptoras de proteina A Alphascrzan. Al

citar con luz lazer a 630 ni, =1 complejo parla dadora:perla aceptora produce una sefial que
se puedz medir. En consecuencia, la prasencia de actividad de 1a quinasa mTOR producs una
cefial en el ensayo. En presencia de un inhibidor de 1o quinasa mTOR, Ia intzncidad de la sefial
se reduce.

La inhibicién de 1a enzima mTOR para un compuesto dada de pmeba se expresd como

un valor de Clsg.

(a)(i1)_Ensayo In Vitro de 1a quinasa mTOR (Echo)

El znsayo utilizd la iecnolozia AlphaScreen (Gray ef al., Analytical Biochemistry,
20032, 313: 234-243) para determinar 1a capacidad de los compnestos de prueba para inhibir 1a
fosforilacién mediante mTOR recombinante.

Un truncamiento C-izrminal de mTOR que abarcaba 1os recidnos de aminodcidos 1362

22549 Jz mTOR (EMEL N® de rezisuo L34075) se exprezd ectablzments coma una fusién



La

20

WO 2009/007751 PCT/GB2008/050549

-61-

etiquziada con FLAG en ¢élulac HEK293 segin describen Vilella-Bach ¢f o/, Journal of
Biochemisiry, 1999, 274, 4266-4272. La linea celular esiable HEIZ293 etiquetada eon FLAG
mTOR (1362-2349) se mantuvo miinariameniz a 37 °C con 5% de CO-, hazia una confluencia
de 70-50% en medio de culiivo Eagle modificado dz Dulbecca (DMEM; Invitrogen Limited,
Paisley, Reino Unido, N° de catdlogo 41966-029) que conienia 10% de suero ds feto de
terners inactivado por calor (FCS; Sizma, Poole, Dorset, Reino Unido, N° de catélago
F0392), 1% de L-glutamina (Gibce, N° de catdlogo 23030-024) y 2 mg/ml de Gengticina
(sulfato de G413; Inviragzen Limited, Reing Unida, N° Jde caidlogo 10131-027). Luezo de la
expresion en la linea czlular HER293 de mamiferas, la proizina cxprasada s2 purificd uzando
la etiqueta para el epitopo FLAG utilizando (écnicas de purificacidn corrientzs.

Log compnectos dz prueba se prapararon como soluciones madre 10 mM en DMSO y
se diluyzron con agna DMSO, segiin fue nzcezario, para dar un rango dz concentraciones
finales dz ensayn. Se colocaron disiribuyeron acisticamente alicuotas (120 nl 2 pl) dz cada
dilucidn de compuesto usando un Labcyte Echo 550 én un pocilla dz una placa Greiner de
334 pocilloz de bajo volumen (LV) dz poliestirens blanco (Gieiner Big-one). Una mezcla dz
1230 pl de enzima mTOR racombinanic purificada, suctrato peptidico biotinilado 1 UM
(Biotina-Ahx-Lys-Lys-Ala- Asn-Glia-Val-Phe-Leu-Gly-Phe-Thr-Tyr-Val-Ala-Pro-Ser-Val-
Leu-Glu-Ser-Val-Lys-Glu-NHz; Bacheim UK Lid), ATF (20 pM) y una zolucidn
amortiguadora [que comprendia tamapdn Tris-HC1 de pH 7.4 (S0 mM), EGTA (0.1 mM),
albiimina de suero boving (0.5 mg/mL), DTT (1.25 mM) y clorura de manganeca (10 mM)]
s incubd a termiperatura ambients duranie 12090 minntos.

Los pacillos de contral que produjeron una sefial mdxima correspondiznte a la
actividad enzimética maxima se erearon vsando 10059 de DMSO en vez del compuzsto de
prueba. Los pocillos de control que produjzron una sefial minima corespandiente a la enzima
toialments inhibida se crearon agregando compuesto LY294002EDTA (100 pM &3 mM).
Estas solucionzs de znsayo se incubaron durante 2 horas a temperatura ambiznts,

Cada reaccién se detuvo mediante 1a adicidn de 510 pi dz una mezcla de EDTA (50
mM), albimina dez suero bovino (BSA; 0.5 mz/mL) y tampdn Tris-HC1 de pH7.4 (50 mM)
que contenia anticuerps monaclonal anti-gqninasa p70 S6 (T389) 1AS (Cell Signalling
Technology, N° dz catilogo 9206B) y s¢ agregaron perlas dadoras de estreptavidina y perlas
aceptoras de proteina A, AlphaScreen (200 ng; Perkin Elrzr, N° de catdlogo 67600025 y

6760137R respectivamente) y las placas de encaya se dzjaron durants toda la noche a
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tempeératura ambiente en la oscuridad. Las sefiales resultantes provenientes de la excitacion
con luz ldzer a 630 am 2= leyeron usando un instrumento Packard Envision,

Se forms péptido bistinilade fosforilade in i como resuliada de la fosforilacidn
mediada por mTOR. El péptido biotinilade fosforilado que s asocia con lac perlac dadoras de

astreptavidina AlphaScreen forma un coniplejo con &l anticuerpos monoclonal anti-guinasa

P70 S6 (T389) 1AS que 52 asocia con las perlac aceptoras de protefna A Alphaccreen. Al
excitar con Inz ldzer a 680 nm, el complejo parla dadora:perla aceptora produce una sefial qu=
se puede medir. En consecuenaia, la presencia de actividad dz la quinasa mTOR. producz una
cefial en el encayo. En presencia de un inhibidor dz la quinasa mTOR, 1a intensidad de 1a sefial
se reduce.
La inhibicién de 1a enzima mTOR para un compuscsto dado de prueba s2 expresd como un
valor de Clsp.
(1)(Q) Ensayo In Vitro de la enzima PISK

El enzayo utilizé 1a tecnologfa AlphaScrzen (Gray ef al., Analytical Biochemistry,

2003, 213: 234-243) para deierminar la capacidad de lac compuestos dz prueba para inhibir 1a
fosforilacidn d=l lipido FI(4,5)P2 por 1as enzimas PI3K racombinantzs tipo L
¢ aizlaron fragmentos de ADN que codifican las subunidadee catalitica y reguladora

de PI3K humana de gznotecas dz ADNe, nzando écnicas de biologia molecular corrientzs y
de clonacién por PCR. Las fragmentos de ADN seleccionados se nzaron para generar vectore
d= exprasién de baculovirus. En particular, 1 ADM complato de cada una de las isoformas
p110 de PI3IZ tipo Ia humana, pl 10, pi10R y pl105 (EMBEL M° de regiciro HSU79143,
S67334, Y10033 para pl 100, pl 10f y pl10& recpeciivameniz) ce subclond én wn vector
pDEST10 (Inviwogen Limitzd, Fountain Drive, Paicley, Reino Unida). El vector €5 una
version adaptada para Gateway dz Fasibacl que cont2nia una etigueta para 21 epitopo 6-His.
Una forma truncada de la iscforma p110y de PISK tipo Ib lmmana correspaondient a 103

residnos d: aminodcidos 144-1102 (EMBL N° de registro X8336A) y la submnidad reguladora
completa p85ct hamana (EMBL N° de regiztro HSPISKIN) también se sublonaron en ¢l
vector pFasiBacl que conienia una etigueta para &l epitapo 6-His. Los constructos pl110 tipo
Ia se coexpresaron con la subunidad regnladora p25c. Luzga dz la exprecidn en el sictzma dz
taculovims uzande tScnicas de expresidn de baculovirms corrientes, las proteinac exprecadas

se purificaron vwzando la ztiqueia para ¢l epitopo His con téenicas de purificacidn corrientes.
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El ADN carrespondiznte a 105 aminodcidos 263 a 320 del dominio (Grpl) PH del
receptor genzral para fesfoinositidos humana ce aisld de una genoteca usando técnicas de
biologia malecular corriemes y de clonacidn por FCR. El fragmento de ADN resultante ce
subclond en un vecior de exprasidn pGEX 4T1 de E. coli que conienfa una etiqueta para ¢l
epitopo GST (Amersham Pharmacia Biotech, Rainham, Ezcex, Reino Unida) segin describen

Gray ¢t al., Analytical Biochemisury, 2003, 313: 234-245). El dominio Grpl PH eiiquetado

con GST se expresd y purificd usando ticnicas corrientes.

Los compuzctos de prusba se prepararon coma colucionss madre 10 mM en DMSO 'y
ge diluyeron en agua, s2gin fus necesario, para dar un rango dz concentraciones finalzs de
ensayo. Se colocaron alicunias (2 pl) de cada dilucidn de compuzzto en un pocille de una
placa Greiner de 284 pocillas de bajo valumen (LV) de poliestirend blanco (Greiner Bio-one,
Brunel Way, Stonchouze, Gloucestershire, Reing Unido , N° de regisiro 784075). Una mezcla
de cada enzima PI3F recombinante purificada selzecionada (15 ng), custrato DiC3-PI(4,5)P2
(40 uM; Czll Signals Inc., Kinnear Road, Columbus, EEUU., N° de caidlogo 901), adenszina
trifosfaie (ATP; 4 M) y una solucién amortignadara [que comprendfa tampdén Tris-HCI de
pH 7.6 (40 mM, 10 pl), 3-[(3-colamidopropil)dimetilamonio]-1-prapanasulfonaio (CHAPS;
0.04%), ditiotrzitol (DTT; 2 mM) y clorurs dz magnesio (10 mM)] sz agiid a Lemperainra

mbiente durante 20 minutos.

Los pocillos de control gque produjeron una sefial minima corrzspondiznte a la
actividad =nzimética mdxima 52 crearon usanda 5% d2 DMSO 2n vez dzl compuests de
prueba. Lag pocillos de control que produjeron una sefial méxima correspondiznte a la enzima
{otalment= inhibida se crearon agrezands wortmanina (6 PUM; Calbiochem / Mearck
Binscience, Padae Road, Beeston, Nottinzham, Reino Unido, N° de catdlogo 631675) en v
del compuesto de pimeba, Estas soluciones de ensayo también ce agitaron durante 20 minutos
a temperatura ambient2,

Cada reaccidn se detuveo mediante 1a adicién de 10 pl de wna mezela d= EDTA (100
mM), albiimina de susro baving (BSA, 0.043 %) y tampdn Tris-HC1 de pH 7.6 (40 mM).

Sz agrzgaron DICE-PI (5,4,5)P3 bioiinilado (50 nM; Cell Signals Inc., N° d= catdlago
107), proteina GST-Grpl PH recombinante purificada (2.5 nM) y perlas dadoras y aceptoras
Anti-GST AlphaScreen (100 ng; Packard Biosciznce Limitad, Station Read, Panghbourns,

Berl:chire, Beino Unida, N° de catdlogo 6760603M) y lac placas de ensayo se dejaron durants
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aproximadamentie 3 a 20 horas a temperatura ambiente én la oscuridad. Lag sefiales
resnltantes provenientes de la excitacién con luz [dzer a 630 nm se leyeron nzando un
instrurnento Packard AlphaQuest.

PI(3,4,5)P3 se forma in zitu como resultada de la fosforilacidn mediada por PI3K de
Pi(4,5)P2. La proizina con dominio GST-Grpl PH que e asocia con las parlas dadoras
Anti-GST AlphaScreen forma nn complejo con &l PI(3,4,5)P3 biotinilado que se azocia con
las perlas aceptoras dz estreptavidina Alphascrzen. El PI(3,4,5)F3 producide enzimdticamente
conipitz con &l PI(3,4,5)P3 bictinilado por 1a noidn a la proteina con dominio PH. Al excitar
con luz 1dser a 630 nm, ¢l complgjo perla dadara:perla aczptora produce una sefial qua g2
puedz medir. En consecuencia, la actividad dz la enzima PISI para formar PI(3,4,5)P3 y la
subsiguiente competencia con &l PI(3,4,5)P3 bistinilado produce una sefial reducida. En
presencia de un inhibidor de 1a znzima PISIK, ce recupera la intensidad de Ia sefial.

La inhibicién de la enzima PI3K para un compuests de prueba dado sz expresd comao
un valor de Cls. |

(b)(i1) Ensayo In Vitro de la enzima PI3K (FEcho)

El ensayo utilizé 1a tecnologia AlphaScrzen (Gray 27 al., Analytical Biochemistry,
2003, 313: 234-243) para determinar la capacidad de 1os compuestos de pruzba para inhibir 1a
fosforilacidn del lipido PI(4,5)P2 por lac enzimas PI3IT recombinantes tipo L

Sz aislaron fragmentos dz ADN que codifican las subunidades catalftica y reguladora
de PI3K hnmana de genotecas de ADMe, nsando téenicas de biclogia melecular corrientzs y
de clonacidn por PCE. Las fragmentos Jdz ADN szleccionadaos e ucaron para generar vecton:s
dz exprecidn de baculovirus. En particnlar, el ADN complety de cada una de 1as isoformas
p110 de PI3K tipa [a humana, pi 100, plLOR y pl 105 (EMBL N° de regisira HSU79143,
867334, Y10033 para pl 10, pl10f y p1104 respeciivamenie) se subclond én un vector
pDEST10 (Inviirozzn Limied, Fountain Drive, Paislzy, Reino Unido). El vector 25 una
versidn adaptada para Gaieway de Fasibacl que contenia una etiqueta para el epitapo 6-His.
Una forma truncada de la isoforma pl10y dz PISE tipo Ib humana correspondients a los
residuos dz= aminodcidos 144-1102 (EMBL M* de registro X&336A) v 1a subunidad rzguladora
completa p@5a humana (EMEL N° dz regisivo HISFI1317IN) también se sublonaron en el
vector pFastBacl que conienia una etiqueta para =l zpitopo 6-His. Los constructas pl10 tipo

Ia ce coexprecaron con la subunidad reguladora pSSc. Luego de la expresidn &n 2l sictema dz
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baculovirus usando técnicas de expresidn de baculovims corrientes, las protefnas expresadas
ge purificaron uzands la etiqueta para el epitopo His con téenicas de purificacion corrizntes.

El ADN correspondiznie a 1oz aminodcidos 263 a 320 del dominia (Girpl) FH dal
receptor general para fosfoinosiiidos humans s aizld dz una gencteca wsando téenicas de
biologia molzcular corrientes y dz clonacién por PCR. El fragmenio dz ADN resultants se
subclond en un vectar de exprasidn pGEX 4T1 de E. coli que contenia una stiqueta para el
epitopo GST (Amerzham Pharmacia Biotech, Rainham, Essex, Rzino Unida) segin decaribean

Gray ¢f al., Analyiical Biochemiciry, 2003, 313: 234-245). El daminia Grpl PH etiquetada

con GST se express y purificd usando téenicas corrientas.

Log compuzstos de pruzba se prepararon cormo solucionzs madre 10 mM en DMSO y
se diluyeron con DMSO agua, seatin fue necesario, para dar un rango de cone zntraciones
finales dz enzayo. Sz diswibuyeron actsticamente alfonotas (120 nl 2 pl) de cada dilucién de
compuesio usanda un Labeyte Echio 550 en un pocillo de una placa Greiner da 334 pocilloz de
bajo volumen (LV) de polizstirens blanco (Greiner Bio-one, Brunel Way, Stonshause,
Gloucestershire, Reino Unida , N de registra 784075). Una mezcla d2 cada enzima PI3K
recombinante purificada selzccinnada (15 ng), sustrata DICE-PI(4,5)P2 (40 pM; Cz11 Signals
Inc., Kinnear Road, Columbus, EE.UU., N d= catdlago 901), adenosina rifosfaio (ATP; 4
M) y una solucién amortiguadora [que compizndia tarapsn Tris-HC de pH 7.6 (40 mM, 10
ub), 3-[(3-colamidopropil)dimetilamonio]- L-propancsulfonats (CHAFS; 0.04%), ditiotrzitol
(DTT; 2 mM) y clorura de magnesio (10 mM)] se incubd en agitacién a tempzratura ambiente
durante 20 minutos.

Los pocillos de control que produjeron vna sefial minima corespondiente a la
actividad enzimdtica mdxima se crearon uzando 1005% de DMSO en vez del compuesto de
prueba. Los pocillos de control gue produjeron una szfial médzima corraspondients a la enzima
totalments inhibida se crearon agregando wortmanina (6 pM; Calbiochem / Marck
Binccience, Padze Foad, Bezston, Nottinghiam, Reing Unido, N° de catdloge 621675) en vaz
dzl compnesto de prueba. Estas soluciones de ensayo tambifn ce incubaron en agitacién
duranie 20 minuwios a temperatura ambiente,

Cada reaccidn se detuvo mediante la adicién de 10 pl de una mezcla de EDTA (100

mM), albadinina de suzra bovino (BSA, 0.045 %) v tampdn Tris-HCI de pH 7.6 (40 mM).
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Se agregaron DiC3-PI (3,4,3)P3 biotinilade (30 nM; Cell Signals Inc., N® d= caidlago
107), proweina GST-Gipl FH recombinant: purificada (2.5 nM) y perlas dadoras y acepioras
Anii-GST AlphaScrecn (100 ng; Pacl:ard Biosciznce Limited, Station Road, Panzbourne,
Berlshire, Reino Unido, N° de caidlogo 6760603M) v las placas ds ensaya se dejaraom duianie

aproximadamente 5 horas a ioda 12 noche 20 horas a temperatura ambiznte en la osenridad.

Las cefiales rasuliantes provenizntes de la excitacidn con luz 1dser a 620 nm se leyeron usando
un instrrnento Packard AlphaQuest.

PI(3,4,5)P3 sz forma in siiu como resuliado de 1a fosforilacidn de PI(4,5)P2 mediada
por PI3IL. La proieina con dominio GST-Grpl PH que 52 asocia con las perlas dadoras
Anii-GST AlphaScrezn forma un complejo con &l PI(3,4,5)P3 biotinilads que 22 asocia con

las perlas aceptoras de estreptavidina Alpha"u en. El PI(3,4,5)P3 producido cnzimiticamente

con luz 1dser a 630 nim, el complejo perla dadora:parla aceptora produce una sefial que se
puede medir. En consecuencia, la actividad de la enzima FI3K para formar FI(3,4,5)P3 y la
subsiguiente competencia con &l PI(3,4,5)P3 biatinilado producs una sefial reducida. En
precencia de un inhibidor de 1a en~ima PI3E, s2 recupera la intensidad de la seiial.

La inhibici‘n de 1a enzima PI2E para nn compuzsto de prugba dado s& expreséd como
un valor de Clsg.

(c) Ensayo In Vitro de fosfo-Serd73 Akt

Este ensayo determina la capacidad de los compnestos de prusba para inhibir 1a
fosforilacidén de 1a Serina 473 en Akt evaluada usanda la tecnologia Acumen Explorar
(Acumzn Bioscience Limiied), s¢ pnede vzar un lector de placas para cuantificar rdpidaments
caractzristicas de las imdgenes generadas mediants barrido con 14ser.

Una linea celular de adenocarcinoma de mama humano MDA-MB-468 (LGC
Promochem, Teddington, Middlzsex, Peino Unide, N° de catdlogs HTB-132) se mantuvo
rutinariamente a 37 °C con 5% de CO, hasta wna confluencia de 70-90% en DMEM que
contenia 10% dz FCS inactivadso por calor y 1% de L-glutamina.

Para el znsayo, las células se exirajeron del matraz de cnltivo ucando ‘Acentace’
(Innovative Call Technologies Inc., San Diego, CA, EE.ULL; N° de catdlogn AT104) usando
métodos ectdndar de cultiveo tisular y se resuspendieron en medio para dar 1.7 x 10° células
por mL. Se sembraron alicuctas (90 pl) 2n cada uno dz log 60 pocillas internos dz una placa

de 96 pocillos Packard (PerkinElmer, Bosion, MA, EE.ULL; N° de catdlogo 6005132) para
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dar una densidad de ~13000 células por pocille. Se colocaron alicuctas (90 pl) de madio de
enltive en los pocillos externos para evitar 105 efzctos de borde. Laz célulaz sz incubaron
durantz inda la noche a 37 °C con 5% de COy, para permitir que se adhirieran,

El dfa 2, 1as células ze trataron con los compuesias dz prugba v sz incubaran durante 2
horas a 37 °C com 5% dz CO,. Los compuestos de prucba se prepararon como coluciones
madrz 10 mM en DMSQ y se diluyzron en serie con medio de cnltivi, cegin fue necesario,
para dar un rango de concentraciones gque feron 10 veces laz concentraciones de prucba
finales requeridas. Se calocaron alfcuotas (10 pl) de cada dilucidn de compnesto en un pocillo
(por triplicado) para dar las concentraciones finales requeridas, Coma control dz la rzzpuesta
minima, cada placa confenia pocillos que iznfan una concentracidn final de 100 uM de
LY294002 (Calbiochem, Bzesion, Reino Unido, N dz cavdlogn 440202). Comea contral de la
respuesia méxima, los pocillos contenian 1% d: DMSO en vez del compuesto de prueba.
Luego de la incubacidn, 21 contenido de las placas se [ijé mediants fratamiznto con una
solucidn de formaldehido acuoss al 1.6% (Sigma, Poole, Darset, Reino Unido, N° Je catdlogo
F1635) a temperatura ambiznts durante 1 hora.

Todos o5 pasos subsignientzs de aspiracidn y 1avado se llzvaron a cabo usando un
lavador dz placas de 96 pocillos Tecan (velocidad de aspiracidn 10 mm/s). Se zlimind la
solucidn de fijacidn y el contenido de las placas ce lavd con salucidn salina amartiguada ¢on
fosfato (PBES; 50 pl; Gibeo, N° de catdloga 10010015). El contenida de las placaz ce tratd
durante 10 minneos a tmperatura ambiente con una alfcuota (50 pl) de un tampdn de
permeabilizacidn czlular gque consistia en una mezcla de PBS y 0.5% de Tween-20. Sz
climing el tampdn de ‘permeabilizacién’ y 1os sitins de unidn no especificas ce blaquearon
mediante fraiamiento durante 1 hora a temperaiura ambienie de una alicuota (50 pl) de un
tampén de blaqueo que concictia en 5% de leche dzscremada ceca [‘Marvel” (marca

registrada); Premizr Beverages, Stafford, Reing Unido] en una mezcla d= PES y 0.05% dz
Tween-20. Se eliming 21 tampén ‘de bloqueo’ v las células se incubaron durans2 1 hora a
temperaiura ambiente con una solucidn de anticuerpo anti fosfo-Alt (Serd73) de ratén (50 pl
par pocillo; Cell Signalling, Hitchin, Herts, Reino Unida, N° de catdlogo 9277) que habia cido
diluida 1:500 en tampdn ‘de bloqueo’.
Las células ce lavaron tres veces en una mezcla de FES y 0.05% d2 Tween-20. A

contimmacidn las célular se incubaron durante 1 hora a temperatura ambients con anticuerpo
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de cabra anti-IzG de congjo marcado con Alexafluor 482 (50 pl por pacills, sondas
maolzculares, Invitrogen Limited, Paisley, Rzino Unide, N° de catdlogo A11002) que habia
sido diluido con tampdn de “blaquec” 1:500. Las células se lavaron 3 veéces con una mezcla
de PBS y 0.05% dz Tween-20, Se azrezd wna alicuota de PES (50 pd) a cada pacillo y 1as
placas se sellaron con sellador para placas negras y se detectd y analizd la szfial de
fluorescencia.

Se analizaron los daios de rezpuesta a la deoais de fluorzseencia abtenidas con cada
compuects y el grads de inhibicidn de 1a Serina 473 en Akt ce exprezd coma un valor de Clsg.
(d) Ensayo In Viiro de proliferacidn de células de adenocarcinoms de maind hnmano
MDA-MB-468

Este enzayo detzrmina la capacidad de loc compuestos de prmeba para inhibir la

proliferacidn celular evaluada usande la tecnologia Cellomics Arrayscan. Una linza celnlar 4z
adenocarcinoma de mama huraano MDA-MEB-468 (LGC Promachem, N° de catdloge HTB-
132) se mantuve rutinariamants e s& describe en 2ste documento en el ensayo bioldgico
(b).

Para el ensayo de proliferacidn, se exirajeron las células del matraz de cultiva nsando

Acc

¢

nase v se cembraion en 1os 60 pocillos intzrnas de una placa de 96 pocillos negra Packard
a una densidad Je 2000 células par pocilla en 100 pl miedio de cultivo completa. Los pocillos

exiernos contznian 100 pl dz PBS estéril. Las cilunlas se incubaron durants toda 1a noche a 37

°C con 5% de COy para permitir que s¢ adhirieran.

El dia 2, 1az células 3¢ trataron con los compuestos dz prueba y s& incubaron durants
48 horas a 37 °C con 5% de COy. Los compuestos de prueba se prepararon como saluciones
madre 10 mM en DMSO y se diluyeron en seriz con medio, sezin fuz nzcesario, para dar un
rango de concentraciones de prueba. Se colocaron alicuctas (S0 pl) de cada dilucidn de
compuesta en un pocilly y 1az eélulas se incubaron durante 2 dias a 27 °C con 5% de COn.
Cada placa contznia pocillos de conteal sin compu::sm de prueba.

El dia 4, se agrzgd reactivo de marcada BrdU (Sigma, N° de catdloga BO285) awna
concentracidn final de 1:1000 y las ¢élulas se incubaron durante 2 haras a 37 °C. Se elimind
el medio v las cilulas de cada pocilli sz fijaron mediante (ratamients con 100 pl de una
mezcla de etanol y dcido acético glacial (90% die etanol, 5% Jde acido acético glacial y 3% de

agua) durante 30 minutos a temperatura ambients, Laz células de cada pocillo se lavaron dos
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veces con PBS (100 pl). Se agregd acido clorhidrico acuozo (2 M, 100 pl) a cada pocillo,
Después de 20 minntos a (emperatura ambiznts, las células se lavaron dos veces con PBS. Se
sgregd perdxida de hidvdgena (3%, 50 pl; Sigma, N° de catdlogo H1009) a cada pacillo.
Después de 10 minuios a iemperaimra ambiente, 106 pocitlos se lavaron nuzvamente con PBS.

Se detects la incorporacidn d2 Brdll maediante incubacién durante 1 hora a
temperatura ambienie con anticuerpo anti-BrdlJ de ratén (50 pl; Calsag, Burlingame, CA,
EE.UT; N* de catdlogo MID3200) qus se diluy 1:40 con PES que contenia 1% de BSA 'y
0.05% de Tween-20. Se elimind el anticuerps sin unir, con dos lavados de PES. Para la
visualizacidn dzl BrdUl incarporado, las célulac sz irataron durante 1 hora a t2mparatura
ambientz con PBES (50 p) y 0.05% de tampion Tween-20 que contenia una dilucidn 1:1000 de
anticuerpo de cabra anti-IgG Jde ratdn marcado con Alexafluor 438, Para la visualizacién del
nticleo de las células, se agread una dilucién 1:1000 de tintira de Hoechst (Malzcular Probes,
N° dz catdlogo H3570). Cada placa se lavd sn ver con PES. A eontinuacién, ce agregd PBS
(100 ) a cada pocille y las placas se analizaron usands un Cellomics arrayscan para evaluar
la cantidad total de ¢élulas y la cantidad de células pocitivas para Brdll.

Se analizaron los daios de racpuesta a la dosic de fluorescencia obtenido:z con cada
compuesto y ¢l grada de inliibicidn del crecimients de células MDA-MB-468 ce exprecd
como un valor de Clsy.

Aunque las propiedades farmacolédgicas dz loc compuestos de férmula (I) varfan,
como era de esparar, con loc cambios estructurales, en general, se crae que la actividad que
poseen los compuestos de farmula (I) o2 pueds demostrar a las concentraciones o dasis
siguientes en una o mds de las prebas (a) a (1) anteriores -

Proeba (a)(i):- Clso en funcién de la quinasa mTOR. a una concentracién menor de 10

uM, en particnlar 0.001 - 0.5 pM para muchos compuestas; para &l
ejzmplo 35 la Cl;p ce midid 2n dos ocasionee, los valores fuzron 0.566
y 0.404 uM.

Prueba (b)(i):- Clsg en funcidn dz FI3K p110y tipo Ib humana a una concentracién
menor de 10 uM, en particular 0.001 - 0.5 pM para muchos
compnestas; y Clsp =n funcidn de PI3K pl1 10 tipo Ia humana a una
concentracidn menor de 10 puM, en particular 0.001 - 0.5 M para

muchos compuestos;
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para &l ejemplo 35 1a Clgg se midid en dos acaziones, 1oe valores fueron
37y >127 uM.

Cl: zn funcidn de 1a Sevina 473 en Akf a una concentracidn menor de
10 puM, en particnlar 0,1 - 20 yM para muchos compuestos; para el
ejemplo 35 1a Clsp s2 midid en una ocasidn, el valar fue 3357 pM.,

Cl: a una concentracidn menor de 20 uM,

Los ejzmplos siguientes s2 probaron en €l ensayo enzimatico Proeba (a)():

Nedezj. |Prueba (a)(i)| N°desj. |[Prusba (a)(i)| N°deej. |Prucba (a)(i)
Clso (M) Clso (uM) Clso (UM)
1 4.65 17 9.39 33 0.154
2 0.236 18 1.12 34 0.573
3 0.234 19 0.181 35 0.478
4 0.442 20 1.65 36 1.64
5 0.364 21 2.3 37 0.336
6 2.68 22 1.7 38 5.35
7 2.34 23 0.0377 39 0.192
3 1.78 24 0.303 40 0.588
9 0.894 25 0.385 41 0.117
10 26.4 26 1.38 42 0.335
11 3.58 27 1.17 43 0.88
12 28 0.020 44 0.366
13 1.58 29 0.351 45 0.119
14 0.836 30 0.397 46 0.932
15 9.55 31 © 099 47 0.512
16 2.47 32 0.437 48 0.108
En algunos casos, estos valores puedan representar &l promedio de dos o mds mediciones.

A modo de comparacidn, el compuesto morfolina sin sustitnir correspondiente ®3es

10 hidrégeno) tiene los datos signientes: Prugha (a) 2.007 y 0.650 uM; Pruzba (b) 131.992,

11.134, 79,635, 31.705 y 32,644 nM; Prucha (¢) 16.170 pM.

Los compuestos de la prezente invencidn son vanlajosos en que poszen actividad

farmacaldgica. En particular, 155 compnestas dz la presente invencién modulan (en particular,
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inhiben) la quinasa mTOR y/o lac =nzimas focfatidilinosital -3-quinasa (PI3K), come las
enzimas PI3K clase Ia (p. ej. PI3Kalpha, PI3Ebeta y PI3Kdelia) y Ia enzima PI3K clace Ib
(PI3I gamma). M4s particularmente 1oc compuestos de la presente invenzidn modulan (zn
particular, inhiben) la quinaza mTOR. Mds particularmente 165 compuestos de la presents
invencién modulan (zn pariicular, inhiben) una o més enzimas PI3K. Las propiedades
inhibitorias de 1os compuectos de férmula (1) z2 puzden demostrar ncanda los procedimientos
de prueha establecidos en 25tz documents y en la seccidn experimental. En eonszcusncia, 1os
compuestos de formula (1) pueden ser utilizados en el tratamiento (terapéutico o profilictica)

de afzccionez/znfzrmedades en animalzs humanos y no humanos gue son mediadas par la
quinasa mTOR y/a una o mis enzimas PIZK, y en particular por la gquinaza mTOR.

