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. industria ¥ Comercio Fecha: 2011-08-29 17.09:50 _ Dep. 2020 DIR.NUEVASCR :
SUPERINTENDENCIA Tra. 11 PATENTEIYI Eve. 378 FASENACIONALI ,
Act. 411 PRESENTACION  Folios: 143
PETITORIO - FORMULAN. _ _ ... - DAt S
PATENTE PCT
ENTRADA EN FASE NACIONAL P2011/000124 |

'SOLICITUD DE:

¥ | Patente de Invencion. Patente de Modelo de Utilidad. ;
P
1
¥ | Capitulo I. Capitulo II. !
) i
@ Nombre: _ASTRAZENECA AB IDENTIFICACION !
Direccién: S-151- 85 Sodertalje T
SOLICITANTE _ _ c.c. NIT ’
(71) Nacionalidad o Domicilio: Suecia ]
Lugar de Constitucion: Suecia C.E. Otro ]
|

| - - - Cual !

' Teléfono: Fax: ‘

E-mail: Nimero .
IDENTIFICACION i

Nombre: CARLOS R. OLARTE ;

. C.C.| x | NIT f

REPRESENTANTE | Direccion: Diagonal 34 No. 5-28 Bogota '
C.E. Otro ‘

O APODERADO -

Teléfono: 601-7700 Fax: _601-7799 cual ;

E-mail: office@qlartemoure.com NGmero 79.782.747

TP 74.295 |

N

INVENTOR (ES)
(72)

Nombre: 1) Kevin Michael FOOTE, 2) Johannes Wilhelmus Maria Nissink

Direccion: _AstraZeneca R&D Alderley, Alderley Park, Macclesfield,
Cheshire SK10 4TG, Gran Bretafia,

Nacionalidad o Domicilio: 1) Britanica 2) Neozelandés

@ PCT (86)

Solicitud Internacional No. PCT/GB2009/051755 Fecha Diciembre 22, 2009

Publicacion Internacional No. WO 2010/073034 Fecha Julio 1, 2010

Titulo (54)
@ CANCER

DERIVADOS DE PIRIMIDIN INDOI RA EL TRATAMIENTO DE

Clasificacién Internacional (51) C07D 401/14, CO7D 403/04, CO7D 405/14, CO7D
498/08, A61K 31/506, A61K 31/5377, A61P 35/00

Prioridad

(33) Pais de OﬁgenJ (32) Fecha | (31) Namero de Solicitud
us Diciembre 22, 2008 _|; 61/139.681

SI| X | NO

*.
!
|

@ Comprobémte de pago No. 11- Fecha Junio de 2011

Ch e e e e e b e e o oL




ANEXOS
Comprobante de pagoe de la tasa de presentacién de la solicitud.

Documenta que acredita la existencia y representacion legal cuando e! solicitante sea persona
juridica.

Poderes, si fuere el caso. \’er erpedentt V0. OB -129.%514,

Documento de cesion del inventor al solicitante o a su causante.
Declaraciones.
Copia de la solicitud internacional. (Resumen, descripcidn, reivindicaciones, dibujos).

Traduccion de la solicitud internacional al castellano. (Resumen, descripcién, reivindicaciones,
dibujos).

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

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

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

De ser el caso, certificado de depdsito del material bioldgico.

Arte final 12 x 12,

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

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

Otros. Busqueda Internacional

OHU 0O DUt obo el HEHO

FIGURA CARACTERISTICA:

@ Solicito la concesién de la patente,

NOMBRE: CARLOS R. OLARTE FIRMA

C.C. 79.782.747 Bta_T.P._74.295
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Twaioleccien O\Eicial de un documento cuyo origina' estd en inglés

No. 11426

El Ministerio de F%elgeéionee’ 'Exteribree ‘en Estocolmo certifica por el

presente dooumento -que. I\/Irs Anna Kann Ostin, de ra Oficina de

Registro de Companlas de SueCia Sundsval! ha exped|do y firmado la

anterior cert;fncacnon en su calldad oﬂcnal
En Estocolmo, este dia 14 de Agosto de 2007.
(Firmado)

Hay un eello del M:misteno de Relacsones Exteriores de Suecua.
| i '

Hay un eeflo flfmado zde Ia Embajada de Sudén en Estocolmo.
Firma de Aégneta S.. .

Y sello de

Firma: Mohamed Hussein.

Fecha: 20 de Agosto de 2007.

Sello: “Arine-Marie Bonde - NotarioPablico de Estocoimo”.

Certlflcacnén Notanai : }

Yo, Ia suscr:ta Anne Mane Bonde Notano Pubhco de la cmde

Eetocolmo certlf:co por medfo del presente que Anders B

debldamente dutorizado para flrmar en nombre de Astrazeneca AB ha

'exped|do y firmado el antenor dooumento en original, del}-- cual; la

.preeentefes una copla autentuca

L |
I : i S -i cL
gDerechos 340 coronas Estocolmo 26 de Octubre de 2007
:Ex{ of|0|o

:(Flrmado) SeHo "Anne Marle Bonde Notarlo Publlco de Estocolrn

1.
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| Apostifla aajunia:

N APOSTILLE

O (Convention du La Haye du 5 octobre 1961)

| 1. Pais: | Suecia

li El presente documento publico

:l 2. Ha sido firmado por: Anne-Marie Bonde

Ii 3. Actuando en calidad de: Notario Publico

! 4. Lleva el sello / estampilla de:  Notario Publico de Estocoimo.

’t | 1 Certificado ‘
'l 5. En: | - ! 5Eétocolmo- : .
| 6. EI ! ‘Dla 26 de Octubre de 2007

| 7. Por i } Bjom Sandln Notano Publico

: 8. Bajo el No i 4071

: 9. Sello / Qfstampilia: Bjorn Sandin, Notario Publico de

! | : i ;Estopolmo.

| 10. Flgma | | _é(Firma:dO)

f C‘emﬁcac:/on | '

[| C‘emﬁco que -fa presenfe es una n'aducaén verdadera )% comp/era a’e/ .
I, documeﬁz‘é adjunto “Ci‘eff Mirr: Fr’e/ , -

! Fecha 3.73 de Nowembre de 2007

| : Trac!ucfor Jorge Ennque Sferra Reyes

:| Licencia No 376 de 19893, de/ Mm/sz‘eno de Justicia.

|| Dfrecc:/én Carrera 15 No. 99—73 Oﬁcma 411. Bogots, Co/omb/a '

l: Teléfono (5 7-1) 2182308 o) 7- 7) 6‘232925

|

E:—rzr?a/! treseser?@yahoo com No 1 0-064

. : ] JORGE E SIERRA REYEs] |
H ) ; :

| i Licancio 376 ~ '1993!Minluaim.
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APOSTILLE

(Convention de La Haye du 5 octobre 1961)
1. Country : Sweden |

This public document
2. has been signed by Anne-Marie Bonde
3. acting in the capacity of Notary Public
4 bears the seallstamp of

Notary F’ubhc in Stockholm
: | Certifled
5I at1Stockhoim 1 6.the26.10.2007
7i by Bjorn Sandln

. Notary Pubhc
,_s No 4071 |
:' -9 Seallstamp

10. Signature:




OLARTE RAISBECK & FRIERI LTDA.

Power of Attorney

The undei’signed,

domiciled in

by means of these pments h pra
R. Olarte and/or J. Ian Rdisb
Ana Maria Frlerl and/or Juan Gulllermo
Moure and/or Nataha Castro full! and
sufficient Power of Attomey to * fil prosécute,
obtain, defend and enforce any an{ 41l of the

company’s Patents for nventsons, Utiliey Models,
Layout-Designs " {lopograghies) :of| Integrated

Circuits, Industrial Des:gns, . Ademarks
Advertising Slogans, Trade Nampgs, Jmmcrciai
Emblems, Geographncé! Indlca(ions, l.ltectmn of
Trade Secrets, ; bt:fmer 5 (?rtlﬁcates,

Copyrights, Reg:stratlnn of Domaln Names,
Health Reglstrat:,om, ior any other intellectual
property right .in the Repuhllc of ¢ ofombla, to
which end it empowe}s them to ta?cei all steps
nceessary before any' ‘ admiinistrative: or judicial

authority of any:class.for the objects stated, to ﬁle
petitions, recoutses, rephcs and oppositions, pay
taxes and, annmtlcs . request tesnmomes, reccwe
documents and | sccunl:les, abatidon applications,
collect refunds desxst, settle, conciliate or, negotiste;
Sufficient ‘power is hereby granted to receive
notificatioris on %ehﬂf of the Company, to confer
powers on ‘those! who' are to represent the company
judicially and extrajudlclally, to answer iin court in
the matter of all clmms and demands that may be
prcsented in conncctmn with the ob_lccts stated,
giving them likewise power 1o substitute these
presents and revoke. such substitutions.

sfgnature/rj

Date!F echa:

C)ty,(Eountry/ Cludad Pais: 35

: }1“"”@5”“@ etaliE Swedth

atory ;

DAL

OLARTERAISBECK

Poder

El suscnto,

&t ‘;d poctet wrft e

por medio del presente otorga a Carlos R.

Olarte y/o J. Ian Raisbeck y/o Ana

Maria Frieri y/o Juan Guillermo

Moure y/o Natalia Castro poder especial,
amplic y suficiente para presentar, tramitar,
cbtener, defender y heacer respetar todas vy
cualquiera de las Patentes de Invencién, Modelos
de Utilidad, Esquemas de Trazados de
Circuitos Integradoes, Diseiios Industriates,
Marcas, Lemas Comerciales,
Comerciales, Enseias

Denominaciones de Origen, Proteccién de
Secrctos Einpresariales, Certificados de
Obtentor, Derechos de Autor, Registro de
Nombres de Dominio, Registros Sanitarios, o

Comerciales,

cuzlquier otro bien de propicdad intelectual de
la compafiia en la Repiblica de Colombia, a cuyo .
efecto” los faculta para dar todos los; pasos -

Nombres

Carlos R. Qlart

J- Ian Raisbec

Ana Maris Fric.

Juan Guillermo Mous
Natolin Castr

Zayde Chehi

Simdn Saling
Alexander Agudel
Camilo A, Rodrigue
Lina Mosquer
Catalina Barbastefan

Of Couns

Guillermo Chahi
Graciels Mcl
Jacqueling Chepare
Cruz E. de Moncalean

necesarios ante cualquier autoridad adm:mstrahva

o ]udu'na] de cualquier jerarquia para cump}n' con !}

lo’ mEomendado elevar solicitudes, recursos,
respuestas y oposiciones, pagar 1mpueslos y
anualidades, §sohmtar testimonios, lrecibir
documentos y valores, desistir, trans1g1r ¥

percibir. Se concede poder bastante para }rec:b:r '

notificaciones i@ nombre de la compafiia, otorgar
poderes a quienes vayan a representar! a la
compaiifa judicial y extrajudicialmente, responder
en juicio a fodas Jas reclamaciones o demandas
que por motivo de lo encomendado se presentaren,
dindoles ssimismo facultad para sustituir el
presente y revocar dichas sustituciones. b
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S World Trade Center TorreA Calie 100 No. SA 37 Piso 10 BogomDC Co]ombla
i Tc¥+57 1 601-7700, Fax+571 601-7799, offy _g@plicru:sbeck dow, www.olgrtersisheck.com
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|, the undersigned, Anne-Marie%Bc}i'nde.?; Notary Public of the City of Stockholm-

hereby certify that
ANDERS BUREN

duly alijthorized to sign for
ASTRAZENECA AB

has issued and signed the foregoing document,

Fee 340- Stockhoim 2007-10-26 .

Crowns ; Ex officio; a

w8 2wbnA
yo16npia bashodiva

BN g - -
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pLARTERAISBECK - T

OLARTE RAISBECGK & FRIER) LTDA

[ MODEL OF NOTARIAL CERTIFICATION
. Notanal Certlﬁcatlon' ‘Certifieacién Notarial '
‘ | En csta fecha, '

' O this date,
ef Notario Péblico suserito certifica:

:': " The undc@igned Notary Public cértiﬁcs: '

( 1. Thae - I Que -
’ (, 3 o’;“legai age and dnmiciled in . mayorde edady do;pi_ci!iado

'ﬁ sigmed tht forcgomg documan : ,gllxscribi:.sct doculﬁento qur: ‘amewde

‘ 2 That the gram.or has émcaftcd the fu egomg B 2. Qus c! utnrgante ‘hn suscrito el rcﬁmdn
/ docyment as DUL'Y A THORISED } IGNATORY - documemo en su carfcter de
de : :

m‘ ASTRAZENECA ‘

i

i o
T A Qe

3. Thats ASTRAZENEECA hB
con sede principa] ubicada en

o 1 AR et A T T TR TR ;.-*—.— [

having its prmclpal plige ofibusmuss located in * |
SODERTALJE, SWED : | _ :
‘ig duby mcorpmamd lls cu ently m e!clistenqé, and  cstd legalmente constituida, que tene exlstenc!a
$ _ that the purposos: (or which the_ Power|of Attorney is  legal vigonte y que los propdsitos pata fos cualés
- granted are wnmm the scope of :u_; corpovaty  se otorga el poder a6 encucntra dentro de los que;
o _ purposes. . S g o P curnprenden su objeto social. o ; ; g
4. That the grantur has the amlmmy 16 execute e 4. Que el otc-rgnntc ‘tiene Ja represent&cién paraf. L
Power of Attumey and that his/her reprcscntauon is s.usc.n‘tnr el podsr, ¥ qne ésta Icgit:ma i - Sl
lcgal. : : i :
! » 5 The foundnnun for my cortifications conLamed in . 5. El - ﬁmdnmcnto dc mis c:.rhlhca.cwnesé'.' i )
points 2, 3 and 4 was the exhibition of the followmg * ‘contenidas en los puritds 2,3y4fucla xhlbtclun N R
: puthentic documc:m(s} ‘ : ) ~de los (dol) smmcnm(s) ducumenm(s) ! nnco(s) S
}. CERTIFICATE oF INCORPORATION [
OF ASTRAZENECA AB I g
Z. 'Aﬁ'f:ﬁdRIsATIou IN FAVOUR OF | '-
SIGNATORY | :
! :
NOTAR{' PUFBLIC (Slgnature) IR o
Nemie an%l Pa"mculars (e g Notary 3 name : }hﬂsdmnmr E!atu of Lmanca Expxranoﬁ’:j
%ABE (aptmnal) :
RN
RN |
[
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Tvacjucoéln oFucnal ale un olocumento cuyo omgma| estd en |ng|és
fi BOLAGSVERKET |

851 81 Sund Tel 060 18 4000 Fax 080 1251840
bolagsverket@boiagsverkei (llegmle)

Certlflcado de Ex|sten0|a
Yo, Anna-Karin Ostin, de Bolagsverket, la Oficina de Registro de
Compafias de Suecia, certifico por medio del presente documento que
AstraZeneca AB
Registro No. 556011-7482
es una compéﬁia de%b?da;hente constituida segun las leyes de Suecia,
vigente vy con éxiste{né:ia i:orporativa tegal hasta donde muestran_ los

reqistros déesta oficiné en la fecha gue se indica mas adelante.

En testlmonlo de to anterlor he puesto mi firma y estampado el sello
I .

oficial de Bolagsverket en Suhdsvall este dia 8 de Agosto del ano 2007

'-?g qit i

(F:rmado) Anna Karm Ostln i 4 ‘

Hay un seHo de Bolagsverket

i Zii

Bolagsverket Ia Oﬂcrna de reglstro de Compamas de Suecia, es el

Heglstrador Oficial de fas Compamas leutadas y otras formcs ;_de

empresas comerola!es en Suema Antes de que se : exprda un

Certn‘tcado de ex:stenola Ids regnstros ‘radicados en esta oficina ‘se

examunan para tener ta segu ldad de que la compafiia en cuestlon llena
| i : .

! i
los s:gunentes requenmlentos:

La oompanla tlene una dunta Directlva competente

La compama tlene un Audltor titulado calificado.

T Lt OFicl

l . JORGE B SJERRA REYI:'S

i .| Licenile 376 -1993: Mlmm!
i




La companla he; llevLado sus .-obligaciones con respecto a la
radicacion correcta de su informe anual.
'_L.a compafiia no es el sujeto de ac;ciones_legales de. divisidn de
;Gompaﬁias, terminacion o bancarrota. '
La cémpafiia no ha sido disuelta como resultado de una fusion y no
ha salido del registro por hinguna otra razdn.
El Certificado esta firmado por un funcionario autorizado para expedir
estos y SImnares dooumentos en nombre de Bolagsverket, la Oﬂcma de .
Fieglstro de Companlals de SueCIa
Sello “Anne Marre Bo }wde - N_otario Publ.ico de Estocolmo’.
! cér{iﬁcacién Notarial
Yo, la .suel;crit:a Ann;a LI\/’Iarus:‘ Bonde Notaric Publico de la ciudad de
Estocolmo certifico por médno del presente gue Anna-Kann §Ost|n,
debldamente autorlzada para ﬁrmar en nombre de la Oficiréja de
Regqstro de Gompamas de: Sueaa ha : expedtdo y flrmado el __a;}é)te:g_ﬁor N
documento en orlglnaI deti cuai Ia presente es una cop:a al,tentica;éa‘ | .
Deret‘gzl"i?c:%: 340 C'orbr?t&fé. Estécdirfno;, 26 éie Octubre de 2007. :

Ex oﬂcto

A,oosiﬁ/;fe?{_f:acﬁunf_a} :

I Lo .
P DR R L FAL ML R et

{ﬁurmlado) Sello: “Anne—Mane Bonde Notano Publico de Estocolrr

n

10 .