La invencidn también estipnla una compasicidn farmacéutica que comprends un
compuests de Srmula (I) o una de sus sales farmacuticamente aceptables, coma los
dzfinidos en este documents, 2n asociacidn con un portador o diluyznte farmacéuticamente
aceptable.

Las composicionss de la invencién pueden 2star én una forma adzcnada para el us
aral (por ejemplo como comprimidos, pastillas, cdpsulaz duras o blandas, snspensionzs
acuocas v oleosas, emulsiones, polvos o granulos dispersables, jarabes o elixires), para uso
t6pico (por ejempla como cremas, vngiientos, geles, o soluciones o suspenciones acunsas u
oleosas), para la administracidn por inhalacidn (por cjemplo camd un polve finameante
dividido o mn azrosal liquide), para la administracidn por insuflacién (por zjamplo comao un
polve finamente dividido) o para la administracién parenteral (por ejemplo como una solucién
acuasa u oleosa estéril para administracién intravenosa, snbcutinea, intraperitonzal o
intramuscular o como un supositoric para administracidn rectal). A

Las composicicnes d2 la invencidn ze pucden obtener mediante procedimizntos
convencionales ntilizando 2xsipienies farmacéuticos bien conocidos en el drea. Por
consigwiznte, las composicionzs dzstinadas al uco aral pueden contzner, por &jempld, uno o
mis colorantzs, edulcorantzs, sabarizantes, y/o conservantes,

La cantidad de principio activo gque sz combina con uno o mis 2xcipient2s para
producir una forma de dosificacién Gnica variard neczsariamente dependiendo dzl huésped
iratado y de la via especifica de a Iministracién. Por & Ju'nplu, una formulacidn dzstinada a la
administracion oral a seres humanos confendrd gensralmentz, por ejemplo, entre 1 mg y 1 g

d= principio active (mds adecoadarents entre 1y 250 mg, por gjemplo entre 1y 100 mg)
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mezclada con una cantidad adzcuada y conveniznte de excipientes que puade variar 2ntre
aprorimadamentz 5y aproximadamente 8 por ciznto del pesa de toda la compasizidn.

El tamaflo de la dosic con propésitsy terapéutico o profilictico dz un compuazste de
férmula I variard naturalmente de acuerds con la naturaleza y la gravedad de 1a enfermedad,
la edad y el sexo del animal o pacienie y 1a via d2 administracidn, segin principios bien
conocidos de la medicina.

Al wsar un compuesto de farmula (I) para propézites terapéuticos o profilicticns se

administrard generalmente de modo que se reciba una dosis diaria en 2l rango, por zjemplo, da
1 mz/kz a 100 mg/l:g de peso corporal, administrada si fuera nzcesario en dasis fracciomadas.
En general, cuands se emplee una via parentaral sz adininistrardn dosis menores. Por
consiguiznte, por ejenmplo, para administracidn intravenasa, se ueard generalmante wna desis
en &l ranga, por ejemplo, de 1 mg/kg a 25 mg/lig de peeo corporal. De manzara similar, para
administracidn por inhalacién, 32 vsad gzneralmente una dosis eén el rango, par 2jzmpla, de 1
mz/kg a 25 m/lg de peso corporal. Tipicamente, cada unidad de 1a forma farmacéutica
contzndrd aproximadaments de 10 mg a 0.5 3 de un compuzsto de ectz invencidn,

Sezdn se indica aqui, se sabe que la quinasa mTOR y las encimac PI2K tienen papelzs
en la tumorigénesis asi coma en otras varias enfermedades. Hemas encontrado que 1os
compuesto de formula (I) poseen una potenie actividad antitnmoral que sé crae que se abtiena
por media de la inhibicién de la quinasa mTOR y/o d2 una o més de las enzimas PI3K.

En consecuencia, los compusstos de la presenie invencidn son valiosos como
antitmmorales. FParticularmente, 1os compueetos de 1a presentz invencidn con valiosos coma
agentes antiproliferativos, apoptsticos y/o anti-invasivos en la contencidn y/o ¢l tratamiento
de enfermedades con tumaores sélidos y/o liquidas. Particularments, se ecpera que los
compuestos de la presente invencidn szan diiles en la prevencidn o €l tratamiento de aquellos
tumaras que son censibles a la inhibicién de mTOR y/o una o mic de las znzimas PIZK coma
las encimas PI3K clace la y la enzima PISII clase b, Ademds, c2 espara quz 163 compuzztns
de la presente invencidn sean dtiles 2n la prevencidn o &l tratamiento de agquellos tumores qua
gon mediados 3810 o en parte por mTOR y/o una o mas de las enzimas PI3K coma las
enzimas PI3K clase Ta y la enzima PISK clase Ib. Los compuestos puaden por 1o tanto usarsz
para producic un efecto inhibitorio de la enzima mTOR en un animal dz cangre calients que

necesita dicho tratamiento. Cizrtos compuectos 52 pueden ncar para producir un sfecto
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inhibitorio de las enzimas PI2I en wn animal 2 sangre caliente que necesita dicho
tratamiento.

Como se indica 2n este dacumento, 1os inhibidores de la quinaca mTOR y/i una o mis
enzimas PI3K, deberfan ener valor terapéutico para 2l tratamiento de enfermedadas

proliferativas como el cincer y en particular tumaores sélidas comao carcinemas y sarcomas, y

en las leucemiaz y nzoplasias linfoides, y en particular para el tratamiznto, por ejempla, del

z

céncer de mama, colorrectal, de pulmén (inclusive carcinoma pulmanar microcitico,
carcinoma pulmonar no microciticso y cdncer bronquisalvenlar) y de préstata, y del cancer de
conducte biliar, huesas, vejiga, cabeza y enzllo, riiidn, hizada, (&ido gastrointestinal, 228fago,
ovario, pancreas, piel, testiculo, tiroides, tdtero, cuella d2 Gtera y vulva, y de leucemias
[incluso 1a 1sucemia linfocitica aguda (LLA) y 1a leucemia mizlégena crénica (LMC)],
mieloma miiltiple y linfomas.

D

o una de sus cales farmacéuiicaments aceptables, coma los definidas en este documenta, para

acuerda con oiro aspecto de la invencidn ce @stipnla un compuests de férmnla (1),

(g1}
2

wsar comd v medicamento en un animal de sangre caliznte como un sar humano.

De acuerdo con oiro aspecto de la invencidn, se estipula un compuesto de farmula (I),
o una de su3 sales farmacéniicamenis aceptablzs, comd los definidos en ecte documeanta, para
usar en la produccidn de un efecto aniiprolifzrativo @n wn animal de sangre calients coma un
ser humano.

De acuerdo ¢on otro aspecto de la invencisn, se estipula un compuesto de formmla (I),
o una de sns sales farmacéuticaments acepiables, coma los definidos en este documenta, para
uzar &n la produccidn de un efecto apoptétice én un animal de sangre caliente ¢omo un ser
humano.

De acuerdo con otra caracteristica d= 1a invencidn, ce zctipula un compuesto de
fsrmula (1), o una de zus salzs farmaciuticamenie aceptablas, coma loz dzfinidos #n este
dacnimento, para usar en un animal de sangre caliente coma un 32r hmmanad, Coma un agente
anfi-invasivo en la contencidn y/o €l tatamiento de wna enfermedad proliferativa come el
céncer.

Deé acnzrda con olro aspecto de la invencidn, se estipula 2l uzo de un compuesto de
férmula (I), o una de sus salzs farmaciuticamantz acepiableas, como los definidos en aste
documento, para la produccion de un efecto antiproliferativo @n un animal de sangrs caliente

CcOmMo un ser humano.



La

20

WO 2000/007751 PCT/GE2008/050549

14-

De acuerde con otra caracterisiica de este acpecto de la invencidn se estipula el ueo ds
un compuesto de formula (I), o de wna dz sng cales farmacéuticamente aceptables, como 108
definidos en este documants, en la fabricacidn de un medicamento para usar 2n la produccidn
de un efecto aniiproliferativio en un animal de sangre caliente como un ser humano.

De acuerdo con oo aspecto de la invencidn, se estipula 2l uso de un compnests dz
férmula (I), o una de sus sales farmacéuticamente aceptables, como los dafinidos en zcte
documento, para la produccién de un 2fecto apopidtico en un animal de sangre caliznte como
un ser humano.

De acuerdo con oira caracteriziica de zsiz aspecio da 1a invencidn 2z estipnla &l uso de
un compuesto da fsrmula (I), o d= una de wue sales farmacéuticamente aceptablzas, come 108
definidos 2n eate documento, an la fabricacidn d= un medicamento para usar en la produccidn
de un efzcto apoptdtico en un animal de sangre caliznte coma un ser humana,

De acuerdo con ofra caractzristica de la invencidn, €2 estipula &l nzo de un compucto
de fsrmula (), o una da sus zales farmacéuticaments aceptables, como los definidos en ests
documento, en la fabricacidn de un madicamento para usar én un animal de sangre calients
com un zer humano, como un agents anti-invasivo en la contencidn y/o €l tratamiento dz2 una
enfermedad proliferativa como el céneer.

D¢ acuzrdo con ofra caracteristica de ecte aspecto de la invancidn se estipula un
método para producir un efecto antiproliferaiive en un animal de sangre calientz, coma un ser
humano, que necesita diche (ratamiento, que comprande administrar a dicho animal una
cantidad eficaz Jde un compuesto de fdrmulz () o una de sus sales farmacéuticamente
aceptables, cormd 1os definidos en este documento.

Deé acuerdo con oira caracteriztica de ecie aspecto de la invencidn ze zctipnla un
métoda para praducir un efecio anti-invasive mediante la contencidn y/o el tratamiznto de una
enfarmedad con tamor 36lido en un animal d2 sangrz caliente, como un ser hamano, qus
necesita dicha tratamienta, que comprende administrar a dicho animal una cantidad eficaz de
un compuesto de formula (I) o vna de sus sales fanmacéuticaments aceptables, coma los
definidos en este documento.

De acuerdo con otro aspecto de la invencién se ectipula el nso de un compuzsto de
férmula (I) o una de sus salzs farmacénticarasnte aceplablzs, como 1os definidos en acte

documento, en la fabricacidn de un medicamento para usar én la prevencidn o el tratamiento
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de una enfermedad proliferativa come el cdncer 2n un animal de sangre caliente comea un ser

humano.
Dz acuerdo con oira caracteristica dz este aspecto dz la invencidn se estipnla un
método para la prevencién o el traiamiznto de una enfermedad proliferativa coma el cdncer en

un animal de sangre caliente, como un ser humano, que necesita dicho tratamienta, que
comprende administrar a dicho animal wna cantidad eficaz de un compuesto da fidrmula (T) o
una de sus sales farmacéuticamente aceptablzs, como los definidos precedantemente.

D¢ acuerdo con oiro aspecin Jde la invencidn se esiipnla un compuesio de férmula (1) o
una de sus sales farmacéuiicamente acepiables, como los definidos en este documenta, para
usar en la prevencidn o &l watamniento de aquallos tumorzs que son sensibles a la inhibicién de
la quinaca mTOR y/o una o mdz snzimas PISK (como 1as enzimas PI3E de la clase la o 1a
enzima de la clase Ib) que participan en 1os pasos de transduccidn de la sefial que conducen a
la proliferacidn, supervivencia, capacidad d= invacién y migratoria Jz 1as célulaz tumcrales

Dz acuerda con olra caraclerisiica dz este aspactia de 1a invencidn, se estipula el nzo de

un compuesto de fdrmula (I) o una de sus sales farmacéaticamente aceptables, como 108

2

definidos en esie documenta, én la fabricacidn dz un medicaments para usar &n la prevencidn
o el tratamiento de aquellos tumorss gue son censibles a la inhibicidn de la quinaca mTOR y/o
una ¢ mas enzimas PI3K (como las enzimas PI3K de la clase Ia o la enzima dz 1a clase Ib)
que participan en 155 pasos de (ransduccidn de la cefial que conducen a la praliferacidn,
cupervivencia, capacidad dz invasién y migratoria de las células tumaorales.

D¢ acuerdo con oira caracteristica de este aspecio de la invencidn s2 estipula un
método para la prevencion o 2l fratamiento de aguzllos tumores que con sensibles a la
inhibicién d= la quinasa mTOR y/o una o mdz enzimas PISK (como las enzimas PIZK de la
clase Ia o la enzima de la clase Ib) que participan en log pasos de transduccidn de la sefial quz
conducen a la proliferacidn, supervivencia, capacidad de invasién y migratoria de laz ¢élnlas
tumorales, que camprends administrar a dicho anirmal vna cantidad eficaz Jz un compuzsto de
formula () @ una de sus sales farmacéuticamente aceptables

D¢ acuerda con ofra aspecto de la invencidn se estipnla nn compuesto de férmmla (1) o
una dz sus sales farmacéuiicamente aceptables, como los definidas en ecte documenta, para
uzar 2n la plC-Vl.)lul'l de un efecio nhibitorio de la quinasa a mTOR y/o un efecta inhibitorio d2
las enzimas PI3K (comea un efecto inhibitorie de las enzimas PI2K clase Ta o 1a enzima FI3K

clase Ib).
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De acuerdo con olra caracizrisiica de este aspecto de la invencidn se estipula el nzo de
un compuesto de férmula (I) o una de cus sales farmacéuticamente aceptables, como las
definidos en este documenio, en la fabricacién dz un medicamento para uzar 2n la pravizién
de un afecto inhibitorio de la quinaza a mTOR y/oomn efects inhibitorio de lag enzimas PI3I
(como un efecio inhibitorio d= las encimas PISK clase Ta o la enzima PI3K clase Ib).

De acuerdo con oiro aspecio de la invencidn también se estipula un métado para
propracionar un efecto inhibitorio d= 12 quinasa a mTOR y/o un efecio inhibitoria de las
enzimac PI3K (como un efecio inhibitorio de 1as anzimas PI3K claze [a o 1a 2nzima PI3K
clase Ib), quz comprende adminisirar una cantidad eficaz de un compuesto dz fSrmula T o una
de sus sales farmacéuticaments aceptables, coma loc dafinidos an este documenta,

Deé acuerdo con otra caractarisiica d= la invencidn sz estipula un compnesto de

formula I o una de sus sales farmacéuticamente aceptablzs, coma los definidas en este
docnmento, pava usar én &l (ratamiznio de cdncar, enfermedades inflamatorias, enfermadades

obstruciivas de lag vias respivatorias, enfermedadss inmmnitarias o enfermedadas
cardiovasculares.

De acuzrdo con oira caracterfstica de la invencidn sz ectipula un compuects de
férmula I o una de cus sales farmacénticaments aczplables, coma 1os definidos en eate
docmmnenio, para wsar en el tratammienio de tumores cSlidae eomo carcinomas y sarcomas y 1as
leucemias y neaplasias linfoides.

De acuerda con otra caracteristica de la invencidn se estipula wn compuesto da
férmula I una de sus salzs farmaciuticamente aceptables, como los definidos en este
documento, para usar en =l tratamiznto del cdncer de mama, colorrectal, de pulmén (inchicive
carcinoma pulmonar microcitico, carcinoma pulmonar no microcitico y cdncer
bronquioalveolar) y de préstata.

D

férmula I o una de suz sales farmacéuiicamente aceptablzs, comeo los d2finidoz en este

I

acverdo con olra caracieristica dz la invencidn se estipula un compuszsto de

documento, para wsar en &l tratamiznio d21 cancer de conducto biliar, huesos, vejiza, cabeza
cuello, rifién, hizado, iejido gastrointestinal, esdfago, ovario, pincraas, piel, tesiiculo, tiroides,
ttero, cuzllo dedtero y volva, y de lencemias (incluse LLA y LMC), mieloma multiple y
linfomas.

Dz acuerdo con oira caracierisiica de la invencidn se estipula el uso de un compuzcto

de férmmla (1) o ana de sus sales farmacéuticamenie aceptables, como 10z definidos en ecte
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documenta, en la fabricacidn de wn medicamento para usar én ¢l tratamiento de cancer,
enfermedadzs inflamatorias, enfermzdades obstructivas de las viag respiratorias,
enfermedades inmunitarias o enfermedades cardiovasculares.

De acuerdo con olra caracteristica dz la invencidn se estipula el uso dz un compuesto
de farmula (1) o una de sus sales farmacéulicamente aceptables, coma 10s definidas en este
documento, en la fabricacidn de un medicamento para usar én &l tratamiento de tumaorzs
élidos coma carcinomas y zarcomas y lac leucemias y neoplasias linfoides.

Dz acnzrdo con obra caracteriziica Jz la invencidn se zctipnla &l wso un compuzcto de
farmmla (1) o una de sus zales farmacéuticamente acepiablzsz, como log definidos en est
documento, &n la fabricacién de un medicamento para usar en 2l fratamiento del céncer dz
mania, colomectal, de pulmdn (inclus sive carcinoma pulmonar microcitico, carcinoma
pulmonar no microcitico y cancer bronguinalveolar) y de préstata.

De acuerdy con olra caracterizlica de la invencidn 52 e5 pula el nzo un compuesto de
férmula (I) @ una d= sus sales farmacéuticamente aceptables, comi log definidos en este
documenta, en la fabricacién dz un medicamento para vsar en ¢l tratamiento dzl clncer da
conducto biliar, huesos, vajiga, cabera y cusllo, rifidn, higade, tgjido gasirointestinal, esdfago,
ovario, pincreas, pizl, t2sticuls, iroides, dizro, cuello de vtera y vulva, y dz lencemias
(incluso LLA y LMC), mieloma miltiple y linfomas.

De acnerdo con otra caracieristica de la invencidn se estipula un métode para tratar
cancer, enfermedades inflamaiorias, =nfermedadzs obstaciivas de las viag recpiratorias,
enfzrmedades inmunitarias o enfermedades cardiovasculares en un animal dz sangrz caliente
como un ser humane, que necesita dicho fratamisnto, que comprends administrar una

cantidad eficaz de un compuzsio de: férmula (I) o una de sus sales farmacéuticamente
aceptables, como los definidos 2n este documento.

D acuerdn con olra caracteristica Je la invencidn se estipula un méiado para tratar
tumores sélidos como carcinomas y sarcomac y las lencemias y neoplasiac linfoidzz en un
animal de sangrz caliente como un ser humano, que necesita dicho tratamienta, que
comprende administrar una cantidad eficaz de un compuzsto de formula (I) o una de suz zales
farmacéuiicamente aczplables, come los definidos ¢n este docvimento,

De acuerdo con ofra caracterictica Jde 1a invencidn se estipsla un método para tratar 21
céncer de mama, colarrectal, de pulmdn (inclusive carcinoma pulmaonar microcitico,

carcinoma pulmonar no microcitica y cincer bronguinalveaolar) y de prdstata en un animal de
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sangre caliente como un ser iumand, gue necesita dicha tratamiento, que comprends
administrar una cantidad eficaz de vn compuesto de férmula (I) o una de cus sales
farmacéuiicamente aceplablzs, come 1os definidos en este documanto.

De acuardo con oira caracieristica de la invencidn sz zstipula un método para tratar el
cdncer de conducto biliar, huesos, vejiza, cabzza y enella, rifidn, higado, tejido
zastroiniestinal, ezéfazo, ovario, pancreas, piel, t2sticulo, tiraides, Gtera, cuello de dtzro y
vulva, y leucemias (incluso LLA y LMC), micloma miltiple y linfomas eén un animal dz
sangre caliznie comeo un 321 hnmano, que necesita dicho tratamiento, que comprends
administrar una cantidad eficaz de v compneste de férmula (I) o una dz sus cales
farmacéuticamente aceptables, como log definidos en estz docnmenta.

Como se indicd aqui, 1os efectos in viva de un compuesto de farmula (I) pueden ser
ejercidos en parte por une o mas metabolitos que s forman dentro del organismo humans o
animal Jespués de la administracidn dz un compuesto de férmmla (I).

La invancién se refiers ademds a terapias de combinacidn zn las que un compuesto de
férmula (I) o una de sus salzs farmacéuticaments aceptables, o una composicién farmacéutica
o formulacién que comprznda un compuesto de férmula (I) 22 adminizira simmlténeaments o
consecutivamente ¢ coma una preparacién combinada con otra tratamiznto para usar cn el
control de enfermedades oncoldgicas. |

En pariicular, el atamienio definido aqui se pueds aplicar come la vnica terapia o
puede incluir, ademds de 1os compuestos de la invencidn, cirngia convencional o radiaterapia
o quiniioterapia. En conzecuencia, los compuestos de la invencidn tambifn se puedzn usar 2n
combinacisn ¢on agentes terapduticos exictentes para ¢l ratamiento del cincer.

Loz agentes adecuadas para vsar en combinacién incluyen:-

(i) fArmacos antiproliferativos/antinzopldsicos y cus combinaciones, comea los qne se usan
en oncologia médica, como agentes alquilanies (por gjzmplo cisplating, c:arbop]étino,
ciclofosfamida, mostaza de nitvdzena, melfaldn, clorambucile, tnzulfin y nitrosourzas);
antimetabolitos (por 2jemplo aniifolatos coma finoropirimidinas como S-fluorouracilo y
tezafur, raltiirzxed, metotrexato, arabindeido de citosina, hidroxiurea y gemcitabina);
antibiéticos antitumorales (por gjemplo antraciclinac como adriamicine, blzomicina,
dexorubicing, dawnomicina, epirubicina, idarubicina, mitomicina-C, dactinomicina y
mitramicina); agzntes antimitsticos (por gjzmple alcaloides de la vinca como vincricting,

vinblastina, vindezina y vinorzlbina y (azoides como paclitaxzl y tazotere); & inhibidorzz de la
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opoisomerasa (por gjemplo epipodofilotorinas coma etopdsida y tenipdsida, amzacrina,
topotecdn y camptotecinas);

(i1) citostdicas como lag aniiesirdgenos (por gjempla tamaxifens, toremifeno, raloxifena,
droloxifenc y yodoxifena), reguladores por disminucién de los rzceptares de estrégeno (por
ejemplo fulvestrant), antiandrégznos (por ejemplo bicalutamida, Mutamida, nilotamida y
acztaio de ciproterona), anlagonistas dz LHRH o agonistac de LHRH (por ejemplo goserelina,
leuprorelina y busereling), progeztdzenos (por sjemplo acetatn de megestrol), inhibidores de
la aromatasa (por jemplo anasirozol, lztrozol, vorazol y exemestana) & inhibidorea de la So-
reductasa como finasteride;

(ili)  agentes anti-invasién (por ejemplo inhibidores d= 1a familia de la quinaza ¢-Src como
4-(d-cloro-2,3-metilenodioxianiling)-7-[2-(4- l'l'lu[l][llpulduln 1-il)eioxi]-3-tetrahidropiran-4-
iloxiquinazolina (AZD0530; solicitud de patentz intzrnacional WO 01/94341) y N-(2-claro-6-
metifenil)-2-{6-[4-(2-hidroziztil)piperazin-1-il]-2-metilpirimidin-4-ilamino ) tiazol-5-
carbozamida (Jasatinib, BMS-334823; 1. Med. Chem., 2004, 47, 56358-6661), & inhibidorzs dz2
la metaloproteinasa como marimastat 2 inhibidores de la funcién del receptor Jdzl activador dzl
plasmindgeno tipo uroquinasa);

(iv)  Inhibidores de la funcidn dzl factor de erecimiznia: por &jzmplo dichos inhibidoras
incluyen anticuerpos anti-factor de crecimienio y aniicusrpos anti-receptor Jdel factor de
crecimiento (por ejempla el anticuerpo anti-erbB2 irastuzumab [Herceptin™] y el anticuerpo
anti-erbB1 cefuzimab [C225]); dichos inhibidores también incluyen, por gjempla, inhibidores
de la tirogina quinasa, por gjemplo inhibidores de la familia del factor de crecimizsntd
epidérmico (por ejempla inhibidores de la familia EGFR de tirosina gquinasas como N-(3-
cloro-4-fluorofenil)-7-metoxi-A-(3-morfolinopropoxi)quinazolin-4-amina (gefitinib, ZD1339),
N-(3-2tinilfznil)-6,7-bis(2-metoxietoxi)quinazolin-4-amina (erlotinib, QOSI-774) y 6-
acrilamido-N-(3-cloro-4-flucrofenil)-7-(3-merfolinapropozi)quinazolin-4-amina (CI 1033) ¢
inhibidores de la tirosing quinasa erbB2 come lapatinib), inhibidores de 1a familia del factor

d

las plaguetas como imatinib, inhibidores de las serina/treonina quinacas (por ejezmplo,

cimiento de hepatocitos, inhibidores de la familia dzt factor de crecimiento derivado de

(p

CIy

G

inhibidorzs de 1a zzfializacidn Ras/Raf como los inhibidores de la farnzsil ransferasa, por
ejemplo sorafenib (BAY 43-2006)) ¢ inhibidore: de la cefializacidn celular a través de
quinasas MEK y/o AKT;
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(v)  agentes antiangingénicos como los que inhiben los efectas del factor de crecimiento
endotzlial vascular, [por gjempla el anticuerpa anti-factor de crecimiento celular endotzlial
vascular bevacizumab (Avastin™) y 1oc inhibidores del receptor tircsin quinasa del VEGR

como 4-(d-broma-2-fluorcaniling)-G-metyxi-7-(1-metilpiperidin-4-ilmetoxi)quinazoling
(ZDw474; Ejemplo 2 en WO 01/32651), 4-(4-fluora-2-metilindel-3-iloxi)-G-meioxi-7-(3-
pirrolidin-1-ilpropaci)quinazolina (AZD2171; Ejemplo 240 en WO 00/47212), vatalanib
(PTIZ787;, WO 98/339535) y SUL1242 (sunitinib; WO 01/60214), v compuesios que actdan
por otros mecanismos (por gjemplo linomida, inhibidores dz 1a funcidn dz 1a integrina avf3 'y
angiostatina)];

(vi) agentes para Jafio vascular como combretastatin A4 y 1os compuestaz dival gados 2n

as solicitudes dz patents internacional WO 99/G2166, WO 00/40529, WO 00/41669, WO
01792224, WO 02/04434 y W 2/08213;
(vil)  terapias antizentide, por gjemplo las dirigidas a los blancos indicadas antzz, coma ISIS

2503, un agznte antisentido anti-ras;
(viii) métodns de gznoterapia, inclusive los métodas para remplazar genss aberrantsg ¢oma
p53 aberrante 0 BRCAL o BRCA2 aberrantes, GDEFT (terapia con profimmacos enzimaticos
dirigida por gen) métodos coma 105 que ucan citozina dezaminasa, timidina quinasa @ una
enzima nitrorzduciasa bacteriana y métodos para avmentar 1a tolerabilidad d=1 paciente a la
quiminterapia o la radioterapia como la gznoterapia dz mnltiresistencia; y
(ix)  métodos inmunaterdpicas, incluidos métados ex-vivo @ jn-vive para aumentar la
inmunagania de las células tumorales del paciente, coma la transfeccidn ¢on citocinas coma
la interleucina 2, 1a inierlencina 4 o &l factor estimulante de colonias de granulocitos-
macréfagos, méiodos para disminvir 1a anergia dz 1as células T, métodos que usan células
inmunitarias iransfzctadas como células dendrfiicas transfectadas con citocina, métados que
ucan linzas celularzss tmoralze transfectadas con citocina y métodos que usan anticuzrpos
anti-idiotipicos.

La invzncidn ce explicard ahora méc dealladamente por referencia a 1os ejemplos
ilustrativos siguientes. ‘

A menos que se indigque algo diferente, 1oz materiales de partida se adquirieron 2n el
comarcio. Todos los solvent2s y reactivas comerciales tenfan calidad analitica y s& nsaron

como se recibieron.
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En los gjemplos 1os espaciros "H NMR :z= registraron en un instrumznto Biuker DPX
300 (300 MH:z), Brukar DRX 400 (400 MHz) @ en un inctrumento Bruker DRX 500 (300
MHz). Loz picos cenirales de cloraforma-d (n 7.27 ppm), dimetilsulfdxido-dg (S 2.50 ppm)

0 acetona-dg (S 2.05 ppim) se uiilizaron como refzrenciac internaz. Se utilizaron las
abreviaturas siguic—nta:: s = singulete, d = doblets, ¢ = iriplale, q = cvartets, m = muliiplate, br
= ancho.

Sz llevéd a cabo una cromatograffa #n columna usandso gel de silice (0.04-0.063 mm,
Mercly). En general se usé una colunma Fromasil KR-100-5-C18 dz fase revarsa (250 x 20
mim, Akzo Maobel) para la HPLC preparativa con mezclas de acetonitrilo y agua [que
contenfan 0.1% dz dcide irifluoroacéiico (TFA)] ntilizado como zluyents a una velacidad de
flujo de 10 mL/min.

Se usaron los méodos siznisntes para el andlisis por cromatografia liquida (LC) /espectro de
masas (MS):-

HPLC: Agilent 1100 & Waters Alliance HT (2790 & 2795)

Espectrdmetro de masas : Waters Z0) ESCi

Columna de HPLC

La columna estdndar de HPLC utilizada ¢5 1a Phemanener Gamini C12 S pum, 50 % 2 mm.
Métodos de HPL.C 4cidos

Las fasez midvilez utilizadas son: Fase mévil A: agua

Fase mdévil B: acetonitrilo
Fase mévil C: 1% de dcido férmico en agua:MeCN
50:50 (v/v)

Cada método e3 seznido de un equilibrio rdpids usands una velocidad de flujo de S mL en

0.45 min.

Se dispone de cuatro métodos de HPLC genéricos:

Método acido 5 minutos monitor

Tiemp | Face mdvil A: | Fase mévil B: | Face mévil C: Curva Veloeid
o /min ad de

flujo
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/mL/min
0.00 95 0 5 1 1.1
4 0 95 5 6 1.1
4.5 0 95 5 6 1.1
Método dcido temprano para la elucién temprana de compuestos
| Tiemp | Fase mévil A: | Fase mévil B: | Fase mavil C: Curva Velocid
0 /min ad de
flujo
/mL/min
0.00 95 0 5 1 1.1
4 57.5 37.5 5 6 1.1
4.5 57.5 375 5 6 1.1
Método dcido intermedio para la ¢lucidn intermedia de compuestos
Tiemp | Fase mdvil A: | Fase mdvil B: Fase miévil C: Curva Velacid
0 /min ad de
flujo
/mL/min
0.00 |9 0 5 1 1.1
0.01 67.5 27.5 5 6 1.1
4.5 27.5 67.5 5 6 1.1
Método dcido tardio para la elucién tardia de compuestos
Tiemp | Face mdvil A: | Face mévil B: Fase mévil C: Curva Velocid
0 /min ad de
flujo
/mL/min
0.00 95 0 5 1 1.1
0.01 275 67.5 5 6 1.1
4.5 5 95 5 6 1.1
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En algunos casas los métados dcidos estandar pusdan ser inadecuados o por la ionizacidn del

compuesto o por la separacién cromatogréfica necesaria. En talzz casos se dispone de cuatro

métadas de HPLC bédsicos semsjantes.