: i i

- %

. ; JORGE E. s;mu REYes

: i Liwncie 376+ 1993 Mlmun‘m-‘; r
o : - RN
b A i =i J B n.'.:l?"?"' i ol i




o AF’OSTILLE ' ; '
! (Conventlon du La Haye du 5 octobre 1961) ? . i
1. Pais: '? ’ Suec1a ' :

El oresent_e.doc‘:umento publico

2. Ha sido firmado por: Anne-Marie Bonde

3. Actuahdo en calidad de: Notario Publico

4. Lleva el sello f estampilla de:  Notario Publico de Estocolmo.
Certificado

. 5. En: L E.stocolmo

6. El: ] - Dla 26 de Octubre de 2007

7. Por:' | Bjorn Sandm Notario Publico - |’

8. Bajo el No 4070

9. Selio / eétampxlla Bjorn Sandm Notario Publico cle
¥ i ! EER A Estooolmo : '
10. Figma: - B (Flrmado) !
C‘em:'ﬁcaf‘/on
. Certifico, . que a presem‘e es una ::fraduc'qfén vergadera' y cormplela def :
documenz‘o aajrunz‘o "Cerr Bo/agsverket” |
Fecha: r3 de Nowembre de 2007. ;
Trad’ucz‘or Jorge Ennque S/em: F?eyes : ’
LICG?I‘JC/::I No 376 o’e 7993 ael Mmfster/o dé Justicia.
Dfrenaén Carrera 7 5 No 99— 3 Oﬁc:ma 41 7. Bogoia, Co/omb/a.
I 1 .
Te/efono (5 7-1) 2782308 (57— 1) 623..?925
E—marl treseser? @vahoo com No 70 053
! , : ;‘ | : b Pt S RE
S B A ; L JORGE E“SIERRA Réve: |
oL E ': Lo : A . Licancds !J’&-l;OQﬁMH::iu.lili:!
: i 3 [ B :
PvEib T 1 ;n s I o K I E e




APOSTILLE _
(Convention de La Haye du 5 octobre 1961)
1. Country : Sweden
This public documeht
2. has been signed by Anne-Marie Bonde
3. acting in the capacity of Notary Public
4 bears the, seallstamp of
Notary Pubhc in Stockholm
] C’ertlf' ed

|

7 b)iy Bjom Sandm; :
1 Notay Pubhc;
?é’;s" No 4070 i.ﬁ o

10. Signature:

5, afis’toé;éhozm@; " 1'6.the 26.10.2007

T Ve TR R N




:.iz'B“o.lagsvefket

BSI a1 Sundwall

Besikare: Badhuspasken

Teh 060-14 40 00 - Fan 0603398 ¢p ' .
bakgsverker@bolagsverket oo + bobpsverkrtse ’

_Cerzciﬁcaté of Good Standing

2\ :.Ihlgsve .tkct: the Swechsh Compames R_cgmtmnon Ofﬁce do he:eby_-

o had ] ot

u-a v ZenecaAB - o
‘piristration numbm- 556011-7482 . . St

;
|'

Y
|’
;

isa duly mcorporatcd company undet the laws of Swedcn and is in good stnndmg a.nd has ‘
a leg-al cofporar.c Cmstencelas far as the records of rhls ufﬁcc show as of the date stated below. .

In tcst]mon‘y’ hereof, 1 have hereunto set my band aad the official seal of Bolagsve.zket at
SUﬂdSVﬂﬂ, thxs g dﬂy of Au.g:st in the yeat of two thousand and seven.,

BOlﬂ-gSW'!kﬂt, ‘the Swedtah Compames chmuauon OEﬁce ix the official :cglsu:zr of timited compamcs s daid othes
fotms Ot busiriess entexprise in Soeden, Bt:fér: a. Cmﬁmtc of Good Standing is issned, the records kx:{:t by this

ofﬁce are cxammcd o ensnure that’ the Eolloumg requme.mcnm are fulfilled for the company ig qu:suon:’-

I

- t":e company hasa reglstered compcte:nt board of d:.mctoxs
- e company’has a rcgsttrcd’quahﬁ:sd andiror - voeor
o the cumpa.ny has fylhlled its obhgatmm zcga,:d;,ng th:: carrect filing of its annual n:poxt i
_w | the company is noc the subject of Company division, windiag up ar bankruptey Pmmg“ -l
fel . the compmy bas not been dlssolvcd hY thg: result of 2 mesger and has not been strackioff thl: o
rr_gsmt for any m_hg; reason : ' : ' ' .
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PYRIMIDINE INDOLE DERIVATIVES FOR TREATING CANCER

The present invention relates to pyrimidinyl indole compounds, processes for their
preparation, pharmaceutical compositions containing them and their use in therapy, for
example in the treatment of proliferative disease such as cancer and particularly in disease
mediated by Ataxia-telangiectasia mutated and RAD-3 related protein kinase inhibitors,
commonly referred to as ATR.

ATR (also known as FRAP-Related Protein 1; FRP1; MECI1; SCKL; SECKL]I) protein
kinase is a member of the P13-Kinasc like kinase (P1KK) family of proteins that are involved in
repair and maintenance of the genome and its stability (reviewed in Cimprich K.A. and Cortez
D. 2008, Nature Rev. Mol. Cell Biol. 9:616-627). These proteins co-ordinate responses to
DNA damage, stress and cell-cycle perturbation. Indeed ATM and ATR, two members of the
family of proteins, share a number of downstream substrates that are themselves recognised
components of the cell cycle and DNA-repair machinery e.g. Chkl, BRCA1, p53 (Lakin ND ¢t
al,1999, Oncogene; Tibbets RS et al, 2000, Genes & Dev.). Whilst the substrates of ATM and
ATR are to an extent shared, the trigger to activate the signalling cascade is not shared and
ATR primarily responds to stalled replication forks (Nyberg K.A. et al., 2002, Ann. Rev.
Genet. 36:617-656; Shechter D. et al. 2004, DNA Repair 3:901-908) and bulky DNA damage
Iesions such as those formed by ultraviolet (UV) radiation (Wright J.A. et al, 1998, Proc. Natl.

Acad. Sci. USA, 23:7445-7450) or the UV mimetic agent, 4-nitroquinoline-1-oxide, 4NQO
(Ikenaga M. ct al. 1975, Basic Life Sci. 5b, 763-771).

Mutations of the ATR gene arc rare and viability may only result under heterozygous or
hypomorphic conditions. The only clear link between ATR gene mutations and discase exists
in a few patients with Seckel syndrome which is characterized by growth retardation and
microcephaly (O’ Driscoll M et al, 2003 Nature Genet. Vol3, 497-501). Disruptions of the
ATR pathway leads to genomic instability, while ATR is activated by most cancer
chemotherapics (Wilsker D et al, 2007, Mol. Cancer Ther. 6(4) 1406-1413). Morcover,
duplication of the ATR gene has been described as a risk factor in rhabdomyosarcomas (Smith
L et al, 1998, Nature Genetics 19, 39-46).

ATR is essential to the viability of replicating cells and is activated during S-phase to
regulate firing of replication origins and to repair damaged replication forks (Shechter D et al,
2004, Nature cell Biology Vol 6 (7) 648-655). Damage to replication forks may arise due to

exposure of cells to clinically relevant cytotoxic agents such as hydroxyurea (HU) and
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platinums (O’ Connel! and Cimprich 2005, 118, 1-6).

Conversely, sensitisation to chemotherapeutic agents can be achieved by modulation of
ATR activity. It has thus been proposed that inhibition of ATR may prove to be an efficacious
approach to future cancer therapy (Collins I. and Garret M.D., 2005, Curr. Opin. Pharmacol.,
5:366-373, Kacelin W.G. 2005, Nature Rev. Cancer, 5:689-698). There is currcatly no clinical
precedent for agents targeting ATR, although agents targeting the downstream signalling axis
i.e. Chkl are currently undergoing clinical evaluation (reviewed in Janctka J.W. et al. Curr
Opin Drug Discov Devel, 2007, 10:473-486). However, DNA damage induced by exposure of
tumour cells to cytotoxic chemotherapeutic agents such as hydroxyurca and platinum products
gives rise to damaged replication forks, a trigger for ATR activation and its signalling to a
number of cell-critical processes.

Biological assessment of the ability of ATR inhibitors to sensitise to a wide range of
chemotherapies have been evaluated. Sensitisation of tumour cells to chemotherapeutic agents
in cell growth assays has been noted and used to assess how well weak ATR inhibitors (such as
Caffeine) will sensitise tumour cell lines to cytotoxic agents. (Wilsker I et al, 2007, Mol
Cancer Ther. 6 (4)1406-1413; Sarkaria ] N. ct al, 1999, Cancer Res. 59, 4375-4382).
Moreover, a reduction of ATR activity by siRNA or ATR knock-in using a dominant negative
form of ATR in cancer cells has resulted in the sensitisation of tumour cells to the effects of a
number of therapeutic or experimental agents such as antimetabolites (5-FU, Gemecitabine,
Hydroxyurea, Mectotrexate, Tomudex), alkylating agents (Cisplatin, Mitomycin C,
Cyclophosphamide, MMS) or double-strand break inducers (Doxorubicin, Ionizing radiation)
(Cortez D. et al. 2001, Science, 294:1713-1716, Collis S.J. et al, 2003, Cancer Res. 63:1550-
1554, Cliby W.A_ ctal, 1998, EMBO J. 2:159-169).

An additional phenotypic assay has been described to define the activity of specific
ATR inhibitory compounds is the cell cycle profile (PJ Hurley, D Wilsker and F Bunz,
Oncogene, 2007, 26, 2535-2542). Cells deficient in ATR have been shown to have defective
cell cycle regulation and distinct characteristic profiles, particularly following a cytotoxic
cellular insult. Furthermore, there are proposed to be differential responses between tumour
and normal tissues in responsc to modulation of the ATR axis and this provides further
potential for therapeutic intervention by ATR inhibitor molecules (Rodrniguez-Bravo V et al,
Cancer Res., 2007, 67, 11648-11656).

Another attractive utility of ATR-specific phenotypes is aligned with the concept of
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synthetic lethality and the observation that tumour cells that are deficient in G1 checkpoint
controls, in particular p53 deficiency, are susceptible to inhibition of ATR activity resulting in
premature chromatin condensation (PCC) and cell death (Ngheim et al, PNAS, 98, 9092-5097).
In this situation, S-phase replication of DNA occurs but 15 not completed prior to M-phase
s initiation due to failure in the intervening checkpoints resulting in cell death from a lack of
ATR signalling. The G2/M checkpoint is a key regulatory control involving ATR (Brown E. J.
and Baltimore D., 2003, Genes Dev. 17, 615-628) and it is the compromise of this checkpoint
and the prevention of ATR signatling to its downstream partners which results in PCC.
Consequently, the genome of the daughter cells is compromised and viability of the cells 1s lost
1o (Ngheim et al, PNAS, 98, 9092-9097).
In summary ATR inhibitors have the potential to sensitise tumour cells to ionising
radjation or DNA-damage inducing chemotherapeutic agents, have the potential to induce
selective tumour cell killing as well as to induce synthetic lethality in subsets of tumour cells

with defects in DNA damage response.

In accordance with a first aspect of the present invention, there is provided a compound
of formuta (I):

)

wherein:
20 Ring A is a Cj¢cycloalky! or a saturated 4-6 membered heterocyclic ring containing
one heterocatom selected from O, N and S;
R’ is sclected from morpholin-4-yl, 3-methylmorpholin-4-yl,
3,5-dimethyimorpholin-4-y! and a 8-oxa-3-azabicyclo[3.2.1]octan-3-yl group,
R? and R® are hydrogen;
25 R? is hydrogen or methyl;
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R" is selected from hydrogen, methyl, fluoro, chloro, cyano and methoxy; and

R® is a group sclected from methyl, ethyl, i-propyl and cyclopropyt;
or a pharmacecutically acceptable salt thercof.

Certain compounds of formula (1) are capable of existing in stereoisomeric forms. It
will be understood that the invention encompasscs all geometric and optical isomers of the
compounds of formula (I} and mixtures thereof including racemates. Tautomers and mixtures
thercof 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 cxample, a hydrate such as a hemi-hydrate, a mono-hydrate, a di-hydrate or a
tri-hydrate or an alternative quantity thercof. In another aspect of the present invention there is
inciuded compounds with one or more isotopic substitutions. For example, H may be in any
isotopic form, including 'H, *H (D), and *H (T); C may be in any isotopic form, including '*C,
1*C, and '*C; O may be in any isotopic form, including '°0 and "*0; and the like.

The present invention relates to the compounds of formula (1) as herein defined as well
as to salts thereof. Salts for use in pharmaccutical compositions will be pharmaceutically
acceptable salts, but other salts may be useful in the production of the compounds of formula
(I) and their pharmaccutically acceptable salts. Pharmaceutically acceptabie salts of the
invention may, for cxample, include acid addition salts of compounds of formula (1) as hercin
defined which are sufficiently basic to form such salts, Such acid addition salts inciude but are
not limited to furmarate, methanesulfonate, hydrochloride, hydrobromide, citrate and malcate
salts and salts formed with phosphoric and sulfuric acid. In addition where compounds of
formula (1) are sufficiently acidic, salts arc base salts and examples include but are not limited
to, an alkali metal salt for cxample sodium or potassium, an atkaline earth metal salt for
example calcium or magnesium, or organic amine sait for example tricthylamine,
ethanolamine, dicthanolamine, tricthanolamine, morpholine, N-methylpiperidine, N-
ethylpiperidine, dibenzylamine or amino acids such as lysine.

The compounds of formula (I) may also be provided as in vivo hydrolysable csters. An
in vivo hydrolysable cster of a compound of formula (T) containing carboxy or hydroxy group
is, for example a pharmaccutically acceptable ester which is clcaved in the human or animal
body to produce the parent acid or alcohol. Such esters can be identified by administering, for
example, intravenously to a test animal, the compound under test and subsequently examining

the test ammal’s body fluid.
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Suitable pharmaceutically acceptable csters for carboxy include C,salkoxymethyl
csters for example methoxymethyt, C, galkanoyloxymethyl esters for example
pivaloyloxymethyl, phthalidyl esters, CascycloalkoxycarbonyloxyC) galkyl esters for example
1-cyclohexylcarbonyloxyethyl, 1,3-dioxolen-2-onylmethyl esters for example
5-methyl-1,3-dioxolen-2-onylmethyl, and C;.salkoxycarbonyloxyethy! esters for example
|-methoxycarbonyloxyethyl; and may be formed at any carboxy group in the compounds of
this invention.

Suitable pharmaceutically acceptable esters for hydroxy include inorganic esters such
as phosphate esters (including phosphoramidic cyclic esters) and o-acyloxyalkyl ethers 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 a-acyloxyalkyl cthers include acetoxymethoxy and
2,2-dimethylpropionyloxymethoxy. A sclection of in vivo hydrolysable ester forming groups
for hydroxy include C,-jpalkanoyl, for example formyl, acetyl, benzoyl, phenylacetyl,
substituted benzoyl and phenylacetyl; Ci-j0alkoxycarbonyl (to give alkyl carbonate esters), for
example ethoxycarbonyl; di-C,-salkylcarbamoyl and N—(di-Cl-qélkylaminoethyl)-N-
C-salkylcarbamoyl (to give carbamates); di-C,-salkytaminoacetyl and carboxyacetyl.
Examples of ring substituents on phenylacetyl and benzoy! include aminomethyl, Cy.

salkylaminomethyl and di-(C;-4alkyl)aminomethyl, and morpholino or piperazino hnked from
a ring nitrogen atom via a methylene linking group to the 3- or 4- position of the benzoyl ring.
Other interesting in vivo hydrolysable esters include, for example, R*C(0)OC,) galkyl-CO-,
wherein R™ is for example, benzyloxy-Ci-qalkyl, or phenyl. Suitable substituents on a phenyl
group in such esters include, for example, 4-C;-4piperazino-C;-salkyl, piperazino-C,-salkyl and
morpholino-Cj-salkyl.

The compounds of the formula (I) may be also be administered in the form of a prodrug
which is broken down in the human or animal body to give a compound of the formula (1).
Various forms of prodrugs are known in the art. For examples of such prodrug derivatives, see:
a) Design of Prodrugs, edited by H. Bundgaard, (Elscvier, 1985) and Methods in
Enzymology, Vol. 42, p. 309-396, cdited by K. Widder, ¢t al. (Academic Press, 1985);
b) A Textbook of Drug Design and Development, edited by Krogsgaard-Larsen and H.
Bundgaard, Chapter 5 “Design and Application of Prodrugs”, by H. Bundgaard p. 113-191
(1991);
C) H. Bundgaard, Advanced Drug Delivery Reviews, 8, 1-38 (1992);
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d) H. Bundgaard, et al., Journal of Pharmaceutical Scicnces, 77, 285 (1988); and
€) N. Kakeya, et al., Chem Pharm Buli, 32, 692 (1984).

In this specification the generic term “Cpqaikyl” includes both straight-chain and
branched-chain alkyl groups. Howcver references to individual alkyl groups such as “propyl”
are specific for the straight chain version only (i.e. n-propyl and isopropyl) and references to
individual branched-chain alkyl groups such as “zert-butyl” are specific for the branched chain
version only.

The prefix C,. in Cpqalkyl and other tcrms (where p and q arc integers) indicates the
range of carbon atoms that are present in the group, for example C;.4alkyl includes Calkyl
(methyl), Cyalkyl (ethyl), Caalkyl (propyl as n-propyl and isopropyl) and Caalky! (n-butyl, scc-
butyl, isobuty! and tert-butyl).

The term Cygalkoxy comprises —0-C, qalkyl groups.

The term C,qalkanoy! comprises —C(O)alky! groups.

The term halo includes fluoro, chlore, bromo and iodo.

“Carbocyclyl” s a saturated, unsaturated or partially saturated monocyclic ring system
containing from 3 to 6 ring atoms, wherein a ring CH; group may be replaced with a C=0
group. “Carbocyclyl” includes “aryl”, “Cyqcycloalkyl” and “Cp4cycloalkenyl”.

“aryl” 1s an aromatic monocyclic carbocyclyl ring system.

“Coqcycloalkenyl” is an unsaturated or partially saturated monocyclic carbocyclyl ring
system containing at least 1 C=C bond and wherein a ring CHa group may be replaced with a
C=0 group.

“Cpqcycloalkyl” is a saturated monocyclic carbocycly! 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 ring system
containing from 3 to 6 ring atoms of which 1, 2 or 3 ring atoms arc 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 CHj group may be replaced with a C=0 group.

“Heterocyclyl” includes “heteroaryl”, “cycloheteroalkyl” and “cycloheteroalkenyl”.
“Heteroaryl” is an aromatic monocyclic heterocyclyl, particularly having 5 or 6 ring
atoms, of which 1, 2 or 3 ring atoms are chosen from nitrogen, sulfur or oxygen where a ring

nitrogen or sulfur may be oxidised.

/f’/
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“Cycloheteroalkenyl” is an unsaturated or partially saturated monocyclic heterocyclyl
ring system, particularly having 5 or 6 ring atoms, of which 1, 2 or 3 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 CHs group may be replaced

s with a C=0 group.

“Cyclohcteroalkyl” is a saturated monocyclic heterocyclic ring system, particularly
having 5 or 6 ring atoms, of which 1, 2 or 3 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 whercin a ring CH, group may be replaced with a C=0 group.

10 This specification may make use of composite terms to describe groups comprising ’
more than one functionality. Unless otherwise described herein, such terms are to be
interpreted as is understood in the art. For example carbocyclylCp_alkyl comprises Cpqalkyl
substituted by carbocyclyl, heterocyclylC, qalkyl comprises Cpqalkyl substituted by
heterocyclyl, and bis(C,qalkyl)amino comprises amino substituted by 2 C,alkyl groups which

15 may be the same or different.

HaloC,, qalkyl is a Cp.qalkyl group that is substituted by 1 or more halo substituents and
particuarly 1, 2 or 3 halo substituents. Similarly, other generic terms containing halo such as
haloC,.qalkoxy may contain 1 or more halo substituents and particluarly 1, 2 or 3 halo
substituents,

20 HydroxyC,qalkyl is a Cpqalkyl group that is substituted by 1 or more hydroxy!

substituents and particularly by 1, 2 or 3 hydroxy substituents. Similarly other generic terms

containing hydroxy such as hydroxyC, ,alkoxy may contain 1 or more and particularly 1,2 or 3
hydroxy substituents.
CpqalkoxyCpqalkyl is a C,qalkyl group that is substituted by 1 or more Cpqalkoxy
25 substituents and particularly 1, 2 or 3 C,qalkoxy substituents. Similarly other generic terms
containing C,qalkoxy such as Cp.jalkoxyC,. qalkoxy may contain 1 or more C, qalkoxy
substituents and particularly 1, 2 or 3 C,qalkoxy substituents.
Where optional substituents arc chosen from “1 or 27, from “1, 2, or 3” or from “1, 2, 3
or 4” groups or substituents it is to be understood that this definition includes all substituents
30 being chosen from one 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.
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Compounds of the present invention have been named with the aid of computer software

(ACD/Name version 10.0).

“Proliferative disease(s)” includes malignant disease(s) such as cancer as well as non-

malignant disease(s) such as inflammatory discases, obstracutive airways discases, immune

diseases or cardiovascular discases.

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

for Cysalkyl:
for C)galkyl:

for Cigcycloalkyl:
for CascycloalkylCzalkyl:

for aryl:

for arylC.alkyl:
for carbocylyl:
for halo:

for C;..alkoxy:
for C,salkoxy:

for Cj_salkanoyl:

for Csalkanoyl;

for heteroaryl:

for heteroarylC alkyl:

methyl, ethyl, propyl and iso-propyl;

Ciaalkyl, butyl, 2-methytpropyl, tert-butyl, pentyl,
2,2-dimethylpropyl, 3-methylbutyl and hexyl,

cyclopropyl, cyclobutyl, cyclopentyl and cyclohexyl;
cyclopropylmethyl, cyclopropylethyl, cyclobutylmethyi,
cyclopentylmethy! and cyclohexylmethyl;

phenyl;

benzy! and phencthyl!,

aryl, cyclohexenyl and Ciscycloalkyl;

fluoro, chloro, bromo and iodo;

methoxy, ethoxy, propoxy and isopropoxy;

C.;alkoxy, butoxy, tert-butoxy, pentyloxy, 1-ethylpropoxy and
hexyloxy;

acetyl and propanoyl;

acetyl, propanoyl and 2-methylpropanoyi;

pyridinyl, imidazolyl, pyrimidinyl, thtenyl, pyrrolyl, pyrazolyl,
thiazolyl, thiazolyl, triazolyl, oxazolyl, isoxazolyl, furanyl,
pyridazinyl and pyrazinyl;

pyrrolylmethyl, pyrrolylethyl, imidazolylmethyl,
imidazolylethyl, pyrazolylmethyl, pyrazolylethyl, furanylmethyl,
furanylethyl, thienylmcthyl, theinylethyl, pyridinylmethyl,
pyridinylcthyl, pyrazinylmethyl, pyrazinylethyl,
pyrimidinylmethyl, pyrimidinylethyl, pyrimidinylpropyi,
pyrmmidinylbutyl, imidazolylpropyl, imidazolylbutyl, 1,3,4-
triazolylpropyl and oxazolylmethyl,
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for heterocyclyl: heteroaryl, pyrrolidinyl, piperidinyl, piperazinyl, azetidinyl,
morpholinyl, dihydro-2H-pyranyl, tetrahydropyndine and
tetrahydrofuranyl;
for saturared heterocyclyl:  oxetanyl, pyrrolidinyl, piperidinyl, piperazinyl, azetidinyl,
morpholinyl, tetrahydropyranyl and tetrahydrofuranyl. |
1t should be noted that examples given for terms used in the description are not limiting.
Particular values of Ring A, n, R!, R? R? R’ R’and RCare as follows. Such values may
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
herein. .
Ring A
In one aspect of the invention Ring A is a unsubstituted Cigcycloalkyl or a saturated 4-
6 heterocyclic ring containing onc heteroatom selected from O and N
In another aspect Ring A is a cyclopropyl, cyclobutyl, cyclopentyl, oxetanyl,
tetrahydrofuryl, tetrahydropyranyl, azetidiny!, pyrrolidinyl or piperidinyl ring.
In another aspect Ring A is a cyclopropyl, cyclobutyl, cylopentyl, tetrahydropyranyl or
piperidinyl ring.
In another aspect Ring A is a cyclopropyl, cylopentyl, tetrahydropyranyl or piperidinyl
ring.
In another aspect Ring A 1s a ¢yclopropyl, tetrahydropyranyl or piperidinyl ring.
In another aspect Ring A is a piperidinyl ring. .
In another aspect Ring A is a tetrahydropyranyl ring.

In another aspect Ring A is a cyclopropyl ring.
R!

In another aspect of the invention R' is sclected from morpholin-4-yl, 3-
methylmorpholin-4-yl, 3,5-dimethylmorpholin-4-y] and a 8-oxa-3-azabicyclo[3.2.1]Joctan-3-yl.
In a further aspect, R is selected from morpholin-4-yl, 3-methylmorpholin-4-yl.

In a further aspect, R' is 3-methylmorpholin-4-yl.
R?

R? is hydrogen.

R

In one aspect of the invention R? is hydrogen.
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Il4

In another aspect R* is sclected from hydrogen, fluoro, chloro, cyano, methyl and
methoxy.

In another aspect R* is hydrogen or methyl.

Tn another aspect R* is hydrogen.

RS

In one aspect of the invention R® is hydrogen.

R®

Tn one aspect of the invention R® is a group sclected from methyl, ethyl, i-propyl and
cyclopropyl.

In another aspect of the invention R® is methyl.

In one aspect of the invention there is provided a subset of compounds of formula (1),
or a pharmaccutically acceptable salt thereof]

Ring A is a unsubstituted C; scycloalkyl or a saturated 4-6 heterocyclic ring containing
one hetecroatom sclected from O and N,

R' is selected from morpholin-4-yl, 3-methylmorpholin-4-yl,
3,5-dimethylmorpholin-4-yl and a 8-oxa-3-azabicyclo[3.2. 1 Joctan-3-y! group;

R’ is hydrogen;

R® is hydrogen;

R® is a group sclected from methyl, cthyl, i-propy! and cyclopropyl; and

either

R is hydrogen; and R* is selected from hydrogen, methyl, fluoro, chloro, cyano and
methoxy;

or

R* is hydrogen, and R? is hydrogen or methyl.

In another aspect of the invention there 18 provided a subset of compounds of formula
(I), or a pharmaccutically acceptable salt thereof;,

Ring A is a cyclopropyl, cyclobutyl, cyclopentyl, oxetanyl, tetrahydrofuryl,
tetrahydropyranyl, azetidinyl, pyrrolidinyl or piperidiny/ ring;

R! is selected from morpholin-4-yl, 3-methylmorpholin-4-yl, 3,5-dimethylmorpholin-4-
yl and a 8-oxa-3-azabicyclo[3.2.1]octan-3-yl group;

R’ is hydrogen;

&
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R’ is hydrogen; and
R® is a group selected from methyl, ethyl, i-propyl and cyclopropyl; and
either

R® is hydrogen; and R* is sclected from hydrogen, methyl, fluoro, chloro, cyano and

s methoxy;

10

20

25

or
R* is hydrogen, and R* is hydrogen or methyl.
In another aspect of the invention there 15 provided a subset of compounds of formula
(D), or a pharmaceutically acceptable salt thercof;
Ring A is a cyclopropyl, cylopentyl, tetrahydropyranyl or piperidinyl ring;
R’ is selected from morpholin-4-yl, 3-methyimorpholin-4-yl, 3,5-dimethylmorpholin-4-
yland a 8-oxa-3-azabicyclo[3.2.1]octan-3-yl group;
R? is hydrogen;
R® is hydrogen; and
R® is a group selected from methyl, ethyl, i-propy! and cyclopropyl; and
either
R is hydrogen; and R* is selected from hydrogen, methyl, fluoro, chloro, cyano and
methoxy;
or
R* is hydrogen, and R? is hydrogen or methyl.
In another aspect of the invention there is provided a subset of compounds of {ormula
(1), or a pharmaceutically acceptable salt thereof;
Ring A is a cyclopropyl, cyclobutyl, cyclopentyl, oxetanyl, tetrahydrofuryl,
tetrahydropyranyl, azetidinyl, pyrrolidinyl or piperidinyl ring;
R’ is selected from morpholin-4-yl, 3-methylmorpholin-4-yl, 3,5-dimethylmorpholin-4-
yl and a 8-oxa-3-azabicyclof3.2.1]Joctan-3-yl group;
R? is hydrogen;
R? is hydrogen;
R* is hydrogen;
R® is hydrogen; and
R® is a group selected from methyl, ethyl, i-propyl and cyclopropyl.




5

20

25

30

WO 2010/073034 PCT/GB2009/051755
-12-

In another aspect of the invention there is provided a subset of compounds of formula
(), or a pharmaccutically acceptable salt thereof;

Ring A is a cyclopropyl, cyclobutyl, cyclopentyl, tetrahydropyranyl or piperidinyl ring;

R’ is sclected from morpholin-4-yl, 3-methylmorpholin-4-yl, 3,5-dimethylmorpholin-4-
yl and a 8-oxa-3-azabicyclo[3.2.1]octan-3-yl group;

R? is hydrogen;

R? is hydrogen;

R*is hydrogen;

R® is hydrogen; and

R® is a group selected from methyl, cthyl, i-propy! and cyclopropyl.

In another aspect of the invention there is provided a subset of compounds of formula
(I), or a pharmaceutically acceptable salt thereof;

nisOorl;

Ring A is a cyclopropyl, cylopentyl, tetrahydropyranyl or piperidinyl ring;

R' is selected from morpholin-4-yl, 3-methylmorpholin-4-yl;

R?is hydrogen;

R? is hydrogen;

R*is methyl;

R’ is hydrogen; and

RSisa group sclected from methyl and cyclopropyl.

In another aspect of the invention there is provided a subset of compounds of formula
(I), or a pharmaceutically acceptable salt thereof;

Ring A is a cyclopropyl, cyclobutyl, cyclopentyl, tetrahydropyranyl or piperidiny! ring;

R' is 3-methylmorpholin-4-yl;

R’ is hydrogen;

RYis hydrogen;

R* is hydrogen;

R® is hydrogen; and

R®isa group sclected from methyl, ethyl, i-propyl and cyclopropyl.

In another aspect of the invention there 1s provided a subset of compounds of formula
(I), or a pharmaccutically acceptable salt thereof;

Ring A 15 a cyclopropyl, tetrahydropyranyl or piperidiny! ring;

(%
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R' is 3-methylmorpholin-4-yl;

R’ is hydrogen;

R? is hydrogen;

R* is hydrogen;

5 R® is hydrogen; and
R® is a methyl group.
In another aspect of the invention there is provided a subset of compounds of formula
(la),
C e
R i
N~H
R
10 (1a)

or a pharmaceutically acceptable salt thereof;

Ring A is a cyclopropyl, tetrahydropyranyl or piperidinyl ring;
R?is hydrogen;

R? is hydrogen;
15 R* is hydrogen;
R’ is hydrogen; and
R® is a methy! group.
In another aspect of the invention provides a compound, or a combination of
compounds, selected from any one of the Examples or a pharmaceutically acceptable salt

20 thercof.

In another aspect of the invention there is provided a compound, or a combination of
compounds, selected from any one of
4-{4-[1-(Methylsulfonyl)cyclopropyl]-6-morpholin-4-ylpyrimidin-2-yl} -1H-indole;
6-Methyl-4-{4-[1-(methylsulfonyl)cyclopropyl]-6-morpholin-4-ylpyrimidin-2-yl}-1H-indole;

25 2-Methyl-4-{4-[1-(methylsulfonyl)cyclopropyl]-6-morpholin-4-ylpyrimidin-2-yl}-1H-indole;
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6-Mcthoxy-4-{4-[ 1 -(methylsulfonyl)cyclopropyl]-6-morpholin-4-ylpyrimidin-2-yl}-1H-indole;
4-{4-[1-(methylsulfonyl)cyclopropyl]-6-morpholin-4-ylpyrimidin-2-yi} - 1 H-indolc-6-
carbonitrile;

6-chloro-4-{4-[1-(methylsulfonyl)cyclopropyl]-6-morpholin-4-ylpyrimidin-2-yl }- | H-indole;
6-fluoro-4-{4-[1-(methylsulfonyl)cyclopropyl}-6-morpholin-4-ylpyrimidin-2-yl} -1 H-indole;
4-{4-[4-(Methylsulfonyl)piperidin-4-yl]-6-morpholin-4-ylpyrimidin-2-yl} -1 H-indolc;
4-{4-[4-(Methylsulfonyl)tetrahydro-2H-pyran-4-yl]-6-morpholin-4-ylpyrimidin-2-yl } -1 H-
indole;

4-{4-[1-(ethylsulfonyl)cyclopropy!]-6-morpholin-4-ylpyrimidin-2-yl}-1H-indole;
4-(4-{1-{(1-methylcthyl)sulfonyl]cyclopropyl} -6-morpholin-4-ylpyrimidin-2-yl)- 1H-indole;
4-{4-[1-(cyclopropylsulfonyl)cyclopropyl]-6-morpholin-4-ylpyrimidin-2-yl} -1 H-indole;
4-{4-[4-(cyclopropylsulfonyl)tetrahydro-2H-pyran-4-yt]-6-morpholin-4-ylpyrimidin-2-y1}-1H-
indole;

4-{4-[4-(cyclopropylsulfonyl)piperidin-4-yl]-6-morpholin-4-ylpyrimidin-2-yl } - 1H-indole;
4-{4-[4-(Cyclopropylsulfonyl)piperidin-4-yl]-6-[(3S)-3-methylmorpholin-4-yl]pyrimidin-2-
yl}-1H-indole;
4-{4-{4-(Cyclopropylsulfonyljtetrahydro-2H-pyran-4-y1]-6-[(38)-3-methylmorpholin-4-
yl]pyrimidin-2-yl}-1H-indole;

4-{4-[(3S)-3-Mcthylmorpholin-4-yl]-6-[ 1-(methylsulfonyl)cyclopentyllpyrimidin-2-yl}-1H-
indole;

4-{4-[(35)-3-Mcthylmorpholin-4-yl}-6-[4-(methylsulfonytetrahydro-2 H-pyran-4-
yllpyrimidin-2-yi}-1H-indole;

4-{4-[(35)-3-Methylmorpholin-4-yl]-6-[ | -(methylsulfonyl)-cyclopropyl]pyrimidin-2-yl)- 1 H-
indole;

4-{4-[(3R)-3-Methylmorpholin-4-y!]-6-[ | -(methylsulfonyl)cyclopropyllpyrimidin-2-y!} - TH-
indole;

6-Mcthyl-4-{4-[(3R)-3-mcthylmorpholin-4-yl[-6-[ 1-(mcthylsulfonyl)cyclopropy!jpyrimidin-2-
yl}-1H-indole; _
2-Methyi-4-{4-[(3R)-3-mcthylmorpholin-4-yI]-6-[ 1-(methylsulfonyl)cyclopropyl]pyrimidin-2-
yl}-1H-indole;

4-{4-[(3R)-3-Methytmorpholin-4-yl]-6-[ 1 -(methylsulfonyl)cyclopropylpyrimidin-2-yl}-1H-

indole-6-carbonitrile;
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6-chloro-4- {4-[(3R)-3-methylmorpholin-4-yl]-6-[1-(methyisulfonyl)cyclopropyl]pyrimidin-2-
yl}-1H-indoie;
6-fluoro-4- {4-[(3R)-3-methylmorpholin-4-yl]-6-[1-(methylsulfonyl)cyclopropyl]pyrimidin-2-
yl}-1H-indole;
6-methoxy-4- {4-[(3R)-3-methylmorpholin-4-yl}-6-[1-(methylsulfonyl)cyclopropyl]pyrimidin-
2-yl}-1H-indole;
4-{4-[(3R)-3-Methylmorpholin-4-y1]-6-[4-(methylsulfonyl)tetrahydro-2H-pyran-4-
yllpyrimidin-2-yl}-1H-indole;
6-Methyl-4-{4-[(3R)-3-methylmorpholin-4-y1]-6-[4-(methylsulfonyl)tetrahydro-2H-pyran-4- P
yl)pyrimidin-2-yl}-1H-indole; '
2-Methyl-4-{4-[(3R)-3-methylmorpholin-4-yi]-6-[4-(methylsulfonyl)tetrahydro-2H-pyran-4- _
yl]pyrimidin-2-yl}-1H-indole;
6-Methoxy-4- {4-[(3R)-3-methylmorpholin-4-yl}-6-[4-(methylsul fonyDtetrahydro-2H-pyran-4-
ylIpyrimidin-2-y!}-1H-indolc;
6-chloro-4- {4-[(3R)-3-methylmorpholin-4-yl]-6-[4-(methylsulfonyl)tetrahydro-2H-pyran-4-
ylJpyrimidin-2-yl}-1H-indole;
6-fluoro-4- {4-[(3R)-3-methylmorpholin-4-y1]-6-{4-(methylsulfonyl)tetrahydro-2H-pyran-4-
yllpyrimidin-2-yl}-1H-indole;
4-{4-[(3R)-3-methylmorpholin-4-yl]-6-[4-(methylsulfonyl)tetrahydro-2H-pyran-4-
yllpyrimidin-2-yl}-1H-indole-6-carbonitrile;
4-{4-[(3R)-3-Methylmorpholin-4-y1]-6-[4-(methylsulfonyl)piperidin-4-yl]pyrimidin-2-yl}-1H- .
indole;
4-{4-{(3R)-3-Methylmorpholin-4-y1]-6-[ 1-(methylsulfonyl)cyclobutyljpyrimidin-2-yl}-1H-
indole,
4-{4-[1(Cyclopropylsulfonyl)cyclopropy!]-6-[(3R)-3-methylmorpholin-4-ylJpyrimidin-2-yl} -
1H-indole;
4-{4-[4-(Cyclopropylsulfonyl)piperidin-4-yl]-6-[(3R)-3-methylmorpholin-4-yl]pyrimidin-2-
yl}-1H-indole;
4-{4-[4-(Cyclopropylsulfonyl)tetrahydro-2H-pyran-4-y1]-6-[ (3R)-3-methylmorpholin-4-
yllpyrimidin-2-yl1}-1H-indole;
4-{4-[1-(Ethylsulfonyl)cyclopropyl}-6-[(3R)-3-methylmorpholin-4-yl]pyrimidin-2-yl}-1H-

indole,
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4-{4-[4-(Ethylsulfonyltetrahydro-2H-pyran-4-yi]-6-[{3R)-3-methylmorpholin-4-yl|pyrimidin-
2-yl}-1H-indole;
4-{4-[4-(Ethylsulfonyl)piperidin-4-yl]-6-[(3R)-3-mecthylmorpholin-4-ylpyrimidin-2-yl } - 1H-
indole;
4-(4-{1-[(1-Methylethyl)sulfonylicyclopropyl} -6-[(3R)-3-methylmorpholin-4-yl]pyrimidin-2-
yl)-1H-indole;
4-(4-{4-[(1-Mcthylethylsulfonylltetrahydro-2H-pyran-4-yi}-6-[(3R)-3-methylmorphoiin-4-
yllpyrimidin-2-yl)-1H-indolc;
4-(4-{4-[(1-Methylethyl)sulfonyl]piperidin-4-yl}-6-[(3R)-3-methylmorpholin-4-y!Jpyrimidin-
2-yl)-1H-indole;
4-{4-[(3S8,5R)-3,5-Dimethylmorpholin-4-yl]-6-[ 1 -(methylsulfonyl)cyclopropyi]pyrimidin-2-
yl}-1H-indole;
4-[4-[(3R,58)-3,5-dimethylmorpholin-4-yl]-6-( 1 -methylsulfonylcyclopropyl}pynmidin-2-yl]-
1H-indole); and
4-{4-[1-(Methylsulfonyl)cyclopropy!]-6-(8-oxa-3-azabicyclo[3.2.1 Joct-3-yl)pyrimidin-2-yl }-
1H-indole, or a pharmaccutically acceptable salt thercof.