Las fases mavilzs utilizadas son:

Face mévil A: agua

Fase mdévil B: acetonitrilo

Fase mdvil D: 0.1% de amonifaco 530 en acetonitrilo

Cada método e3 seguido dz un equilibrio rdpida usanda una velocidad de flujo de S mL en

0.45 min.

Método basico minuto monitor

Tiemp | Fase mévil A: | Fase mévil B: | Face mavil D: Curva Velocid
0 /min ad de
flujo
/mL/min
0.00 |95 0 5 1 1.1
4 0 95 5 6 1.1
4.5 0 95 5 6 1.1
Método basico temprano para la elucién temprana de compuestos
Tiemp | Fase mavil A: | Fase mévil B: | Fase mdvil D: Curva Veloeid
o /min ad de
flujo
/mL/min
000 |95 0 5 1 1.1
4 57.5 37.5 5 6 1.1
4.5 57.5 37.5 5 6 1.1
Método basico intermedio para la elucidn intermedia de compuestos
Tiemp | Fase mévil A: | Fase mdvil B: | Fasz mévil D: Curva Velocid
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0 /min ad de
flujo
/mL/min

0.00 95 0 5 1 1.1

0.01 67.5 27.5 5 6 1.1

4.5 27.5 67.5 6 1.1

Método bésico tardio para la elucién tardia de compuestos

Tiemp | Face mévil A: | Fase mdvil B: | Fase mévil C: Curva Velocid

0 /min ad de
flujo
/mL/min

0.00 95 0 5 1 1.1

0.01 27.5 67.5 5 6 1.1

4.5 5 95 5 6 1.1

Sz usd el método signiente para el andlisic por cromatografia Hguida (LC) fespentra dz
masas (MS):- Inzirumento: Agilent 1100; columna: Waters “Symmetry” 2.1 3 30 mm;
andlisis espactral de masas vzandv ionizacidn quimica (APCI); velacidad de flujo: 0.7
mL/min; longitud dz onda de absorciédn: 254 nm; solvente A: agua -+ 0.1% de TFA; solventz
B: acetonitrily + 0,1 95 de TFA; gradiente de salventz: 15-95% de solvente B durante 2.7
minutes seguido de 95% de solventz B durante 0.3 minutos.

Se nsaron 1os métadoc ziguientes para 21 andlisic por LC:

Méiado A:- Instrumenio: Azilent 1100; columna: Kromasil C18 de silice de faze
reversa, 100 x 3 mm, tarnafio de particula 5 jun; solvente A: agua + 0.1% de TFA; solvente B:
0.058% de TFA/aczionitrilo; velocidad dz flujo: 1 mL/min; gradienie de solvente: 10-100% de
colvente B durante 20 minuioz segnido dz 100% de solvente B durantz 1 minuio; longitd daz
onda de absorcidn: 220, 254 v 230 nim. En general, z& sheervd ¢l tiempo de retzncidn del
producto.

Método B:- Instrwmenio: Agileni 1100; columna: Waters “Xterra” C8 de silice dz fase

reversa, 100 = 3 mm, tamafio de particula 5 pm; solvente A: amonfaco 0.015M en agua,
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salvente B: acetonitrilo; velocidad d= flujo: 1 mil/min, gradiente de solvente: 10-100% de
colvente B durancz 20 minuos segnido de 100% de solvente B darantz 1 minuio; longid de
onda d= absarcidn: 220, 254 v 280 nm. En zeneral, se observd el tizmpo de ratencidn del
producto.
Las abreviaiuras siguienies se usan en el prazente documento o 2n 1o3 jemplos
ilustrativos siguientes:-
HPLC  cromatografia liquida de alta resolucidn
HETU  herafluaralfosfate de O-(benzoiriazol-1-i1)-NN,N N -letrametiluranio;
HATU  hexafluorcfosfato d= Q-(7-azabenzoiriazol-1-i1)-N,N,N', N -icitametiluranio;
HOBT  1-hidroxibenzotriazal,
HOAT  1-hidroxi-7-azabenzotriazol;
NMP N-metilpirrolidin-2-ona;
DMSO  dimetilsulféxido;
DMF N, N-dimetilformamida;
DMA  N,N-dimetilacetamida;
THF tetrahidrofurano;
DME 1,2-di metoxietano,
DCCI  diciclohexilcarbodiimida;
MeOH  metanol;
MeCN  acetonitrilo;
DCM diclorometano;
DIFEA N, N-diisoprapiletilamina;
DRU 1,8-diazabiciclo[5.4.0lundec-7-eno;

TA t=mperaiura ambiente (aproximadamente de 17 a 25 °C);
tR tiempo de retencidn:

m/z relacién masa/carga.
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Log nombres quimicos se generaron mediante &l coftwarz que nsa ¢l juego de

herramientas Lexicherm (v. 1.40) de OpenEye Scientific Software (www.eyesopen.com) para

generar nombres de conformidad con IUPAC.

Ejemplo 1: N-[4,6-Bis[(3S)-3-metilmorfolin-4-illpirimidin-2-il]-4-metoxibenzamida,

L)

Se disolvid 4,6-Bic[(38)-3-melilmorfolin-4-il]pirimidin-2-amina (150 mz2) en piridina (5 mL)
y se agregd cloruro de 4-mztoxibenzoilo (96 miz). La rzaccién oz calentd a 90 °C durantz 1
hora. Se agregd mds clororo dz 4-metoxibenzoilo (96 mg) y la reaccidn sz calentd a 90 °C
durante otras 3 horas. La reaccidn sz dzjd enfriar, ce evapord hacta sequedad y luego s2
disolvid en metanol. Bl material se pasd través de una columna SCX-2 y se diluyd con
amonfaco 7 N en metanol. Lag fracciones se concentraron al vacio y e lec realizé una
cromatografia en silics, zluyendo con 2.5% de metanol en DCM, para dar el compuesta
deseadn (107 mg) como un s3lido azul palido.
Espectio NMRE: 'H MMR (400.13 MHz, DMSO-dg) & 111 - 1.15 (6H, m), 3.01 - 3.08 (2H,
m), 3.40 (2H, q), 3.54 - 3.57 (2H, m), 3.68 (QH, d), 3.34 (3H, ¢), 3.37 - 3.91 (2H, m), 3.93
(1H, ), 3.9¢ (1H, s), 4.35 (2H, 1), 5.57 (1H, 3), 5.98 - 7.02 2H, m), 7.36 - 7.28 (2H, m), 9.79
(1H, s)
Espectro de masas; M+H™ 428,

La preparacién dz 4,5-Bis[(35)-3-metilmerfolin-4-il]pirimidin-2-amina 5= describe a

continuacioi.

4.6-Bis[(35)-3-matilmaorfolin-4-il}pirimidin-2-amina
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Se disolvié 2-amino-4,5-dicloropirimiding (3.28 2) y (35)-3-metilmorfolina (4.44 g) en MMFP
(15 mL) en atmésfera de nidgenn. Se agragd carbonato de calcio en palve (4.4 2) v la
mezcla en agitacidn se calents a 200 °C durante 2.5 horas. La mezcla 52 dejé enfriar y se
parlicion$ enire aceiaty de etilo y una solucién acuosa sainrada de carbonato $cido de sodio.
Bl residuo sélida se elimind por filiracidn v se separaron las fases. La fase acnosa se lavd aon
acetato de etilo y después las fases oradnicas combinadas se lavaron con 10% de solucién
acuesa caturada de eloruro de sodio (1 ¥ 50 mL), 50% d= zalucidn acuoca saturada de cloruro
de sodio (1 % 50 mL) y solucidn acwasa saiurada de clomro de sodia (2 x 50 mL), 52 szcaron
(MgSD.) y sz concentraron al vacio. Al residun se le realizé una cromatografia en silice,
eluyendo con 0 - 2% de izopropanol en DCM (con unas pocas gotas agregzadas de
triztilamina), para dar el compuesto dzseado como un aceitz incolora (2.76 g).
Ezpzctrg NME: 'H NMR (400.13 MHz, CDICL) § 1.22 - 1.23 (6H, d), 3.12 - 3.19 (2H, m),
3.51 -3.57 (2H, m), 3.67 - 3.75 (4H, m), 3.51 — 3.85 (2H, m), 3.92 - 5.96 (2H, m), 4.20 (2H,
q), 4.46 (2H, br.s), 5.03 (1H, s)
Espectro de masas; M+H* 295.

Ejemplo 2: N-[2.6-Bis[(35)-3-metilinorfolin-4 irimidi il]-4-metoxi-3-

(trifluorometil)benzamida,

B Yy

R
FJl\,//[ NN lﬁj}

~ _
Se disolvid 2,6-Bis[(35)-3-metilmorfolin-4-il]pirimidin-2-amina (120 mg) 2n piridina (5 mL)
v se le agregd cloruro de 4-mzioxi-3-(riflnoromatil)bznzoile (196 mg). La reaccidn se calentd
a 90 °C durante 2 horas y después se dzjd enfriar y ce comcentrd al vacio. Bl residun ce
dizolvid en metancl, se pasd ravés de vna columna SCX-2 y &t material dzseada se elnyd con
amonfaco 7 N en metanol. Las fraccionss 52 concentraron al vacio y el residun se purificé por
HPLC preparativa (bédsica) para dar 2 compuzsio deczads (97 mg) come un 36lido blanco.
Ecpecio NME: 'H MME (400.13 MHz, DMSO-dg) & 1.12 - 1.20 (6H, m), 3.07 - 3.10 (114,
m), 3.11 - 3.14 (1H, m), 3.40 (1H, d), 3.43 (1H, d), 3.55 - 3.61 (1H, my), 3.58 - 3.62 (1H, m),



wa

WO 2009/007751 PCT/GE2005/050549
-88-
68 -3.74 (QH, m), 3.57 - 3.95 (2H, m), 3.94 (1H, d), 3.99 (3H, 5), 4.21 - 4.22 (1H, m), 4.25 -

3
4,23 (1H, m), 4.62 - 4.64 (1H, m), 6.93 (1H, s), 7.39 (1H, d), $.24 (2H, ), 10.28 (1H, ¢)
Espectro de masas; M+H* 496.

Los compuestos siguientzs s& prepararan de mancra anfloga a partir de 4,6-biz[(39)-3-

el acido clorhidrico adecuado.

Ejemplo Estructura NOMBRE LCMS
MH+
3 IN-(2,6-Bis[(3.5)-3-metilmarfolin-4- 428

L
|
g
SaREe

4 ,[:J IN-[4,6-Bi3[(3S5)-3-matilmaorfolin-4- 496

il]pirimidin-4-i1]-3-metoxibenzamida

il}pirimidin-2-il]-4-metoxi-3-
IR

fa e N Kaifluoromeiil)benzamida
\OF'Jl\) H L\/o ) ’

oD

5 ,EO\ IN-[4,6-Bis[(35)-3-matilmorfolin-4- 42
N

il]pirimidin-2-il]-3-metoxibenzamida

Ejemplo 3: TH NMR (400.13 MHz, DMSO-dg) § 1.19 (6H, 1), 3.06 - 3.15 (2H, m), 3.36 - 3.40
(1H, m), 3.42 - 3.47 (1H, m), 3.53 - 3.62 2H, m), 3.67 - 3.74 (2H, m), 3.25 (3H, 5), 3.90 -
3.9¢ QH, m), 4.23 (1H, d), 4.28 (1H, d), 4.61 - 4.63 (1H, m), 5.93 (1H, 5), 7.15 - 7.12 (1H,
m), 7.42 (1H, t), 7.50 (1H, t), 7.54 - 7.57 (1H, m), 10.06 (1H, s)

Ejemplo 4: 'H NMFE. (400.13 MHz, DMSOQ-dg) & 1.13 - 1.14 (6H, m), 3.04 (1H, d), 3.07 (1H,
s), 3.37 (1H, ), 3.40 (1H, d), 3.53 - 3.57 (2H, m), 3.67 (2H, d), 3.86 - 3.90 (2H, m), 3.92 -
3.95 (1H, m), 3.93 (4H, <), 4.34 (2H, 1), 5.53 (1H, 3), 7.35 (1H, ), S.11 (1H, d), 2.14 - &.17
(1H, m), 10.15 (1H, s)

Ejemplo 5: 'H NMR (400.13 MHz, DMSO-dg) 5 1.13 - 114 (6H, m), 3.01 - 3.07 (2H, m),
3.37 - 3.42 (2H, m), 3.53 - 3.57 (2H, m), 3.63 (2H, d), 3.52 (3H, 5), 3.27 - 3.90 (2H, m), 3.92
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(1H, ), 4.34 (2H, v), 5.58 (1H, 5), 7.09 - 7.12 (1H, m), 7.37 (1H, d), 7.40 - 7.42 (1, m), 7.29
- 7.45 (1H, m), 9.95 (1H, s)

La preparacidn de 4,6-biz[(3S)-3-metilmorlolin-4-il]pirimidin-2-amina se describid antes, 1a
preparacion dz 2,6-bis[(35)-3-metilmorfolin-4-il]pirimidin-2-amina se dzscribe a

continuacion.

2,6-Bis[(38)-3-metilmofolin-4-il]piriniidin-4-amina

),
J\%N
0

Una mezela de 4-amino-2,6-dicloropirimidina (4.33 ), (35)-3-metilmaorfolina (.00 2) y

carbonata de calcio (5.81 g) en NMP (15 mL) se calentd a 170-180 °C durantz 3.5 horas en
atmésfera de nitrdzeno con un condensador enfriado con agua ajustado en 2l mafraz, La
mezcla se dzjd enfriar y se particiond entrs acetato dz ztilo y una solucidn acuaca saturada de
carbonato dcido de sodio. El residuo sélido sz szpard por filtracidn y se separaron las fases.
La fasze acuoza se lavd con acztaio de etilo y después las fazes orgdnicas combinadas, se
lavaron con 209% de colucidn acnosa zaturada de clorure de codia (1 = S0 ml), 50% de
colucidn acuosa saturada de clorurs de sodio (1 x S0 ml) y calucidn acuora saturada da2
cloruro dz sadio (2 x 50 mL), se secaron (MzS0.) y o2 concentraron al vacio. Al residua se le
realizé una cromatografia en silice, eluyenda con 0 — 2,4% dz isoprapanal én DCM (con unas
pacas gotas agregadas dz (rictilamina), para dar 21 compuesto deszads coma una goma de
color marrdn claro (4,5 g).

Espzcira NMR: "H NMR (400.13 MHz, CDIClL) 3 1.23 - 1.25 (6H, m), 3.13 - 3.21 (?H, m),
3.48 - 3.38 (2H, m), 3.65 - 3.75 (4H, m), 3.30 - 3.96 (3H, i), 4.14 - 4.17 (1H, m), 4.23 - 4.30
(3H, m), 4.59 - 4.64 (1H, m), 5.03 (1H, s)

Espectra de masas; M+H™ 295.
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Ejemplo 6: N-[4.6-Bis[(3S)-3-metilmorfolin-4-il]pirimidin-2-il]-6-metoxipiridina-3-
)
/EN
N

o N
o2 u‘N'“‘N" ‘N"\
T

N

carboxamida

Se dizolvid dcido 2-metoxi-S-piridinacarboxilico (180 mg) en DMA (2 mL) y 5¢ agregaron a
la solucién DIFEA (0.216 mL) vy HATU (350 mg). La rzaccidn £z dzjd en agitacidn a
emperatura ambiente duranie 10 minutos ¥ nego se agregd 4,6-bis[(38)-3-metilmarfolin-4-
il]pirimidin-2-amina (120 im2) y 1a reaccién s2 agitd durantz 18 horas a 40 °C. La reaccidn 2
past travis de una columna SCX-2, ze lavd eon metanal y ¢l material deseado ze elnyd con
amonface 7 N en metanol, Las fracciones se concentraron al vacio y el residua se purificd por
HPLC przparativa (bisica) para dar ¢l compuests deseads (28 mg) comao un cdlida colar rojo
palido.

Especiro NMR: "H MMR (400,13 MHz, DMSO-dg) 5 1.10 - 1.14 (¢H, m), 3.00 - 3.03 (2H,
m), 3.53 - 3.57 (2H, m), 3.67 (2H, d), 3.86 - 3.37 (1H, m), 3.2 (1H, d), 3.90 (1H, 5), 3.93 -
3.95 (SH, m), 4.16 (1H, d), 4.23 (2H, d), 3.57 (1H, 5), 7.13 (1H, 1), 5.09 - .12 (1H, m), 3.65 -
8.66 (1H, m), 10.05 (1H, s)

Espectro de masas; M+H* 429,

Los compuestos signizntes se prepararon de manera andloga a partir de 4,6-bic[(35)-3-
metilmorfolin-4-il]pirimidin-2-amina o 2,6-bis[(3S5)-3-metilmorfolin-4-ilJpirimidin-2-amina y

el acido carboxilico adecuado.

Ejemplo Estructura NOMERE LCMS
MH+
7 A0, IN-[2,6-Bis[(385)-3-metilmarfolin-4- 429

il]pirimidin-4-il}-2-metoxipiridina-4-

| o} 1 SN
0 AL AN .
|j’(tu N NJ\ carboxamida
F
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Ejemple Estructura NOMBRE LCMS
MH+
S ,[oj 6-Acetamido-N-[2,6-bis[(35)-3- 456
o ﬁlN metilmorfolin-4-il]pirimidin-4-
| = . .
i DJ\ N NK,JD il]piridina-3-carboxamida
N™ 'N
H
9 iO\ IN-[2,6-Bis[(38)-3-metilmaorfolin-4- 428
N . R .
. L il]pirimidin-4-il]-2-
SR | i y
7UNT TR TN ctoxibenza ]
Q @ metoxibenzamida
10 )103 2-Acetamido-N-[2,6-bis[(3S)-3- 456
o N\N metilmorfolin-4-il]pirimidin-4-
NNV N S, ,
. " YR 'N’l‘fé ! il]piridina-4-carboxamida
11 o IN-[2,6-Bis[(35)-3-metilmorfalin-4- 446
e
o ﬁ” il]pirimidin-4-il]-3-flucro-4-
< | . .
Ty "N"J‘N'Lu metoxibenzamida
SoTNF o]
12 )\nJ IN-[4,6-Ris[(38)-3-metilmorfolin-4- 429
L il]pirimidin-2-il]-2-metoxipiridina-4-
| 9 Nl\ '\
o‘rlf/j NN y  parboxamida
13 LO\ 6-Acctamido-N-[4,6-bis[(35)-3- 456
) metilmorfolin-4-il]pirirmidin-2-
f N
)OL i J"g"N’"N \é il]piridina-3-carboxamida
N™ °N
H
14 )\OJ N-[4,6-Bis[(25)-3-metilmarfolin-4- 423
- )Nﬁ il]pirirnidin-2-i1]-2-
?- ". TI RLANN .'\ _ 3 L3 )
@ NN NK, ! metoxibenzamida,
15 ° 2-Acetamido-N-[4,6-bis[(35)-3- 456
L
. )\1 metilmorfolin-4-il]pirimidin-2-
H
i N u :) ' i e NK!, s il]piridina-4-carboxamida
U

il
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Ejemplo Estructura NOMBRE LCMS
MH+
16 ([0\ IN-[4,6-Bis[(3S)-3-maiilmorfolin-4- 446
ST il]pirimidin-2-il]-3-fluoro-4-
.1
FI\j/u ‘ﬁ’"‘N"‘fC(l) metoxibenzamida
\o =
17 ioj N-{2,6-Bis[(3S)-3-metilmarfolin-4- 532
. A il pirimidin-4-il]-4-
) 2 O
ﬂ § (ywm T} [(fenilcarbamailamino)benzanida
™IONTINT NV
H H
18 ,LOJ IN-[4,6-Bis[(38)-3-metilmorfalin-4- 532
A fillpirimidin-2-il]-4-
A ‘\'
(\ll ke .[l\;] o Nk,o (fenilcarbamoilamino)benzamida
H H

Ejemplo 7: "H NMR (400. 13 MHz, DMSO-d;) & 0.94 (3H, d), 1.24 (3H, d), 2.7 - 2.69 (1H,
m), 2.96 (1H, d), 3.10 (11, 5), 3.13 - 3.21 (1H, ), 3.35 - 3.35 (1H, m), 3.39 - 3.45 (1H, m),
3.50 (1H, a2y, 3.37 - 3.60 (LH, m), 3.71 (1H, d), 3.90 (3H, s), 3.58 - 3.94 (1T, m), 4.32 (1H, d),
4.66 (1H, d), 6.30 (1H, d), 7.02 - 7.03 (1H, m), 7.30 (1H, 5), &.25 - 3.26 (1H, m)

Ejemplo 8: 'H NMR (400.13 MHz, DMS©Q-d;) § 0.97 (3H, d), 1.24 (3H, d), 2.14 (3H, 5),
2.33 - 2.35 (1H, m), 2.61 (1H, 2), 2.67 - 2.67 (1H, m), 2.96 (1H, d), 3.14 - 3.19 (2H, m), 3.39 -
3.46 (1H, m), 3.50 (1H, d), 3.57 - 3.60 (1H, m), 3.71 (1H, d), 3.57 (1H, 5), 3.33 - 3.92 (1H,

m), 4.32 (1H, d), 4.64 (1H, d), 7.38 - 7.91 (1M, m), 7.50 (1H, s), 2. 14 (1H, d), &.40 (1H, d),
10.74 (1H, s)

Ejemplo 9: 'H NMR (400.13 MHz, DMSO-d;) 5 1.17 - 1.21 (6H, m), 3.03 - 3.13 (2H, m),
3.36 - 3.48 (2H, m), 3.54 - 3.62 (2H, m), 3.67 - 3.74 (CH, m), 3.56 - 3.95 GH, m), 4.00 3H,
c), 4.17 - 4.21 (1H, m), 4.24 (1H, d), 4.34 (1H, d), .95 (1H, 3), 7.11 - 7.15 (1H, m), 7.25 (1H,
d), 7.56 - 7.61 (1H, my), 7.88 - 7.90 (1H, m), 10.08 (1H, s)

Ejemplo 10: 'H NMR (400.13 MHz, DMSO-d5) 5 0.94 (3H, d), 1.24 (3H, ), 2.10 (GH, 3),
2.64 (1H, d), 2.68 (1H, q), 2.94 - 3.01 (1H, m), (1H, 2y, 3.09 (1H, d), 3.14 - 3.21 (3H,
m), 3.58 - 3.61 (1H, m), 3.71 (1H, d), 3.89 - 3.93 (2H, m), 4.33 (1H, d), 4.60 (1H, d), 7.14 -
7.16 (1H, m), 7.50 (1H, s), &.17 (1H, 5), 8.39 - £.40 (1H, m), 10.59 (1H, 5)
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Ejemplo 11: 'H NME (400.13 MHz, DMSO-dg) 5 0.95 (3H, 1), 1.23 (3H, d), 2.34 (1H, ),
2.533-2.57 (1H, m), 2.69 (1H, q), 2.71 (1H, 5), 2.94 (1H, 5), 3.13 - 3.12 (1H, m), 3.15 - 3.18
(1H, m), 3.34 (1H, d), 3.42 (1H, d), 3.50 (1H, d), 3.57 - 3.60 ({H, m), 3.71 (1H, d), 3.91 (GH,
s), 4.29 (1H, d), 4.63 - 4.65 (1H, m), 7.23 (1H, 1), 7.31 (1H, s), 7.33 (2H, d)

Ejemplo 12: '"H NMR (400.13 MHz, DMSO-dg) & 1.10 (6H, d), 2.97 - 3.04 (2H, m), 3.33 -
3.40 (2H, m), 3.50 - 3.53 (2H, m), 3.65 (2H, d), 3.34 - 3.85 2H, m), 3.27 - 3.90 (5H, m), 4.24
(2H, 1), 5.55 (1H, ), 7.08 (1H, 5), 7.22 - 7.24 (1H, m), .24 - .26 (1, m), 10.24 (1H, s)
Ejemplo 13: '"H NMR (400.13 MHz, DMSQ-ds) & 1.10 - 1.14 (6H, m), 2 14 (3H, 4), 3.00 -
3.08 (2H, m), 3.36 - 3.43 (2H, m), 3.33 - 3.36 (2H, m), 3.66 (2H, q), 3.34 - 3.94 (5H, m), 4.33
(2H, d), 5.57 (1H, s), S.12 (1H, d), 8.17 - .20 (1H, 1), 10.10 (1H, 5), 10.75 (1H, 5)

Ejemplo 14: 'H NME (400.13 MHz, DMSO-dg) 5 1.02 (6H, d), 2.95 - 2.99 (2H, m), 3.34 -
3.33 (1H, m), 3.48 - 3.531 (2H, m), 3.63 (QH, d), 3.76 (1H, 5), 3.79 - 3.82 (6H, m), 3.534 (1H,
d), 3.86 (14, 5), 4.15 - 4.17 2H, m), 5.49 (1H, 5), 7.01 - 7.05 (1H, m), 7.02 - 7.11 (1H, m),
7.43 (1H, d), 9.87 (1H, s)

Ejemplo 15: 'H NMR (400.13 MHz, DMSQ-dg) & 1.02 - 1.13 (6H, m), 2.11 - 2.12 (3H, m),
2.9%-3.03 (2H, m), 3.33 - 3.39 (2H, m), 3.48 - 3.52 (ZH, m), 3.63 (2H, d), 3.20 - 3.87 (4H,
m), 4.21 CH, 4), 5.53 (14, ¢), 7.28 - 7.29 (1H, m), 3.27 (1H, z), £.36 - 837 (1H, m), 10.26
(1H, s), 10.60 (1H, s)

Ejemplo 16: '"H NMR (400.13 MHz, DMSO-dg) & 1.14 - 115 (51, m), 3.01 - 3.09 (2H, m),
5.37 - 3.44 (2H, m), 3.54 - 3.53 QH, m), 3.63 (2H, d), 3.87 - 3.94 (3H, m), 3.92 (4H, 2), 4.3
(2H, 1), 5.58 (1H, 5), 7.25 (1H, t), 7.74 - 7.75 (1H, m), 7.77 (1H, 5), 9.92 (1H, 5)

Ejemplo 19;: N-[2.6-Bis[(35)-3 -4-metoxibenzamida

-metilmorfolin-4-illpirimidin-4-il

(o]
L)
o 1)

Se disalvié 2,6-Bis[(38)-3-metilmorfolin-4-il]pirimidin-2-amina (150 mg) en piridina (5 mL)

se agregd clomro de 4-meioxibenzoila (96 mg) a la reaccisn y se calentd a 90 °C durants 1
o o <
hora. Se agregd mds clomurs de 4-met:ibenzoilo (96 mg) y 2l calentamiznio ce continud

durante 1 hora mas. La reaccidn 2= dzjé enfriar y despnés se evapord hasta sequedad y &l
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compuesty se disalvid en metanol y se cargd én una columna SCX-2 (20 2). El compnesta ce

eliminé con amaonfaco 7 N en metanol, a2 concentrd al vacio y al residuc se le realizd una

cromatozrafia en silice, eluyendo con 2.5% de metanol en DCM, para dar ¢l material deczado

(136 mg) como un sdlide de color azul pélida.

Espectro NMRE: "H NMR (400,13 MHz, DMSO-d;) 5 1,18 - 1.20 (8H, m), 3.03 - 3.14 (2H,
m), 3.37 - 3.43 (2H, m), 3.37 - 3.61 (3H, m), 3.6% (2H, d), 3.83 (3H, 5), 3.27 - 3.94 (2H, m),
4.25 (2H, d), 4.61 - 4.64 (1H, m), 6.93 (1H, 3), 7.03 - 7.05 (2H, m), 7.97 - 7.99 (2H, m), 9.57

Espectro de masas; M+H* 428.

Ejemplo 20: 2-[(2R,6S)-2,6-Dimetilmorfolin-4-il -3-metilmorfolin-4-il}-6-

(metilsulfonilmetil)pirimidina

N7

Una mzzcla de 2-clor0-4—[(35)-3-1'11eli11'|‘101‘f~:.1iﬁ-4-il]-6-(malilsulf0ni]metil)l:tirimidina (150
mg), ¢iz-2,6-dimetilmorfodina (0.263 ml) y carbonato de sodio (104 m3z) en DMA (3 mL) ze
calentd a 120 °C durante 0.5 horas en un reactor de microcndas. La mezcla de reaccidn e

carzd en una columna SCX-2, la columna s lavié con metanol y después el material deseado

ge eluyd con amoniaco 7 N en metanol. Las fracciones se concentraron al vacio y el residno se

purificd por HPLC preparativa (basica) para dar 2l compuesio deseado (151 mg) como un
sélido.

zoiro NMR: (DMSO-dg) 114 - 116 (6H, m), 1.12 - 1.19 (5H, m), 2.44 CH, 1), 2.12 (4H,
s), 3.43 (1H, d), 3.52 - 3.58 (H, m), 3.55 - 3.61 (1H, m), 3.72 - 3.75 (1H, m), 3.96 (2H, s),
4.26 (3H, 5), 4.42 - 4.45 (2H, m), 6.20 (1H, 5)

Espzctro de masas; M+H* 385.

Les compuestos siguienies s prepararon de manera aniloga usandao la amina adzcnada.
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Ejemplo Estructura NOMBRE LCMS
MH+
21 [0] 1-[4-[(35)-3-Metilmonfolin-4-il]-6- 371
N

(metilsulfonilmetil)pirimidin-2-

o0 Y
SN A ms p0H

il]piperidin-3-ol

22 (0\ 4-[(3S)-3-Metilmorfolin-4-11]-6-
X ,;" (metilsulfonilmetil)-2-morfolin-4-
0,.0
SN (lpirimidina

Ejemplo 21: 'H NMR (400.13 MHz, DMSO-dg) 5 1.16 - 1.18 (3H, m), 1.35 (ZH, d), 1.68
(1H, ), 1.89 (1H, 8), 2.73 - 2.79 (1H, m), 2.91 - 2.95 (1H, m), 3.09 (1H, 5), 3.12 (3H, =), 3.40
- 3.45 (2H, ), 3.56 - 3.59 (1H, m), 3.72 (1H, d), 3.90 - 3.94 (2H, m), 4.0a (1H, q), 4.22 (2H,
5), 4.27 (1H, d), 4.39 - 4.43 (1H, 1), 4.78 (1H, d), 6.12 (1H, s)

Ejemplo 22: 'H NME (400.13 MHz, DMSO-dg) & 1.16 - 118 (3H, m), 2.12 (4H, 3), 3.13
(2H, d), 3.63 (5H, 5), 3.71 (1H, d), 3.90 - 3.94 (2H, m), 4.25 (3H, s), 6.21 (1H, 5)

La preparacién dz 2-clors-4-[(38)-3-meatilmaorfolin-4-il]-6-(metilsul fonilmetil) pirimidina s2

describe a continvacidn.

2-Clowo-4-[(385)-3-metilmorfolin-4-i1]-6-(metilsul fonilmetiDpirimidina
®

J\

OO

Se disolvid 2,4-diclora-6-(metitsulfonilmatil)pirimidina (30 2, 0.13 mol) en diclorometans y
se agitd (en atmdefera d= nitrdgeno) a -5 °C. Se agregd wiztilamina (17.4 mL, 0.13 mal) para
dar una solucidn marrdn transparentz. Se disolvié (35)-3-metilmorfulina en dicloromatans y
se agragd 2ola a gota maniznizndo la reaccién por dabajo de -5 °C. Después ce retird el bafio
de enfriamiznto y 12 m=zcla s& calentd duranéz 1 hora. La mezcla de reaccidn se agitd a reflujo

duranie 2 horas, después lamezcla de reaccidn se lavé con agua, se secd y se evapord. El
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material crude se purificd medianie HPLC preparativa para dar el material dzzeado como un
s6lido (19.3 g).

Especiro NME: "H NMR (400,13 MHz, DMSO-dy) 5 1.21 - 1.23 (i, 3H), 3.11 (3, 3H), 3.19 -
3.26 (m, 1H), 3.42 - 3.49 (m, 1H), 3.52 - 3.62 (1H, m), 3.73 (4, 1), 3.92 - 3.9 (m, 2H), 4.27
-4.31 (m, 1), 4.45 (s, 2H), 6.92 (s, 1H)

Espectrao LCMS: MIT+ 306, tiempo de retzncidn 1.42 min, méioda dcida 5 min

2.4-Dicloro-6-(metilsulfonilmetiDpirimidina

Ci
00 [V
S N/J\Cl

Se agrezd 6-(metilsulfonilimetil)-1 H-pirimidina-2,4-diona (132 g, 0.65 mal) a oxiclorvia de
fésfora (1.2 L), la mezcla se calentd a rzflujo durantz 16 horas y después se enfrié hasta
temperatura ambiente. El exceso de oxiclomrs de fasfore sz eliming al vacia, el residua se
hizo azediropo con oluzno (2 300 mL) y se dizolvid en diclorometano. Decpués esta mezcla
se vertid lentamente sobre hielo (4 L) y se agitd durante 20 minutos, luego s& extrajo con
dicloremetans (3 % 1 L) (el matzrial negro inzoluble ce separd por filtracidn y se deczchd) y
acetato de etily (2 % 1 L), Los extractos se combinaron, se secarom y decpués se evaporaron
para dejar el material dzzeado coro nn 38lido marrdn occuro (51 2). El material g2 ntilizé sin
purificacién adicional.

Espzciro NM B: '"H NMR (400.13 MHz, DMSO-dg) 53.13 (2, 3H), 4.79 (s, 2H), 7.87 (z, 1H)
Espectro LCMS: MH+ 239, tiempo de retencidn 1.21 min, méndo 4cido 5 min

G-(Metilsulfonilmetil)-1H-pirimidina-2,4-diona

(o]
00 NH
/‘s'\/fLA
H o]

Se disalvié 6-(clorometil)- 1H-pirimidina-2,4-diona (175 2, 1.09 mol) en DMF (2 L) y se le

agrzgd sal sédica del dcido metanosulfinico (133.5 g, 1.31 mal). La reaccidn se calentd a 125

°C durante 2 horas, después se d2jié enfriar y 1a sucpencidn ce filird y se concentrd al vacin

para dar vn 58lido amarille. El material crudo se lavis con agua, 2 filird y despnés sz tritrd
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con tolueno. Bl 2élido se fild y después 52 iriturd con isohexanc para dejar el compuesta

deseado como un sélido amarillo (250 3). El material se uiilizé cin purificacidn adicional.

Ejemplo 23: 3-[4-[(3S)-3-Meiilmorfolin-4-il]-6-(metilsulfonilmetil)pirimidin-2-il]-5,7-

diazabiciclo [4.3.0]lnona-1,3,5,8-tetraeno
0, .0

(0]
O,
<O N
AT l\ﬂ
NTN

Una mezcla de 5-bromo-1H-pirraly [2,3-b]piridina (250 mg), acztata de potazio (374 mg) y
bis(pinacolato)diboro (337 mg) 2n 1,4 dioxano (12 mL) se dzsgazificd durante 5 minutas y
despuds e le agregd el aducio de diclora[1,1'-bis (difenilfosfing)-ferrocenc]paladio (1)
diclarometanc (63 mg). La reaccidn se calentd a 80 °C durante 4 horas, Se agregaron 2-cloro-
4-[(35)-3-morfolin-4-i1]-6-(Gmztilsulfonilmeiil)pirimidina (388 mg), ctanol (0.75 mL), salucidn
de carbonato d= sodio 2 M (3.2 mL) y &l aducto de diclora[1,1'-bis (difenilfesfing)-
ferrocenc]paladio (IT) dicloromaeiana(63 mg), v &l calentamiento se continud durante 16 horas,
La mzcela de reaccidn se dejs enfriar y se nentralizé con &cido clorhidrica 2 M. La mezcla dz
reaccién ce pacd a través de una colomna SCX-2, la columna se lavd con metanol y despuss el
material deszado ¢z eluyd con amonface 7 N en metancl. Las fracciones se concentraron al
vacio y se les realizé una cromatografia zn silice, eluyenda con 2.57 de metanol en DCM,
para dar el compuesta deseads (176 mg) como un 54lido blanco.

Espectre NMR: (DMSO-dg) 1.27 (3H, d), 3.23 (3H, 2), 3.51 (1H, ), 3.67 (1H, 1), 3.30 (1H,
d), 4.01 (1H, d), 4.25 (1H, <), 4.52 (3H, s), 5.75 (1H, 5), 6.59 (1H, 5), .83 (1H, 3), 7.52 (1H,
8), .85 (1M, 5), 9.22 - 9.23 (111, m), 11.83 (1H, 5)

Espectro de magas; M+H* 338.
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Eijemplo 24: 5-[4-[(35)-3-Metilmorfolin-4-il]-6-(metilsulfonilmetiDpirimidin-2-il]- 11 -

indol

A una colucidn de 5-[4-cloro-6-(metiloulfonilmetil) pirimidin-2-i1]-1 A-indol (97 mg, 0.30

mmol) y DIPEA (174.5 mg, 1.35 mmol) en THF (4 mL) c¢ le agregd, gota a gota, 3S-3-

a

metilmorfolina (106 mg, 1.05 mmal) y la reaccién se calentd a 70 °C Jurante toda la noche.
La mezcla de reaccién se evapord hasta sequzdad y ce aplicd directamente a un sistema de
HPLC przparativa bdzsica para purificacidn, nsando un gradisnte de agna/MeCM. Sz abiuva 2l
compuesto del dioly como un sélido color crema (38 mg).

10 Especira NME: "H NMR (300,132 MHz, DMS) §1.27 (3H, d), 3.24 (1H, ), 3.28 (3H, s),
3.52 (1H, wd), 3.67 (11, dy, 3.30 (1H, d), 4.01 (1H, 4d), 4.21 (1H, d), 4.51 (3H, 5), 6.55 (1H,
d), 6.77 (1H, 5), 7.39 (1H, m), 7.45 (1H, o), 8.16 (1H, 4d), £.61 (11, 5), 11.24 (1H, s)

Espectro LCMS: MH-+ 337.5 tiempo de retencién 1.29, método: bisico intermedio monitor

15 El compuzsio cignicnte sz prepard de manera andloga a partir de 5-[4-cloro-6-

(metilsulfonilmetil)pirimidin-2-il]-1H-inda] y la amina adzcuada.

4-i1]-6-

2-il]-1H-indol

raetilsulfonilmetil)pirimidin-

Ejemplo Estructura NOMBRE L.CMS | Tiempo de
MH+ | retencion
25 o. 5-[4-[(3R)-3-Metilmorfolin- | 387.6 1.27

Ejemplo 25: 'H MME. (300.132 MHz, DMSC) 5 1.26 (3H, ), 3.24 (3H, ¢), 3.43 - 3.55 (1H,
m), 3.67 (11, dd), 3.80 (1H, d), 3.93 - 4.08 2H, m), 4.21 (1H, d), 4.50 GH, 5), 6.55 (1H, d),
20 6.77 (1H, s), 7.39 (1H, d), 7.45 (1H, d), 2.16 (1H, dd), 3.61 (1H, s), 11.24 (1H, 5)
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La przparacién de 5-[4-cloro-6-(meiilsul fonilmaiil)pirimidin-2-il1]-1H-indcl e describe a
P

continuacion.

5-[4-Clerg-6-(metilsulfonilmetiDpirimidin-2-il]-1H-indol

cl
0.0 N
2l I
N . |\ A
Z~N
H

Se calentd a reflujo 2-(1H-indol-5-i1)-6-(metilsulfonilmetil)-3H-pirimidin-4-ona (626 mg,
2.06 mmal) en oxiclormro de fésforo (15 mL) durantz 1 hora, la mezcla se d&jd enfriar y el
oxicloruro de fésforo sz eliminé a presidn rzducida. La mezela se hizo azedtropa con toluzna,
ce le agregd agna y la mezcla se hizo basica (pH=10) con solucién de hidrdxidn dz codio 6 M.
La mezcla ce extrajo con acelato de efilo, se lavé con solucidn carada de clorure de codio, 52
secd (MaS0,) v se evapord a presidn reducida para cbiener €l material deseado comao una
goma amarilla que solidifics al quedar zn reposo (547 mg)

Especiro NME: 'H NME (300.132 MHz, DMSO) 3 3.23 (GH, 5), 4.30 (2H, 5), 6.61 - 6.62
(1H, m), 7.45 (1H, i), 7.53 (1H, d), 7.39 (1H, s), 8.16 (1H, dd), 8.66 (11, 5), 11.40 (1H, s)

Espectro LCMS: MH+ 322.43 tiempo de rzizncidén 1.36, método: 4cida intermedia monitor

2-(1H-indol-5-i1)-6-(metilsulfonilmetil)-3H-pirimidin-4-ona
0

o
/S\ O T N
O

Se calocaron en un tubo para microondas 2-metilculfanil-6-(metilzulfonilmetihpirimidin-4-ol

IZ o

(657 mz, 2.50 mmol), dcide S-indalilbordnico (902 mg, 6.16 mmial), tiofeno-2-carboxilaia de

3, 2.
cobre (I) (1.39 2, 7.28 mmal) y t2tralis irifenilfocfinag paladia (259 mg, 0.08 mmol) en 1,4-
dioxano (17 mL), el cual se desgasificd con nitrdgeno, se selld y ce irradid a 130 °C durante

5 minuios. La mezcla de reaccion se solubilizd con NMP (8 mL) y se aplicd a una calumna
pre zquilibrada SCY-2. El maizrial ce diluys wsando nn gradienie de 0-6% de hidrdxido
amonio en metanol. Bl residuo se writued con un pequeiio volumen dz acetato de elilo, s filird
y el z6lido 2 lavs con &ter dietilico para dar el material dzczado como un sélida de color

marrén palido (626 mg).
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Especiro NMR: "H NMR (300.132 MHz, TIMSO-dg) 3 3.20 (3H, ¢), 4.47 (2H, 2), 6.32 (1H, 3),

6.58 (1H, d), 7.47 (1H, 1), 7.51 (14, d), 7.91 (1H, d), 8.43 (1H, s), 11.43 (1H, 5), 12.42 (1H, s)

Ecpzetro LCMS: MH+ 304.5 tiempo de reiencién 2.03, méiodo: dcido temprano monitor

2-Metilsulfanil-6-(metilsulfonilmetiDpirimidin-4-ol

OH
N o
- A)jy‘s/
S N 'b

Se suspendié 6-(clorametil)-2-metilsulfanil-pirimidin-4-oi (19.07 g, 100 mmol) zn

acetonitrilo (400 ml). A esta sucpansidn en agitacidn se le agregd sal sédica dal dcido
metanosulfinico (12.26 g, 120 mmol) y DMF (100 L), Decpnés la reaccidn se calentd a 100
°C para dar una suspensién oscura y se controlé por LCMS. Una vez complzta, se eliminaron
loc solventes y el producto resultanis se agrzgd a methanol:DCM 1:1 (200 mL) y se acidificd
con 4cido acética (10 mL). Se recozid ¢l precipitade resuliante, ce lavé con agua (200 mL) y
metansl (100 mL) y se czcd durants toda 1a noche al vacio para obtener el compuesto dzl
titulo como un sSlido blanco (16.45 g).

Espectro NMR: "H NMR (300.132 MHz, DMSQ-d;) 3 2.50 (5, 2H), 3.12 (5, 3H), 4.39 (5, 2H),
6.25 (s, 1H), 13.09 (s, 1H)

Ecpaciry LCMS: MH+ 235.2, tierapa de retencidn 0.5 minutos, método: basica temprano, 5

min

6-(Clorometil)-2-metilsulfanil-piriniidin-4-ol

OH

[y
cl. A v
s

~"N
Se disolvieran sulfaio dz S-mztil-2-tiopszudourea (20 g, 71.35 mmol), 4-cloroacetoacetato de
etilo (10.76 ml, 79.04 numol) y carbonato de sodia (13.93 2, 107.75 mmol) en agua (100 mL)
v se azitd a TA durante toda la noche. La rzaccidn s2 control$ por TLC, y una vez complata,
se recogit el precipitads da 1a rzaccidn y el sobrznadant: se neutralizé con dcido clarhidrico 6
N para producir mas precipitado Jde la reaccidn que también s2 recogié. Decpnés el

srecipitada acumulado 52 lavd con agna v se obiuva un 25lido blancuzeo. Este 52 cecd al
(=
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vacio 2 60 °C durante 42 horas para producir el compuests deseado coma un sélida de eolar
amarillo palido/blanco (43.2 g).

Espzciro NMR: "H NME (300.132 MHz, CDCLy) 8 2,39 (s, 3H), 4.35 (5, 2H), 6.41 (s, 1H),
12.70 (s, 1H)

Espectro dz masas: M+ 190

Ejemplo 26: 5-[4-(Butan-2-ilsulfonilmetil)-6-[(3S)-3-metilmoyfolin-4-ilJpirimidin-2-il}-
1H-indol

Se dizolvid sec-butiltiol (25 mgz, 0.28 mmol) en DMF (1 mL) y 52 1= agregd hidrura de zodio
(suspensidn en aceite mineral al 60%) (12 mg, 0.3 mmol). La reaccidn s agitd durante 10
minutos y después se 1z agregd 5-[4-[(3.5)-3-mztilmorfalin-4-il]-6-
(metilsulfoniloximeiil)pirimidin-2-i1]-1H-indal (101 mg, 0.25 mmol). La rzaccién ce agité a
TA durante oiras 16 horaz, para oblener una solucidn del sulfuro intermedio. Se agregd agna
(1 mL) a la rzaccién sezuido de dcido m-cloroperbenzoico (0.5 mmol) y 1a reaccidn sz agité a
TA durante 1 hora.

La mz2zcla de reaccidn sz diluyd hazia un volumen d= 5 mL con acetonitrils y se purificd
mediantz: HPLC preparaiiva bisica para obtensr 2l proaducto deseado coms un £6lido colar
armnarillo pélido (17 mg).

Especiro LCMS: MH+ 429,52, tizmpa de retencidin 1,77, métado: basico monitor

Los compuastos siguienies ce prepararon de manera andloga
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Ejemplo Estructura NOMBRE LCMS | Tiempo
MH+ de
retencion
(min)
27* -0 5-[4-(Butan-2-
A
o f” ilsulfonilmetil)-6-[(3R)-3-
|
& ~.4f*©;\> metilmorfolin-4-illpirimidin- | 4135 | 1.36
" 2-i1]-1H-indol
28 [:j\ 5-[4-[(3R)-3-Metilmorfolin-
&N 4-i1]-6-(propan-2-
0“‘°"o|/ " - . . .
e W ‘CQ ilsulfonilimetil)pirimidin-2- 4155 1.70
; il]-1H-indol
29 [Oj\ 5-[4-(Etilsulfonilmetil)-6-
L [(3R)-3-metilmorfolin-4-
o L X o , 4015 | 1.69
- N m}) il]pirimidin-2-i1]-1H-indol
H

* Este material se aizld de la misma preparacién que dia 5-[4-(butan-2-ilsulfonilmetil)-6-

[(38)-3-imetilmorfolin-4-il]pirimidin-2-il]-1 H-indol.

La preparacidn de 5-{4-[(38)-3-metilmaorfolin-4-il]-6-(metilonlfonilozimetil)pirimidin-2-il]-

5 1H-indol se describe a continuacidn.

5-[4-[(3S)-3-Metilmor folin-4-i1]-6-(metilsulfonilozimetiDpirimidin-2-il]-1 H-indol

O,

BN T
Z N
H

Se suspendi [2-(1H-indol-5-i1)-6-[(35)-3-metilmarfolin-4-il]pirimidin-4-ilJmztanol (340 mg,

10 1.05 mmol) en DCM (8 mL) y se trawd con sulfonilclorurs dez metano (0.125 mL, 1.57 mmol)
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v trictilamina (0.219 mL, 1.57 mrmol). Después de 15 minutos la suspensién 52 evapord para

dar el products deseado como un sdlido gomoso (180 mg).

Especiro LEMS: MH+ 403.61, tiempo d2 retencidn 2.26, método: basico monitor

[2-(1 H-Indol-5-i1)-6-[(35)-3-mztilmorfolin-4-ilpirimidin-4-il}imetanol
®
N7
gy
HO ~ ~
8 N SN

A 4cido 2-(1H-indol-5-11)-6-[(3S)-3-matilmorfolin-4-il]pirimidina-4-carboxilico (1 g, 2.96

mmol) suspendido en THF szco (40 mL) se 12 agregé complzjo de borano-THE, (1 M en
TI-IF, 18 mL, 18 mmol). La mezcla de reaccion se calentd lentamente a 50 °C durante 20
minutos, después se particiond entre acelato de efilo y solucidén acuosa de carbonato dcido de
sodic, Las fases orgdnicas se szcaron (MgSOy), se filiraron y ce concentraron para dar un
aceitz ozeuro. Al acslie e le realizd una cromatografia en silice, eluyendo con 20-100% de
acetato de eiilo en isohexano, para dar el material deseads como un sélido blanco pslide (350
mg).

Espectro NMR: "H NME (200.132 MHz, DMSO-dg) 3 1.23 (3H, d), 3.21 (1H, ul), 3.51 (1H,
td), 3.66 (1H, dd), 3.79 (1H, d), 4.00 (1H, dd), 4.20 (1H, d), 4.42 2H, ), 4.51 - 4.57 (1H, m),
5.39 (1H, 1), 6.54 (1H, dd)y, 6.66 (1H, s), 7.37 (1H, 1), 7.42 (1H, d), 5.16 (1H, dd), 2.60 (1H,
s), 11.18 (1H, s)

Espectro LCMS: MH+ 325.49, iizmpo de retzncidn 1.72, m#tads: basico monitor

Acido 2-(1H-Indol-5-11)-6-[(35)-3-metilmorfolin-4-iljpirimidina-4-carboxilico

0,

Se disolvizron 2-clora-6-[(3.5)-3-meiilmorfolin-4-ilJpirimidina-4-carboxilaio de metilo
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(1 g, 3.68 mmol), dcido indol-5-bordnico (711 mg, 4.42 mmol) y
diclorabis(irifenilfosfina)paladio (130 mg, 0.18 mmol) =n 18% de DMF zn DME:agua:EtOH
7:3:2 (15 mL) y se agregd carbonaty de sodio acuoso (2 M, 5 ml). La reaccidn s zellé y c2
calentd a 125 °C durantz 30 minutos en un rzactor de microondac. Despnés 1a reaccidn se
evapord y la mezcla se disolvid en DMSO:aczionitrile:agua 7:2:1 y se acidificéd a pH=2 con
dcido clorhidrica. El precipitado resulianis ce 1zc0gid por filtracién y s czcd para obtener el
compuesto del titnlo como un sélido amarillo pélido (1.1 g).

Ezpeciro MMR: "H NME (300.132 MHz, DMSO-d;) 5 1.23 (3H, d), 3.14 - 4.85 (7H, m), .57

(1H, s), 7.13 (1H, 58), 7.30 - 7.86 (3H, m), 8.23 (1H, d), 3.70 (1H, ), 11.30 (1H, s)

Espectro LCMS: MH+ 339.40, tiempo d= retencidn 1.31, método: basico monitor

2-Clonro-6-[(35)-3-metilmor{olin-4-il]pirimidina-4-carboxilatg de metilo

),

s LA
N~ "Cl

0

Se enfrid 2,6-dicloropirimidina-4-carboxilaio de metilo (4.4 g, 21.25 mmol) en DCM (20 mL)
en hizlo y 52 tratd zota a gota con 38-3-mziilmorfolina (2.37 g, 23.4 mmal) y DIPEA (8.15
mL, 46.2 mmol). Después de 3 horas ¢z agregd polimers @n un soporte ds resina de
depuracisn de izocianato (1g) y 12 mazela se agitd durante 30 minutas y después se filtrd, La

solucidn se evapord y e purificd mediante cromatografia por descrcidn sibita en zilics,

eluyendo con 5 — 20% de metanol en DCM, para dar ¢l material deceads coma un sélido
blanco (5.0 g).

Espectrc NME: "H NMR (300.132 MHz, DMSO-dg) 3 1.23 (3H, d), 3.16 - 3.36 (2H, m), 3.45
(1H, ), 3.59 (1H, ddy, 3.71 (1H, ), 3.57 (3H, 5), 3.95 (1H, dd), 4.33 - 4.56 (1H, m), 7.28
(1H, s)

Espectio LCMS: MH+ 272.38, liempo de reizncidn 1.52, méiodo: bicico monitor

-3-Metilmorfolin-4-il meltilsulfonilmetil)-!

il)pirimidin-2-amina
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H

Sz disolvieron 2-cloro-4-[(33)-3-metilmorfolin-4-i1]-6-(metileul fonilmetiDpirimidina (1.00 g),

1H-pirazol-3-amina (300 mg) y carbonats de potasio (492 mg) en butironitrils (20 mL). La
mezcla se calentd a reflujo (117 C) duraniz 24 haoras. La reaccidn e diluyd con acetaio de
etilo (20 mL) y se lavé con agua (20 mL). El agua sz extrajo con acztato de etila (20 mL) y
los extractos orgdnicos combinados se szcaron en sulfato de magnesio y se evaporaron. El
producia cruda se purificd por cromatografie en silice, eluyendo con 0-5% de metanal en

DCM. El isémero menor se recogis y dio el material deszads eoms una goma amarilla (45

meg).

Ecpectro NME: 'H NMR (400.13 MHz, CDCl) & 1.32 - 1.37 (3H, m), 1.63 (1H, 2), 3.02 GH,

s), 3.07 (1H, m), 3.34 - 3.41 (1H, m), 3.55 - 3.62 (1H, m), 3.71 - 3.75 (1H, in), 3.81 (1H, d),
4.02 - 4.06 (1H, m), 4.25 (2H, s), 4.31 (1H, m), 3.30 (1H, 5), 5.531 (1H, d), 5.75 (2H, 5), 448
(1H, s), 7.48 (1H, d)

Espectro LCMS: MH+ 353, tiempo de retencién 1.01 min, méiods Acido monitor

Ejemplo 31: 4-[(35)-3-Metilmorfolin-4-il]-6-(metilsulfonilmetil)-2-[4-(1H-pirazol-4-

iDfenil]pirimidina

Se hizo burbujear niirdgzno a través de una mezcla de 2-clora-4-[(35)-3-metilmorfolin-4-il] -
6-(metilsulfonilmeti)pirimidina (210 mg, 0.59 mmol), 4-[4-(4,4,5,5-tztrametil-1,3,2-
dioxaboralan-2-il)fenil]pirazol-1-carbaxilato de fere-tutila (270 mg, 0.73 mimol) y focfato
wibdsico d= potasio (511 mgz, 2.4 mmal) en dioxano durante 10 minutos. Se agregd bis(tri-
eri-butilfosfina)paladio0) (12 mg), la r=accidn oo desgasificd varias veces y después 52
calentd a 30 °C durantz 16 horas. Degpuds dz enfrier la mezcla ce extrajo con acetats de etila,

se lavd con agua, se secd (MgS0y), se filivd y 52 avapord. Al material cmdo ce 1z realizd una

PQ
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cromatografia en silicz, eluyendo con 60-75% de acetato de tilo en hexano, para dar 2l
material deseada (71 mg) como un sélida blanco.

Espactro NME: 'H NMR (400.13 MHz, DMSO-dg) 5 1.26 (3H, d), 3.22 (2H, 3), 3.25-3.30
(2H, m), 3.35 (1H.dd), 3.63 (1H, d), 3.7 - 3.31 (1H, d), 4.03 (1H, dd), .15 (1H, ), 4.50 (3H,
3), 6.24 (1H, s), 7.71 - 7.73 (2H, ), 5.00 (1H, 5), .27 (1H, 5), 8.30 - £.33 (2H, d)

Ecpeciro LCMS:; MH+414, tiempa de reiencidn 1.81 min, método bisico monitor.

La preparacién de 2-cloro-4-[(35)-3-metilmorfolin-4-il]-6-(metilsulfonilmeztil)pirimidina ce

describid antes.

La preparacién de 4-[4-(4,4,5,5-tetrametil-1,3,2-diozaborolan-2-i)fenil] pirazol -1 -carboxilato

de tert-butilo se describe a continuacidn.

4-[4-(4.4.5.5-Tetrametil-1.3.2-dioxaborolan-2-iDfenil]pirazol-1 -carboxilaty dez ier&-butilo
>?L ?
o-B
0
/,N _j( _A
=y O

na mezcla de 4-(4-bromaofenil)pirazal-1-carboxilaty de fer-butilo (1.1 g, 3.4 mmal),

biz(pinacolato)diborana (1.04 3, 4.1 mmiol), acetaty de potasio (1 g, 10.2 mmal) y aducta de
dicloro[1,1'-bis (difenilfosfing)-ferrocenc]paladio (IT) diclorometano (167 mg) en disxand (15
mL), se calentd a 90 °C duranie 5 horas. La mezcla se diluyd con agua y o2 2xtrajo con acetato
de efilo. Las fases orgdnicas se secaron (M2SQw), se filtraron y se evaporaron y al residus ze
le realizé una cromatografia en silice, eluyenda con 30% de acetato de etilo én hexano, para
dar el material Jdeseado (535 mg).

Espectro NMR: 'H NME. (400,13 MHz, DMSO-dg) & 1.31 (12H, 2), 1.61 (9H, c), 7.6¢ (2H,
d), 7.75 (2H, d), 8.30 (1, s), 8.75 (1H, 3).

Ezpzctro LCMS; no ce observd ién MH+, ticmpo de retencidn 2.52 min, métoda bisico

monitor

4
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4-(4-Bromofenil)pirazol-1-carboxilato de feri-butilo

~N'N—<o 7/\

Una mezcla de 4-(d-bromolznil)-1H-pirazol (€00 mg, 3.6 mmol), (2-metilpropan-2-

iDexicarbonil carbonato de ier-butila (1.18 3, 5.32 mmaol) y DMAP (100 mg), en THF (20

mL) s& calentd a 30 °C duranie 3 horas. La mezcla se evapord, oz disalvid en DCM y s2 le

(&1

rzalizé una cromatoarafia en silice, eluyendo con 409 de acetato de elilo en hexand, para dar
el material deseada (960 mg).

Espectro NMRB: "H NMR. (400,13 MHz, DMSO-dg) o 1.61 (9H, 5), 7.58 (2H, d), 7.70 (2H, s),
8.30 (1H, s), 8.30 (1H, s).

10 BEspectro LCMS: no se obzervé ién MH+, tiempa de retencidn 2.81 min, método bécica

monitor.

3-(1H-pirazol-4-

iDfenil]pirimidina

®
N7
N
X
N \
O"S"O l b 4N
e '\/"\N" Nyyr”

Una mezcla ds 4-[3- (4,4,5,5-teirametil-1,2,2-diox aborolan-2-ifeniljpirazol - 1-carboxilata de
tert-butile (270 mg, 0.73 minol), 2-cloro-4-[(38)-3-metilmorfalin-4-i1]-6-
(metilsulfonilmetil)pirimidina (210 mg, 0.69 mmol), fozfats wibdsice de potasio (511 mg, 2.4
mmol), bis(tri-ier-butilfosfina)paladio0) (18 mg) en toluens (2 mL), etanal (4 mL) y agna (2
20 L) = agitd a 20 °C duranie 16 horas. Después dz enfriar la mezcla se exivajo con acziato dz
etila, se lavi con agna, l1as fases orgdnicas se cacaron (M2SOy), ce filtraran y se evaporaron,
Al residue se le realizd una cramaiografia 2n silice, eluyenda con 70-100 % de acetato de
etilo en hexano, para Jar ¢l material dzseado (116 mg).
Ecpectro NME 'H NMR (400.13 MHz, DMSO-dg) & 1.26 - 1.28 (3H, d), 3.24 (2H, 5), 3.52
25 (2H, d), 3.55 (1H, dd), 3.66 - 3.69 (1H, dd), 3.50 (1H, d), 3.99 - 4.03 (1H, dd), 4.20 (1H, s),
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4.54 (3H, 5), 6.88 (1H, 5), 7.48 (1H, dd), 7.72 - 7.75 (1H, 1), 7.95 (1H, 5), 2.16 (1H, d), 3.22

(2H, s), 8.50 (1H, 5), 12.99 (1H, s)

Espectro LCMS MH+414, veripo 42 refencidn 1.86 min, método bdsico moniter.

La preparacidn de 4-[3-(4,4,5,5-wehrametil-1 ,3,2-dioxaborolan-2-ilfenil]pirazol-1-carboxilato

de feri-butile se describe a continuacion.

4-[3-(4,4,3,5-Tairametil-1,3,2-diczaborolan-2-iDfenil |piracol-1 -carboxilate de feri-butilo

° O
eV

Una mezcla de 4-(G-bromofenil)pirazol-1-carboxilato de ers-butilo (1.1 2, 3.4 mmol),

bis(pinacolaw)dibarans (1,038 2, 4 mimal), acetato de potasio (1 2, 10.2 mmol) y aducto ds
dicloro[1,1'-bis (difenilfosfing)-ferroszna]paladio (IT) dicloromatans (167 mg) en dioxano (15
mL), se calentd a 90 °C durancz 5 horas. La mezcla s dilnyd con agua y 52 &xirajo con acetato
de etilo. Laz faszs orgdnicas se secaron (M2S0y), se filiraron y se evaporaron y al rzsidno se
1z realiz una cromatografia en silice, eluyzndo con 30% de acztato de etilo en hexano, para
dar el material deseado (1,1 g).

Espectro NMR. 'H NME (400.13 MHz, DMSO-dg) 5 1.33 (12H, ), 1.62 (9H, 5), 7.40 (1H,
dd), 7.60 (1H, d), 7.58 (1H, d), 7.92 (1H, d), 2.29 (1H, s), 3.70 (111, s).