A compound of formula (I) may be prepared from a compound of formula (!I), wherein
L? is a leaving group (such as halo or -SMe, ctc.), with a compound of formula (I11), wherein X
is a suitable group (such as boronic acid or ester) in the presence of a suitable Pd catalyst and
phosphine ligand in a suitable solvent such as a mixture of dimethylformamide,
dimethoxyethane, water and ethanol, under suitable conditions such as heating in a microwave
reactor.

Compounds of formula (111} are either commercially available or well known in the art.
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It will be appreciated that a compound of formula (1I) may be transformed into another
compound of formula (1I) by techniques such as oxidation, alkylation, reductive amination etc.,
cither listed above or otherwise known in the literature.

A compound of formula (IT), may be prepared by the reaction of a compound of

s formula (JV), with a compound of formula (V), wherein A is a 2 to 6 membered, optionally
substituted, alkylene chain in which 1 carbon may be optionally replaced with O, N or S, and
wherein L' is a leaving group (such as halo, tosyl, mesyl etc.), in the presence of a suitable base
such as sodium hydride or potassium ters-butoxide in a suitable solvent such as tetrahydrofuran
or N,N-dimethylformamide, or by using aqueous sodium hydroxide solution and DCM as a

1o solvent with a suitablc phase transfer agent such as tetrabutylammonium bromide. ‘

L 2
wbt o o |)‘\‘N T "
HE’S\)\AH' S's"o LA
(Iv) (m
A compound of formula (1), may be prepared by the reaction of a compound of

formula (IV), with a compound of formula (V), wherein A is a 2 to 6 membered, optionally
substituted, alkylene chain in which 1 carbon may be optionally replaced with O, N or S, and
wherein L' is a leaving group (such as halo, tosyl, mesy! etc.), and L* is a group which can be

transformed to a suitable lcaving group (such as halo, tosyl, mesyl) at a later stage, to give a

compound of formula (V1) in the presence of a suitable base such as sodium hydnde or
potassium rert-butoxide in a suitable solvent such as tetrahydrofuran or N,N-
dimethylformamide, or by using aqueous sodium hydroxide solution and DCM as a solvent
20 with a suitable phase transfer agent such as tetrabutylammonium bromide, and subsequently
converting L* to an appropriate leaving group (such as halo, tosyl, mesyl etc.) and then
exposing to a suitable base such as sodium hydride or potassium reri-butoxidc in a suitable
solvent such as tetrahydrofuran or N,N-dimethylformamide, or by using aqueous sodium
hydroxide solution and DCM as a solvent with a suitable phase transfer agent such as

25 tetrabutylammonium bromide.
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A compound of formula (IV), may be prepared by the reaction of a compound of
formula (VI1) where L* is a suitable leaving group such as halo, with a compound of formula

(VIII) in a suitable solvent such as DCM.
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A compound of formula (VII), may be prepared by the reaction of a compound of

formula (IX) using conditions well known in the art.

L? L?
N)“* NJ‘}N
HO\M\W LWR*

{1X) (V1)
A compound of formula (IX), may be prepared by the reaction of a compound of
10 formula (X) using conditions well known in the art.

A 1
a ~
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(X) (IX)
A compound of formula (X), where R'is a N-linked heterocycle such as morpholine,
may be prepared by the reaction of a compound of formula (X1) with a cyclic amine such as

morpholine optionally in the presence of a suitable base such as triethylamine in a suitable

15 solvent such as N, N-dimethylformamide. A compound of formula (X), where R'is a C-linked
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heterocycle such as dihydropyran, may be prepared by the rcaction of a compound of formula
(X1) with a suitable organometallic reagent (such as the boronic acid R'B(OH); or the boronic
ester R'B(OR); ctc.) in the presence of a suitable metal catalyst (such as palladium or copper)

in a suitable solvent such as 1,4-dioxane.

R® NN R® NTN
o M > oM
LS MRI
8] C
(X)
s (X1)

Compounds of formula (X1), cyclic amines, boronic acids {R'B(OH);}and boronic
esters {R'B(OR);,}are either commercially available or well known in the art.

A compound of formula (IV) where R'is a N-linked heterocycle such as morpholine,
may be prepared by the reaction of a compound of formula (XII) with a cyclic amine such as
morpholine optionally in the presence of a suitable base such as tricthylamine in a suitable
solvent such as N,N-dimethylformamide. A compound of formula (V1), where R'is a C-linked
heterocycle such as dihydropyran, may be prepared by the reaction of a compound of formula
(X11) with a suitable organometallic reagent (such as the boronic acid R'B(OH), or the boronic

ester R'B(OR); etc.) in the presence of a suitable metal catalyst (such as palladium or copper)

15 1in a suitable solvent such as 1,4-dioxane.
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A compound of formula (X11), may be prepared by the reaction of a compound of
formula (X11I) under conditions known in the art.
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A compound of formula (XIII), may be prepared by the reaction of a compound of
formula (XI1V) with a compound of formula (VIII).

Altematively, a compound of formula (X1I) where R® is Me, L? is -SMe and L° is
chloro, may be prepared by the reaction of a compound of formula (X1V) with a compound of

s formula (XV), followed by decarboxylation under conditions known in the art.

n

L
iﬂe 0 NJ*N
SN s S v N
1t
R®- W OMe #
o) Cl cl CO,Me
(XIV) XV) I
L2
.
RS/ \\\)\/)\LS
0
(X1

A compound of formula (IV), may be prepared by the reaction of a compound of
10 formula (XVT) under suitable oxidation conditions such as aqueous hydrogen peroxide in the
presence of sodium tungstate dihydrate in a suitable solvent mixture such as methanol and 1,4-

dioxane in the presence of water and sulfuric acid.

L? L2
I\{ ~N 9 NJ”}N
RS,SMRI REIS\‘\/“\/kFﬂ
O
(XV1) (V)

It will be appreciated that a compound of formula (V) may be transformed into another
ts compound of formula (IV) by techniques such as oxidation, alkylation, reductive amination

ctc., cither listed above or otherwise known in the literature.
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A compound of formula (XVI), may be prepared by the reaction of a compound of
formula (VL), wherein L. is a leaving group (such as halo, tosyl, mesyl etc), with a compound
of formula (XV) optionally in the presence of a suitable base such as triethylamine and a

solvent such as acetonitrile.

L2 L

] (VI1) (XV) (XVI)

Compounds of formula (VII) are either commercially available or well known in the
art.

1t will be appreciated that a compound of formula (XVI) may be transformed into
another compound of formula (XVI) by techniques such as oxidation, alkylation, reductive

1o amination etc., either listed above or otherwise known in the literature.

It will be appreciated that where Ring A, is a heterocyclic ring containing a nitrogen
atom that the nitrogen atom may be suitably protected (for example a t-butoxycarbamate or
benzyl group) and that the protecting group may be removed and if necessary a further reaction
performed on the nitrogen (for example an alkylation, reductive amination or amidation) at any

15 stage in the synthesis.

1t will be appreciated that certain of the various ring substituents in the compounds of
the present invention may be introduced by standard aromatic substitution reactions or
generated by conventional functional group modifications either prior to or immediately
following the processes mentioned above, and as such are included in the process aspect of the

20 invention. For example compounds of formula (1} may be converted into further compounds of
formula (1) by standard aromatic substitution reactions or by conventional functional group
modifications. Such reactions and modifications include, for example, introduction of a
substituent by means of an aromatic substitution reaction, reduction of substituents, alkylation
of substituents and oxidation of substituents. The reagents and reaction conditions for such

25 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
introduction of an acyl group using, for example, an acyl halide and Lewis acid (such as

aluminium trichloride) under Friedel Crafts conditions; the introduction of an alkyl group using
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an alkyl halide and Lewis acid (such as aluminium trichloride) under Friedel Crafts conditions;
and the introduction of a halogen group. Particular examples of modifications include the
reduction of a nitro group to an amino group by for example, catalytic hydrogenation with a
nickel catalyst or treatment with iron in the presence of hydrochloric acid with heating;
oxidation of alkylthio to alkylsulfinyl or alkylsulfonyl.

It will also be appreciated that in some of the reactions mentioned herein it may be
necessary/desirable to protect any sensitive groups in the compounds. The instances where
protcction is necessary or desirable and suitable methods for protection are known to thosc
skilled in the art. Conventional protecting groups may be used in accordance with standard
practice (for illustration sec T.W. Green, Protective Groups in Organic Synthesis, John Wiley
and Sons, 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 suitable protecting group for an amino or alkylamino group is, for example, an acyl
group, for example an alkanoyl group such as acetyl, an alkoxycarbonyl group, for examplc a
methoxycarbonyl, ethoxycarbony! or tert-butoxycarbonyl group, an arylmethoxycarbonyl
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 alkanoyl! or alkoxycarbonyl
group or an aroyl group may be removed for example, by hydrolysis with a suitable base such
as an alkali metal hydroxide, for example lithium or sodium hydroxide. Alternatively an acyl
group such as a fert-butoxycarbonyl group may be removed, for example, by treatment with a
suitable acid as hydrochlorie, sulfuric or phosphoric acid or trifluoroacetic acid and an
arylmcthoxycarbonyl group such as a benzyloxycarbonyl group may be removed, for example,
by hydrogenation over a catalyst such as palladium-on-carbon, or by treatment with a Lewis
acid for example boron tris(trifluoroacetate). A suitable alternative protecting group for a
primary amino group is, for example, a phthaloyl group which may be removed by treatment
with an alkylamine, for examplc dimethylaminopropylamine, or with hydrazine.

A suitable protecting group for a hydroxy group is, for example, an acyl group, for
example an atkanoy! group such as acctyi, an aroyl group, for example benzoyl, or an
arylmethyl group, for example benzyl. The deprotection conditions for the above protecting
groups will necessarily vary with the choice of protecting group. Thus, for example, an acyl

group such as an alkanoyl or an aroy! group may be removed, for example, by hydrolysis with
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a suitable base such as an alkali metal hydroxide, for example lithium or sodium hydroxide.
Alternatively an arylmethy! group such as a benzyl group may be removed, for example, by
hydrogenation over a catalyst such as palladium-on-carbon.

A suitable protecting group 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 sodium hydroxide, or for example a 7er-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 over a catalyst such as palladium-on-carbon.

The protecting groups may be removed at any convenient stage in the synthesis using
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.

Biological Assays

The following assays can be used to measure the effects of the compounds of the
present invention as ATR kinase inhibitors.

(a) Enzyme assay -ATR

ATR for use in the in vitro enzyme assay was obtained from Hela nuclear extract (CIL
Biotech, Mons, Belgium) by immunoprecipitation with rabbit polyclonal antiserum raised to
amino acids 400-480 of ATR (Tibbetts RS et al, 1999, Genes Dev. 13:152-157) contained 1n
the following buffer (25 mM HEPES (pH7.4), 2 mM MgCly, 250 mM NaCl, 0.5 mM EDTA,
0.1 mM NazVQ,, 10% v/v glycerol, and 0.01% v/v Tween 20). ATR-antibody complexes were
isolated from nuclear extract by incubating with protein A-Sepharose beads (Sigma, #P3476)
for 2 hours and then through centrifugation to recover the beads. In the well of a 96-well plate,
10 uL ATR-containing Sepharose beads were incubated with 1 pg of substrate glutathione §-
transferase—pS3ING6 (NH-terminal 66 amino acids of p53 fused to glutathione S-transferase
was cxpressed in E.coli) in ATR assay buffer (50 mM HEPES (pH 7.4), 150 mM NaCl, 6 mM
MgClz, 4 mM MnCly, 0.1 mM NazVOy, 0.1 mM DTT, and 10% (v/v) glycerol) at 37°C in the
presencc or absence of inhibitor. After 5 minutes with gentle shaking, ATP was added to a final
concentration of 3 uM and the reaction continued at 37°C for an additional 1 hour. The
reaction was stopped by addition of 100pL PBS and the reaction was transferred to a white

opaque glutathione coated 96-well plate (NUNC #436033) and incubated overnight at 4°C.
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This plate was then washed with PBS/0.05% (v/v) Tween 20, blotted dry, and analyzed by a
standard ELISA (Enzyme-Linked ImmunoSorbent Assay) technique with a phospho-serine 15
p53 (16GR) antibody (Cell Signaling Technology, #9286). The detection of phosphorylated
glutathione S-transferase—pS3N66 substrate was performed in combination with a goat anti-
mouse horseradish peroxidase-conjugated secondary antibody (Pierce, #31430). Enhanced
chemiluminescence solution (NEN, Boston, MA) was used to produce a signal and
chemiluminescent detection was carried out via a TopCount (Packard, Meriden, CT) plate
reader.

The resulting calculated % enzyme activity (Activity Base, IDBS) was then used to
determine the 1Csq values for the compounds (ICs, taken as the concentration at which 50% of
the enzyme activity is inhibited).

(b) Cellular assays - ATR (Western blot)

The ATR western blot assay was used to determine the ability of the ATR inhibitor to
prevent the phosphorylation of Chk1 at serine 345 in response to trcatment with the UV
mimetic 4-nitroquiniline N-oxide (4NQO).

HT29 colorectal adenocarcinoma cells (ATCC) were routinely maintained in RPMI
(Invitrogen) supplemented with 10% fetal bovine serum and penicillin/streptomycin/glutamine
at 37°C and 5% CO; in a humidified atmosphere. The cells were seeded at 5x10° cells per well
in 6-well tissue culture treated dishes. Cells were left overnight before being treated with a
range of concentrations of ATR inhibitor (typically 10, 3, 1, 0.3, 0.1 0.03 uM) for 1 hour at
37°C. Cells were then treated for a further hour with 3puM 4NQO (Sigma #N8141), controls
containing 4NQO alone and equivalent DMSO were also included. Whole cell lysates were
prepared by scraping cells into 50 ul lysis buffer (1% NP-40, SmM NaF, ImM NaVQ, in PBS
plus EDTA-free protease inhibitor tablet (Roche)). Lysates were spun to remove insoluable
material, SDS PAGE loading buffer added and boiled. The proteins were separated on 10%
Bis-Tris SDS-PAGE gels (Invitrogen) and transferred to nitrocclluloscusing Biorad Mint
Protean IT apparatus. Chk1 (ser 345) was detected using anti phospho Chk!1 (ser 345) 133D3
Rabbit Mab (Cell Signalling Technology #2345) at 1:1000 dilution-in 5% BSA, and goat anti
rabbit IgG HRP conjugated sccondary antibody (Picrce #31460) in 10% Marvel followed by

detection using Enhanced Chemilumiescence Solution (Perkin Elmer).
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(c) Cellular assays - ATR

ATM and ATR have distinct and overlapping responses to DNA damage. They must
participate together and responses must be co-ordinated. Both pathways may be activated by
ionising radiation, however only ATR is activated by UV. Since UV treatment is not practical
for use in a high throughput cell assay, the UV mimetic 4NQO (Sigma) was chosen to activate
the ATR DNA damage response pathway.

Chk1, a downstream protein kinase of ATR, plays a key role in DNA damage
checkpoint control. Activation of Chk1 involves phosphorylation of Ser317 and Ser345
(regarded as the preferential target for phosphorylation/activation by ATR). This assay P
measures a decreasc in phosphorylation of Chk1 (Ser 345) in HT29 colon adenocarcinoma ‘
cells following treatment with compound and the UV mimetic 4ANQO. Compounds dose ranges )
werc created by diluting in 100% DMSO and then further into assay media (EMEM, 10%FCS,
1% glutamine) using a Labcyte Echo Acoustic dispensing instrument. Cells were plated in 384
well Costar plates at 1x10° cells per ml in 40pL EMEM, 10%FCS, 1%glutamine and grown for
24hrs. Following addition of compound the cells were incubated for 60 minutes. A final
concentration of 3uM 4NQO (prepared in 100% DMSO) was then added using the Labeyte
Echo and the cells incubated for a further 60mins. The cells are then fixed by adding 40plL
3.7% v/v formaldehyde solution for 20 minutes. After removal of fix, cells were washed 3
times with PBS and permeabilised in 40pL of PBS containing 0.1% Triton™ X-100. Cells are
then washed three times and 15l primary antibody solution (pChk1 Ser345) (Cell Signalling
Technology #2345) added and the plates incubated at 4°C overnight. The primary antibody is '
then washed off, and 20ul sccondary antibody solution (goat anti —rabbit Alexa Fluor 488,
Invitrogen) and 1pM Hocchst 33258 (Invitrogen) is added for 90mins at room temperature.
The plates are washed twice and left in 40ul PBS. Plates were then read on an ArrayScan Vi
instrument to determine staining intensitics, and dosc responses were obtained and used to
determine the 1Csq values for the compounds. Specifically, the ratio of nuclear to cytoplasmic
staining was measured and used to monitor the reduction in strong nuclear phospho-Chk]
(S345) staining observed upon ATR inhibition.

(d) Cellular - SRB assay

The potentiation factor (PFsp) for compounds is a measure of the fold increase in effect
of a chemotherapeutic agent, when used in combination with an ATR inhibitor. Specifically,

this is calculated as a ratio of the 1Cs, of control cell growth in the presence of a
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chemotherapeutic agent, typically carboplatin, divided by the ICsq of cell growth in the
presence of this agent and the ATR inhibitor of interest. For this purposc, HT29 cells were
seeded at the appropriate density to ensure exponential growth throughout the time of the assay
(typically 1000-1500 cctls) in each well of a 96-well plate, in a volume of 80 u! and incubated
overnight at 37°C. Subscquently, cclls were dosed with cither DMSO vehicle, or treated with
test compounds at fixed concentrations (typically 1, 0.3 & 0.1 uM). Following a one hour
incubation at 37°C, the cells were further treated with a 10 point dose respanse of the
chemotherapeutic agent, based on it’s known sensitivity (typically 30-0.001 ug/mi for
carboplatin). Cells were left to grow for 5 days at 37°C, after which time cell growth was
assessed using the sulforhodamine B (SRB) assay (Skchan, P et al, 1990 New colorimetric
cytotoxic assay for anticancer-drug screcning. J. Natl. Cancer Inst. 82, 1107-1112.).
Specifically, the media was removed and cells fixed with 100 b of ice cold 10% (w/v)
trichloroacetic acid. The plates were then incubated at 4°C for 20 minutes prior to washing 4
times with water. Each well was then stained with 100 ul, of 0.4% (w/v) SRB in 1% acetic
acid for 20 minutes before a further 4 washes with 1% acetic acid. Plates were then dried for 2
hours at room temperature and the dye was solubilized by the addition of 100 uL Tris Base pH
8.5 into cach well. Plates were shaken before measuring optical density at 564 nm (ODsga).
In order to calculate the PF50, the ODsg4 values obtained for the dose-response curve of
chemotherapeutic agent were expressed as a percentage of the valuc obtained from cells treated
with vehicle alone. Similarly, to act as a control for inclusion of the ATR inhibitor, values from
the chemotherapeutic agent tested in combination with a fixed ATR inhibitor concentration
were expressed as a percentage of the value obtained from cells treated with the corresponding
concentration of ATR inhibitor alone. From these intemally-controlled curves, 1C50 values
were calculated and the PF50 was determined as the ratio of these values, as described above.
Compounds are compared using the PF50 valuc at concentrations of ATR inhibitor that show
minimal growth inhibition on their own.

The following assays can be used to measure the effects of the compounds of the
present invention as mTOR kinase inhibitors.

Enzvme - mTOR Kinase Assay (1)

mTOR protein was immunopurified from HeLa cytoplasmic extract (Cilbiotech, #CC-
01-40-50) using an anti-mTOR rabbit scrum. Immunopurificd mTOR was then used in a kinase

assay to phosphorylate thc mTOR substrate PHAS-1 in the presence of ATP and the addition
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of test compounds. Wild type and mutant His-PHAS-1 (T37A/T46A) proteins were expressed
in E.coli (BL21-RIL) from a pET15b expression vector. Proteins were affinity purified on Ni-
agarose (Qiagen, #30210). Varying concentrations of compounds or DMSO were added to a 96
well v-bottomed assay plate (Greiner, #651201), then 32.5 uL of kinase buffer (10 mM Hepes
pH7.5; 50 mM NaCl; 10 mM MgCly; 10 mM MnClz; 1mM DTT; 0.1 mM Na-orthovanadate)
containing 1.2 ug/uL of PHAS-1 protein was added to the compounds. Finally 10 uL of
immunoprecipitated mTOR enzyme in kinase buffer was added to the plate. Enzyme and
substrate were incubated for 10 minutes at 37°C before addition of 50 pM ATP and reactions
were allowed to proceed for one hour at 30°C.

An ELISA (Enzyme-Linked ImmunoSorbent Assay) was employed to quantify the
phosphorylated Thr-37/46 on PHAS-1 substrate using an HRP conjugated antibody to produce
a chemiluminescent end-point which can be mcasured. Enhanced chemiluminescence solution
(NEN, Boston, MA) was used to produce a signal and chemiluminescent detection was carried
out via a TopCount (Packard, Meriden, CT) plate reader.

Enzyme - mTOR Kinase Assay (2)

The assay used AlphaScreen technology (Gray er al., Analytical Biochemistry, 2003,
313: 234-245) to determine the ability of test compounds to inhibit phosphorylation by
recombinant mTOR.

A C-terminal truncation of mTOR encompassing amino acid residucs 1362 to 2549 of
mTOR (EMBL Accession No. 1.34075) was stably expressed as a FLAG-tagged fusion in
HEK293 cells as described by Vilella-Bach et al., Journal of Biochemistry, 1999, 274, 4266-
4272, The HEK293 FLAG-tagged mTOR (1362-2549) stable cell line was routinely
maintained at 37°C with 5% CO; up to a confluency of 70-90% in Dulbecco's modified Eagle's
growth medium (DMEM; Invitrogen Limited, Paisley, UK Catalogue No. 41966-029)
containing 10% heat-inactivated foetal calf serumn (FCS; Sigma, Poole, Dorset, UK, Catalogue
No. F0392), 1% L-glutamine (Gibco, Catalogue No. 25030-024) and 2 mg/ml Geneticin (G418
sulfate; Invitrogen Limited, UK Catalogue No. 10131-027). Following expression in the
mammalian HEK293 cell line, expressed protein was purified using the FLAG epitope tag
using standard purification techniqucs.

Test compounds were prepared as 10 mM stock solutions in DMSO and diluted into
water as required to give a range of final assay concentrations. Aliquots (2 ul) of each

compound dilution were placed into a well of a Greiner 384-well low volume (LV) white




20

25

WO 2010/073034 PCT/GB20{9/051755

28-

polystyrene plate (Greiner Bio-ong). A 30 ul mixture of recombinant purified mTOR enzyme,
| tM biotinylated peptide substrate (Biotin-Ahx-Lys-Lys-Ala-Asn-Gln-Val-Phe-Leu-Gly-Phe-
Thr-Tyr-Val-Ala-Pro-Ser-Val-Leu-Glu-Ser-Val-Lys-Glu-NH;; Bachem UK Ltd), ATP (20
uM) and a buffer solution [comprising Tris-HC! 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
agitated at room temperature for 90 minutes,

Control wells that produced a maximum signa! corresponding to maximum cnzyme
activity were created by using 5% DMSO instead of test compound. Control wells that
produced a minimum signal corresponding to fully inhibited enzyme were created by adding
EDTA (83 mM) instead of test compound. Thesc assay solutions were incubated for 2 hours at
room temperature.

Each reaction was stopped by the addition of 10 ul 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) 1A5 Monoclonal Antibody (Cell Signalling Technology, Catalogue
No. 9206B) and AlphaScreen Streptavidin donor and Protein A acceptor beads (200 ng; Perkin
Elmer, Catalogue No. 67600028 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 Packard Envision instrument.

Phosphorylated biotinylated peptide is formed in situ as a result of mTOR mediated
phosphorylation. The phosphorylated biotinylated peptide that is associated with AlphaScrecn
Streptavidin donor beads forms a complex with the p70 S6 Kinase (T389) 1AS Monoclonal
Antibody that is associated with Alphascreen Protein A acceptor beads. Upon laser light
excitation at 680 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 cnzyme inhibition for a given test compound was cxpressed as an 1Csg value.

Enzyvme - mTQOR Kinase Assay (Echo)

The assay used AlphaScreen technology (Gray et al., Analytical Biochemistry, 2003,
313: 234-245) to determine the ability of test compounds to inhibit phosphorylation by
recombinant mTOR.

A C-terminatl truncation of mTOR encompassing amino acid residues 1362 to 2549 of

mTOR (EMBL Accession No. 1.34075) was stably expressed as a FLAG-tagged fusion in
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HEK?293 cells as described by Vilella-Bach et al., Journal of Biochemistry, 1999, 274, 4266-
4272. The HEK293 FLAG-tagged mTOR (1362-2549) stable cell line was routinely
maintained at 37°C with 5% CO; up to a confluency of 70-90% in Dulbecco’s modified Eagle's
growth medium (DMEM,; Invitrogen Limited, Paisley, UK Catalogue No. 41966-029)

s containing 10% heat-inactivated foetal calf serum (FCS; Sigma, Poole, Dorset, UK, Catalogue
No. F0392), 1% L-glutamine (Gibco, Catalogue No. 25030-024) and 2 mg/ml Geneticin (G418
sulfate; Invitrogen Limited, UK Catalogue No. 10131-027). Following expression in the
mammalian HEK293 cell line, expressed protein was purified using the FLAG epitope tag
using standard purification techniques.

10 Test compounds were prepared as 10 mM stock solutions in DMSO and diluted in into '
waterDMSQ as required to give a range of final assay concentrations. Aliquots (120nl 2ul) of \
each compound dilution were acoustically dispensed using a Labcyte Echo 550 into a well of a
Greiner 384-well low volume (V) white polystyrene plate (Greiner Bio-one). A 1230ul
mixture of recombinant purified mTOR cnzyme, 1 uM biotinylated peptide substrate (Biotin-

15 Ahx-Lys-Lys-Ala-Asn-Gln-Val-Phe-Leu-Gly-Phe-Thr-Tyr-Val-Ala-Pro-Ser-Val-Leu-Glu-Ser-
Val-Lys-Glu-NH3; 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 20 minutes.

Control wells that produced a maximum signal coiresponding to maximum enzyme

20 activity were created by using 1005% DMSQO instead of test compound. Control wells that
produced a minimum signal corresponding to fully inhibited enzyme were created by adding .
LY294002EDTA (100uL 83 mM) compound. These assay solutions were incubated for 2
hours at room temperature.

Each reaction was stopped by the addition of 10ul of a mixture of EDTA (50 mM),
25 bovine serum albumin (BSA; 0.5 mp/mL) and Tris-HC! pH7.4 buffer (50 mM) containing
p70 86 Kinase (T389) 1A5 Monoclonal Antibody (Cell Signalling Technology, Catalogue
No. 9206B) and AlphaScreen Streptavidin donor and Protein A acceptor beads (200 ng; Perkin
Elmer, Catalogue No. 6760002B and 6760137R respectively) were added and the assay plates
were left overnight at room temperature in the dark. The resultant signals arising from laser

30 light excitation at 680 nm werc read using a Packard Envision instrument.
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Phosphorylated biotinylated peptide is formed in situ as a result of mTOR mediated
phosphorylation. The phosphorylated biotinylated peptide that is associated with AlphaScreen
Streptavidin donor beads forms a complex with the p70 S6 Kinase (T389) 1AS Monoclonal
Antibody that 1s associated with Alphascreen Protein A acceptor beads. Upon lascr light
excitation at 680 nm, the donor bead : acceptor bead complex produces a signal that can be
measured. Accordingly, the presence of mTOR kinasc activity results in an assay signal. In
the presence of an mTOR kinase inhibitor, signal strength is reduced.
mTOR epzyme inhibition for a given test compound was expressed as an 1Csq value.

Cellular - phospho-Serd73 Akt assay

This assay determincs the ability of test compounds to inhibit phosphorylation of
Serine 473 in Akt as assessed using Acumen Explorer technology (Acumen Bioscience
Limited}, a plate rcader that can be used to rapidly quantitate features of images generated by
laser-scanning.

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

For the assay, the cells were detached from the culture flask using ‘Accutase’
{Innovative Cell Technologies Inc., San Diego, CA, USA; Catalogue No. AT104) using
standard tissue culture methods and resuspended in media to give 1.7x10° cells per ml.
Aliquots (90 ul) were sceded into cach of the inner 60-wells of a black Packard 96 well plate
(PerkinElmer, Boston, MA, USA; Cataloguc No. 6005182) to give a density of ~15000 cells
per well. Aliquots (90 ul) of culture media were placed in the outer wells to prevent cdge
cffects. The cells were incubated 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 2 hours at 37°C
with 5 % CO,. Test compounds were prepared as 10 mM stock solutions in DMSO and
serially diluted as required with growth media to give a range of concentrations that were 10-
fold the required final test concentrations. Aliquots (10 pl) of each compound dilution were
placed in a well (in triplicate) to givc the final required concentrations. As a minimum reponse
control, cach plate containcd wells having a final concentration of 100 uM LLY294002
{(Calbiochem, Beeston, UK, Catalogue No. 440202). As a maximum response control, wells

contained 1 % DMSQ instcad of test compound. Following incubation, the contents of the
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plates were fixed by treatment with a 1.6 % aqueous formaldehyde solution (Sigma, Poole,
Dorset, UK, Catalogue No. F1635) at room temperature for 1 hour.

All subsequent aspiration and wash steps were carried out using a Tecan 96 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 ul; Gibco, Catalogue
No. 10010015). The contents of the plates were treated for 10 minutes at room temperature
with an aliquot (50 pl) of a cell permeabilisation buffer consisting of a mixture of PBS and
0.5 % Tween-20. The ‘permeabilisation’ buffer was removed and non-specific binding sites
were blocked by treatment for 1 hour at room temperature of an aliquot (50 ul) of a blocking
buffer consisting of 5 % dried skimmed milk ["Marvel’ (registered trade mark); Premier "I
Beverages, Stafford, GB] in a mixture of PBS and 0.05 % Tween-20. The ‘blocking’ buffer
was removed and the cells were incubated for 1 hour at room temperature with rabbit anti
phospho-Akt (Ser473) antibody solution (50 ul 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 0.05 % Tween-20. Subsequently, cells were incubated for
1 hour at room temperature with Alexafluord88 labelled goat anti-rabbit 1gG (50 ul per well;
Molecular Probes, Invitrogen Limited, Paisley, UK, Catalogue No. A11008) that had been
diluted 1:500 in ‘blocking’ buffer. Cells were washed 3 times with a mixture of PBS and 0.05
% Tween-20. An aliquot of PBS (50 ul) was added to each well and the plates were sealed

with black plate sealers and the fluorescence signal was detected and analysed.
Fluorescence dose response data obtamed with cach compound were analysed and the o
degree of inhibition of Serine 473 in Akt was cxpressed as an ICsg value.
Compounds that show reduced activity against mTOR may ameliorate off target effects.
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 compounds of
formula (I) may be demonstrated at the following concentrations or doses in one or more of the
above tests (2) to (d) - |
Test (a):- 1Csy versus ATR kinase at less than 10 uM, in particular 0.00} - 1 uM
for many compounds.
The following examples were tested in enzyme assay Test (a) and Enzyme — mTOR

Kinase Assay (Echo):
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ATR Enzyme - mTOR
Example A'I.‘R_average r.lun-ﬂ::er of | mTOR Kinase Tlun'lb.er of
IC50 uM individual Assay (Echo) individual
tests IC50 uM tests
1.01 0.008093 6 0.1792 4
1.02 0.007666 3 0.1099 2
1.03 0.0275 3 0.1657 2
1.04 0.02264 4 0.05516 2
1.05 0.06586 5 0.326 2
1.06 0.01579 2 0.07119 2
1.07 0.01507 2 1
1.08 0.009438 4 0.2307 3
1.09 0.003736 5 2
1.10 0.015 4 0.09575 2
1.11 0.01319 2 0.1222 2
1.12 0.03214 2 >90 2
1.13 0.05826 5 1.235 2
1.14 0.02239 2 1.461 2
2.01 0.02676 2 0.4969 2
2.02 0.3758 2 0.4665 2
2.03 0.006209 3 0.09897 2
2.04 0.004554 2 0.2997 2
2.05 0.0343 2 0.04365 2
3.01 0.003973 5 0.02673 2
3.02 0.006665 2 0.09715 2
3.03 0.005456 2 0.04628 2
3.04 0.03553 2 0.2072 2
3.05 0.004229 3 0.05464 2
3.06 0.003446 2 0.03798 2
3.07 0.01238 2 0.02406 2
3.08 0.002316 3 0.2253 2
3.09 0.001582 2 0.4512 2
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ATR Enzyme - mTOR
Examnle ATR average number of mTOR Kinase number of
P 1C50 uM individual Assay (Echo) individual
tests 1CS50 uM tests
3.10 0.003584 3 0.1451 2
3.11 0.001576 2 0.07795 2
3.12 0.002503 2 0.4202 2
3.13 0.001532 2 0.2497 2
3.14 0.01424 2 0.692 2
3.15 0.002546 2 0.9803 2
3.16 0.00199 2 0.08584 2
3.17 0.002259 3 0.09777 2
3.18 0.007625 2 0.3832 2
3.19 0.09758 2 2.824 2
3.20 0.002501 2 0.07108 2
' 3.2] 0.006891 2 0.6864 2
. 322 0.008188 2 0.5559 2
323 0.002466 2 0.0891 1
3.24 0.2612 2 6.151 ]
3.25 0.02061 2 4.236 1
4.01 0.02017 2
5.01 0.006536 2 0.02097 2
| The following exampie was tested in the Cellular SRB assay Test (d}
Number of 1C50
Cell Treatment individual S.D. | PF50 | S.D.
ug/ml
tests
HT29 | Carboplatin 2 3.97 1.34
i Carboplatin +
. HT29 0.3uM 2 0.39 0.12 10.08 | 0.22
| Example 3.01
| Carboplatin +
, HT29 0.1uM 2 1.96 0.50 2.02 0.16
. Example 3.01

Note: averages are geometric means.
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Compounds may be further selected on the basis of further biological or physical
properties which may be measured by techniques known in the art and which may be used in
the assessment or selection of compounds for therapeutic or prophylactic application.

The compounds of the present invention are advantageous in that they possess
pharmacological activity. In particular, the compounds of the present invention modulate ATR
kinase. The inhibitory propertics of compounds of formula (1) may be demonstrated using the
test procedures set out herein and in the experimental section. Accordingly, the compounds of
formula (I} may be used in the treatment (therapeutic or prophylactic) of conditions/discases in
hurman and non-human animals which are mediated by ATR kinase.

The invention also provides a pharmaceutical composition comprising a compound of
formula (1), or a pharmaceutically acceptable salt thereof, as defined herein in association with
a pharmaceutically acceptable diluent or carrier.

The compaositions of the invention may be in a form suitable for oral use (for example
as tablets, lozengcs, hard or soft capsules, aqucous or oily suspensions, emulsions, dispersiblc
powders or granules, syrups or elixirs), for topical use (for example as creams, ointments, gels,
or aqueous or otly solutions or suspensions), for administration by inhalation (for example as a
finely divided powder or a liquid acrosol), for administration by insufflation (for example as a
fincly divided powder) or for parenteral administration (for example as a sterile aqueous or oily
solution for intravenous, subcutancous, intraperitoneal or intramuscular dosing or as a
suppository for rectal dosing).

The compositions of the invention may be obtained by conventional procedures using
conventional pharmaceutical cxcipicats, well known in the art. Thus, compositions intended
for oral use may contain, for example, one or more colouring, sweetening, flavouring and/or
preservative agents.

The amount of active ingredient 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 example, a formulation intended for oral administration
to humans will generally contain, for example, from | mg to 1 g of active agent (more suitably
from 1 to 250 mg, for example from | to 100 mg) compounded with an appropriate and
convenicnt amount of excipients which may vary from about S to about 98 percent by weight
of the total composition.

The size of the dosc for therapeutic or prophylactic purposes of a compound of formula
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1 will naturally vary according to the nature and severity of the diseasc state, the age and sex of
the animal or patient and the route of administration, according to well known principles of
medicine.