Espactro LCMS: no ce obzervd idn MH+, tiempo de retencién 2.29 min, método bdsico

monitor.

4-(3-Bromofenilpirazol-1-carboxilaio da feri-butilo

(o]
}—-O
N.
Bri_~ ! //N
' =

Una mezcla de 4-(3-bromeofenil)-1H-pirazol (800 mg, 3.6 mmaol), (2-metilpropan-2-
iDozicarbonil carbonato de fer-buiilo (1.18 3, 5.38 mmal) y DMAF (100 mg), 2n THF (20

mL) se calenid a 90 °C duranie 3 horas. La mezcla se evapard, s disolvid en DCM y se 12
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realizé una cromatografia en silice, eluyendo con 40% dz acetato dz etilo en hexano, para Jar
el material deseado (1.1 g). '

Ecpzctro NMR: 'H NME (400.13 MHz, DMSO-dg) &1.62 (9H, 5) 7.35 (1Hdd), 7.50 (1H, dd),
7.78 (1H, dd), $.05 (1, d), 8.35 (1H, 5), 8.34 (1H, s).

Espzciro LCMS; no se observs idn MH+, tiempo de ratencidn 2.67 min, métoedo bicica

monitor.

Ejemplo 33: 5-[4-[(35)-3-Metilmorfolin-4-il metilsulfonilmetil

irimidin-2-il]-1H-

NI
Z =N

H
Se agregaron irietilamina (0.064 mL, 0.52 nimiol) y HATLT (95 mg, 0.25 mmal) a una
cuspensidn en agitacién de dcida 5-[4-[(3S)-3-metilmorfolin-4-i1j-6-
(meti]sulfonilmetil)pirh‘nidin-Z-il]-1H—i11-:101-3-63.rbc-:-:i'lico (M mg, 0.2 mrmol), 2n DCM (8
mL) a TA. Después de 10 minutos se agragd una solucidn acuoca de amonfaco (1 mL) y la
reaccidn se agitd duranie 45 minutos. La mezcla ce lavé con una salucién acuosa saturada de
carbonaty dcido da sodic, las faszs organicas se secaron (MzSQy), sa filtraron y s2
evaporaron. Al residno se le realizé una cromatograffa 2n silice, eluy:ndo con 0-109 de
metanol 2n acetato de #tilo, y el sélido abienido e triturd con una mezcla de éer diztilico y
hexano para dar el material deseado (11 mg).
Espectro NMR: "H NMR (500.13 MHz, DMSO-dg) & 1.27 (3H, d), 3.27 - 2.28 (4H, m), 3.6
(1H, 1), 3.69 (1H, d), 3.73 (1H, 1), 4.0 (1H, d), 4.20 (1H, 5), 4.49 (1H, £), 4.51 (3H, 5), 6.75
(2H, 5), 7.48 (1H, 5), 8.09 (1H, 3), .18 (1H, d), 9.20 (1H, 5), 11.62 (1H, 5).

Egpectro LCMS MH+430, ticmps dz retzncidn 1.45 min, método basicn monitor.

La preparacidn dzl dcido 5-[4-{(35)-3-meiilmorfolin-4-i1]-6-(metilaulfonilme til)pirimidin-2-

il]-1H-indol-3-carboxilico se describe a continnacidn.
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Acido 5-[4-[(35)-3-metilmorfolin-4-il]-6-(matilsul fonilmatiDpirimidin-2-i11-1 H-indol -3-

carboxilico

Una mezcla de 5-[4-[(3S)-3-metilmaorfolin-4-il]-6-(metilsul fonilmetil)pivimidin-2-il]-1 H-
indal-3-carboxilato de meiilo (177 mz, 0.4 mmol) en solucién de hidrdxido de sodio 2M (3
mL), metanol (7 mL) y THF (5 mL) sz calent a 90 °C durantz 4 horas y después sz dzjdé en
agitacién a TA durantz 16 horas. Las fasec orgénicas se eliminaron al vacio y la mazcla se
lavé con acziato de eiilo. Se acidificd 1a capa acuosza (pH = 4-6) y &l producto se exirajo con
acetaio de etilo. Las fases orgdnicas se lavaraon con agua, se secaran (M3S0.) y ce evaporaron
para dar &l material deseada (90 mg) que se usé sin purificacidn adicional.

Ecpecire LCMS MH+ 431, tiempo dz vetencidn 0. 73 min, método bisico manitar,

maiilzulfomilmetiDpivimidin-2-il]-1 H-indal-3-carboxilato

de metilo

Una mazcla d= 5-(4,4,5,5-tzirametil-1,3, 2-dioxaborolan-2-i)- 1 H-indal-3-carboxilato de
metilo (250 mg, 0.32 munal), 2-clora-4-[(3S)-3-metilmorfolin-4-il] -6-
(metilsulfonilmetil)pirimidina (220 mg, 0.75 mmol), fosfalo ribdsico de potazio (560 mg),
bis(tri-fe ri-butilfosfina)paladio0) (24 mg) =n toluens (2 mL), etancl (4 mL) y agua (2 mL) se
agité a 20 °C durante 16 horas. Después de enfriar la mezcla se extrajo con acetaio dz atilo, se
lavé con agua, lac faz=s orgédnicas s2 secaron (MzS0O.), sz filtraron y se evaporaran. Al
recidun ce le realizd una cromatografia en silice, eluyends con 65% dz= acetato de etilo en

hexano, para dar el material dzseads (190 mg).
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Espectro NMR: '"H NMR (400.13 MHz, DMSO-ds) & 1.28 (3H, d), 3.25 (4H, d), 3.53 (11, d),

3.66 (1H, ), 3.54 (4H, 5), 4.03 (1H, d), 4.20 (1H, d), 4.55 (3H, =), 6.22 (1H, 3), 7.55 (1H, d),

3.13 (1H, d), 8.25 (1H, d), 2.09 (1H, d), 12.05 (1H, s)

Ezpectro LCMS MH-+ 445, tiempi dz reiencidn 1.93 min, método basico ToNitor.

5-(4.4.5.5-Teirametil-1,3,2-dicxaborolan-2-i)-1H-indol-3-carboxilato de metilo

N
O'B

Una mezcla de 5-bromoindol-1,3-dicarboxilato de metilo y ieri-butila (600 mg, 1.7 mmal),

IZ o

bis(pinacolato)diborano (516 mg, 2.3 mmol), acelato de potazio (492 mgz, 5.1 mmal) y aductd
da dicloro[1,1'-bis (difenilfosfino)-feirnce=na]paladio IT) diclorometano (83 mg) =n dioxano
(10 mL) se d2sgasifics varias veces y se calznid a 90 °C durante 14 horas. La reaccidn ce
dilnyé con agna y se exirajo con acelato de etilo, las fases orgdnicas sz szcaron (MgS0O.), ze
filtraron y se evaporaron, Al residuo s le realizé una cromatozraffa en silice, eluyendo con
50% de acetato de etilo en hexano para dar el material deseado.

Ecpectro NME: "H NME. (400.13 MHz, DMSO-dg) & 1.32 (12H, 5), 3.22 3H, 3), 7.46 (1H,
d), 7.50 (1H, d), 3.10 (1H, 5), 3.43 (1H, 5), 12.00 (1H, s)

Espectro LEMS MH+ 302, tiempo de retencién 2.23 min, método basico monitor,
3-Bromeindel-1,3-dicarboxilato de metilo y reri-butilo
0\
Br
N\ %

N
-0

0O

Una mezcla de dcida S-bromo-1-{(2-metilpropan-2-il)oxicarbonil]indal-3-carbaxilico (1 g, 2.9
mmol), carbenata de potasio (609 mg, 4.4 mmol) y yodamatans (626 mg, 4.4, mmol) 2n
DMF (15 mL) se calenté 70 °C durani= 1.5 horas, La mazcla se Jdejd enfriar, ¢ dilnyd con

agua y e sxirajo con aceiats de eiilo. Las fases orgnicas sz lavaron con agua, s& secaron

Cu

(MgS0y), se filiraron y e evaporaron. Al rezidun se le realizéd una cromatografia en silice,
eluyzndo con 15-20% de acetato d2 etilo 2n hexana, para dar el material d2ceado como un

s6lido blanco (600 mg).
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spectro NMR: "H NMR (400.13 MHz, DMSOQ-dg) 51.65 (9H, 5), 3.39 (3H, ), 7.58 (1H, dd),

3.07 (1H, &), 8.19 (1H, d), 8.26 (1H, 5)
Espectro LCMS; no e obzervd i6n MH-+, tizmpo d2 retenaidn 3.32 min, métoda basico

monitor

Ejemplo 34: 4-[(35)-3-Metilmorfolin-4-il]-6-(metilsulfonilmetil 2-(1H -pirazol-4-il)-

1,3-tiazol-5-il]pirimidina

o)

().,
00 [
R

N
Una mezcla de 2-(2-broma-1,3-tiazol-5-i1)-4-[(3S)-3-metilmorfolin-4-i1]-6-
(metilsulfonilmeatil)pirimidina (150 mg, 0.346 mmal), 4-(4,4,5,5-tetrametil-1,3,2-
dioxaborolan-2-il)- 1 H-pirazal (100 mgz, 0.515 mimol), solucidn acnosa de carbonabs dcido de
sadio 2 M (1 mL), diclorobis(trifenilfosfina)paladio(Il) (20 m2) en DMF (2 mL), DME (4
mL), agua (1.5 mL) y etanol (2 mL) ze deszasificd varias veces y después se calentd a 95 °C
en atmaclzra de nitrdzens. La reaccion se dejé anfriar, se diluyd con agua y se zxtrajo con
acetato dz ztilo, Las fazes orgdnicas se lavaron con agna, 3¢ secaron (MgS0Qy), se filtraron y se
evaporaron. Al residuo se le realizd una cromatografia #n silice, eluysndo con acetato dz etila,
y el 5élido obtenido sz (riturd con una mezcla dz acetato de etilo y hexano para dar el material
deseado (50 mg).
Especiro MME: "H NMR (400.13 MHz, DMSO-dg) 5 1.25 (3H, ), 3.20 (11, 1), 3.28 (3H, s),
3.50 (LH, ddy, 3.62 (1H, dd), 3.75 (1H, d), 4.00 (1H, dd), 4.15 (1H, 5), 4.40 (1H, 2), 4.50 (2H,
8), 6.81 (1H, s), £.05 (1H, s), 3.42 (1H, 5), .46 (1H, 5), 13.35 (1H, s5).
Especiro LCMS MH+ 421, ijempo dz retencidn 1.59 min, método bisico monitor.

La preparacién dz 2-(2-bromo- 1,3-tiazol-5-i1)-4-[(38)-3-metilmarfalin-4-il]-6-

(metilsulfonilmetil)pirimidina se dzscribe a continuacién.
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2-(2-Bromo-1,3-iiazol-3-iD)-4-[(38)-3-madlmorfolin-4-i1]-6-(metilsulfonilmetiDpirimidina

Se agregd niirito de s2rf-buiilo (0.921 mL) a una mezcla de bromurs de cobre (1) (292 mg, 2
mmol) eén acetoniwilo (8 mL). Después d= agitar duranie 45 minutos se le agregd 5-[4-[(35)-3
metilmorfolin-4-il]-é-(metilzulfonilmetil)pirimidin-2-i1)-1,3-tiazol-2-amina (600 mg, 1,38
mincl). La reaccién ze agitéd durante 45 minuios y después ze calenid a 60 °C durantz 2 horas.
La mezela de rzaccidn se dejs enfriar, se particiond entre acetato de #tilo y agua, las fases
orgdnicas se cecaron (MzS0,), 3z filtraron y 52 evaporaron. Al residng se 1 realizd una
cromatografia en silice, eluyendo con 50-60% de acetato de etilo @n hexano, y el sélido
obienido s triturd con una mezcla de &er diciilicn y hexand para dar ¢l matzrial deseado
coma un sélido de color amarillo palida (255 mg).

Espectre NME: "H NME (400.13 MHz, DMSO-dg) & 1.24 (3H, d), 3.17 (3H, 5), 3.23 (1H, ),
3.46 -3.51 (1H, dd), 3.65 ({H, &), 3.77 (1H, d), 3.96 - 3.99 (1H, d), 4.12 (1H, 5), 4.40 (1H, ),
4.49 (2H, 5), 6.5¢ (1H, 5), 8.30 (1H).

Espectro LCMS MH-+ 433, tiempo de retencidn 2.11 min, méioda bisico monitor.

5- 35)-3-Meiilmoifalin-4-i11-6-(mziilonlfonilm 2D pirimidin-2-i1]-1,3-tiazol-2-amina

O

"“\/ﬁ\ k( S—NH,

Una solucién de N-[5-[4-[(3S)-3-meiilmarfolin-4-i1]-6-(metilsul fonilmeil)pirimidin-2-il]-1,3-
tiazol-2-i1)-N-[(2-metilpropan-2-il)oxicarboniljcarbamato de fers-butilo (1.7 3, 2.9 mimoel) y
TFA (8 mL) enn DCM (15 mL) sz agitd a TA durante 16 horas, El solvente se elimind a
presisn reducida y el reciduo se hizo bésics solucién acuosa de amonface. El producto se
exirajo con acztato de 2tilo, las faszs orgdnicas se cecaron en sulfato dz sodio, se filtraron y ce

evaporaron para dar el matzrial dzszado comeo un sélide blanco (1 g).
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o NME: 'H NMR (400.13 MHz, DMSO-dg) 5 1.16 - 1.22 (3H, m), 3.13 - 3.18 (1H,

m), 3.19 (3H, <), 3.43 - 3.50 (1H, m), 3.6 - 3.63 (1H, 1), 3.75 (1H, d), 3.94 - 3.97 (1H, dd),
4,04 (1H, d), 4.37 (1H, 5), 4.40 (2H, s), 3.73 (1M, s), 5.64 (1H, s), 7.40 (2H, ), 7.73 (1H, ¢)

Espec

Especiro LCMS MH+ 370, tiempo de retencién 1.38 min, método bésico monitor.

N-[5-[4-[(38)-3-metilmorfolin-4-il]-6-(metilsulfonilme i pirimidin-2-i1]-1,3-tiazol-2-i11-N-

[(2-miciilpropan-2-iDoxicarboni]lJcarbamato de rert-butilo

Una mezcla dz N-[(2-metilpropan-2-ih)oxicarbonil]-N-(S-tributilestannil-1,3-tiazal-2-
il)carbamato de ieri-butila (3 g, 5.1 mmol), 2-cloro-4-[(38)-3-metilmorfalin-4-il]-6-
(metilsulfonilmeiil)pirimidina (1 g, 3.2 mmol) tetrakis (irifenilfosfing) paladio (50 mg), en
tolueno (10 mL) s calentd a 105 °C duranie 2 horas en atmdafera da nitrdgeno. A la mezcla
ce lz realizd una cromatografia en cilice para dar ¢l material deseado (1.7 2).

Espectro NME: '"H NME (400.13 MHz, DMSQ-dg) 5 1.20 (3H, d), 1.53 (9H, 5), 3.1% (3H, s),
3.55 (1H, 1), 3.62 (1H, dy, 3.75 (11, d), 3.98 (1H, d), 4.10 (1H, 5), 3.90 (1H, 5), 3.93 (2H, 3),
6.50 (1H, s), .13 (1H, s)

Espectro LCMS MH-+ 570, iienipo de retencidn 2.29 min, métada bizico monitor.

N-[(2-Meiilpropan-2-ilozicarbonil |-N-(5-iribuiil=ciannil-1,3-iiazol-2-i1) carbamaty de teri-

S

NN - 1D}
"t

(o]
5

Se agrezsd n-butillitio (1.6 M en hexanos, 30 mL, 0.48 mol) a diisopropilamina (6.7 mL, 0.48

butilo

mol) en THF (420 mL) a 0 °C. La mezcla se agiié a 0 °C dwrante 30 min y después e enlrid a
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278 °C. Se agregd N-[(2-metilpropan-2-il)ozicarbonil]-N-(1,3-tiazal-2-iDcarbamato de ferf-
butilo (12 g, 0.05 mol) y la selucién se agitd durantz 30 minutoz. Se agregd clorura de
tributilestafio (16.3 mL) y la solucidn se agits durante 30 minutos antes de permitir que
alcanzara Ia TA. La reaccidn ze dzimvo con una selucidn acuoca saturada da cloruro 42
amonio (20 mL) y &l producto se extrajo con acziaio de etilo. Laz faces argdnicas se cecaron
en sulfato de sodio, se concenlraren al vacio y s2 les rzalizé una cromatografia en silice,
eluyendo con 5-15% de acziato de atilo en hexano, para dar &l material dzseado comd un
aceite transparente (9 g).

Espectro NME: "H NMR (400,13 MHz, DMSO-dg) & 1.49 (12H, <), 7.50 (1H, d), 7.55 (1H, d)

SO

N-[(2-Meiilpropan-2-iDoxicarbonil]-N-(1,3-tiazol-2-iDcarbamata de fert-butilo
0 k
s N\>’°
Er\?— O)_—.o

Una solucién de 2-aminatiazol (5 g, 0.05 mol), (2-metilprapan-2-il)axicarbonil carbonato de

teri-buiily (27.5 g, 0.13 mal) y DMAP (100 mg) en THF (100 mL) se agiid a reflujo duranie

inda 1a nochs. La mezcla se dejé enfriar y se concentrd al vacio. Al residuo oz 1z realizé una
cromatografia en silice, eluyzndo con 3% de acetato Je etila en hexanc, para dar 21 matzrial
deseado como un sSlido blanco (12 g).

Ecpectro NMR: 'H NME (400.13 MHz, DMSOQ-dg) & 1.49 (18H, =), 7.50 (1H, d), 7.55 (1H, )

Ezpzctro LCMS MH- 299, {icrpo de retencidn 2.6 min, método bisica monitor

Ejemplo 35: 6-[4-[(35)-3-Metilmorfolin-4-il]-6-(metilsulfonilmetiDpirimidin-2-il]-1H-

indol
o)

),

09 ﬁ”

- |N/J\1%
/

IZ\/



tn

25

WO 2009/007751 PC‘T/GB‘ZOOS/OSOS-’&J
-116-

Una miezcla de 2-cloro-4-[(28)-3-mziilmarfalin-4-il]-8-(metilsulfonilmetilpirimidina (350
mg, 1.15 mmol), dcido 1H-indol-Gilbordnica (277 mg, 1.72 mmal), salucidn acuasa de
carbonato dcida dz sadio 2 M (1.5 ml), diclorobis(trifenilfosfina)paladia(II) (45 mg) 2n DMF
(2 mL), DME (4 mL), agua (2 mL) y =tanol (2 mL), s& dzsgasificd varias veces y dzspudc e
calenté a 93°C en aimdsfera dz nitrdzeno. La reaccidn se dejs enfriar, se diluyd con agua y s2
exirajo con acziaio de etilo. Las fases orgénicas ce lavaron con agua, se secaron (MgSQ.), se
filtraron v se evaporaran. Al rezidne se le realizd una cromatografia en sflice, eluyendo con
acetato de eiila, v el 2dlida obtenido = friturd con una mezcla de acztato de etilo y hexano
para dar el material deseado coma nn sélido de color beige (390 mg).

Ecpecuio NMR: '"H NME. (400.13 MHz, DMSO-dg) 5 1.35 (3H, ), 3.18-3.28 (4H, m), 3.51
(1H, dd), 3.63 (1H, dd), 3.79 (1H, d), 4.00 (1H, dd)y, 4.20 (1H, ), 4.52 3H, 5), 6.48 (1H, 3),
6.79 (1H, s), 7.45 (1H, 8), 7.58 (1H, d), £.07 (1H, d), 5.45 (1H, 5), 11.30 (1H, s).

Especiro LCMS MH+ 337, iismpa de refencidn 2.12 min, métads bisico monitor.

Ejemplo 36: 6-[4-[(3S)-3-Metilmorfolin-4-il]-6-(metilsulfonilmetiDpirimidin-2-il]-1/7-

indol-3-carboxamida,

AT TN Y T
I/ o]
N/ NH,

H
Una suspensién de 6-[4-[(35)-3-metilmorfolin-4-il]-6-(metilsulfonilmetil) pirimidin-2-i1]-1H-
indol-3-carbenitrilo (43 mz, 0.10 mimol), 2n wna solncidn de perdxzide de hidrdgeno al 30% (2
mL), amonfaco acuosn (1.5 ml) y etanal (2 mL) se agitd a TA durante 7 haras. La reaccidn se
diluyé con agna y se extrajo con acelato de etilo. Las faszs orgdnicas se cecaron (MgSQ.), 52
filtraron, se evaporaron y el residud se iriturd con una mezcla de éter diztilico y hexanao para
dar el material deseado como un sdlide amarillo (27 mg).
Especiro NMR: 'H NMR (500.13 MHz, DMSO-dg) 5 1.35 (3H, d), 3.19 (31, 5), 3.30 (1H,
dd), 3.40 (1H, v), 3.55 (1H, dd), 3.70 (1H, d), 3.75 (1H, d), 3.99 (1H, 4), 4.13 (1H, d), 4.45
(2H, 5), 4.33 (1H, 5), 6.63 (1H, 5), 6.72 (1H, 5), .05 (1H, 5), 3.12 (2H, 2), 3.43 (1H, 3), 9.20
(1H, s), 11.40 (1H, s).
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Espectro LEMS MH+430, tempo de reiencién 1.46 min, método bizico monitor.

La preparacion Jdz 5-[4-[(38)-3-metilmorfolin-4-i1]-6-(metilsul fonilmetDpirmidin-2-i1]-1H-

indol-3-carbonitrilo se describe a continuacién.

6-[4-[(35)-3-Metilmorfolin-4-il]-6-(nziilsul fonilmetipirimidin-2-il1-1 H-indol-3-carbonitrila

),

Una suspensién de 6-[4-[(35)-3-metilmorfolin-4-i1]-6-(metilsul fonilmetil)pirimidin-2-i1]-1H-
indol (200 mg, 0.532 mmol), en aceioniirila seea (15 mL), 52 calentd hasta que todo ¢l material
ce dizolvid, La reaccién se anfvid hasta 0 °C y 22 agregd icocianato de clorosulfonils (0.045
mL), seguido de DMF seca (3 mL). Dezpués de 3.5 horas la mezcla ce extrajo con acelato da
etilo y las fases orgdmnicas se lavaron con agua, ce secaran (MgSQy), se filtraron y 52
evaporaron, Al residue se le realizd una cromatografia en cilice, eluyends con 70% de acetats
de =iilo en hexano, para dar 21 matzial dzseada como un sdlido calor crema (45 mg).
Espectro LEMS: "H NME (500.13 MHz, DMSO-dg) 5 1.20 (3H, 1), 3.15 (3H, z), 3.30 (1H,
dd), 3.58 (11, 4d), 3.70 (1H, d), 3.830 (1H, d), 4.0 (1H, dd), 4.18 (1H, d), 447 (2H, 5), 4.53
(1H, s), 6.79 (1H, 5), 7.63 (1H, d), 3.20 (11, 5), 8.25 (1H, d), 3.55 (1H, s), 12.0 (1H, s).

Especiro LCMS MH+ 412, tiempo de retencidn 2.01 min, método bicico monitor,

La preparacién de 6-[4-[(35)-3-metilmorfolin-4-i1]-6-(metilsul fonilmetil)picimidin-2-i1]-1H-

indol se describié antes.

Ejemplo 37: 5-[4-[(3S)-3-Metilmoifolin-4-i1]-6-(metilsulfonilmetiDpirimidin-2-il]-1H-

indol-2-carboxamida,
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Se agregaron wietilamina (0,1 mL, 0,73 mmol) y HATU (222 mg, 0,53 mimol) a una
suspensién en agitacidn de 4cido 5-[4-[(38)-3-metilmorfolin-4-il]-6-
(metilsulfonilimetil)pirimidin-2-il}-1H-indol-2-carboxilico (210 mg, 0,48 mmol), en DCM (10

mL) a TA. Dzspuéz de 10 minuios 52 agregd una solucidn acuosa de amonfaca (2 mL) y la

wa

reaccidn se agivd durantz 45 minuios. La mezela se lavid con una salucién acuasa saturada dz
carbonato dcido dz sadin, las fases orgdnicas se secaron (MgSQu), ce filtraron y se
evaporaron. Al raciduo se le realizd una cromatografia en silice, eluyendo con 0-5% de
metanol en acetaio dz etilo, y el z6lido abienida se triturd con una mezcla de éter dietilico y
10 hexano para dar ¢l material deseado (35 mg).
Ecpectro MME: 'H NMR (400.13 MHz, DMSO-dg) 5 1.27 (3H, d), 3.24 - 3.26 (3H, m), 3.53
(1H, dd)y, 3.63 (1H, dd), 3.20 (LH, d), 4.0 (1H, dd), 4.20 (1H, d), 4.5 (3H, s), .50 (1H, 5), 7.21
(1H, s), 7.35 (1H, 5), 7.48 (1H, d), 7.95 (1H, 5), 3.24 (1H, d), 8.65 (1H, 5), 11.70 (1H, s3).

Espectro LCMS MH+ 430, iicripo de retencidn 1.59 min, méioda basico monitar.

La preparacién del dcido 5-[4-[(35)-3-metilmorfolin-4-il]-6-(metilsulfonilmetil)pirimidin-2-

il}-1H-indol-2-carboxilico se describe a continuacién.

Acida 5-[4-](38)-3-metilmorTolin-4-il]-6-(meiilsulfonilmetilpirimidin-2-i11-1 H-indol -2-

20 carboxilico

Una mezcla de 5-[4-[(35)-3-meitlmorfolin-4-il]-6-(mstitsnlfonilmetil)pivimidin-2-il]-1H-
indol-2-carboxilato dz etilo (390 mg, 0.85 mumol) zn colncidn acuosa de hidréxide de sodio 2

M (3 mL) y mzianol (10 mL), se calenté a reflujo durante 4 horas. Las fazes orgdnicac se
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eliminaron al vacio y la mezcla se ajusid a pH = 5 con 4cido clorhidrico 2 M. La mezcla se
extrajo con DCM y laz fases arganicas 5= secaron (MgS0O,), 2 filiraron y se evaporaron. El
rzsidus ze triturd con una mezcla de Eer diziflico y hexana para dar ¢l material deseady como
un sélido color crema (210 mg).

Espectio NME: '"H NMR (400.13 MHz, DMSO-dg) & 1.22 (3H, d), 3.22 (3H, 2), 3.32 (1H, v,
3, 50 (1H, dd), 3.68 (1H, dd), 3.50 (1H, d), 4.0 (1H, 4), 4.21° (1H, d), 4.51 (3H, 5), 6.7 (1H,
s), 7.03 (1H, 3), 7.45 (1H, d), 2.24 (1H, d), 2.65 (1H, s), 11.

Especiro LCMS MH-+ 431, iiempa de retencidn 0.79 min, método basica monitor.

5-[4-[(35)-3-Metilmorfolin-4-il}-6-(metilzul fonilmetil)pirimidin-2-i1]- 1 H-indol -2-carboxilato

de etilo
®
N7
00 (N
/'s\/fN\/)\

/\\;/\ Q
Pl
N O\

Una solucién de 5-[4-[(3S)-3-metilmorfolin-4-i1]-6-(metilsnl fonilmetilpirimidin-2-il]indal-
1,2-dicarboxilato dz etilo y fert-botilo (GO0 g, 1.07 mmol) en TFA (6 mL) y DCM (20 mL)
se agité a TA duranie 2 horas. La mazcla se concznind al vacio y & residng se hizo bizica con
amoniaco acnoso. La mezcla g2 extrajo con acetato de etilo y las fases orgdnicas s secaron
(MzSQy), se filtraron y se evaporaron. El residno se tritard con éter dietilico y se filtrd para
dar el material deseads como un sélido de color amarillo palids (450 mg).

Especiro NMRE: 'H NMR (400.13 MHz, DMSO-d;) 5 1.23 (GH, d), 1.36 31H, 1), 3.23 (3H, 3),
3.55 (1H, dd), 3.63 (1H, a4d), 3.73 (1H, d), 3.89 (1H, 5), 4.0 (1H, 4d), 4.21 (1H, 3), 4.38 (2H,
q), 4.52 (GH, 5), 6.51 (1H, 5), 7.29 (1H, 3), 7.52 (1H, d), §.31 (1H, d), &.71 (1H, s).

Espectro LCMS MH-+ 459, tiempao de retzncidn 2.26 min, méioda bisico monitor.
5-[4-[(35)-3-Metilmorfolin-4-il]-&

metilsulfonilmetiDpirimidin-2-il]lindol-1,2-dicarbexilato

de etilo v tert-butilo
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Una mezcla de 3-(4,4,5,5-iztrametil-1,3,2-diczaborolan-2-il)indol-1,2-dicarbarilato de atilay
ieri-tmiilo (1.2 g, 2.9 mmol), 2-cloro-4-[(35)-3-metilmorfolin-4-i1]-6-
(meztilsulfanilmetil)pirimidina (450 mg, 1,45 mmol), fosfato tribdsico de potasio (1 g, 4.7
mmol) y bis(tri-iert-buiilfosfina)paladio (0) (50 mg) en taluens (§ mL), etanal (10 mL) y agna
(5 mL) se agité a 30 °C durante 16 horas. Dezpués de enfriar Ia mezcla 5z exiraja con acstato
de etila, se lavd con agua, las fases orgdnicas o2 secaron (MgS0y), se filtraron y se
evaporarcn. Al rzsidug sz le realizéd una cromatografia n silice, sluyendo con S 50-70 % d=

acetain de elilo en hexano, para dar el material deseads contaminado con 5-[4-[(35)-3-

‘meatilmorfolin-4-i1]-6-(matilsulfonilmetil) pirtmidin-2-i1]- 1 H-indol-2-carboxilato de etile (600

mg). La mezcla cruda se usd sin purificacidn adicional.

Ecpectro LCMS; MH + 559, tizmpa de retencidn 2.91 min, méiodo bisico monitor.