In using a compound of formula (T) for therapeutic or prophylactic purposes 1t will
generally be administered so that a daily dose in the range, for example, 1 mg/kg to 100 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 intravenous
administration, a dose in the range, for example, 1 mg/kg to 25 mg/kg body weight will
generally be used. Similarly, for administration by inhalation, a dose tn the range, for example,

1 mg/kg to 25 mg/kg 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 ATR kinase have roles in tumourigenesis as well as
numerous other discases. We have found that the compounds of formula (I} possess potent
anti-tumour activity which 1t is believed is obtained by way of inhibition of ATR kinase.

Accordingly, the compounds of the present invention are of valuc as anti-tumour
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 discase. Particularly, the compounds of the present invention are expected to be useful
in the prevention or treatment of those tumours which are sensitive to inhibition of ATR.
Further, the compounds of the present invention are expected to be useful in the prevention or

treatment of those tumours which are mediated alone or in part by ATR. The compounds may

thus be used to produce an ATR enzyme inhibitory effect in a warm-blooded animal in need of
such treatment.

As stated herein, inhibitors of ATR kinase should be of therapeutic value for the
treatment of proliferative diseasc such as cancer and in particular solid tumours such as
carcinoma and sarcomas and the leukaemias and lymphoid malignancies and in particular for
treatment of, for example, cancer of the breast, colorectum, lung (including small cell lung
cancer, non-small cell lung cancer and bronchioalveolar cancer) and prostate, and of cancer of
the bile duct, bone, bladder, head and neck, kidney, liver, gastrointestinal tissue, oesophagus,
ovary, pancreas, skirn, testes, thyroid, uterus, cervix and vulva, and of leukacmias [including
acute lymphoctic leukaemia (ALL) and chronic myelogenous leukacmia (CML)], multiple

myeloma and lymphomas.



20

25

WO 2010/073034 PCT/GB2009/051755

-36-

Anti-cancer effects which arc accordingly useful in the treatment of cancer in a patient
include, but are not limited to, anti-tumour effects, the response rate, the time to discase
progression and the survival rate. Anti-tumour effects of a method of treatment of the present
invention include but are not limited to, inhibition of tumour growth, tumour growth delay,
regression of tumour, shrinkage of tumour, increased time to regrowth of tumour on cessation
of treatment, slowing of disease progression. Anti-cancer effects include prophylactic
treatment as well as treatment of existing discase.

A ATR kinase inhibitor, or a pharmaceutically acceptable salt thereof, may also be
uscful for the treatment patients with cancers, including, but not limited to, haematologic
malignancies such as leukacmia, multiple mycloma, lymphomas such as Hodgkin’s discase,
non-Hodgkin’s lymphomas (including mantle cell lymphoma), and myelodysplastic
syndromes, and also solid tumours and their metastases such as breast cancer, lung cancer
(non-small cell lung cancer (NSCL), small cell lung cancer (SCLC), squamous cell carcinoma),
endometrial cancer, tumours of the central nervous system such as gliomas, dysembryoplastic
neuroeptithelial tumour, glioblastorma multiforme, mixed gliomas, medulloblastoma,
retinoblastoma, neuroblastoma, germinoma and teratoma, cancers of the gastrointestinal tract
such as gastnc cancer, oesophagal cancer, hepatocellular (liver) carcinoma,
cholangiocarcinomas, colon and rectal carcinomas, cancers of the small intestine, pancreatic
cancers, cancers of the skin such as melanomas (in particular metastatic melanoma), thyroid
cancers, cancers of the head and neck and cancers of the salivary glands, prostate, testis,
ovary, cervix, uterus, vulva, bladder, kidney (including renal cell carcinoma, clear cell and
renal oncocytoma), squamous cell carcinomas, sarcomas such as ostecosarcoma,
chondrosarcoma, leiomyosarcoma, soft tissue sarcoma, Ewing’s sarcoma, gastrointestinal
stromal tumour (GIST), Kaposi’s sarcoma, and paediatric cancers such as rhabdomyosarcomas
and neuroblastomas.

The compounds of the present invention and the methods of treatment comprising the
administering or use of a ATR kinase inhibitor, or a pharmaceutically acceptable salt thercof,
are expected to be particularly uscful for the treatment of patients with lung cancer, prostate
cancer, melanoma, ovarian cancer, breast cancer, endometrial cancer, kidney cancer, gastric
cancer, sarcomas, head and neck cancers, tumours of the central nervous system and their

metastases, and also for the treatment of patients with acute myeloid leukaemia.
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According to a further aspect of the invention there is provided a compound of formula
(1), or a pharmaceutically acceptable salt thereof, as defined herein for use as a medicament in
a warm-blooded animal such as man.

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

According to & further aspect of the invention, there is provided a compound of formula
(), or a pharmaceutically acceptable salt thercof, 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 pharmaceutically acceptable salt thereof, 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 to a further aspect of the invention, there is provided the use of a compound
of formula (1), or a pharmaceutically acceptable salt thereof, as defined herein for 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 the use of a compound
of formula (1), or a pharmaceutically acceptable salt thercof, as defined herein for use in
treating cancer.

According to a further feature of this aspect of the invention there is provided the use of
a compound of formula (1), or a pharmaceutically acceptable salt thercof, as defined herein in
the manufacture of a medicament 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 the use of a compound
of formula (1), or a pharmaccutically acceptable salt thercof, as defined herein for the
production of an apoptotic effect in a warm-blooded animal such as man.

According to a further feature of this aspect of the invention there is provided the use of
4 compound of formula (1), or a pharmaceutically acceptable salt thereof, as defined herein in
the manufacture of a medicament 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 the use of a compound

of formula (1), or a pharmaccutically acceptable salt thercof, as defined herein in the
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manufacture of a medicament for use in a warm-blooded animal such as man as an anti-
invasive agent in the containment and/or treatment of proliferative discase such as cancer.

According to a further feature 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 hercin.

According to a further feature of this aspect of the invention there is provided a method
for producing an anti-invasive cffect by the containment and/or treatment of solid tumour
disease in a warm-blooded animal, such as man, in need of such trcatment which comprises
administering to said animal an cffective amount of a compound of formula (1), or a
pharmaceutically acceptablc salt thercof, as defined herein.

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

According to a further featurc of this aspect of the invention there is provided a method
for the prevention or treatment of proliferative diseasc 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 formula (T), or a pharmaceutically acceptable salt
thercof, as defined herein.

According to a further aspect of the invention there is provided a compound of formula
(1), or a pharmaceutically acceptable salt thercof, as defined herein for use in the prevention or
treatment of those tumours which are sensitive to inhibition of ATR kinase.

According to a further featurc of this aspect of the invention there is provided the use of
a compound of formula (I}, or a pharmaccutically acceptable salt thercof, as defined herein in
the manufacturc of a medicament for use in the prevention or treatment of those turnours which
are sensitive to inhibition of ATR kinase.

According to a further featurc of this aspect of the invention therc is provided a method
for the prevention or treatment of those tumours which are sensitive to inhibition of ATR
kinase which compriscs administering to said animal an effective amount of a compound of

formula (1), or a pharmaceutically acceptable salt thereof, as defined herein.
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According to a further aspect of the invention there is provided a compound of formula
(1), or a pharmaceutically acceptable salt thereof, as defined herein for use in providing a ATR
kinase inhibitory effect.

According to a further feature of this aspect 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 in providing a ATR kinase inhibitory effect.

According to a further aspect of the invention there is also provided a method for
providing a ATR kinase inhibitory effect which comprises administering an effective amount
of a compound of formula I, or a pharmaceutically acceptable salt thereof, as defined herein.

According to a further feature of the invention there is provided a compound of formula
1, or a pharmaceutically acceptable salt thereof, as defined herein for use in the treatment of
cancer, inflammatory diseases, obstructive airways diseases, immune discases or
cardiovascular diseases.

According to a further feature of the invention there is provided a compound of formula
1, or a pharmaceutically acceptable salt thereof, as defined herein for use in the treatment of
solid tumours such as carcinoma and sarcomas and the leukaemias and lymphoid malignancies.

According to a further feature of the invention there is provided a compound of formula
1, or a pharmaceutically acceptable salt thereof, as defined herein for use in the treatment of
cancer of the breast, colorectum, lung (including small cell lung cancer, non-small cell lung
cancer and bronchioalveolar cancer) and prostate.

According to a further feature of the invention there is provided a compound of formula
(1), or a pharmaceutically acceptable salt thereof, as defined herein for use in the treatment of
cancer of the bile duct, bone, bladder, head and neck, kidney, liver, gastrointestinal tissue,
oesophagus, ovary, pancreas, skin, testes, thyroid, uterus, cervix and vulva, and of leukaemias
{including ALL and CML), multiple myeloma and lymphomas.

According to a further feature of the invention there is provided a compound of formula
(1), or a pharmaceutically acceptable salt thereof, as defined hercin for use in the treatment of
cancer of the bile duct, bone, bladder, hcad and neck, kidney, liver, gastrointestinal tissue,
oesophagus, ovary, endometrium, pancreas, skin, testes, thyroid, uterus, cervix and vulva, and
of leukacmias (including ALL and CML), multiplc myeloma and lymphomas.

According to a further feature of the invention there 1s provided a compound of formula

(), or a pharmaceutically acceptable salt thereof, as defined herein for use in the treatment of
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lung cancer, prostate cancer, melanoma, ovarian cancer, breast cancer, endometrial cancer,
kidney cancer, gastric cancer, sarcomas, head and neck cancers, tumours of the central nervous
system and their mctastascs, and also for the treatment acute myeloid lcukaemia,

According to a further feature of the invention there is provided the usc of a compound
of formula (I}, or a pharmaceutically acceptable salt thercof, as defined herein in the
manufacture of a medicament for use in the trcatment of cancer, inflammatory diseases,
obstructive airways discases, immune discases or cardiovascular diseases.

According to a further fcature 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 in the treatment of of solid tumours such as carcinoma
and sarcomas and the leukacmias and lymphoid malignancies.

According to a further featurc of the invention there is provided the usc of a compound
of formula (I), or a pharmaceutically acceptable salt thereof, as defined herein in the
manufacture of a medicament for use in the trcatment of cancer of the breast, colorectum, lung
(including small cell lung cancer, non-smali cell lung cancer and bronchioalveolar cancer) and
prostate.

According to a further featurc of the invention there is provided the use of a compound
of formula (1), or a pharmaccutically acceptable salt thercof, as defined herein in the
manufacturc of a medicament for usc in the treatment of cancer of the bile duct, bone, bladder,
head and neck, kidney, liver, gastrointestinal tissue, oesophagus, ovary, pancreas, skin, testes,
thyroid, uterus, cervix and vulva, and of leukaemias (including ALL and CML), multiple
myeloma and lymphomas.

According to a further feature of the invention there i1s provided the use of a compound
of formula (1), or a pharmaccutically acceptable salt thereof, as defined herein in the
manufacturc of a medicament for use in the treatment of lung cancer, prstate cancer,

melanoma, ovarian cancer, breast cancer, endometrial cancer, kidney cancer, gastric cancer,

sarcomas, head and neck cancers, tumours of the central nervous system and their mctastases,

30

and also for the treatment acute myeloid leukaemia,
According to a further feature of the invention there is provided a method for treating
cancer, inflammatory diseascs, obstructive airways diseases, immune diseases or

cardiovascular diseascs in a warm bleooded animal such as man that is in need of such treatment
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which comprises administering an cffective amount of a compound of formula (1), or 2
pharmaceutically acceptable salt thereof, as defined herein.

According to a further feature of the invention there is provided a method for treating
solid tumours such as carcinoma and sarcomas and the leukacmias and lymphoid malignancies
in 4 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 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 breast, colorectum, lung (including small cell lung cancer, non-smali cell lung

L 4

N

cancer and bronchioalveolar cancer) and prostate 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 pharmaccutically 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, bone, bladder, head and neck, kidney, 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 a warm blooded animal such
as man that is in need of such treatment which comprises administering an cffective amount of
a compound of formula (1), or a pharmaceutically acceptable salt thereof, as defined herein.

According to a further feature of the invention there is provided a method for treating
lung cancer, prostate cancer, melanoma, ovarian cancer, breast cancer, endometrial cancer,
kidney cancer, gastric cancer, sarcomas, head and neck cancers, tumours of the central nervous '
system and their metastascs, and acute myeloid leukaemia 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 pharmaceutically acceptable salt thereof, as defined herein.

As stated herein, the in vivo effects of a compound of formula (I) may be exerted in part
by one or more metabolites that arc formed within the human or animal body after
administration of a compound of formula (1).

The tnvention further relates to combination therapies wherein a compound of
formula (1), or a pharmaceutically acceptable salt thereof, or a pharmaceutical composition or
formulation comprising a compound of formula (1) is administered concurrently or sequentially

or as a combined preparation with another treatment of use in the conirol of oncology discase.
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In particular, the treatment defined herein may be applicd 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 treatment of cancer.

Suitable agents to be used in combination include :-
(1) antiproliferative/antinecoplastic drugs and combinations thereof, as used in medical
oncology such as alkylating agents (for example cis-platin, carboplatin, cyclophosphamide,
nitrogen mustard, melphalan, chlorambucil, busulphan and nitrosourcas); antimetabolites (for
example antifolates such as fluoropyrimidines like 5-fluorouracil and tepafur, raltitrexed,
methotrexate, cytosine arabinoside, hydroxyurea and gemcitabine); antitumour antibiotics (for
example anthracyclines like adriamycin, bleomycin, doxorubicin, daunomycin, epirubicin,
idarubicin, mitomycin-C, dactinomycin and mithramycin); antimitotic agents (for cxamplie
vinca alkaloids like vincristing, vinblastine, vindesine and vinorelbine and taxoids like
paclitaxel and taxoterc); and topoisomerase inhibitors (for example epipodophyllotoxins like
ctoposide and teniposide, amsacring, topotecan and camptothecins);
(i1) cytostatic agents such as antioestrogens (for example tamoxifen, toremifene, raloxifene,
droloxifene and iodoxyfenc), oestrogen receptor down regulators (for example fulvestrant),
antiandrogens (for example bicalutamide, flutamide, nilutamide and cyproterone acetate),
LHRH antagonists or LHRH agonists (for example goserelin, leuprorelin and buscrelin),
progestogens (for example megestrol acetate), aromatase inhibitors (for cxample as
anastrozole, letrozole, vorazole and exemestane) and inhibitors of Sa-reductase such as
finastcride;
(i11)  anti-invasion agents (for cxample ¢-Src kinase family inhibitors like 4-(6-chloro-
2,3-methylenedioxyanilino)-7-[2-(4-methylpiperazin-1-yl)ethoxy]-5-tetrahydropyran-
4-yloxyquinazoline (AZD0530; International Patent Application WO 01/94341) and
N-(2-chloro-6-methyiphenyl)-2- {6-[4-(2-hydroxycthyl)piperazin-1-yl]-2-methylpyrimidin-
4-ylamino} thiazole-5-carboxamide (dasatinib, BMS-354825; J. Med. Chem., 2004, 47, 6658-
6661), and metalloproteinase inhibitors like marimastat and inhibitors of urokinase
plasminogen activator receptor function);
(iv)  inhibitors of growth factor function: for example such inhibitors include growth factor
antibodies and growth factor receptor antibodies (for example the anti-erbB2 antibody

trastuzumab [Herceptin™] and the anti-erbB1 antibody cetuximab [C225]); such inhibitors
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also include, for example, tyrosine kinase inhibitors, for example inhibitors of the epidermal
growth factor family (for example 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-bis(2-methoxyethoxy)quinazolin-4-aminc
(erlotinib, OS1-774) and 6-acrylamido-N-(3-chloro-4-fluorophenyl)-7-(3-
morpholinopropoxy)quinazolin-4-amine (C1 1033) and erbB2 tyrosine kinase inhibitors such as
lapatinib), inhibitors of the hepatocyte growth factor family, inhibitors of the platelet-derived
growth factor family such as imatinib, inhibitors of serine/threonine kinases (for example
Ras/Raf signalling inhibitors such as farnesy! transferase inhibitors, for example sorafenib
(BAY 43-9006)) and inhibitors of cell signalling through MEK and/or Akt kinases; r'
(v)  antiangiogenic agents such as those which inhibit the effects of vascular endothelial
growth factor, [for example the anti-vascular endothelial cell growth factor antibody
bevacizumab (Avastin™) and VEGF receptor tyrosine kinasc inhibitors such as 4-(4-bromo-
2-fluoroanilino)-6-methoxy-7-(1-methylpipenidin-4-ylmethoxy)quinazoline (ZD6474;

Example 2 within WO 01/32651), 4-(4-fluoro-2-methylindol-5-yloxy)-6-methoxy-
7-(3-pyrrolidin-1-ylpropoxy)quinazoline (AZD2171; Example 240 within WO 00/47212),
vatalanib (PTK787; WO 98/35985) and SU11248 (sunitinib; WO 01/60814), and compounds
that work by other mechanisms (for examplc linomide, inhibitors of integrin avp3 function and
angiostatin)];

(vi)  vascular damaging agents such as combretastatin A4 and compounds disclosed in
International Patent Applications WO 99/02166, WO 00/40529, WO 00/41669, WO 01/92224, '
WO 02/04434 and WO 02/08213;

(vil)  antisensc therapics, for example those which are directed to the targets listed above,
such as 1SIS 2503, an anti-ras antisens¢ agent;

(viii) gene therapy approaches, including approaches to replace aberrant genes such as
aberrant p53 or aberrant BRCA or BRCA2, GDEPT (gene-directed enzyme pro-drug therapy)
approaches such as thosc using cytosine deaminase, thymidine kinase or a bacterial
nitroreductase enzyme and approaches to increase patient tolerance to chemotherapy or
radiotherapy such as multi-drug resistance gene therapy, and

(ix)  immunotherapeutic approaches, including ex-vivo and in-vivo approaches to increase
the immunogenicity of patient tumour cells, such as transfection with cytokines such as

interleukin 2, interleukin 4 or granulocyte-macrophage colony stimulating factor, approaches to
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decreasc T-cell anergy, approacheé using transfected immune cells such as
cytokine-transfected dendritic cells, approaches using cytokine-transfected tumour ceil lines
and approaches using anti-idiotypic antibodics.

According to a further aspect of the invention there is provided the use of a compound
of formula (1), or a pharmaceutically acceptable salt thercof, in the preparation of a
medicament for usc as an adjunct in cancer therapy or for potentiating tumour cells for
treatment with ionising radiation or chemotherapecutic agents.

According to another aspect of the invention there is provided a compound of formula
(I}, or a pharmaceutically acceptable salt thercof, in combination with ionising radtation or
chemotherapeutic agents for usc in the treatment of cancer.

The invention will now be further explained by reference to the following illustrative
examplcs.

Unless stated otherwise, starting materials were commercially available. All solvents
and commercial reagents were of laboratory grade and were used as received.