5-(4.4.,5.5-Teirametil-1,.3.2-dioxaborolan-2-iDindol-1,.2-dicarbozilai de etilo v iert-butilo

T\IH
>Y SN

Una mezcla de S-cloroindol-1,2-dicarboxilaio de etilo y rert-butilo (1.45 g, 4.5 mmal),
bic(pinacalato)diborano (1.4 2, 5.5 mmol) triciclehexilfosfina (93 mg, 0.33 mal),
bis(dibencilidenacetona)paladio (20 m32) v acetato da potasio (684 mg, 6.97 mmal) en
diozano (30 mL), se desgacificd varias veczs y Jespués se calentd a 90 °C durante 16 horas.
La mexcla se dejd enfriar, se diluyé con agua y s exirajo con acetato de ztilo. Laz fases

orgénicas s= lavaron con azna, se s=caron (MgS0y), se filtraron y 2 evaporaron. Al rasidng

dar el material deszado como un 341ido de color amarilla palido (1.2 g).
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ol

zctro LEMS: iy 52 observd idn MH+, tiempo de retzncidn 2.53 min, métoda bisico

monitor

Eiemplo 38: 6-[4-[(35)-3-Metilmorfolin-4-il]-6-(metilsulfonilmetil) pirimidin-2-il]-1H-

indol-2-carboxamida,

[Oj
N7
00 h“
/S\/\N»;l N NH,

Sz agrezaron trietilamina (0.095 mL, 0.68 mmol) y HATU (205 miag, 0.54 mmel) a una
suspension 2n agitacidn de dcido 6-[4-[(38)-3-metilmarfolin-4-il)-6-
(metilsulfonilmetil)piriraidin-2-i1]-1H-indol-2-carboxilico (195 mg, 0.43 mmol), en DCM (10
mL) a TA. Dzspués dz 10 minuios se agregs una solucidn acuoca de amonfaca (2 mL) y la
reaccién se agiid durante 45 minutos. La mezcla se lavéd con una solucién acuosa saturada de
carbonato 4cido de sadio, las fases arzdnicas s secaron (MgSO.), sz filtraron y se
evaporaron. Al residue se 1= realizé una cramatograffa en silice, eluyends con 0-10% de
metanol en acetato de etila, para dar @l material deseado como un sélido amarillo (10 mg).
Espectro NMR: 'H NME (500.13 MHz, DMSO-dg) & 1.28 (3H, d), 3.27 (4H, m), 3.55 (1H,
dd), 3.62 (1H, 5), 3.73 (1H, d), 4.0 (1H, d), 4.19 (1H, 5), 4.52 (3H, 5), 65.80 (1H, 5), 7.14 (1H,
5), 7.35 (1H, s), 7.64 (1H, d), 7.95 (1H, ), 3.03 (1H, d), £.43 (1H, &, ), 11.65 (1H, 3).
Ecpactro LCMS MH+430, tizmpa de r2tencidn 1.72 min, méiodo bizico monitor.

La preparacién del dcido 6-[4-[(38)-3-medilmerfolin-4-il]-6-(metilsulfonilmetil)pirimidin-2-

il]-1H-indol-2-carboxilico se describe a continuacién.

Acido 6-[4-[(38)-3-metilmorfolin-4-il]-6-(meiilsul fonilmetilpirimidin-2-il]- 1 H-indol -2-

carboxilico



WO 2009/007751 PCT/GE2008/050549

-122-

O,

~
N
%7 (\,I K
/U\-/\NV\I/\‘ N OH
o~

Una mercla dz 6-[4-[(3.S)-3-meiilmorfolin-4-i1]-6-(metilsulfonilmetil)pirimidin-2-11}-1H-
indal-2-carboxilato de etilo (420 mg, 1 mimol) en solucién acuasa de hidrdxido de sadio 2 M
(3 mL) y meianol (15 mL), sz calentd a reflujo Jurante 4 horas. Las fazes oradnicas ce

5 eliminaron al vacio y 1a mezela se ajustd a pH = 5 con 4cido clorhidrico 2 M. La mezcla 52

‘ exirajo con DICM y 1as fases orgdnicas 52 cecaron (MgS0y), se filtraron y se evaporaron. El

rzsiduc e triturd con una mezcla de éler distilicn y hexano para dar 21 material deseada como
un sdlido color crama (200 mg).
Especiro NMB: 'H MMR (400.13 MHz, DMSO-dg) 5 1.25 (3H, d), 3.26 (4H, s), 3.52 (1H,

10 dd), 3.69 (1H, d), 3.79 (11, d), 4.0 (1H, dd), 4.20 (1H, d), 4.52 (3H, ¢), 6.32 (1H, 5), 6.35 (1H,
8), 7.62 (1H, d), £.09 (1H, d), 2.52 (1H, 5), 11.40 (1H, 5).
Ecpectro LCMS MH-+ 431, tiempe de reiencidn 0.91 min, métad basico manitor.

6-[4-1(385)-3-Metilmonfolin-4-il]-6-(matilsulfonilmeiipirimidin-2-il]-1 H-indol - 2-carbozilata

15 de etilo

®
N~

Una zolucidn de 6-[4-[(35)-3-metilmorfolin-4-il]-6-(mztilsul fonilmetil)pirimidin-2-il]indol -

1,2-dicarborilato dz etila y fei-butilo (200 mz, 1.43 mmol) en TFA (4 mL) y DCM (10 mL)

ce agité a TA duraniz 2 horas. La mezcla se concentrd al vacio y el residuo 22 hizo bisica con
20 amonfaco acwoso. La mezcla gz extrajo con acetato de tilo y las fazes argdnicas o2 szcaron
(MgzS0y,), se filtraron v se evaporarcn. El reziduo ce writard con &izr dietilico y se filtrd para
dar el material deseads como un sétida blanco (480 mg).
Espectra NME: 'H NME (400.13 MHz, DMSO-45) 5 1.23 (3H, 4), 1.35 (3H, 1), 3.25 (3H, 3),
3.55 (1H, ddy, 3.70 (1H, dd), 3.79 (11, d), 4.02 (1H, dd), 4.20 (1H, d), 442 (1H, q), 4.55 (31,
25 8),6.85 (1H, s), 7.13 (1H, 5), 7.72 (1H, d), .13 (1H, d), &.55 (1H, 2), 12.00 (1H, s).

cC
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Ecpectro LCMS MH+ 439, ijempo de rewencidn 2.39 min, méicdo bisico monitor,

6-[4-[(35)-3-Metilmorfolin-4-i1]-6-(m=tilsnl fonilims: iDpirimidin-2-illindol-1.2-dicarboxilato

de etilo v tert-butilo

KD
/‘-'\/“"N' \E\I’E;_O(OJ
Z o

Una mezcla de 6-(4,4,5,5-tetrameiil-1,3,2-dicxaborolan-2-il)indol-1,2-dicarboxilata de etilo y

iert-butila (218 mg, 2.2 mmol), 2-clw-4-[(35)-3-metilmorfolin-4-il]-6-
(meztilznlfonilmetil)pirimidina (450 mg, 1.45 mmol), fosfato iribdzico de potasio (1.1 g, 5.1

mmol) y bis(iri-teri-butilfosiina)paladio() (50 mg) en toluend (5 mL), etanol (10 mL) y agua
(3 mL) se agitd a 30 °C duraniz 16 horas. Después de enfriar la mazcla se extrajo con acetato
de etilo, se lavd con agua, 1as fases orgdnicas se secaron (MgSOy), se filtraron y s2
evaporaron. Al rzsiduc ze 12 realizéd wna cromatografia n silice, elnyzndo con 50-70 % de
acetato de etils en hexano, para dar el material deszado come in sélids blanco (800 mg).
Espectro NMR: 'H NMR (400.13 MHz, DMSO-dg) 5 1.23 (3H, ), 1.32 3H, 1), 1.63 (9H, s),
3.258 (3H, s), 3.52 (1H, dd), 3.65 (1H, a4d), 3.20 (1H, d), 3.88 (1H, 5), 4.0 (1H, dd), 4.22 (1H,
d), 4.35 (1H, q), 4.32 (3H, 5), 6.33 (1H, 5), 7.32 (1H, ), 7.20 (1H, d), 2.34 (1H, d), £.93 (1H,
s).
Egpectro LCMS MH+ 559, tizmpo de retencidn 2.97 min, méndo basico monitor.

6-(4.4.5.5-Teirameiil-1,3,2-dioxaborolan-2-iDindol- 1,2-dicarboxilaio de 2tilo v fer-butilo
o)
o)
O"B' N f‘?‘ 0
|
o<

Una mezcla de 6-bramoindol-1,2-dicarbozilaia de etilo y reri-botila (2 2, 2.1 mmol),

bis(pinacolaio)diborany (2.48 gz, (.97 mmel), acetato de potasio (3.2 3, 0.032 mal) y aducta de
dicloro[1,1'-bis (difenilfosfing)-ferrocena]paladio 1) dicloremetans (200 mg2) en dioxano (25
mL), ce desgasificd varias veces y decpuds ce calentd a 90 °C durante 16 horac. La mezcla se

dejo enfriar, se diluyd con agua y se extrajo con acetats de atilo. Las faces orgdnicas se
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lavaron con agua, se secaron (MgS0.), e filtraron y se evaporaron. Al residue se 1z rzalizd
una cromaiozraffa en silice, eluyznds con 15% de acetato dz efilo en haxano, para dar 21
material deseado conio nna goma incolora (2.17 g).

Espectro NME: 'H NME: (400.13 MHz, DMS©O-ds) & 1.33 (15H, 5), 1.57 (9H, 5), 4.22 (2H,
q), 7.28 (1H, s), 7.58 (1H, d), 7.70 (1H, d), 5.29 (1H, s).

Espectro LCMS; no se obzervd idn MH+, fiempo de retencidin 2.78 min, métado bisica

monitor

Ejemplo 39; 5-[4-[(3S)-3-Metilmorfolin-4-il]-6-(2-metilsulfonilpropan-2-iDpirimidin-2-

il]-1H-benzoimidazol

(-

N ’

o0 03
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=

Se hiza burbujear nitrdgena a través de vna mezcla de 5-(4,4,5,5-tetvametil-1,3,2-
digzaborolan-2-iDbenzoimidazol-1-carboxilato de er-butilos (464 mz, 1.34 mmal),
2-cloro-4-[(35)-3-metilmorfolin-4-i1]-6-2-metilsulfonilpropan-2-il)pirimidina (250 mg, 0.75
mmol), carbonate dz sodio (397 mz, 3.75 mmol), tetrakds trifenilfosfina paladia (50 mg) en
DME (4 mL) y agua (0.5 mL) ducanie 15 minuios y dzspuéc ce calentd a 90 °C duranie 16
horas. La m2zela se concantrd al vacio y o disolvié en DCM. Sz agregd TFA (6 mL) y la
mezcla ce calzantd a 40 °C durantz 30 minuios antes d= ser concentrada al vacio y particionada

entre DCM y 4cido clorhidrico 2 M. La capa acuosa ce hizo bdsica con amonfaco y ce exirajo
con DCM. La capa orgdnica 5= secd (M3SOh), oz filind y o2 evapord para dar el material
deseado como un sélido de colar crema (280 mg).

Especiro NMR: 'H NMR (400.13 MHz, DMSO-dg) & 1.25 (3H, d), 1.72 (6H, 2), 3.05 3H, s),
3.25 (1H, m), 3.52 (1H, dd), 2.68 (1H, d), 2.78 (1H, d), 4.0 (1H, ), 4.25 (1H, d), 4.65 (1H, 3),
6.78 (1H, 5), 7.65 (1H, 3), 8.30 (2h, S), 2.62 (1H, 5), 12.55 (1H, s).

Espectro LCMS MH+- 416, tiempo de retencién 1.24 min, método bisico monitor.

La preparacién de 5-(4,4,5,5-iztrameiil-1,3,2-diozaborolan-2-il)benzoimidazol-1-carbeoxilato

de tert-butilo se describe a continuacidn,
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5-(4.4.5,5-Tetrametil-1,3,2-diozaborolan-2-iDbenzoimidacol-1-carboxilato de ferr-butilo

Una mezcla de 5-bromobenzoimidazol-1-carbeoxilato de reri-butilo (2.5 g, 8.5 mmol),
bis(pinacolato)diborana (2.56 2, 10.07 miol), acetat de potasio (3.3 g, 33.67 mmol) y
aducto de diclora[1,1-bis (difznilfacfing)-ferrocena)paladio IT) diclorometans (200 mg) en
diorano (25 mL), se deszasifics varias veces y despuds ce calentd a £0 °C durante 16 horas.
La mezcla se evapord y se disolvid en DCM, s¢ filird y al filtrado ce le realizd una
cromatografia en silice, eluyendo con 209 Je acetato da2 etila en hexano, para dar ¢l material
deseado como una goma Jde color amarillo palids (2.65 g).

Espzctro LEMS M(-BOC)H+ 243, tiempo dz ratzncién 1.90 min, méicdo bisico monitor.
53-Bromabenzoimidazol-1-carboxilaty de fer-butilo

Br N
>
oS

o

Una solucidn de S-bromao-1H-benzoimidazot (2 2, 10.1 mmel), (2-metilpropan-2-
iDozicarbonil carbonato de rer-butilo (3.3 g, 15.1 mmol) y DMAF (200 mg) en THF (30 mL)
se calentd a reflujo durante 16 horas. La reaccidn se dejd enfriar, se diluyd con acetalo de ctilo
y se lavé con agna. Las fases orzdnicas se secaron (M2S0,), s¢ filtraren y 52 evaporaron y al
residuo se le realizéd una cromatografia en cilice, eluyendo con 20% de acetato de 2tilo en
hexano, para dar el material dzseado como una mezcla de los isdmeros (2.5 g). Bl material se
utilizd sin purificacidn adicional.

Especiro LCMS; no z& abzervd idn MH+, tierpo de reiencidn 2.67 min, método bizico

monitor.

La preparacién de 2-cloro-4-[(3S)-3-metilmarfolin-4-il]-6-(2-metilsulfonilprapan-2-

il)pirimidina se describe a continuacidn.
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2-Cloro-4-[(35)-3-metilmorfolin-4-i1]-6-2-m=tilsul fonilpropan-2-iDpirimidina

®
N7

Se disalvié 2-cloro-4-[(35)-3-metilmorfolin-4-il]-6-(meiilsulfonilmetipirimidina (2.1 g, 6.87
miol) en DMF (20 mL) y la reaccién se enfrid hasta -5 °C. Se agrzgd rer-butdxida de sodio

(650 mg, 6.27 mmol) a la reaccidn, seguida ds yodometano (0.4 mL, 6.37 mraal),

w

mantenizndo 1a (zmperatura a -5 °C. Despoée ce agregaron un szzundo equivalente de feri-
butsxido de sadio (650 mgz, 6.87 mmol) y yodomeiano (0.4 mL, 6.87 mmal) y 1a reaccidn ce
agitd a -5 °C duranie 1 hora y despnés a temperaiura ambiente durante 4 horaz, Se agregd
[MCM (20 L) y la rzaccidn g2 lavé con dcido clorhidrico acuosa 2 M (20 mL). La fase

10 orgdnica se cecé en culfalo de magnacio, oz filird y se concentnd al vacio. Al sélido crude se 1
realizé una cromatografia en silice, eluyenda con 0-307% de acetato de etila en DCM, para dar
el material deseado (2.2 g).
Espectro NMR: 'H NMR (400.13 MHz, DIMSO-ds) 81.21 (4, 3H), 1.63 (3, 6H), 2.74 (3, 3H),
3.21 (m, 1H), 3.45 (m, 1H), 3.59 (m, 1H), 3.73 (d, 1H), 3.94 (m, 1H), 4.07 (d, 1H), 4.45 (s,

15 1H), 6.86 (s, 1H)
Espactro LCMS: MH+ 334, tempa d= retencidn 1.85 min, métoda bigica 5 min

-l

Ejemplo 40: 3-[4-[(3S)-3-Metilmorfolin-4-il]-6-(2-metilsulfonilpropan-2 irimidin-2-

il]-5.7-diazabiciclo [4.3.0Inona-1,3,5,8-tetraeno
®
N7

00 | =N
\N/
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Una mezcla de 2-cloro-4-[(35)-3-meiilmorfolin-4-11]-6-(2-metilsul fonilpropan-2-il) pirimidina

20

(150 mgz, 0.45 rmol), dcido 3,7-diazabiciclo{4.3.0nona-1,3,5,2-tztraen-3-ilbardnico (130 mg,
0.81 mmol), carbonato de sodio (238 mg, 2.2 mmol) y ictrakic trifenilfacfing paladio (50 mg)

en DME (4 mL) y agua (0.6 mL) ze calents duranie 4 horas a 90 °C. La reaccidn ze dzjé

25 enfriar, se diluyd con agua y se 2xtrajo con acetaio de etilo. Las fases crgdnicas 52 lavaran con
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agua, se cecaron (MgS0y), 32 filtraron y se evaporaron. El residun ce purificd por HPLC
preparativa basica para dar =1 material deseado (148 mg).

Espectro NMR: "H NMR (400.13 MHz, DMSO-dg) 5 1.23 (3H.d), 1.80 (6H, 3), 3.02 (3H, 2),
3.25 (1H, m), 3.52 (1H, m), 3.62 (1H, dd), 3.80 (1H, ), 4.0 (1H, d), 4.30 (1H, d), 4.55 (1H,
5), 6.58 (1H, d), 6.30 (1H, 5), 7.35-7.70 (2H, m), $.37 (1H, 3), 9.25 (1H, s), 11.85 (1H, s).

Especiro LCMS MH+ 416, tiempo de retencidn 1.94 min, méioda basico monitor.

Las compuesios siguienfes ce prepararon dz manéra aniloga.

Ejemplo Estructura NOMBRE LCMS | Tiempo
MH+ de
retencion
(min)
41 on 5-[4-[(39)-3-metilmorfolin-4-il]-| 415 2.24
N7, gt s -
0o fi 6-(2-metilsulfonilprapan-2-
“SATH @Q’ i)pirimidin-2-i1}-1H-indol
H
42 [Oj 4-[4-[(3)-3-metilmorfolin-4-11]-] 415 2.14
N\ ’ 6-(2-metilsulfonilpropan-2-
o B O T
AW u i)pirimidin-2-il]- 1 H-indol
43 on 6-[4-[(35)-3-meétilmorfolin-4-il]-| 415 2.32
N\ N 6-(2-metilsulfonilprapan-2-
0L | ,JN\ H
AL [Dpirimidin-2-iT)-1H-indol

10 Ejemplo 41: "H NMR (400.13MHz DMSQ-d6) 5 1.25 (3H, d), 1.75 (5H, 3), 3.05 (3H, 2),

3.22 (1H, dd), 3.52 (1H, dd), 3.63 (14, dd), 3.7& (1H, d), 4.0 (1H, d4d), 4.23 (1H, d), 4.65 (1H,
8), 6.55 (1H, 5), 6.72 (Lh, S), 7.32 (1H, d), 7.42 (1H, ), .20 (1H, d), .62 (1H, 5), 11.20 (1H,
s).

Ejemplo 42: 'H NME. (400.13MHz DMSO-de) & 1.28 (3H, d), 1.80 (6H, ©), 3.0 3H, 5), 3.25
(1H, dd), 3.52 (1H, dd), 3.68 (1H, 4), 3.20 (11, d), 4.01 (1H, d), 4.25 (1H, d), 4.65 (1H, s),
6.20 (1H, 3), 7.12 (1H, 44), 7.82 (1H, d), 7.40 (1H, 4), 7.52 (1H, d), £.12 (1H, 5), 11.20 (1H,
s).
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Ejemplo 43: "H NME (400.13MHz DMSO-dé) 5 1.25 GH,d), 1.79 (5H,2), 3.08 (3H,s5), 2.20-

3.30 (@H,m), 3.52 (1H,dd), 3.69 (1H,dd), 3.79 (1H,d), 4.02 (1H,d), 4.25 (1H,d), 4.64 (111,3),

6.43 (1H,3), 6.79 (1H,s), 7.45 (1H,3), 7.61 (1H,d), 8.10 (1H,d), 83.47(1H,s), 11.25(1H,s).

La preparacidn de 2-clora-4-[(35)-2-metilmorfolin-4-il]-6-(2-metilsulfonil propan-2-
prep

il)pirimidina se describid antes.

oo [N =
s “/L/,l l NH
| ST i

Z u

A una solucidn dz 4-(bencenosulfonilmetil)-2-clors-6-[(38)-3-metilmorfolin-4-il]pirimidina

(200 mg, 0.54 mmol) en etanol se le agregsd tolvens (1 mL), agua (1 mL), 4cido 1H-indol-4-
ilborénico (219 mg, 1.36 nunol), ortofosfars wipotdzico (404 mg, 1.90 mmol) y paladio
bis(tri-i-buiilfosfina) (16.74 mg, 0.03 munal). La reaccién ce desgasificd, después se porgd
con nitrégeno y se calentd a 30 °C durante 2 horas.

La mzzcla de reaccidn 52 enfrié hasta TA, ze diluys con acetats de etilo (10 mL) y 2 lavé con
agua (5 mL). La capa crgdnica se secd sabre MaSO,, ce filtrd y se evapars. El producto crudo
se puri'ficé mediante cromatografia por desorcidn sibita n silice, con un gradiente de slucidn
de 0 a 10% (ameomiaca 3.3 M en etanol) en DCM, para dar ¢l maierial deszado comao un sélido
beige (130 mg).

Espectro NME: "H NME. (400,132 MHz, DIMSO-dg) 5 1.22 (3H, d), 3.22 (1H, m), 3.50 (1H,
1), 3.56 (1H, m), 3.79 (1H, d), 4.00 (1H, m), 4.06 (1H, m), 4.39 (1H, ), 4.75 (2H, 3), 6.60
(1H, =), 7.08 (1H, t), 7.14 (1H, z), 7.36 (1H, v), 7.49 (1H, &), 7.61 2H, 1), 7.71 2H, 1), 7.85
(2H, d), 11.15 (1H, s)

Espectio LCMS: MH+ 449, tizmpa de retzncidn 1.96 min

Loz compuestos siguientes sz prepararon de manera anfloga a partiv del dcido bordnico o ¢l

éster bordnico adecuado.
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Ejemplo [Estructura NOMBRE LCMS| Tiempo de
MH+ | retencion(
min)
45 L-°~J 5-[4-(Bencenosulfonilmetil)-| 449 2.23
Ji " 6-[(35)-3-metilmorfolin-4-
0.q.0 1 ;‘l‘
| ‘/ TN L’;L? il]pirimidin-2-il]-1 H-indol
46 EOJ 3-[4-(Bencenosulfonilmatil)-| 450 1.97
- 6-[(35)-3-metilmorfolin-4-
[}
1 :"’SV ‘N‘l‘[j:}) il]pirimidin-2-il}-5,7-
N
8 diazabiciclo[4.3.0]nona-
1,3,5,8-tetracno
47 [0] 6-[4-Bencenosulfonilmetil)- | 449 2.20
e 6-[(35)-3-metilmorfolin-4-
A I
I:‘S" I I: N/ il]pirimidin-2-il]-1H-indol
48 EO:I 5-[4-(Bencenosulfonilmetil)- | 450 1.71
(1 6-[(38)-3-metilmorfolin-4-
°L )
)y v L;E:\> il]pirimidin-2-il]-1H-
. benzoimidazol

Ejemplo 45: 'H NMR (400.132 MHz, DMSO-dg) 5 1.21 (GH, d), 3.22 (1H, m), 3.49 (1H, m),
3.64 (1H, m), 3.75 (1H, ), 3.99 (11, m), 4.13 (1H, d), 4.40 (1H, ), 4.72 (2H, 3), 6.49 (1H, s),
6.50 (1H, 8), 7.32 (1H, d), 7.33 (1H, 0), 7.64 (2H, ), 7.79 (2H, m), 7.25 (2H, d), 2.15 (1H, 3),
11.17 (1H, s) '

Ejemplo 46: 'H NMR (400.132 MHz, DMSO-dg) 5 1.74 GH, d), 3.26 (1H, m), 3.50 (1H, m),
3.65 (1H, m), 3.78 (1H, @), 3.99 (1H, m), 4.15 (1H, d), 4.42 (1H, s5), 4.74 (2H, 5), 6.52 (1H,
m), 6.69 (1H, s), 7.50 (1H, 1), 7.64 (2H, v), 7.77 (1H, w), 7.85 (2H, m), 3.36 (1H, d), §.52 (1H,
d), 11.76 (1H, s)

Ejemplo 47: "H NMR (400.122 MHz, DMSO-dg) 5 1.22 (3H, d), 3.15 (1H, m), 3.50 (1H, m),
3.65 (1H, m), 3.73 (1H, d), 3.92 (1H, m), 4.11 (1H, d), 4.38 (1H, ), 4.72 (2H, 5), .45 (1H,
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m), 6.59 (11, ), 7.44 (1H, v), 7.42 (2H, d), 7.64 (1H, 1), 7.71 (1H, m), 7.76 (1H, m), 7.84 (2H,
m), 8.14 (1H, s), 11.19 (1H, s)

Ejemplo 48: 'H NMR (400.132 MHz, DMSO-d;) 5 122 3H, d), 3.20 (1H, m), 3.50 (1H, ©),
3.65 (1H, d), 3.75 (1H, d), 3.99 (1H, d), 4. 12 (1H, d), 4.40 (1H, ), 4.73 (21, ), 6.64 (1H, 5),
7.63 3H, m), 7.75 (1H, m), 7.87 (3H, m), 8.25 (2H, m), 12.51 (1H, s)

La preparacién de 4-(bencencsulfonilmeiil)-2-cloro-6-[(38)-3-metilmarfolin-4-ilJpirinidina

se describe a continuacién.

35)-3-metilmorfolin-4-illpirimidina

O,

4-(Rencenssulfonilmetil)-2-clorg-6-

Se disalvid 4-(bencenosulfonilmetil)-2,6-dicloropirimidina (2.8 g, 9.24 mmol) en DCM (20
ml) y 52 agiid (en atmésfzra dz nitrdgeno) a -5 °C. Se agregd wistilamina (1.42 mL, 10.17
mmol) para dar una solucidn de color marrdn transparente. Sz disolvid (38)-3-metilmeifolina
(935 mig, 9.24 mmol) en DCM y se agregd gota a gota manteniendo la rzaccidn por debajo de
-5 °C, Decpués se raiird el bafo de enfriamiznto y 1a mezcla de reaccidn sz agitd a
emperatura ambiente durantz 1 hora, Después la mzzcla dz reaccidn se lavd con agua (50
mL), se secd en sulfato d= magnesio, sz filnd y ce concentrd al vacio. Al matzrial crudo ce le

realizé una cromatozrafia en silice, eluyznda con 0-30% de acziato de etilo en DCM, para dar

o el material deszado como un s51ido blanco (2.6 mg).
o

Espectro NME: "H NMR (400.13 MHz, DMSO-dg) & 1.15 (d, 3H), 3.15 (m, 1H), 3.42 (m,
1H), 3.56 (in, 1H), 3.72 (d, 1H), 3.92 (m, 2H), 4.15 (s, 1H), 4.02 (5, 2H), 6.66 (5, 1H), 7.74 (4,
1H), 7.76 (t, 1H), 7.78 (d, 1H), 7.80 (m, 2H)

Especiro LCMS: MH+ 368, tiempc de retencidn 1.95 min, métoda basico S min
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4-(Bencenosulfonilmetil)-2.6-dicloropirimidina

Cl

0, 'S/Kg N
(a3
S NJ\ ol

Z

Sz agrzzd 6-(bencenosulfonilmetil)-1 H-pirimidina-2,4-dicna (13.3 2, 49 mmol) a oxiclorard
de f5sforo (100 mL) y 1a mezcla ce calentd a reflujo durantz 16 horas, Después la reaccidn sz
enfrié a temperatura ambiente y el exceso de axiclomro de fésforo ce elimind al vacio. El
residuc 5& hizo azedtropo con tolueno (2 100 mL) v s¢ disolvid en DCM. Esta mezcla g2
vertid leniamentz sobre hiclo (1 L) y s2 agitd durante 20 minutas, después se extrajo con
DCM (3 = 500 mL) Los exiracios g2 combinaren, se secaron en sulfato magnesio y despnés se
cenceniraron al vacio para dar €l material deseads como un 8élide marmdn (12 ). El matenial
se utilizd sin purificacidn adicional.

Eepectro NME: "H NMR (400.13 MHz, DMSQ-dg) 34.97 (2, 2H), 7.63 (¢, 2H), 7.72 (5, 1H),
7.79 (m, 3H)

Espactra LCMS: M-H 301, tizmpo de reizncidn 2.08 min, Métods 5 min basico

6-(Bencenosulfonilmetil)-1 H-pirimidina-2,4-diona
0

0.0 /(‘L NH

SR ™

TN o
| H

Se dizalvid 6-(clarometil)-1 H-pirimidina-2,4-diona (2 g, 50 mmal) @n DMF (200 mL) y ce

2

agrezo sal sadica del acido bencenosulfinico (9,3 g, 60 mmal). La reaccidn ce calentd a 125
O O

2

°C durante 2 horas, después o2 dejd enfriar y la cuspznzidn ce filind y se concentrd al vacio
para dar wn s6lido amarillo, El material crudo 32 lavé con agua (100 mL), sz filad y después
se friturd con ac stonitrilo para dar 21 material dzszado como un 5dlido color crama (13.2 2). El
material se utilizé sin purificacidn adicional.

Fopecuro NMR: 'H NMR (400.13 MHz, DMSO-ds) 84.46 (5, 2H), 7.69 (i, 2H), 7.21 (m, 1H),
7.87 (m, 3H), 10.85 (s, 1H), 11.11 (5, 1H)
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REIVINDICACIONES

1. Un compuesta de férmnla (I)

L

IY \Yz

R \X/ “\N//I\

férmula (I)

R2

o una d= sus sales farmacsuticamente aceptables, donde

PCT/GB2003/050549

X &5 un grupo di unidn szleccionado entre -CR ‘=CRS., -CRA=CRICROR-
-CRSR'CR%=CR’-, -C=C-, -C=CCROF-, -CROR"C=C-, -NRCRR-, -OCROR-,
-SCROR-, -S(O)CROR’-, -S(0),"ROR7-, -COO)NEACROR -, -NPAC(OHCRR-,
SC(OHNR, -NRAC(0)-,

MRAC(ONRCROR-, -MRAS(0),CROP-, -S(0), NRCRCR-,
NECEINE?-, -S(0),NE - v -NE*S(O),-;

Y ¢ Y? son independienternenie N o CE* sierpre qua2 uno de 'Y & Y? e5 N el atra s CR,

R!z3mn grupo seleccionada entre C)galquils, Cogalquenila, Cygalquinila, carbociclile,

carbociclilCygalgnilo, haterociclila y hetzrociclilCsalquila, donde dicho gmpo estd

opcionalmente sustituido con uno o mds gmpos sustituyenies se

leccionadas entre halo, ciano,

nitro, R, - nR,-\r-P, -SOR®, -S0,R?, -COR?, -CO,R?, -CONRR', -MRR'Y,
-NRCOR', -NR'CR'?, -NROCONR'R", -NRICOCONR''R" y -NRSOLR';

R? ez un grupo seleccionada enire Cyalquilo, carbociclilo y heterociclila dondz dicha gropa

estd opcionalmente susiitwids con uno ¢ mis Fropos susiituyentss selac

ind2pendientemsente 2nirs halo, ciano, nitro, -R” -C)Rl -SE ],

CO,R!, .CONRM'RP, NR!'P?, y -NR'COCONR RS,

-SoR"

cionados

, -S0, l"” - ()P”

3 . Al op!? o l? T
R ce selzcciona entre hala, ciano, nitro, R -Ul?:1 -SR! -SURl -:suf.R13 -L‘UR”,
3 2 k]

CORE, -CONRPRY, -MRURY, -NRPPCORY, -NEPCOR y -NEPSORY,

4 . . e .
R*y R® son independientements hidrégeno o C)alquilo;

1, pd; . ‘ : . Q1
o Ry R® junto con el dtomo o dtomos a los cuales 2stdn unidos forman un anillo carbociclico

o heterociclico dz 4 a 10 mizmbios donde 1, 2 & 3 dtomos de carbona del anillo estan

cpcionalmente reemplazados por N, O o Sy donde 21 anillo es

(4 opcionalmente suctituido con
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uno o MAz Jrupos sustimyenizs seleccionados entrs halo, ciand, nitra, hidroxi, oxo, Cy.
galquilo, Cyalcoxi, haloCgalguilo, halaC, salcoxi, hidroxiCi salquila, hidroxiC) galcaxi, Ci.
caleoxiCy salquilo, C)salcoxiC) salcoxi, amino, Cealquilaming, bis( C)salquihaminog,
aminaC)_galquile, (Crsalquil)aminaC.galguilo, bis(C).salquil)aminaC) salquila, cianaCy.
salquilo, € salquilsulfonila, Cygalquilsulfonilaming, Cy_salquilsulfonil(Cygalquil)aming,
sulfamoile, Cgalquilzulfameile, bis(C).salquil)sulfamaila, C Lealcangilaming, Cy.
calcancil(C)_salquil)amine, carbamaile, Cjgalquilcarbamoils y bis(C pealgmil)carbamaila;

RS y R se seleccionan independientzmentz entrz hidrézeno, hala, ciano, nitra y C.salguilo;
R? ce selecciona entre hidrgzna, halo, ciano y Cgalquilo;

R’ y R zon cada uno inde zpendientemenie hidrézeno o un grupn seleccionado entre Cy.
galquilo, carbociclilo, carboeiclilCy salquils, heteraciclila y heterociclilC 1.salquilo donds
dicha grupa estd opeionalmznte sustituids con uno o mis grupas custituyentes selzccionadas
entre halo, ciano, nitro, hidroxi, C)salquils, Cealcoxi, haloCgalquils, haloC)galcoxi,
hidroxiC salquils, hidroxiC)salcoxi, C).galcoxiC)galquily, CjgaleoxiCgaleaxi, amine, Cy.
calquilaming, bis(Cy.salquil)aming, aminoCy.galquilo, (Cygalquil)aminoC) salquilo, bis(Cy.
salquil)aminoCy salquils, cianoCy galquilo, Cygalguilsulfonila, C)galquilsulfonilamino, C.
galqnilsulfonil(C_salquil)amine, svlfamaeilo, Csalquilsulfamoilo, bis(Cgalguil)zulfamoila,
C.salcancilamine, Cygalcansil(C)salgquilamins, carbamoilo, Cgalquilcarbamaila y bis(C.
galquil)carbamoilo;

R" y R zon cada uno independientzmenie hidrégeno o nn grupe szleccionads entre C.
calquilo, carbociclilo, carbociclilCy galquils, hetzrociclilo y heteraciclilC) galquilo donde
dicho gzrupo ectd opcionalmentz sustitwido con uno o mis gmpos sustimyentes seleccionados
enbe halo, ciano, aitro, hidroxi, Cpgalgquilo, Cpsaleoxi, halaCgalquils, haloC)galenxd,
hidroziC) galquile, hidioxiC)galcoxi, C)galeoxiCysalquile, C)ealeoxiCygaleaxi, aming, Cy.
calquilamine, bis(C,_salguil)amino, aminaCy galquilo, (C)salquil)aminoC).salquilo, bis(C;.
galguil)aminaC)_salguilo, cianoCy salquilo, ) salquilsulfonils, C)salcanailamino, Cy.
alcanoil(Cy_salquil)amine, carbamoilo, Cgalgquilzarbamoilo y bis(C.salquil)carbamailo;
R13, R“, R y R son cada uno independientemsnte hidrdgens o un gmpa seleccionado
enire Cy.galquile, carbociclilo, carbociclilCy.galquilo, heteraciclilo y heterociclilC) salquilo
donde dicho grupo estd opcionalmente sustitnido con uno o mic grupos sustituy zntes
celeccionados 2ntre halo, ciano, nitro, hidroxi, Cealquilo, C, salcoxi, haloC)galquila, haloCy.

calcoxi, hidroxiC) salquila, hidroxiC) salcnzi, CpealcoxiC)galquils, CgalcoxiCysalenxi,
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amino, C)_salquilamine, bis(Ty.galquil)aming, amineC).galquilo, (C)salquibarminoC calquile,
bis(C)salquil)arinoC) salquilo, clansC)galquila, C)galquilsulfonila, C;. calguilsulfonilamino,
Cy_salquilsulfonil(C) salquil)aming, sulfamoilia, Cygalquilsulfamaoile, bis(Cy.
calquil)sulfamoilo, Cygalcanoilaming, Cygalcanoil(Cy salquil)amine, carbamailo, C.

salquilcarbamoilo y bis(Cy.galquil)carbameailo.

2. Un compuaste dz famula (I), o una de suz cales farmacéuticamente aceptables, de

e ey 2
acnerds con la reivindicacion 1 donde 'Y es CHe Y2 es N,

3. Un compuzzto dz fénmula (I), o una de suz sales fanmacéuticamenie aceptables, de

acuerdo con la reivindicacién 19 2 donde X 25 -S(O)ZCR6R - o -C(0)NHR.

4. Un compuesto de farmula (I), 0 una d2 03 zales farmac Suticamente aczptablas, dz

[}
o]
1

acuzrdn con la reivindicacian 3 donde X &5 -S(0)2CHa-, -S(O)"H(CH:)-, -S(0)-C(CH:)-
C(O)NH-.

5. Un compuesto dz férmula (I), o una de cus sales farmacéuticamente aceptables, de
acuerdo con enalquiera de las reivindicaciones 1 a 4 donde B! es un grupe celzccionads entra
metile, etily, isopropilo, sec-buiilo, isobutilo, fenilo, 2-metaxifenilo, 3-metoxifenils, 3-fluoro-
4-meinzifeniloy, 4-metoxi-3-irflusroms=iilfznilo, 2-metaxipiridin-S-ilo, 2-meatoxipiridin-4-ila,
2-metoxipiridin-4-ilo, 2-acetamidopiridin-5-ilo, 2-acetamidopiridin-4-ila y 4-

[(anilinocarbonil)amino]fenilo.

6. Un compuesio de frmula (), o una de suc cales farmacéuticamente aceptables, de
acuerdo con la reivindicacion § donde -XR 22 un grapo szleccionado 2ntra -CH.SO0-R'y
-C(CI-I«)ZSOZ-R' donde R es meiiln, 2iilo, is apropilo, sec-batilo, isobutilo o fenilo; o

N ez -NHCO-R! donde B! 2 2-mewoxifenilo, 3-meioxifenila, 3-fluora-d-metozifenila, 4-

metoxi-3-trifluerametilfenilo, 2-metoxipiridin-5-ila, 2-metoxipiridin-4-ilo, 2-meatoxipiridin-4-
ilo, 2-acetamidopiridin-5-ilo, 2-acetamidopiridin-4-ily o 4-[(anilinocarbonil)amino]fenila.
7. Un compuezto de fdrmula (I), o una de sus cales farmacénticamente aceptables, de

acuerda con cualiuiera de las raivindicacionzs 1 a 6 donde R? se selacciona entre morfalinilo,
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piperidinilo, fenilo, naftile, pirrolilo, imidazolile, pirazolilo, furanils, tienilo, piridinile,
pirimidinile, piridazinilo, azaindalile, indolilo, ¢quinclinilo, bencimidazolila, benzofuiranila,
dibenzofuranilo, banzotiznilo dende dicho grupo estd apcionalmente sustituido con unag o mds
gmpos sustituyenies selzccionadss independizntement2 entre hala, metila, metox,

hidrozimetile, cianometilo, fenoxi, pirrolidinilo, -CONH,, -CONHCH; y ~«CONH(CH;)..

8. Un compuesto de fSmmla (I), o una de sus sales farmacéuticamente aceptables, de
acuzrdo con cualguicra de las reivindicaciones 1 a 6 donds P2 s (pirazol-3-il)amina,
hidroxipiperidinilo, indol-4-ila, indol-5-ilo, indel-6-ilo, azaindolila, bencimidazol-5-ile, 3-
(pirazol-4-il)fenile, 4-(pirazal-4-il)fenilo, 2-aminocarbonilindol-5-ila, 3-aminocarbanilindol-
5-ila, 2-aminocarbonilindol-6-ilo, 3-aminocarbonilindol-6-ilo, morfolinila, 2-(pirazol-4-

iDtiazol-5-ilo o metilmorfolinilo,

2 Un compuesto de fsrmmla (I), o una de sus zalzs farmacéuiicamentz aceptabler, de
acuerdo con la reivindicacidn 1 seleceionado entrz cualguiera de:
N-[4,6-Biz[(3S)-3-meiilmaorfolin-4-il]pirimidin-2-i1]-4-metoxibenzamida,
N-[2,6-Bic[(3S)-3-maztilmorfolin-4-il]pirimidin-4-i1]-4-metoxi-3-(trifluoramatilbanzamida,
N-[2,6-Bis[(3S)-3-metilmorfolin-4-il] pirimidin-4-i1]-3-matoxibenzamida,
N-[4,6-Biz[(3S)-3-metilmorfolin-4-il]pirimidin-2-i1]-4-metoxi-3-(ifluorometil)benzamida,
N-[4,6-Bis[(3S)-3-metilmorfolin-4-il]pirimidin-2-il]-3-metoxibenzamida,
N-[4,6-Bis[(3S)-3-meiilmorfolin-4-il]pirimidin-2-il]-6-metoxipiridina-3-carboxamida,
N-[2,6-Bis[(3S)-3-metilmorfolin-4-il]pirimidin-4-il]-2-mztoxipiridina-4-carboxamida,
6-Aceiamido-N-[2,6-bis[(3S)-3-metilmorfolin-4-il] pirimidin-4-il] piridina-3-carbozamida,
N-[2,6-Bis[(3S)-3-metilmorfolin-4-il] pirimidin-4-i1]-2-metoxibenzamida,
2-Acziamido-N-[2,6-bis[(38)-3-matilmarfolin-4-1]pirimidin-4-il] piridina-4-carboxamida,
N-[2,6-Bis[(35)-3-metilmorfolin-4-il]pirimidin-4-il]-3-fluaro-4-metoxibenzamida,
N-[4,6-Bis[(3S)-3-maiilmor folin-4-il]pirimidin-2-i1]-2-metoxipiridina-4-carboxamida,
6-Acztamido-N-[4,6-bis[(3S)-3-metilmorfolin-4-il] pirimidin-2-il] piridina-3-carboxamida,
N-[4,6-Biz[(3S)-3-mztilmeorfolin-4-il] pirimidin-2-i1]-2-matoxibenzamida,
2-Acetamido-N-[4,6-bis[(3S)-3-metilmarfolin-4-il]pirimidin-2-i]piridina-4-carboxamida,
M-[4,6-Bis[(3S)-3-meiilmorfolin-4-il]pirimidin-2-il]-3-fluaro-4-metoxibenzamida,

N-[2,6-Biz[(35)-3-matilmorfolin-4-il]pirimidin-4-il]-4-(fenilcarbamoilamine)benzamida,
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N-[4,6-Bis[(3S)-3-metilmorfolin-d-il}pirimidin-2-il]-4-(fenilcarbamoilamino)be nzanida,
N-[2,6-Riz[(3S)-3-metilmorfolin-4-il]pirimidin-4-il]-4-metoxibenzamida,
2-[(2R,65S)-2,6-Dimetilmorfolin-4-i1]-4-[(3S)-3-metilmorfolin-4-i1]-6-
(metilsulfonilmetil)pirimidina,
1-[4-[(3S)-3-Matilmarfolin-4-il]-6-(metilsul fonilmetil) pirimidin-2-il]piperidin-3-ol,
4-[(3S)-3-Meiilmorfolin-4-il]-5-(metilsul fonilmetil)-2-mor falin-4-ilpirimidina,
3-[4-[(3S)-3-Metilmorfolin-4-il}-6-(metilsulfonilmetil)pirimidin-2-i1]-5,7-diazabicicla
[4.3.0]nona-1,3,5,8-tetraeno,
5-[4-[(3S)-3-Meiilmorfolin-d-il]-6-(m=tilsulfonilme il pirimidin-2-il]- 1H-indol,
5-[4-[(3R)-3-Metilmorfolin-4-il]-6-(meiilsul fonilmetil)pirimidin-2-il]- 1 H-indol,
5-[4-(Butari-2-ilsulfonilmetil)-&-[(3S)-3-meiilmorfolin-4-il)pirimidin-2-ii]-1H-indol,
5-[4-(Butan-2-ilsulfonilmeztil)-G-[(3R)-3-metilmarfolin-4-il] pirimidin-2-il]- 1H-indol,
5-[4-[(3R)-3-Metilmorfolin-4-il]-6-(propan-2-ilsulfonilmeatil)pirimidin-2-il]-1H-indal,
5-[4-(Etilsulfonilmetil)-6-[(3R)-3-melilmorfolin-4-il] pirimidin-2-il]- 1H-indol,
4-[(3S)-3-Meiilmarfolin-4-il]-6-(meiilsul fonilms:iil)-N-(1H-pirazol-3-il)pirimidin-2-amina,
4-[(35)-3-Metilmotfolin-4-11]-6-(metlsuifonilmetil)-2-[4-(1H-pirazol-4-il)fenil)pirimiding,
4-[(38)-3-Metilmorfolin-4-i1]-6-(metilsnl fonilm=iil)-2-[3-(1H-pirazol-4-il)fenil Jpirimidina,
5-[4-[(3S)-3-Metilmaorfolin-4-il]-6-(metilsulfonilmetilypirimidin-2-i1j- 1H-indol-3-
carboxamida,
4-[(3S)-3-Meiilmorfolin-4-i1]-6-(meiilsulfonilmeil)-2-[2-(1H-pirazol-4-il)-1,3-tiazal-5-
il]pirimidina,

6-[4-[(3S)-3-Metilmorfolin-4-il]-6-(metilsul fonilmetil)pirimidin-2-il]- 1H-indol,
6-[4-[(3S)-3-Metilmorfolin-4-il]-6-(metilsulfonilme tilpirimidin-2-i1]- 1H-indol-3-
carboxamida,

5-[4-[(3S)-3-Metilmorfolin-4-i11-6-(metilsulfonilme il pirimidin-2-i1]- 1H-indal-2-
carboxarmida,

6-[4-[(5S)-3-Metilmaorfolin-4-il]-6-(meillsul fonilme i) pirimidin-2-i1}- 1H-indol-2-
carboxamida,
5-[4-[(3S)-3-Metilmorfolin-4-i1]-6-(2-metilsulfonilpropan-2-iDpirimidin-2-i1]- 1H-
benzoimidazol,
3-[4-[(3S)-3-Metilmorfolin-4-i1]-6-(2-maiilsnlfonilpropan-2-il)pirimidin-2-il]-5,7-Jiazabiciclo

[4.3.0]nona-1,3,5,8-tetraeno,

U
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5-[4-[(3S)-3-Meatilmorfolin-4-i1]-6-(2-meiilsulfonilpropan-2-il)pirimidin-2-il]- 1H-indol,
4-[4-[(38)-3-Meiilmorfolin-d-il]-6-(2-meatilsulfonilpropan-2-ilpirimidin-2-il]- 1H-indol,
6-[4-[(3S)-3-Metilmorfolin-4-il]-6-(2-metilsul fonilpropan-2-il)pirimidin-2-il]- 1H-indol,
4- [4 Bencenosulfonilmetil)-6-[(3S)-3-mztilmor folin-4-il]1:'i1'imi-:lin-2-i1]-lH-inclo],

3-[4-(Bence 'osulf-:vnilrnelil)-c's-[(3S)-3-metilmorf@lin-4-il]pirimidin-2-y]]-5,7—
diazabiciclo[4.3.0)nona-1,3,5,8-tetraeno,
é-[4-(Bencenosulfonilmetil)-6-[(3S)-3-metilimorfalin-4-il ] pivimidin-2-il]- 1TH-indol, y
5-[4-(Bencenosulfonilmeiil)-6-[(38)-3-meiilmorfolin-4-il]pivimidin-2-i1]- 1H-benzoimidazal,

o una de suc cales farmacénticamente aceptablas

10.  Un compuzsto de fdrmula (I), o una de cus sales farmacéuticaments aceptables, de
acuerdo con cualquiera de las reivindicaciones 1 a 9, para usar como un medicamento én el

tratamniento de enfermedades proliferativas.

1L El uzo de un compuesio de férmmla (I) o una de sus sales farmacéuticamente

aceplablzs, coma los definidos en cualquiera d2 las reivindicaciones 1 a 9, en la fabricacién de

un medicaments para vsar 2n el ratamiento de enfermadadas proliferativas.

12.  Eluso de un compuesto de férmula (I) o una sus calzc farmacéuticamente aceptables,
como 10z definidos #n cualquizra de laz reivindicaciones 1 a 9, para producir un efzcto

antiproliferative en un animal de sangre caliente coma un sér humano.

13.  Eluso de un compuesto de férmula (I) o una d= sus zales farmacéuticaments
aceptables, como 1os definidos en cualquiera de 1as reivindicaciones 1 a 9, en la fabricacién dz
un medicaments para usar en la produccidn de wn efecto antiproliferativo én nin animal de

sangre caliznte como un ser humano.

14, Un méiads para producir un efecto antiproliferative en un animal Je sangre caliente,
cemo un ser humane, que necesita dicho (ratamiento, que comprende administrar a dicho
animal una cantidad eficaz de un compuesta de férmula (I) o una de ons cales

farmacéuticamente aceptablss, como los definidos en cualguizra dz 1ac rzivindicaciones 1.2 9.
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15. Un méiods para tratar cancer, enfarmedades inflamatoriaz, enfzrmedades abstiuctivas
de las viaz recpiratorias, enfermedades inmuniiarias o enfermedadas cardiovasenlares an un
animal de sangre caliente como un ser humano, que necesita dicho tratamiznto, qus
comprande adminizirar una cantidad eficaz de un compuects de fdrmula (I) o una de sus sales

farmacuiicameniz aceptables, coma 1os definidos en enalquiera dz 1as reivindicacionzs 1 a 9.

16.  Una compesicidn farmacéutica que contizne un compuzsto de férmula (I) como los
definidos en cualquizra de las reivindicaciones 1 a 9, o una de ous sales farmacéuticamente

aceptables, en asociacién con un dilnyente o partador farmacéuticaments aceptable.

17. Un compuzsto d= férmula (1), como 1os definidaz ¢n cualguiera de las reivindicaciones

1 a9, ounade sus sales farmacéuticaments aceptables, para usar come un madicamsznto.
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INFORME DE BUSQUEDA INTERNACIONAL

Solicitud internacional N®
PCT/GR2OOS/0E0549

A, CLASIFIZAGION DEL OBJETO DE LA SOLIZITUD
INV. CO7D41314 Co7D417/1 So70471/04

AG1L31/8377  AGIP25/00

D3 acusrdo con la Clasiiicacion Inisrnacional ds Patanizs (CIR) o 3sgun la clasificacidn nacional y la CIP

B. SECTORES COMPRENDIDDS POR: LA ENSQUEDA

Documeniacion minima consuliada (siztema de daziicacion, seguids da loz imbiolss Je dagificacion)

Co7D

Otra documentacion conzulisda, edemas ds le documzntacion minima, sn lz medida @n que talse docursnioz formen parte ds 103

sactores comprendidos por la bisqueda

Bases do daios elecironicas consuliadas durae la bozqusda inemacionsl (nombra Jde la base de datos y, si a2 posible, términos de

busqueda utilizados)

EPO-Intarnal, CHEM ARS Data, BEILSTEIN Data

C.  DOCUMENTOS COFSIDERADOS RELEVANTES

Categoria*

Relevantz para lag
reivindicaciones N2

INET) 19 de abril de 2007 (2007-04-19)
paginas 59-60; reivindicacionss 1,9; ejsmplos
$2,T2,U2,22,3

b4 WG 2007/066107 A (ASTRATENECA AE [SE);
RORING) 14 di junio da 2007 (2007-06-14)

ejernplos 1-3 en la pagiona 78,
paginas 6-9; reivindicacion 1

WO 2007/042806 A (LUDWIG I1IST CANCER RES
[CH]; CANCER REC TECH LTD [GE); CANGER RES

ASTRAZENECGA UL LTD [GEB];, FASS MARTIN [GB];

117

1 Enla contiruasion del recuadro C g@ rilacionan otros
documentos.

[ tos docuracnto: de familias d: patentes 26 indican en ol
anexo.

* Categorfas especialss dz documantos citados:
“A" documznto que define 3 zstado gznerel d3 la técnisa no considaredo
comp particularmente relsvante

T docuriznto antzrior aunque publicado sn la fzcha de preszntacién
internacional o en fecha postsrior

“L docurinznto que pucds plantsar dudas sobrs una reivindicacion de
prioridad o que 23 cita para dztzrminar la fzcha d3 publicacion dz2
otra cita o por una razén 22pacial (como la indicada)

"7 documsnto qus 33 rafiere & una divulgacidin oral, a una utilizacién, a
una exposicion o a cualquisr otro medio

“P" documaznlo publicado antes de la facha de presentacion internacional
pero con posterioridad a la fzcha de prioridad reivindicada

“T*  documanto ultsrior publicado con postsrioridad a lz fscha de
presentacion intsrnacional o d3 paoricdad, qus no psrtanses al estado
de la téenica peringnts pero qué 8 cita por parritir la compie nzion
del principio o teoria qué constituye la bass ds la invencion

documznto particulaimente rzlevants; 1a invencion reivind.cada no
puzds considerarss nueve o qus impliqus una actividad Invzniiva por
referencia al documznto aisladaments considsrado

" documanto parlicularmente ralevants, fa invencion reivindicada no
puzde considzrars: que inmpliqus una actividad invantiva cuando el
docurnanio £ asocia a otro u otros documantas de la misma
neiuraleza, resuliando dicha combinacion svidants para un sxpero en
la materia

"3 docurmsnto qué iorma pariz de la migma familia ds patantes

Fecha an vque s ha concluidy la bisqusds inismacional
11 de febrero de 2009

Facha da sepedician dsl Informa d: Bisquada Wternzcional
04/03/2009

Hombre y direccidn posial de la Administracién sncargada ds la
Blsqueda Intarnacianal
OFICIHA EUROFEA DE PATENTES, F.B. 5315 Paisnidaan 2
Patentlazn 2, Rijswijl:, Pais3s Bajos
M2 de taléiono 1(+31-70) 340-2040
11 do fax (+31-70) 310-3016

Funcinnario autorizado
Grassi Damian

Formulario PCT/ISA/210 (segunda hoja) (abrit de 2005)

pagina 1de 6




INFORME DE BUSQUEDA INTERNACIONAL

Solicitud internacional N2

FCTAGR2003/0%0549
G (Coniinuacion).  DOCUMENTOS CONSIDERADDS RELEVANTES
Caiggorfa® Docurnsnios citados, con indicacion, 3i proceds, de las partee ralevantes Relsvantz para las
reivindicaciones
hd BASE DE DATOS CA [En linea) 1,2,16
CHEMICAL AESTRACTS SERVICE, COLLIMBUS,
QHIO, EE.ULL;
MINAMI, SHINSAITU ET AL:"Amiropiridinas
-d-gustiividas con 2(4 6)-nitrofurilllvinilo"
XP002505932
recuperado de STN
Homero de ecosan ds labaas ds datos 1967:421928
ejemplos 4592-48-7
& JP A2 004245 B4 (DAIMNIPPON
PHARMACEUTICAL CO., LTD.)
22 de febraro de 1967 (1967-02-22)
st U X00/056358 A1 (RREU VOLIER [DE] ET AL) 1,2,16,17
4 da julic da 2002 (2002-07-04)
parrafos [0001], [0077], [0078];
reivindicacion 1
WO 2006/124372 A (FALYREYS IHIC [EE.UL; 1-17
GAHMAL TIMOTHY G [EE.LL]; LANG HENG YUAN [EE.LILL,
DAVIE RO) 23 ds noviembre de 2006 (2006-11-23)
pagina 51; reivindicacion 1; ejemplo 136
pagina 12, linsas 13-23
¥ REGIETRO DE LA BASE DE DATOS [En linza} 1-9
CHEMICAL ABSTRACTS SERVICE, SOLLMBUS,
OHIO, EE.UL; & de shero da 2003 (2003-01-03),
XP002514432
recuperado de STN
Me de accese ds la baze ds datos 172043-19-5
compuestos 478043-19-5
b REG. DE LA BASE DE DATOS [En linsa 1-9
CHEMICAL ABSTRACTS SERVICE, ZOLUMBLIS,
OHIO, EE.UL.; 2 d3 enaro de 2003 (2003-01-03),
XP002514433
recuperado de STN
Databzss accassion no. 478031-34-4
compounds 478031-34-4
¥ REGIETRAD DE LA EASE DE DATOS [Enlinea) 1-9
CHEMICAL ABSTRACTS SERVICE, SOLUMBUS,
CHI, EE.L; 31 de diciermbes de 2002 (2002-12-31),
XP002514434
recuperado de STN
M? d: accsso de la base de datos 477886-22-1
cormpusstos 477836-32-
pagina2de 6

Formulario FCTASA/210 (continuacion de la segunda hoja) (albril de 2005)




INFORME DE BUSQUEDA INTERNACIONAL

Suficiiud internacional N2
PCT/GBZ00S/050549

C (Continuacion).  DOCUMENTOS COHSIDERADOS RELEVANITES

to o

Categonia® Documsniae citeados, con indicacion, i proceds, ds lag panes

rsbivantsa Relivants para las
reivindicaciones N¢

REGISTRO DE EASE DE DATOS [Enlinca)
CHEMICAL.AESTRACTS SERVICE, COLUMBUS,
QHIO, EELIU.; 51 da diciambre ds 2002 (2002-12-21),
XP002514435

recupsrado de STN

M2 de acdeso d& 1a bass de datoz 477226-25-2
compuastos 477886-25-2

bl REGISTRD DE LA BASE DE DATOS [Enlinaa)
CHEMICAL ABSTRACTS SERVICE, SOLUMELS,
OHIO, EE.UL.; 31 de diciembre de 2002 (2002-12-31),
XP002514436

recuperado de STN

[0 d3 accean de & bass de datos 477367-18-8
compuesios 4776867-18-3

REGISTRO DE LA EAZE DE DATOE [En linga)
CHEMICAL ABRSTRACTS SERVICE, COLUMBUS,
OFHIO, EE.UU.; 31 dé diciembra da 2002 (2002-12-31),
XP002514437

recuperado de STN

N de acesso ds la bass de datos 477367-03-1
compusstos 477667-03-1

ot FREGISTRO DE LA EASE DE DATOS [Enlinza)
CHEMICGAL ABSTRACTS SERVICE, COLLUMBUS,
QHIO, EE.UW.; 31 de diciembrs ds 2002 (2002-12-31),
XP002514438

recuperado de STN

He di acc:zo de la baas da datos 477566-96-9
compuestos 477666-96-9

b FEGIETRO DE LA BASE DE DATOS [En linea)
CHEMICAL ABSTRACTS SERVICE, COLLUMEUS,
QHIO, EE.LIU.; 31 de diciambre de 2002 (2002-12-31),
XP002514439
recuperado de STN

M ds accesy de la base de datos 477866-58-
compusatos 477366-38-9

bt REGISTRO DE LA BASE DE DATOE [Enfinza)
CGHEMICAL ABSTRACTS SERVIGE, COLUMEUS,
OHIO, EE.UU.; 21 de diciambre de 2002 (2002-12-31),
XP002514440

recuparado de STN

N diz acceso de la base de datos 477866-24-5
compuestos 477366-24-5

Kt REGISTRO DE LA EASE DE DATOS [En linsa)
CHEMICAL ABSTRACTS SERVICE, COLUMBUS,
QHID, EE.UU.; 4 do junic de 2001 (2001-06-04),
XP002514441

recuperado de ETN

N dz accsso de la bass de daios 339278-96-5
cornpusstos 339273-96-5

1,9

1-9

Formulario PCT/ISA/210 (continuasion ds la segunda hoja) (abrit de 2005)
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INFORME DE BUSQUEDA INTERNACIONAL Solicitud iniernacional N®
PCT/AGBZO0S/N50549

G (Coniinuacion).  DOCUMENTOS SONSIDERADOS RELEVAMTES

Caiegona® Documasntos citados, con indicacian, si pracsds, de las pariss relavanise Rslzvents para las
reivindicacionas N2

e FEGISTRO DE £ASE DE DATOS [En linca) 1,9
CHEMICAL ABSTRACTS SERVICE, COLUMBLS,
QH10, EE.ULL;4 de junio de 2001 (2001-06-04),
¥P002514442

recuparado de STN

M2 dg acdezo de la base de datos 339278-95-4
coinpuegstos 359278-95-4

o]

¥ REGISTRO DE LA BASE DE DATOS [En linea) 1,
CHEMICAL ABSTRACTS SERVICE, TOLUMEUS,
OHIO, EE.UL.; 4 dz junic de 2001 (2001-06-04),
XP002514443

racuperado de STN

N il acceso de la base da datng 339276-90-9
compuestos 329278-90-9

<

REGISTRO DE LA BASE DE DATOS [En linea) 19
CHEMICAL ABSTRACTS SERVICE, COLUMBUS,
OHIO, EE.UU.; 4 da junio de 2001 (2001-06-04),
X¥P002514444

recuperado de STN

Me ds ascaso dz 1a bazse do datos 239273-35-6
compuestos 339278-33-5

hd REGISTRO DE LA BASE DE DATOS [En linaa) 1-9
CHEMICAL ABSTRACTS SERVICE, COLUMELS,
CHIO, EE.ULL; 4 de junio de 2001 (2001-02-04),
XP002514445

recuperado de STN

Me de accesc de labasz de datog 3292735-82-9
cormpuesios 359278-32-9

b

REGISTRO DE LA BASE DE DATOS [En linea 1-9
CHEMICAL ABSTRACTS SERVICE, TOLUMBUS,
QHIO, EE.ULL; 4 d& junio de 2001 (2001-06-04),
¥P002514446

recuperado ds STN

N2 do acceso de la bass ds datos 239273-75-0
compuastos 339273-75-0

REGISTRO DE LA BASE DE DATOS [En linza) 1-9
CHEMICAL ARSTRACTS SERVICE, SOLUMEUS,
QHID, EE.UU.; %0 d& mayo de 2001 (2001-08-30),
¥P002514447

recuperado de STN

N2 ds acceso ds la bass da datos 338967-72-9
compuestos 358967-72-9

REGIZTAO DE LA BASE DE DATOSE [En linea) 1-9
CHEMIGAL ABSTRACTS SERVIGE, COLUMBUS,
OHIG, EE.VL.; 30 de mayo de 2001 (2001-05-30),
XP002514448

recuperado de STN

MNe ds aoczso ds la base de datos 3389€7-57-0
compuestos 332967-57-0

pagina 4 de 6
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INFORME DE BUSQUEDA INTERNACIONAL