General Experimental

The invention will now be illustrated in the following Examples in which, generally:

{1) operations were carried out at room temperature (RT), i.e. in the range 17 to 25°C and under
an atmosphere of an inert gas such as N, or Ar unless otherwise stated;

(11) in general, the course of reactions was followed by thin layer chromatography (TLC)
and/or analytical high performance liquid chromatography (HPLC) which was usually coupled
to a mass spectrometer (LCMS). The reaction times that are given are not necessarily the
minimum attainablc;

(1i1) when necessary, organic solutions were dried over anhydrous MgSO, or NaySO,, work-up
procedures were carried out using traditional phase scparating techniques or by using SCX as
described in (xiii), evaporations were carried out either by rotary evaporation in vacuo or in a
Genevac HT-4 / EZ-2 or Biotage V10;

(iv) yields, where present, are not necessarily the maximum attainable, and when necessary,
reactions were repeated if a larger amount of the reaction product was required;

(V) in general, the structures of the end-products of the formula (I) were confirmed by nuclear
magnetic resonance (NMR) and/or mass spectral techniques; clectrospray mass spectral data
were obtained using a Waters ZMD or Waters ZQ LC/mass spectrometer acquiring both

positive and negative ion data, and generally, only ions relating to the parent structure are
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reported; proton NMR chemical shift values were measured on the delta scale using either a
Bruker DPX300 spcctrometer operating at a field strength of 300 MHz, a Bruker DRX400
operating at 400 MHz, a Bruker DRX500 operating at 500 MHz or a Bruker AV700 operating
at 700 MHz. Unless otherwise stated, NMR spectra were obtained at 400 MHz in
&°-dimethylsulfoxide. The following abbreviations have been used: s, singlet; d, doublet; t,
triplet; q, quartet; m, multiplet; br, broad; qn, quintet;

(vi} Unless stated otherwise compounds containing an asymmetric carbon and/or sulphur atom
were not resoived,

(vii) Intermediates were not necessarily fully purified but their structures

and purity were assessed by TLC, analytical HPLC, and/or NMR analysis and/or mass ‘
spectrometry;

(viii) unless otherwise stated, flash column chromatography (FCC) was performed on Merck
Kieselgel silica (Art. 9385) or on Silicycle cartridges (40-63 um silica, 4 to 330 g weight) or on
Grace resolv cartridges (4 - 120 g) either manually or automated using an Isco Combi Flash
Companion system,

(1x) Preparative reverse phase HPLC (RP HPLC) was performed on C18 reversed-phase silica,
for example on a Waters ‘Xterra’ or ‘XBridge’ preparative reversed-phase column (Spm silica,
19 mm diameter, 100 mm length) or on a Phenomenex “Gemini” or *AXJIA’ preparative
reversed-phase column (Sum silica, 110A, 21.1 mm diameter, 100 mm length) using
decreasingly polar mixtures as cluent, for example [containing 1-5% formic acid or 1-5%
aqucous ammonium hydroxide (d=0.88)] as solvent A and acetonitrile as solvent B or MeOH : ’
MeCN 3:1; a typical procedure would be as follows: a solvent gradient over 9.5 minutes, at 25
mL per minute, from a 85:15 (or alternative ratio as appropriate) mixture of solvents A and B
respectively to a 5:95 mixture of solvents A and B;

(x) the following analytical HPLC methods were used; in general, reverse-phase silica was
used with a flow rate of about 1 mL / minute and detection was by Electrospray Mass
Spectrometry and by UV absorbance at a wavelength of 254 nm. Analytical HPLC was
performed on C18 reverse-phase silica, on a Phenomenex “Gemini” preparative reversed-phase
column (Sum silica, 110 A, 2 mm diameter, 50 mm length) using decreasingly polar mixtures
as cluent, for example decreasingly polar mixtures of water (containing 0.1% formic acid or
0.1% ammonia) as solvent A and acetonitrile as solvent B or MeOH : MeCN 3:1. A typical

analytical HPLC method would be as follows: a solvent gradient over 4 minutes, at
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approximately 1 mL per minute, from a 95:5 mixture of solvents A and B respectively to a 5:95
mixture of solvents A and B;

(x1}) Where certain compounds were obtained as an acid-addition salt, for example a mono-
hydrochloride salt or a di-hydrochloride salt, the stoichiometry of the salt was bascd on the
number and nature of the basic groups in the compound, the exact stoichiometry of the salt was
generally not determined, for example by means of elemental analysis data;

(x11) Where reactions refer to the use of a microwave, one of the following microwave reactors
were used: Biotage Initiator, Personal Chemistry Emrys Optimizer, Personal Chemistry
Smithcreator or CEM Explorer;

(x111) Compounds were purified by strong cation exchange (SCX) chromatography using

Isolute SPE flash SCX-2 column (Intermational Sorbent Technology Limited, Mid Glamorgan,

UK);
(xiv) In addition to thc ones mentioned above, the following abbreviations have been used:
DMF N,N- DMA | NN-dimethylacetamide
dimethylformamide
DCM dichloromethane THF tetrahydrofuran
conc. concentrated n/z mass spectrometry peak(s)
TBAF tetra n-butylammonium | NMP | I-methylpyrrolidin-2-one
fluoride
EtOAc cthyl acctate DIPEA | N,N-diisopropylethylamine
DME 1,2-dimethoxyethane MeQOH | methanol
MeCN acetonitrile TBAB | tetra n-butylammonium
bromide
h hour(s) EtOH | cthanol
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Example 1.01
4-{4-[1-(MethylsulfonyDcyclopropyl]-6-morpholin-4-vipyrimidin-2-vl}-1H-indole

®

9 | N =
NH
/;‘IS N/
O

Bis(triphenylphosphinc)palladium(ll) dichloride (82 mg, 0.12 mmol), 4-(2-chloro-6-(1-
(methylsulfonyl)cyclopropyl)pyrimidin-4-ylymorpholine (371 mg, 1.17 mmol), 2M aqueous
sodium carbonate (3.50 mL, 7.00 mmol) and 1H-indol-4-ylboronic acid (225 mg, 1.40 mmol)
were suspended in 18% DMF in 7:3:2 DME:water:EtOH (8 mL) and sealed into a microwave
tube. The mixture was heated to 110 °C for 1 hour in a microwave reactor and then allowed to
cool to RT. The mixturc was purified by preparative HPLC using decreasingly polar mixtures
of water (containing 1% NH3) and MeCN as cluents. Fractions containing the desired
compound were combined and then evaporated. The residue was purified by preparative HPLC
using decrcasingly polar mixtures of water (containing 0.1% formic acid) and MeCN as
cluents. Fractions containing the desired compound were combined and then evaporated to
afford the title compound (264 mg, 57%), "H NMR (400 MHz, DMSQ-ds) 1.60 - 1.63 (2H,
m), 1.71 - 1.74 (2H, m), 3.10 (3H, 8), 3.74 - 3.78 (8H, m), 6.89 (1H, s), 7.21 (1H, t), 7.31 (1H,
d), 7.46 (1H, 1), 7.55 (1H, d), 8.04 - 8.06 (1H, m), 11.25 (1H, s); m/z: (ES+) MH", 395.13.

Alternatively, the title compound can be prepared as follows:

Tetrakis (triphenylphosphine)Pd(0) (56.1 mg, 0.05 mmol) was added to 4-(6-(1-
(methylsulfonyl)cyclopropyl)-2-(methylthio)pyrimidin-4-yl)morpholine (200 mg, 0.61 mmol),
1H-indol-4-ylboronic acid (195 mg, 1.21 mmol) and (thiophene-2-carbonyloxy)copper (301
mg, 1.58 mmol) in a mixture of dioxane (10 mL) and DMA (2 mL) under an atmospherc of
nitrogen. The resulting mixturc was stirred at 90 °C for 18 hours. The mixture was purified by
ion exchange chromatography, using an SCX column. The product was eluted from the column
using 7M NH3 in MeOH and fractions contaiming product were combined and evaporated. The
residue was purified by preparative HPLC using decreasingly polar mixtures of water

{containing 1% NH3) and MeCN as eluents. Fractions containing the desired compound were
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combined and evaporated to afford the title compound (58 mg, 24%); 'H NMR (400 MHz,
DMSO-dg) 1.59 - 1.62 (2H, m), 1.71 - 1.74 (2H, m), 3.25 (3H, 8), 3.76 - 3.78 (§H, m), 6.89
(1H, ), 7.20 (1H, t), 7.30 (1H, ), 7.45 (1H, t), 7.55 (1H, d), 8.03 - 8.05 (1H, m), 11.24 (1H, s),
m/z: (ES+) MH", 399.15.

The 4-(2-chloro-6-(1-(methylsulfonyl)cyclopropylpyrimidin-4-yl)morpholine, used as
starting material, can be prepared as follows:
a) 6-(Chloromethyl)-1H-pyrimidine-2,4-dione (175 g, 1.09 mol) was dissolved in DMF (2
L) and then sodium methanesulfinate (133.5 g, 1.31 mol) was added. The mixture was heated
to 125°C for Zh. After cooling to RT, the mixture was filtered and the filtratc was concentrated
in vacuo. The crude material was washed with water, filtered, then triturated with toluene. The
solid was filtered then triturated with isohexane to provide 6-(methylsulfonylmethyl)-1H-
pyrimidine-2,4-dione (250 g), which was used without further purification,
b) 6-(Methylsulfonylmethyl)-t H-pyrimidine-2,4-dione (132 g, 0.65 mol) was added to
POCI; (1.2 L) and the mixture was heated to reflux for 16h. The excess POCL; was removed in
vacuo, the residue azeotroped with toluene (2 x 500 mL) and residue was dissolved in DCM.
This sotution was then poured slowly onto ice (4 L) and the mixture was stirred for 20 minutes.
The mixture was then extracted with DCM (3 x 1 L) {insolubie black material was filtered off
and discarded) and EtOAc (2 x 1 L). The organic extracts were combined, dricd and
concentrated in vacuo to provide 2,4-dichloro-6-(methylsulfonylmethyl)pyrimidine (51 g),
which was used without further purification; 'TH NMR (400 MHz, DMSO-d®) 3.13 (s, 3H), 4.79
(s, 2H), 7.87 (s, 1H); m/z: (ESI+) MH", 239.
¢) Triethylamine (6.78 mL) was added to a cooled (-5°C) suspension of 2,4-dichloro-6-
(methylsulfonylmethyl)pyrimidine (10.56 g) in DCM (230 mL). A solution of morpholine
(3.85 mL) in DCM (30 mL) was then added dropwise while keeping the temperature below -
5°C. The mixturec was then stirred at RT for 1h, The solution was then washed with water (300
mL), dried (MgS0O4) and concentrated in vacuo. Purification by FCC eluting with 1:1 EtOAc-
DCM provided 2-chloro-4-(methylsulfonylmethyl)-6-morpholin-4-yl-pyrimidine (6.81g) as a
solid; 'H NMR (400 MHz, DMSO-4%) 3.12 (3H, 5), 3.63 (4H, s5), 3.68-3.70 (4H, m), 4.45 (2H,
5), 6.96 (1H, s); m/z: (ESI+) MH", 292.
d) NaQOH solution (9.60 mL, 95.97 mmol) was added to a mixture of 2-chloro-4-
(methylsulfonylmethyl)-6-morpholin-4-yl-pyrimidine (2.80 g, .60 mmol), 1,2-dibromocthane
(1.654 mL, 19.19 mmol) and TBAB (0.619 g, 1.92 mmol) in toluene (120 mL). The rcsulting
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solution was then heated to 60°C for 3h. The mixture was then concentrated in vacuo to
provide a residue which was dissolved in EtOAc (200 mL). The solution was washed with
water (200 mL) and then saturated brine (100 mL). The solution was then dried (MgSO,) and
concentrated in vacuo. The residue was purified by chromatography on silica, eluting with a
gradient of 0-2.5% MeOH in DCM provided 4-(2-chloro-6-(1-
(methylsulfonyl)cyclopropyl)pyrimidin-4-yl)morpholine (2.88 g); 'H NMR (400 MHz,
DMSO-d%) 1.49-.51 (2H, m), 1.62-1.65 (2H, m), 3.19 (3H, 5), 3.67 (8H, d), 6.96 (1H, s); m/z:
(ESI+) MH", 318,

The 4-(6-(1-(methylsulfonyl)cyclopropyl)-2-(methylthio)pyrimidin-4-yl)morpholine,
used as starting material, was prepared as follows: .
a) Methyl 2-(methylsulfonyl)acetate (7.12 g, 46.80 mmol) was dissolved in DMF (60 )
mL), to this was added sodium hydride (4.08 g, 85.10 mmol) and the mixture was stirred for 5
minutes before the addition of 4,6-dichloro-2-(methylthio)pyrimidine (8.3 g, 42.55 mmol).
The mixture was stirred for 36 hours before the addition of morpholine (18.53 mL, 212.74
mmol), and then the reaction was stirred for 1 hour at 50 °C. The reaction was quenched with
2M HCI (100 mL), and then extracted with Et20 (3 x 100 mL). The organic layer was
separated and then dried over MgSO4, filtered and then evaporated. The residue was purified
by chromatography on silica cluting with a gradient of 50 to 100% EtOAc in isohexane.
Fractions containing product werc combined and evaporated. The residue was triturated with
Et20 under sonication to afford methyl 2-(methylsulfonyl)-2-(2-(methylthio)-6-
morpholinopyrimidin-4-ylacetate (8.70 g, 57%) ; 'H NMR (400 MHz, CDCI3) 2.46 (3H, 5), '
3.19 (3H, s), 3.70 - 3.64 (4H, m), 3.78 - 3.75 (4H, m), 3.82 (2H, s), 4.84 (1H, 5), 6.49 (1H, s);
m/z: (ESI+) MHY, 362.39.
b) Methyl 2-(methylsulfonyl)-2-(2-(methylthio)-6-morpholinopyrimidin-4-yl)acetate
(0.568 g, 1.57 mmol) was dissolved in MeOH (20 mL) and water (5 mL.), to this was added
NaOH (0.189 g, 4.7t mmol} and the mixture was stirred at 60 °C for 1 hour. The mixture was
cooled and then filtered. The residue was washed with McOH (25 mL) and allowed to dry in
air to afford 4-(6-(methylsulfonylmethyl)-2-(methylthio)pyrimidin-4-yl)morpholine (0.460 g,
96%) which was uscd in the next step without further purification; 'H NMR (400 MHz,
CDCI3) 2.49 (3H, 5), 3.01 (3H, 5), 3.67 - 3.62 (4H, m), 3.78 - 3.76 (4H, m), 4.12 (2H, s), 6.30
(1H, s); m/z: (ESI+) MH", 304.09.



WO 2010/073034 PCT/GB2609/051755

_§0-

c) A 50% aqueous solution of NaOH (1.846 mL, 34.61 mmol) was added to 4-(6-
(methylsulfonylmethyl)-2-(methylthio)pyrimidin-4-y)morpholine (210mg, 0.69 mmol), 1,2-
dibromoethane (0.179 mL, 2.08 mmol) and TBAB (22.31 mg, 0.07 mmol) in toluenc (25 mL)
at RT. The resulting mixture was stirred at 60 °C for 18 hours. Water (30 mL) was added and

the mixture was extracted with toluene (50 mL x 2). The toluene layers were dried over

MgSO04, filtered and then evaporated to afford 4-(6-(1-(methylsulfonyl)cyclopropyl)-2-
(methylthio)pyrimidin-4-yl)morpholine (210 mg, 92%); m/z: (ESIH+) MH™, 330.
Example 1.02

20

25

Tris(dibenzylidencacetone)dipalladium(0)-chloroform adduct (4.89 mg, 4.72 pmol) and
tricyclohexylphosphine (7.06 mg, 0.03 mmol) were added to 4-bromo-6-methyl-1H-indole
(66.1 mg, 0.31 mmol), potassium acetate (46.3 mg, 0.47 mmol) and bis(pinacolato)diboron (88
mg, 0.35 mmol) in dioxane (5 mL) under a nitrogen atmosphere. The resulting suspension was
stirred at 90 °C for 18 hours and then 4-(2-chloro-6-( 1 -(methylsulfonyl)cyclopropyl)pyrimidin-
4-ylymorpholine (100 mg, 0.31 mmol), tetrakis(triphenylphosphine)palladium(0) (18.18 mg,
0.02 mmol) and sodium carbonate (2M aqucous solution) (0.629 mL, 1.26 mmol) were added;
the resulting suspension was stirred at 90 °C for 18 hours. The reaction mixture was filtered
through Celite and the residue washed with DCM. The liquors were purified by ion cxchange
chromatography using an SCX column. The desired product was elutcd from the column using
20% 7M NH3/MeQOH in DCM and fractions containing product were combined and
evaporated. The residue was purtfied by preparative HPLC using decreasingly polar mixtures
of water (containing 1% NH3) and MeCN as cluents. Fractions containing the desired
compound were combined and evaporated to afford the title compound (1.6 mg, 1%); 'H

NMR (400 MHz, DMSO-d%) 1.61 (g, 2H), 1.72 (g, 2H), 2.48 (s, 3H), 3.29 (s, 3H), 3.72 - 3.80
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(m, $H), 6.89 (s, 1H), 7.23 (s, 1H), 7.35 (d, 2H), 7.87 (s, 1H), 11.09 (s, 1H); m/z: (ESH) MH",
413.68.

Example 1.03
2-Methyl-4-{4-[1-(methylsulfonyl)cyclopropyl]-6-morpholin-4-vlpyrimidin-2-yl}-1H-

®
| N —

9 NH
/ﬁ N/
O .

1,1'-Bis(diphenylphosphino)ferrocene-palladium dichloride (12.94 mg, 0.02 mmol) was added

indole

to a degassed solution of 2-methyl-1H-indol-4-yl trifluoromethanesulfonate (88 mg, 0.31
mmol), bis(pinacolato)diboron (84 mg, 0.33 mmol), 1,1'-bis(diphenylphosphino)ferrocene
(8.82 mg, 0.02 mmol) and potassium acetate (93 mg, 0.94 mmol) in dioxane (5 mL) under a
nitrogen atmosphere and the resulting mixture was stirred at 90 °C for 24 hours. 4-(2-Chloro-6-
(1-(methylsulfonyl)cyclopropyl)pyrimidin-4-yl)morpholine (100 mg, 0.31 mmol),
tetrakis(triphenylphosphine)palladium(0) (18.18 mg, 0.02 mmol) and sodium carbonate (2M
aqueous solution) (0.084 mL, 2 mmo!) were added and the mixture heated at 90 °C for 24
hours. The reaction mixture was filtered through Celite and the residue washed with DCM. The
filirate was purified by ion exchange chromatography, using an SCX column and the desired
product was cluted from the column using 20% 7M NH3/MeOH in DCM. Fractions containing ‘
product were combined and evaporated. The residue was purified by preparative HPLC using
decreasingly polar mixtures of water (containing 1% NH3) and MeCN as eluents. Fractions
containing product were combined and evaporated to afford the title compound (14 mg, 11%),
'HNMR (700 MHz, DMSO-4%) 1.58 (g, 2H), 1.70 (q, 2H), 2.42 (s, 3H), 3.24 (s, 3H), 3.70 -
3.75 (m, 8H), 6.85 (s, 1H), 6.98 (t, 1H), 7.07 (t, 1H), 7.38 (d, 1H), 7.97 (d, 1H), 11.03 (s, 1H);
m/7: (ESI+) MH', 413.63.