Soliciiud internacional N2
PCT/GRZ00S/050549

C (Continuacidn),  DOCGUMENTOS COHSIDERADDS RELEVANTES

Ceicgoria* Documanioz citadoz, con indicacion, 3i proceds, de tas partss ralevanies Ralevantz para las

reivindicaciones N2

bt REGISTRO DE SAZE DE DATOS [En linaa)
CHEMICAL.AESTRACTS SERVICE, TOLLUMBUS,
QHID, EE.LL.; S0 da rayd de 2001 (2001-05-30),
¥P002514449

recuperado de STN

12 ds acdzso ds la bass ds daios 333967-56-9
compuastos 335967-56-9

X REGISTRO DE LA PASE DE DATOS [En linea]
CHEMICAL ABSTRACTS SERVICE, COLUMBLS,
QHIO, EE.UUL; 20 ds maya ds 2001 (2001-05-30),
XP002514450

recuperado de STN

M de acsezo de la hase de datos 238961-71-0
compuestos 338961-71-0

i REGISTRO DE LA BASE DE DATOS [En linga]
CHEMICAL AESTRACTS SERVIZE, SOLUMBUS,
QFHID, EE.UL.; 30 ds maya de 2001 (2001-05-30),
XP002514451

recuperado de STN

Ne da accaso di la bazs ds daios 333960-59-1
compuastos 335960-59-1

bt REGISTRO DE LA BASE DE DATOS [En linea)
CHEMICAL ABSTRACTS SERVICE, SOLUMBUS,
OHIO, EE.UL; € de febraro de 2001 (2001-02-06),
XP002514452

recuperado de STN

M de acceso da la base da datoz 520421-35-0
cormpusstos 320421-35-0

e REGISTRO DE LA EASE DE DATOS [Enlines)
CHEMICAL ABSTRACTS SERVICE, COLUMBLS,
OHIO, EE.UU.; & de febrero de 2001 (2001-02-06),
XP002514453

recuperado de STN

Mo de acceso ds la base de datos 320421-27-0
compussios 320421-27-0

¥ REGISTRO DE LA BASE DE DATOS [En linea)
CHEMICAL AESTRACTS SERVICE, COLUMBUS,
QHIO, EE.LULL; & de dicisrbre dz 2000 (2000-12-06),
XP002514454

recuperado de STN

N de zocsso de la bas: ds datos 206930-67-6
coinpuéastos 306980-67-6

REGIZTRO DE LA BASE DE DATOS [En linza)
CHEMICAL ARSTRACTS SERVICE, COLUMBUS,
OHIO, EE.VU.; 17 de noviembrs de 2000 (2000-11-17),
XP002514455

recuperado de STN

N de acczzo de la bass ds datoz 303147-55-9

coritpuestos 303147-55-9

1,9

1-9

Formulario PCTASA/Z10 (continuacion os 14 segunda hoja) (ehril de 2005)
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INFORME DE BUSQUEDA INTERNACIONAL

Solicitud internacional N2
PCT/GB2008/050549

C (Continuacion).  DOCUMENTOS CONSIDERADOS RELEVANTES

Caicgoria’ Diocurnenios citadoz, con indicacion, i proceds, d: 1as paries rélevanics Ralsvants para las

reivindicacionas N2

ke REGISTRO DE BAZE OE DATOS [En linza)
CHEMICALAESTRACTS SERVICE, COLUMEUS,
QHID, EE.JU.; 17 d2 noviembrz de 200 (2000-11-17),
XP002514456

recuperado de STN

MO e acdazo ds la bzze ds datos 302147-16-1
compuestos 303147-15-1

b4 EF 0407 399 A (HOECHST AG [DE) HOECHST
SCGHERIMG AGREVO GMBH [DE])

16 d2 enzro de 1991 (1991-01-16)

pagina 27; raivindicacion 1; compuasto 6.13

F, ¥ WO 2007/050332 A (ASTRAZENECA AB [SE];
ASTRAZEMECA LI LTD [GE]; PIFE FURT GORDON
[GB); F) 19 de julio de 2007 (2007-07-19)

todo el documento

E WO 2008/125333 A (FIRAMED LTD [GE]; INST

OF CANCER RES [S.E]; EALER STEWART JAMES
{GE]; & de octubre ds 2008 (2005-10-23)

todo el documento

1,9

Formulario PCT/ISA/210 (cortinuacion da 1 segunda hoja) (alil de 2005)
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INFORME DE BUSQUEDA INTERNACIONAL Soiciud intermasianal N2

PCT/GB2008/050549
Recuadro Il Observacionss cuando se estime que algunas reivindicaciones no pueden ser objsto de basquada

(continuacién del punto 2 de la primzra hoja)

Esi¢ informe de bsqueda inemacional no 25 ha realizade en relacidn a ciariaz reivindicacionss conforra: 2l Articula 17(2)(2) por 123
siguientes motivos:

1. O Las reivindicaciones n®:
50 refieran a un objeto son respaelo &l cual este Adminisirasion no ¢sid obligada a proceder a la bitaqueda, a sabar:

2. O Las reivindicacionas n°:
s2 rafizran 3 :lemsnioz de la solicitud nacional que na cumplsn con to:
efectuaras una blaqueda provechoga, concratamania:

raquiziios saiablacidos, de tal modo gque no pusda

3. [d Las reivindicaciones n°:

son raivindicacionae dapendicnias y i ssian radaciadas d2 sonformidad con los parrafos & sgundo y tercero de la
Regla 6.4(a)..
Recuadro I Obszrvaciones cuands falla unidad de incensidn (continuacion del punta 3 de la primera hoja)

La Administracion sncargada ds la bosqueds intsrnacional ha d:tectado varias invencionzz en la prezsnt: solicitud nacional, a saber:

véase hoja adicional

1. O Dado que todas 122 tazas adicional 23 requaridas han eido gztizicohas por ¢l zolicitants dentro d3l plaza, of presenie informa
d: busqueda de tipo iniemiscional compr znds todaz las reivindicacione: qua puzden ser objsto da basquada,

2. O Dadoqus todas lag iones qua puedsn 2er objei da bozqueda podrian zarlo sin realizar un eshuerco qua justifiqua
tacas edicionales, esta Administracion no raquinid &l pago de tasas adicionates.

[
0]

Dada qus tan 20lo una pariz de 1a3 tazas adicionalas requendas ha sido saizsiecha dentro dsl plazo por & solicitanis, &l
presenic informe de bidgquida de tipo intsmacional comprende solaments aquaslias raivindicaciones respecto da las cuales
han sido satisfachas 1as tasas, concraiamanis las reivindicacionas n®;

1-17 (tedas las partes)

4. O Ninguna de lag iasa2 adicionalez requeridas ha zido satisfecha por &) solicitanie dentra de plazo, En consecuencia, 3l
prasante infonms d: bDOsquada de tipo inigrnacional zz limita a la invancidn rencionada en primar término en las
reivindicaciones, cubiaria por lag reivindicacionag n°:

Indicacioén en cuanto a la protesta S¢ acompafid a lag tasas edicionalze la prots hal solicitants y, an su c230, &l pago de una
tasa de protesta.

[ Se acompafio a laz lazae adicionalss la protssia dzl aolicitaits, pero la taa de proizzta
aplicable no se pagd an sl plazo sstabscido para cllo.

BIEl pago de las ta;

Forrulairp PCTASA/210 (ansxo d: familia de pateriss) (ebril ds 2008)




Salicitud Intsrmacional PCT/GB200S /150549

INFORMACION ADICIONAL CONTINUACION DE PCT/ISA/210

Esta Aucoridad de busgueda internacional encontrd multiples (grupos de2)
invenciones en esta solicitud internacional, como a continuacidén se indica:

1.

reivindicaciones: 1, 2, 5, 7, 8, 10-17 (todas las partes)

reivindicacién 1 an la cual X es

Los compuestos de acuerdo con i
re -CR4=CR5-, -CR4=CR5CR6R7-,

la
un grupo de unidén seleccionado &n
~CC-, -CCCR6R7- o —-CR6R7CC-.

reivindicaciones: 1, 2, 5, 7, 8, 10-17 (todas las partes)

Los compuesios de acuerdo con la reivindicacién 1 en la cual X es
-CR6R7CR5=CR4- y Rl es hidrdgeno o un sustituyente.

reivindicaciones: 1, 2, 5, 7, 8, 10-17 (todas las partes)
Los compuesics de acuerdo con la reivindicacién 1 en la cual X es

-CR6R7CR5=CP4- y R1 v P4 forman un anillo carbociclico (el grupo no
es unitario, podria sin embargo ser buscado sin mayor ssfusrzo).

VL
Y

1

reivindicaciones: 1, 2, 5, 7, 8, 10-17 (todas las partes)

Llos compuestos de acuerdo con la reivindicacién 1 en la cual X es
-CRGR7ICR5=CR4- y Rl y R4 forman un anillo heterociclico.

reivindicaciones: 1-17 (todas las partes)

Los compuestos de acuerdo con la reivindicacién 1 en la cual X es
un grupo de unién selaccionado entrs -NR4CRE6R7-, ~OCR6R7-, S(0)0-
2CR6R7-, C(O)NR4CRG6R7-, -NRAC(Q)CR6R7-, NR4AC(O)NR5SCR6R7-,
~NR4S (0) 2CR6R7- o —-S(0O)2NR4ACR6R7-.

reivindicaciones: 1-17 (todas las partes)

Los compuestos de acuerdo con la reivindicacién 1 en la cual ¥ es
~C(O)NR4-

=

reivindicaciones: 2, 5, 7, 8, 10-17 (todas las partes)

I4

~

Los compuestos de acuerdo con la reivindicacién 1 en la cual X es
~-NR4C (0) —-.

reivindicaciones: 1, 2, 5, 7, 8, 10-17 (todas las partes)

Los compuestos de acuerdo con la reivindicacidén 1 en la cual X es
—NR4C (O) NR5-.

reivindicaciones: 1, 2, 5, 7, 8, 10-17 (todas las partes)

Los compuestos de acuerde con la reivindicacién 1 en la cual X es
-S(0)2NR4- o -NR4S(0)2-.




INFORME DE BUSQUEDA INTERNACIONAL

Infarmiacion zobre miembro;

da la familia dz patentas

Solicitud intermnacional N2
PCTAGB200S/050542

Documznto ds patente citado cn sl
informe de busqueda

Facha de puldicacion

Miambro(2) de la familia de patentas

Ficha de nublicacion

WO 2007042306 A
WO 2007066102 A
JP 42004345 B4
US 2002086353 Al
WQ 2008124874 A

EP 0407399 A

WO 2007080552 A

WO 20031 26535 A

19-04-2007

14-06-2007

04-07-2002

19-07-2007

23-10-2008

EP 1945627 Al
EP 1951685 A1
WO 2007042310 At
NINGUNO

NINGUNO

AT 340784 T
AU 2790502 8
AU 2002237905 B2
BR 0115045 A
CA 2427350 At
CN 1473156

DE 60123458 TZ
DK 1335906 T3
WO 0238551 Al
EP 1335906 Al
ES 2271100 T3
JP 2004524279 T

X PAOS004136 A
PA 8531701 Al
Uy 27013 Al

ZA 200302970 A
MINGLNO

DE 3922735 Al
HU 54280 AZ
PT 94645 A
S 5250530 A
Al 2007204208 A1
CA 2835997 Al
EP 1979325 Al

YR 20060053155

NO 20082730 B
MINGUNO

15-10-2006
21-05-2002
05-10-2006
03-02-2004
16-05-2002
04-02-2004
02-08-2007
05-02-2007
16-05-2002
20-08-2003
16-04-2007
12-08-2004
19-03-2002
30-06-2003
=0-06-2002
15-07-2004

19-07-2007
19-07-2007
15-10-2008
16-09-2008

07-10-2008

Farmulairo PCTASA/21Q (anexo da familia ds paizntes) (&bl ds 2005)




(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Burean

(43) International Publication Date
15 January 2009 (15.01.2009)

(10) International Publication Number

WO 2009/007751 A3

(51) Intcrnaiional Patent Classificalion:
CO7D 413/14 (2006.01) AGIK 31’5377 (2006.01)
CO7D 417714 (2006.01) AGIP 35/00 (2005.01)
CO7D 471704 (2006.01)

(21) International Applicalion Number:
PCT/GEBZ003/05034%

(22) Internaiional Filing Date: ¢ July 2002 (02.07.2008)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:
60/948,570 9 July 2007 (09.07.2007) US

(71 Applicant (jor all dzsignaizd Siaics except MG, US): AS-
TRAZENECA AB [SE/SE]; 5-151 258 Sédarialje (SE).

(71) Applicant (for M3 only): ASTRAZENECA UK LIM-
ITED [3EASE]; 15 Swanhop: Gawg, London Greater Lon-
don W1K 1LN (GB).

(72) Inventors; and

(75) Inventors/Applicants (for US only): FINLAY, Maurice,
Raymond, Verschoyle [GE/GB]; AsiraZéeneca I & D
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(74) Ageni:
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kind of national protection available): AE, AG, AL, AM,
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CH, C11, CO, CR, C1J,C2, DE, DI, DM, Ins, T2, EC, BL,
EG, ES, M, 3B, 3D, GE, GH, GM, GT, HH, HR, HU, ID,
IL, IL18,JB EE, KG, M, VI EP FR, 122, LA, LT, LE,
LR, L3, LT, LU, LY, MA, MD, ME, MG, ME, MI1, MW,
M, MY, MZ, LA, T0G, T T, 112, OM, TG, P, PL, PT,
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ZW.
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Lafore ihe expiration of ihe ime limit for amending the
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(
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(54) Title: TRISUEBSTITUTED PYTIMICAE DEFIVATIVES FOF THE TEEATMENT OF PROLIFER ATIVE DISEASES

]
o)

(87) Abstract: A componnd of fommanla (I) or a pharamaceutically accepiable call ihareof, praces:as for their preparation, pharma-
eniizal comporiiione containing thein and iheir use inthecapy, for 2xample in the ireatmeni of proliferative disease such ar cancer
particularly in dizease mediatzd by an mTOR kinzce and/or one or moirs PI3Y. enzyme.
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- INTERNATIONAL SEARCH REPORT

Internations! appllication No

PCT/GB2003/050549

A, CLASSIFICATION GF /SLIBJECT MATTER

INV. CO7D213/14 _6070417/14 . CO70471/04 AG1K31/8577  AELF3E/00

Acoording to Intatnational Peiem Classhication (IPS) r 1o both nativnal clessiffcation and IFG

B. FIELDS SEARCHED

Minlmum documentztion seareharl (sliz3iNeation syatem fellowsd by dazsMcailon symbols)
N . : . ¥

Documentation searc’ly:d <ther than minimum docurcamation 1 ths axtzat that such documents ara includad h the ficlds searchad

Elactronic data bazs coazuliad durng the Intarnational cearch (name of dais bass and, whars practical, saarch larms Usad)

EPO-Internal, CHEM ABS Data, BEILSTEIN Data

. DOCUMENTS CONSIDERED TC BE HELEVANT

C
Cetegory® Ohation o dyc:uma«h!,‘ wilh Indicalicn, whers approprials, of the relevant passages

Ralzvant 1) laim Na,

X WO 2007/042806 A (LUDWIG INST CANCER RES 1-17

INST) 19 April 2007 (z007-04-19)

$o,T2,U2,22.3

- et e

. examples 1-3 on page 78,
pages 6-9; claim 1

[CHI;, CANCER REC TECH LTD [GBJ; CANCER RES

pages 59-60; claims 1,9; examples

X WO 20077066102 A (ASTRAZENECA AB [SEJ; 1-17
ASTRAZENECA UK LTD [GB]; PASS MARTIN [GB];
ROBINS) 14 June 2007 (2007-06-14)

Furthar dotuments ars listad in the continuation of Bov o,

233 palerd famlly annex.

* Special catsgonaz of clted documants

AT document dafinlivg the yanoral state of the ant which 13 not
esngidered to bo of particular rzlevancs

*E* agdizr duoumznt bt publizhad o6 or alle rthe intarnational
fMing date

*L* dooymant which may thraw doubls an pricily claim(s) or
which Is clted 1o ¢3l:bdish the publicalion dats of anothzr
chtzdion or alher epiclal reazon (33 speciisd)

'Ot docuraent rafsrdng to an oral disclosurs, use, s<hiblion or
othar means

P documisnt publizhsd pelor to the intarnaticnal filing dals but
later than tha prinrity date claimed

T later documsnt publishizd afisr the Intemational filng date
ar priority datz 2nd not In conflict wiih the  applisation but
Sltad 1o understand the principla or theary uneds riving thae
invention
VP doenmisnt of partlcutar vl sve
cannat be congldered novel o Nt be oo arcd o
involve an inysntive atap when the deeumzntls taksn slono
" document of pericular ralevancs; tha tlalmed invsntion
cannot be conzldsred to Involve an invantive stap when the
documant s catblngd with 2he o miote other such daci-
mente, suchi Caitbination being olvlons 1 & patson stiled
inthe art,
'S dncunsnt matber of the sams patant Fadly

; tha clalmcd Invention

Datz of tha actual comphation «of the Intermettonal search

11 February 2009

Dzts of insling of he Indernztional sesich repot

04/03/2009

Hame and malling addrese of the 13
Europezn Palent Giilss, P.E. 5815 Patantlaan 2
NL - 2280 HV Pljswijk
Tel. (+31-70) 240-2040,
Fex: (+31-70) SA0-3013

Aulhegizad officer

Grassi, Damian

Forri POTAS /2160 (2-cond eheet) (ARl 2005)
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International zpplication No

PCT/GB2002/050549

S(Continuatiun). .

DOCUMENTS CCHEIDERED TG BE RELEVANT

Catzgory* | Citattn of docoment, with indicaton, wh: re-appraprizia, of the relzvant PasIagss

Fislavant to clalm Ho.

X

DATABASE CA [Online]
CHEMICAL ABSTRACTS SERVICE, COLUMBUS,
OHIQ, 'US;

- MINAMI, SHINSAKU ET AL: "2{or

6)- NTtrufury1v1ny1 -4-substituted
aminopyrimidines"

XP00250R932 .

retrieved from STN

Database accession no. 1967:421028

examp]es 4592-43-7 .

& JP 42 004%45 B3 (DAINTPFON
PHARMACEUTICAL CO., LTD.)

o thruary 1967 (106 ~-02-22)

us OOZ/OUnu 3 Al (BREU VOLKER [DE] ET AL)
4 July 2002 (2002-07-04)

paragraphs [0001], [0077], [0078]; claim
1 .o

WO ?000/124b74 A (KALYFSYS INC [US];
GAHMAN TIMOTHY C [US]; LANG HENGYUAN [US]
DAVIS RO) &3 Novembar 2006 (2006-11-23%
page 51; claim 1; example 136

page 12, lines 13-23

DATABASE REGISTRY [Online]

CHEMICAL ABSTRACTS SERVICE, COLUMBUS,
OHIO, US; 3 January 2003 (2003-01-03),
XP002514432

retrieved from STN

Database accession no. 47204%-19-5
compounds 478043-19-5

DATABASE RE [Ontine]

CHEMICAL ARSTRACTS SERVICE, COLUMBUS,
OHIO, US; 3 January 2002 (2 5003-01- Oq)
XP002514433

retrieved from STN

Database accession no. 478031-34-4
compounds 478031-34-4

DATABASE REGISTRY [Online]

CHEMICAL ABSTRACTS SERVICE, COLUMBUS,
GHIG, U3; 31 Decenmber ”00” (2002-12- Jl),
XP002514434

retrieved from STN

Datahase accession no. 477886~352-1
compounds 477826-32-1

1,2,16

1-17

1-9

Form PCT/ISA/210 (continuation of 2zeond shezt) (Agril 2005)

—h
(o7}

page 2 of




INTERNATIONAL-SEARCH REPORT

Internetional application No

PCT/GB2008/050549

C(Continuaticn). TOCUMENTS CONSIDERED TS BE RELEVANT

Catagory”

Dliatic n of document, with indieation, whers appropdits, of the relzvant paszagae

Fglavant to claim No.,

X

DATARASE REGISTRY [OnTline]

CHEMICAL  ARSTRACTS SERVICE, COLUMBUS,
OHIN, US; 31 December 2002 (2002-12-31),
XP002514435

retrieved from STN

Database accession no. 477886-25-2
compounds  477886-25-2

DATABASE REGISTRY [Online]

CHEMICAL ABSTRACTE 3ERVICE, COLUMBUS,
OHIO, U5; 31 December 200z (200z-12-31),

-XP002514436

retrieved from 5TN

. Database accession no. 477867-13-8

compounds 477367-18-3

e et e

..DATARASE REGISTRY [OnTine]

CHEMICAL ARSTRACTS SERVICE, COLUMBUS,
OHIO, U5; 31 December 2002 (2002-12-31),

- XP002514437

retrieved from STN

Database accession no. 477267-03-1
compounds 477867-03-1

DATABASE REGISTRY [Online]

CHEMICAL AESTRACTS SERVICE, COLUMBUS,
OHIO, US; 21 December 2002 (2002-12-31),
XP002514438

retrieved from STN

Database acceszsion no. 477866-96-9
compounds 477866-96-9

DATABASE REGISTRY [Online]

CHEMICAL ABSTRACTS SERVICE, COLUMBUS,
OHIO, US; 21 Decembsr 2002 (2002-12-31),
XP002514439

retrieved from STN

Database accession no. 477366-52-9
compounds 477366-33-3

DATABASE REGISTRY [Online]

CHEMICAL APSTRACTS SERVICE, COLUMEUS,
OHIO, UG, 31 December 2002 (2002-12-31),
XP002514440

retrieved from STN

Database accession no. 477366-34-5

- compounds  477866~84-5

DATABASE REGISTRY [Online]

CHEMICAL ABSTRACTS SERVICE, COLUMBUS,
OHIO, US; 4 June 2001 (2001-06-04),
XP002514441

retrieved from 5TN

Database accession no. 339272-96-5

]

compounds - 339278-96-5

s g

-

1-9

1-9

Fom PCTATAIZI0 (sardinuatlon of 37s0nd elicet) (Asrll 2005)

page 3 of 6




INTERNATIONAL SEARCH REPORT .

1} International application No

PCT/GB2008/050549

C(Centinuatiun).

DOCUMENTS CUNSIDERED TO BE RELEVANT

Category* | Chation of documard, witlh Indication, whers apprapiate, oi.the relavant passanes

Relovant to claim tHo.

X

X

‘DATABASE REGISTRY [Online]

CHEMICAL ARSTRACTS SERVICE, COLUMBUS,
NHIO, US; 4 June 2001 (z001-06-04),
XP002514442

© retrigved from STN

Database accession no. 339278-95-4
compounds 339273-95-4

DATABASE REGISTRY [Online]

CHEMICAL ARSTRACTS SERVICE, COLUMBUS,
OHIO, U5; 4 June 2001 \4001 0é-04),
XP002514443

retrigved firom STN

Database accession no, 339278-90-9

~compounds  539273-90-9

DATABASE REGISTRY [OnTine]

" CHEMICAL ABSTRACTS SERVICE, COLUMBUS,
© .OHIO, US; 4 June 2001 (2001 06-04),
'XP002514444
retrieved from STN
- 'Database accescion no. 2339272-32-5
‘compounds - 239273~-88-5

DATABASE REGISTRY [Ontine]

CHEMICAL ABSTRACTS SERVICE, COLUMBUS,
OHIO, US; 4 June 2001 (9001 ~08-04),
XP002514445

retrieved from STN

Databases accassion no. 339278-82-9
compounds  3592732-22-9

DATABASE REGISTRY [Online]

CHEMICAL ABSTRACTS SERVICE, COLUMBUS,
OHIO, US; 4 June 2001 (2001 06-04),
XP002514446

retrieved from STN

Database accassion no. 230279-76-0
compounds 339278-75-0

DATABASE REGISTRY [Online]

CHEMICAL ABSTRACTS SERVICE, COLUMBUS,
OHIOD, US; 30 May 2001 (4001—05—ﬂ0)
XP002514447

retrieved from STN

Databaze accescion ne. 233967-72-9
compounds 338967-72~9

DATABASE REGISTRY [Online]

CHEMICAL AESTRACTS SERVICE, COLUMBUS,
OHIO, US; 30 May 2001 (2001 05-30),
XP002514448

retrieved from STN

Database accession no. 328957-57-0
compounds 338967-57-0

-

1-9

1-9

1-9

1-9

Fom PCTASA/210 {earitiruatior f gaesnd she st) (Aprit 2006)

pagé 4 of 6
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N

‘Internatienal application No

PCT/GBZ005/050549

C(Continuation), DOGUMENTS CONSIDERED TC BE RELEVANT

Oataqory®

Citatlon of documznt,. with lndication, wiase appraprizbs, of tha relavant pzzsages

Relavant t5 clalm Mo.

X

X

DATABASE RERISTRY [Online]
CHEMICAL ABSTRACTS SERVICE, COLUMBUS,
OHIO, US; 30 May 2001 (2001-05-30),

. XP002514449

retrieved from STN
Database accession no. 3338%47-56-9

. compounds 338947-56-9

DATABASE REGISTRY [Online]
CHEMICAL AESTRACTS SERVICE, COLUMBUS,
OHIO, US; 30 May 2001 (2001-05~30),

- -XP002514450

retrieved from STN
Database accession no. 333981-71-0

- colpounds 338961—71f0

CHEMICAL ABSTRACTS SERVICE, COLUMBUS,
OHIO, US; 30 May 2001 (2001-D5-30),
XP002514451 '

‘yetriéved from STN

Database accescion no. 332960-59-1
compounds 232960-59-1

DATABASE REGISTRY [Online]

CHEMICAL ABSTRACTS SERVICE, GOLUMBUS,
OHIO, US; 6 February 2001 (2001-02-08),
XP002514452

retrieved from STN -

Database accession no. 220421-35-D
compounds 320421-35-0

DATABASE REGISTRY [Online]

CHEMICAL ABSTRACTS SERVICE, COLUMBUS,
OHIO, US; 6 February 2001 (2001-02-06),
XP002514453

retrieved from STN

Database accession no. 220421-27-0
compounds 320421-27-0

DATABASE REGISTRY [Online]

CHEMICAL ABSTRACTS SERVICE, COLUMBUS,
OHIO, US; 6 December 2000 (z000-12-05),
XP002514454

retrieved from STN

Database accession no., 206920-67-6
compounds 306980-67-6

DATABASE REGISTRY [Online]

CHEMICAL ABSTRACTS SERVICE, COLUMBUS,
OHIO, US; 17 November 2000 (2000-11-17),
XP002514455

retrieved from STN

Database accessicn no. 303147-55-9
compounds 303147-55-9

— O 0 .

.

1-9

1-9

1-9

Form PCTASA/210 (continuation of 3 sucad ehe ot} (Al 2005)

page 5 of 6
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Intzrnationg) application No

PCT/GBZ008/050549

C(Continuztion). DOCUMENTS COMNSIDERED TO BE RELEVANT

OF CANCER RES [GR]; BAKER STEWART JAMES
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Box Mo.ll  QObssorvations whera cortain claime wers found unsearchable (Continuatioh of item 2 of first sheet)

Thiz international search report has nol been esiablished In réspact of cenain caims undsr Ardcle 17(2)(a) for the followlng réu2ons:

1. B Claims Nos.: - - : . ' e
becauza hey relats to subjest matise not requirsd to be ssarched by thiz Safiority, namaly:

2. D Claims Nos.: X
becaw:e hay relate to parts of the intermaional applicaton that o not comply with e preseribed rsquirsmisnts & such
an e-lanl hiat no meaningtul Inlermation zearch an be carmed out, epecifically:

3. D Clalms Nos.:

becan:e they 2re dependant clalms and are no® drafled in acsordance with the seeond and thind santencas of Rula 6.4(a).

Box Ho. Mt Observations wisre unity of invention 15 lacking (Continuation of item 3 of {irst sheet)

This International Searching Authorlly found mutliphe invanilons i this intarnational application, as follows:

see additional sheet

1. Az 3l requirsd additions) cerch faes wers tgly pald by the applicant, this Intemational search report cavers allzsarchablo
claims.
2. As all szarchable claims could be searchad withou! sffort juslifying an additlonal fac s, thiz Authority did not invits paymsnt of

addiional {aes,

]

. n Az only zome of the requirsd addional seanch faas wers timsly pald by the applicant, il intzenational 33arch reportcovers
A orily thosa claims for which fass wars pald, specifically claima Mos.:

1-17 (all part)

4. D Mo requirad addiil nal search 1625 were imely pald by the applicant. Caonzequandly, his Intsrmational zesrch report is
restricted o the loventlon fiest mentioned i the dlalms; 13 coverad by claima Mos.:

Remark on Protest The addilonal search izs were accompaniad by the appllsants protast and, whare applicabla, the
paymeant of a protes fee. ’ v

The aodiional :earch iees wars ascompaniad by he appllcant's prote st but the appliczble protect
fen was not pald within the tms limit spestiisd in e nvilation,

[l Ma protest accompanied the payment of additonal seach 56s.
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FURTHER INFORMATION CONTINUED FROM PCTASA/ 210

Thiz International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1,2,5,7,8,10-17(all part)
Compounds accerding to claim 1 in which X is a Tinker group
selected from -CR4=CRE-, -CR4=CRECRER7-, -CC-, -CCCRER7~ or
-CRBR7CC-. )

2. claims: 1,2,5,7,8,10-17(all part)
Compounds according to claim 1 in which ¥ is ~CRER7CRE=CR4~
and R1 is hydrogen o a substituent.

O

. claims: 1,2,5,7,8,10-17(al1 part)

[¥3)

Compounds according to c¢laim 1 in which X 1¢ =CR6R7CRS=CR4-
and R1 and R4 form a carbocyclic ring (the group is not
unitary, could however be zearched without extra effort).

4. claims: 1,2,5,7,8,10-17(a11 part)
Compounds according to claim 1 in which X is ~CRAR7CRE=CRA-
and R1 and R4 form a heterocyclic ring.

5. claims: 1-17(all part)

Compounds according to claim 1 in which X is a linker group
selected from -NRACRGR7-, —~OCRER7~, -S(0)0-zCR6R7-,
-C(OINRACRERT-, -NRAC(O)RER7-, -NRIC(O)NRECRGRT7-,
-NR4S(0)ZCRERT= or -5(0)2NRACRERT~.

6. claims: 1-17{all part)

Compounds according to claim 1 9n which ¥ is -C(0)NR4-.

7. claims: 1,2,5,7,3,10-17(al1 part)

Compounds according to claim 1 in which X is -Nk4C(0)-.

. claims: 1,2,5,7,8,10-17(a11 part)

o

Compcunds according to claim 1 in which ¥ is ~NR40(O)NR5—.

9. claims: 1,2,5,7,8,10-17(a11 part)
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Compounds according t‘o claim 1 in which ¥ iz -S{G)ZNRd- or
-NR4S(0)2~. -
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