The 2-methyl-1H-indol-4-yl trifluoromethanesulfonate, used as starting material, was
prepared as follows:

2,6-Lutidine (0.036 mL, 0.31 mmol) and triﬂuorometh.anesu‘lfonic anhydnde (0.063
mL, 0.37 mmol) were added to 2-methyl-1H-indol-4-0l (0.046 g, 0.31 mmol) in DCM (5 mL)
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cooled to 0°C. The resulting solution was stirred for I hour and the reaction mixture was then
diluted with water (5 mL). The mixture was separated and the organic layer dried over MpgSO4,
filtered and then cvaporated to afford 2-methyl-1H-indol-4-yl trifluoromethanesulfonate which
was used dircctly in the next step without punfication; m/z: (ESI-) M-H", 279.

Example 1.04
6-Methoxy-4-{4-[1-(methylsulfonvl)cyclopropyl]-6-morpholin-4-ylpyrimidin-2-yl}-1H-

indole
@]
)
TN e
/(,D?; N

1,1'-Bis(diphenylphosphino)ferrocenedichloropalladium(ll) (49mg, 0.06mmol) was added to 4-
bromo-6-methoxy-tH-indole (0.124g, 0.55 mmol), potassium acetate (0.137 g, 1.40 mmol) and
bis(pinacolato)diboron (0.254 g, 1.00 mmol) in dioxane (5 mL) and the resulting mixture was
stirred at 100 °C for 3 hours. 4-(2-Chloro-6-(1-{methylsulfonyl)cyclopropyl}pyrimidin-4-
yDmorpholine (0.127 g, 0.4 mmol), tctrakis (triphenylphosphine)Pd(0) (0.046 g, 0.04 mmol)
and sodium carbonate (2M solution) (0.800 mL, 1.60 mmol) were added and the resulting
mixture was stirred at 100 °C for 16 hours. The reaction mixture was filtered through Celite
and the residue washed with DCM,; the liquors were purificd by ion exchange chromatography,
using an SCX column. The desired product was eluted from the column using 50% 7M
NH3/McOH in DCM and fractions containing product were combined and evaporated. The
residue was purified by preparative HPLC using decreasingly polar mixtures of water
(containing 1% NH3) and MeCN as eluents. Fractions containing the desired compound were
combined and evaporated. The residue was purified by ion exchange chromatography, using an
SCX column. The desired product was cluted from the column using 50% 7M NH3/McOH in
DCM and fractions containing product were combined and evaporated to afford the title
compound (32 mg, 15%); "H NMR (400 MHz, DMSO-d% 1.61 (dd, 2H), 1.72 (dd, 2H), 3.29
(s, 3H), 3.73 - 3.79 (m, 8H), 3.83 (s, 3H), 6.90 (s, 1H), 7.08 (d, 1H), 7.20 (t, 1H), 7.31 (t, 1H),
7.69 (d, 1H), 11.04 (s, 1H); m/z: (ESI+) MH", 429.3.
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The following compounds were prepared in a similar way to the method described for

Example 1.04, using 4-(2-chloro-6-(1-(methylsulfonyl)cyclopropy!)pyrimidin-4-yl)morpholine

and the appropriate substituted 4-bromoindole.

yl}-1H-indole

7.47 (1, 1H), 7.82 (dd,
1H), 11.32 (s, 1H)

)
2 \/",‘\
/é? NZ T Ri
E m/z
X.
N R1 Name 'H NMR (ESI+)
0.
MH*
1.63 (dd, 2H), 1.74 (dd,
- | 2H), 3.26 (s, 3H), 3.71 -
" 4-{4-[1- _
I. (methylsulfonyDeyel i 3.83 (m, 8H), 6.98 (s,
methylsulfonyl)cyclopropyl]-
1.05 YOUTOWLEYEOPOPY I 1k, 745 (d, 1H), 7.79 | 42429
6-morpholin-4-ylpyrimidin-2- )
Il . . (d, 1H), 8.04 (d, 1H),
N y1}-1H-indole-6-carbonitrile _
8.28 (d, IH), 11.86 (s,
1H)
1.61 (dd, 2H), 1.73 (dd,
—— 6-chloro-4-{4-[1- 2H), 3.27 (s, 3H), 3.71 -
. NH .
(- methylsulfonyDeyclopropyl]- | 3.81 (m, 8H), 6.95 (s,
L06 (methy . yhey p. ?y] ( ) ( 4333
6-morpholin-4-ylpyrimidin-2- | 1H), 7.32 (s, 1H), 7.52 (1,
Cl yl}-1H-indole 1H), 7.59 (dd, 1H), 7.99
(d, 1H), 11.40 (s, 1H)
1.62 (dd, 2H), 1.73 (dd,
= 6-fluoro-4- {4-[1- 2H), 3.27 (s, 3H), 3.72 -
. NH
[- methylsulfonyl)cyclopropyl]- 3.81 (m, BH), 6.94 (s,
107 (methy ybhey ph Py] ( ) ( 41728
6-morpholin-4-ylpyrimidin-2- | 1H), 7.30 - 7.36 (m, 2H),
F
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Example 1.08
4-{4-[4-(Methylsulfonyl)piperidin-4-v1]-6-morpholin-4-ylpyrimidin-2-vyl}-1H-indole

)

@ N /=
NH
’7/8 g
@)
N
H

. s Dichlorobis(triphenylphosphine)palladium(l) (0.016 g, 0.02 mmol) was added in one portion
to tert-butyl 4-(2-chloro-6-morpholinopyrimidin-4-yl}-4-(methylsulfonyl)piperidine-1-
carboxylate (1.075 g, 2.33 mmol), 2M aqueous sodium carbonate solution (1.399 mL, 2.80
mmol) and 1 H-indol-4-ylboronic acid (0.413 g, 2.57 mmol) in DME:water 4:1 (24 mL) at
22°C. The muxture was scaled into four separatc microwave tubes which were then heated to

o 110 °C for | hour in a microwave reactor and then allowed to cool to RT. The separate reaction
mixtures were combined and then filtered; the resultant solution was treated with 4M HCl in
dioxane (4 mlL) and stirred overnight at RT. The crude product was purified by ion exchange
chromatography, using an SCX column. The desired product was eluted from the column using
7M NH3/MeOH and fractions containing product were combined and evaporated. The residue

was purified by preparative HPLC using decreasingly polar mixtures of water (containing 1%

i

NH3) and 3:1 MeOH:McCN as cluents. Fractions containing product were combined and
evaporated to afford the title compound (0.270 g, 26%); 'H NMR (400 MHz, DMSO-d°) 2.03 -
2.11 (ZH, m), 2.41 (2H, t), 2.82 (3H, s), 2.86 (2H, 8), 2.97 (2H, d), 3.78 (8H, 3), 6.93 (1H, s),
7.20 (1H, 1), 7.29 (1H, d), 7.46 - 7.47 (1H, m), 7.55 (1H, d), 8.09 - 8.11 (1H, m), 11.29 (1H, s);
20 m/z (ESIH+) MH", 442,15,
The tert-butyl 4-(2-chloro-6-morpholinopyrimidin-4-yl)}-4-(methylsulfonyl)piperidine-

l-carboxylate, used as starting material, was prepared as follows:

a) A solution of 4-(2-chloro-6-(methylsulfonylmethyl)pyrimidin-4-yl)morpholine (3 g,

10.28 mmol) in NMP (23 mL) was treated with sodium hydride (1.357 g, 33.93 mmol). The
25 mixture was stirred at RT for 10 minutes before being treated with tetrabutylammonium
bromide (4.97 g, 15.42 mmol) and N-benzyl-2-chloro-N-(2-chlorocthyl)ethanaminc

hydrochloride (3.04 g, 11.31 mmol). The reaction mixture was stirred for 5 minutes at RT and
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then heated to 50°C for 1 hour and then to 80°C for 1.5 hours. The mixture was allowed to cool
to RT and then quenched by the addition of aqueous saturated ammonium chloride. The
mixture was extracted with EtOAc and the organic solution was washed three times with water,
dried over MgSO4, filtered, and concentrated under reduced pressure. The residue was purificd
by chromotography on silica using a gradient elution of 10% EtOAc/ DCM to 70% EtOAc/
DCM to afford 4-(6-(1-benzyi-4-(methylsulfonyl)piperidin-4-yl)-2-chloropyrimidin-4-
yhmorpholine (2.000 g, 43%); m/z: (ESI+) MH", 451.03.

b) 1-Chlorocthyl carbonochloridate (0.957 mL, 8.87 mmol) was added dropwise to a
solution of 4(6-(benzyl-4-{methylsulfonyl)piperidin-4-yl)-2-chloropyrimidin-4-yl)morpholine
in DCM (10 mL) at RT and the solution was then heated at reflux for 3 hours. The solution
was allowed to cool and then diluted with MeOH (10 mL) and stired overnight. The mixture
was treated with di-tert-butyl dicarbonate (2.129 g, 9.76 mmol) and N-ethyl-N-
isopropylpropan-2-amine (1.545 mL, 8.87 mmol) and the solution allowed to stir for 2 hours.
The reaction mixture was diluted with DCM (20 mL) and then washed with water (50 mL) and
saturated brine (S0 mL). The organic layer was dried over MgSO4, filtered and evaporated.
The residue was purified by chromatography on silica with an elution gradient of 10 to 50%
EtOAc in DCM. Fractions containing product were combined and evaporated to afford zert-
butyl 4-(2-chlero-6-morpholinopyrimidin-4-yl)-4-(methylsulfonyl)piperidine-1-carboxylate
(1.075 g, 53%), m/z: (ES1+) M-H, 459.45.

The following compounds were prepared in a similar way to the method described for
Example 1.08, using the appropriate 2-chloropyrimidine starting material and 1H-indo!-4-

ylboronic acid.



WO 2010/673034

PCT/GB2009/051755

6-morpholin-4-ylpyrimdin-2-yl)-
1H-indole

- 3.76 (8H, m),
6.91 (1H, s), 7.21

-56-
e m/z
X.
N R1 Name 'H NMR (ESI+)
0.
MH"
2.21-227 (2H,
m)}, 2.85 (3H, s),
2.87-2.90 (2H,
m), 3.24 - 3.28
{2H, m), 3.72 -
o0 4-{4-[4-
W/ _ 3.80 (8H, m), 3.92
PN {MethylsulfonyDtetrahydro-2H-
1.09" -397(2H, m), | 443.14
pyran-4-yl]-6-morpholin-4- _
0 o 6.98 (1H, s), 7.20
ylpyrimidin-2-y1}-1H-indole
(1H,t),7.26 -7.27
(1H, m), 7.45 -
7.46 (1, m), 7.55
(1H, d), 8.09 (1H,
d)
1.30 (3H, 1), 1.60 -
1.61 (2H, m), 1.68
- 1.69 (2H, m),
3.45(2H, q),3.74 -
a(aql (2H, q)
00 3.76 (8H, m), 6.90
b W/ (ethylsulfonyl)cyclopropyl]-6-
1.10 \/Sl] hoinA-yIpyrimidin-2-v1 (1H,s), 7.21 (1H, |413.12
mo oln-4-yipyrimigin-.2- -
? ‘ i g t), 7.30 - 7.31 (1H,
1H-indole
m), 7.45 - 7.46
(1H, m), 7.55 (1H,
d), 8.04 (1H, d),
11.23 (I1H, s)
4-(4-{1-(1- 1.32 (6H, d), 1.63 -
L11° \F\‘S’PA] mcthylethyl)sulfonyl]cyclopropyl}- | 1.67 (4H, m), 3.74 12712




WO 2010/073034

.57-

PCT/GB2009/051755

Ex.
No.

Name

'H NMR

m/z
(ESI+)
MH"*

(1H, 1), 7.33 - 7.34
(1H, m), 7.46 -7.47
(1H, m), 7.55 (1M,
d), 8.06 (14, d),
11.23 (1H, s)

1.12¢

QP

vOR

4-{4-[1-

(cyclopropylsulfonyl)cyclopropyl]-
6-morpholin-4-ylpyrimidin-2-yl}-

1H-indole

0.95 - 1.00 (4H,
m), 1.63 - 1.63
(2H, m), 1.70 -
1,72 (2H, m), 3.03
-3.08 (1H, m),
3.76 (8H, s), 6.96
(1H, 5), 7.20 (1H,
t), 7.35 - 7.37 (1H,
m), 7.45 - 7.47
(1H, m), 7.54 (1H,
d), 8.07 - 8.10 (1H,
m), 11.23 (1H, 5)

425.15

1.13°

4-{4-[4-

{cyclopropylsulfonyl)tetrahydro-
2H-pyran-4-yl]-6-morpholin-4-
ylpyrimidin-2-yl}-1H-indole

0.78 - 0.81 (2H,
m), 0.82 - 0.88
(2H, m), 2.23 -
2.31 (2H, m), 2.96
-3.00 (2H, m),
3.74 -3.79 (8H,
m), 3.92 - 3.97
(2H, m), 7.00 (1H,
s), 7.20 (1H, t),
731 (1H, s), 7.4 -
7.46 (1H, m), 7.55

469.16
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m/z
Ex. . .
Rl Name H NMR (ESI+)
No.
MH™

(1H, d), 8.12 (1H,
d), 11.24 (1H, s)
0.75-0.77 (2H,
m), 0.93 - 0.95
(2H, m), 2.11 -
2.19 (2H, m), 2.43
-2.51 (2H, m),
o o 2.87 -2.93 (4H,
W m), 3.22 - 3.25

) .
{ cyclopropylsulfonyl)piperidin-4-
114" |V (cyclopropy ‘ yhpip - (1H, m), 3.76 - 468.19
yl]-6-morpholin-4-ylpyrimidin-2-
3.78 (8H, m), 6.90

(1H, s), 7.17 (1H,
t), 7.30 - 7.34 (1H,
m), 7.43 - 7.45
(1H, m), 7.53 (1H,
d), 8.11 (1H, d),
10.98 (1H, s)

Iz

yl}-1H-indole

* The 4-(2-chloro-6-(4-(methylsulfonyl)tetrahydro-2H-pyran-4-yl)pyrimidin-4-yl)morpholine,
used as starting material, was prepared as follows:

A 50% aqueous NaOH solution (6.67 ml.) was added to 4-(2-chloro-6-
{methylsulfonylmethyl)pyrimidin-4-y)mormpholine (880 mg, 3.02 mmol), tetrabutylammonium
bromide (97 mg, 0.30 mmol) and 1-bromo-2-(2-bromoethoxy)ethanc (2099 mg, 9.05 mmol) in
DCM (20 mL) at 22°C. The resulting mixture was stirred at 20 °C for 6 hours. The mixture was
diluted with water (50 mL.) and the phases separated. The organic phase was washed twice with
water (25 mL) and then dried over MgSO4, filtercd and evaporated. The residue was purified
by chromatography on silica with an clution gradient of 0 to 40% EtOAc in DCM. Fractions
containing product were combined and evaporated to afford 4-(2-chloro-6-(4-
(methylsulfonyDtetrahydro-2H-pyran-4-y)pyrimidin-4-yl)morpholine (698 mg, 64%); 'H
NMR (400 MHz, DMSO-¢®) 2.00 - 2.14 (2H, m), 2.44 - 2.47 (2H, m), 2.64 - 2.67 (2H, m),

%’b.
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2.85(3H, 5), 3.15 - 3.18 (2H, m), 3.65 - 3.72 (8H, m), 3.89 - 3.92 (2H, m), 7.02 (IH, s); m/z:
(ESI+) MH™, 362.04.

® The 4-(2-chloro-6-(1-(ethylsulfonyl)cyclopropyl)pyrimidin-4-yl)morpholine, uscd as starting
material, was prepared as follows:

a) Sodium ethancsulfinate (1.026 g, 8.83 mmol) was added in one portion to 4-(2-chloro-
6-(iodomethyl)pyrimidin-4-yi)morpholine (3 g, 8.83 mmol) in DMF (58.9 mL). The resulting
mixture was stirred at 25 °C for 18 hours. The reaction mixture was diluted with DCM and
washed with water (2 x 300 mL), aqucous sodium thiosulphate (400 mL) and then brine (400
mL). The organic phase was dried over MgSO4 and then concentrated in vacuo. The residue
was purified by chromatography on silica with an elution gradient of 0 to 50% EtOAc in DCM. ‘
Fractions containing product were combined and evaporated to afford 4-(2-chloro-6-
(cthylsulfonylmethyl)pyrimidin-4-ylymorpholine (1.310 g, 49%); 'H NMR (400 MHz, DMSO-
d®) 1.28 (3H, 1), 3.25 (2H, q), 3.63 - 3.71 (8H, m), 4.43 (2H, 5), 6.96 (1H, s); m/z: (ESH) MH",
305.98.

b) A 50% aqueous solution of NaOH (7 mL) was added to 4-(2-chloro-6-
(ethylsulfonylmethyl)pyrimidin-4-ylymorpholine (0.5 g, 1.8} mmol), 1,2-dibromoethane (0.156
mL, 1.81 mmol} and tetrabutylammonium bromide (0.058 g, 0.18 mmol) in DCM (21 mL).
The resulting sturry was stirred at 30 °C for 18 hours and then cvaporated. The residue was
dissolved in EtOAc (30 mL) and washed with water (2 x 20 mL) and brine (20 mL}), dried over

Mg80, and then concentrated in vacuo. The residue was purified by chromatography on silica

with an ¢lution gradient of 20-60% EtOAc:DCM. Fractions containing product were combined
and evaporated to afford 4-(2-chloro-6-(1-(ethylsulfonyl)cyclopropyl)pyrimidin-4-
ylmorpholine (0.309 g. 57%); 'H NMR (400 MHz, DMSO-4% 1.26 (3H, 1), 1.50 - 1.52 (2H,
m), 1.60 - 1.62 (2H, m), 3.35 (2H, q), 3.60 - 3.68 (8H, m), 6.98 (1H, s); m/z: (ES1+) MH",
332.02.

¢ The 4-(2-chloro-6-(1-(isopropylsulfonyl)cyclopropyl)pyrimidin-4-yl)morpholine, used as
starting matcrial, was prepared as follows:

a) A 50% aqueous solution of NaOH (3.33 mL) was added to 4-(2-chloro-6-
(isopropylsulfonylmethyl)pyrimidin-4-yl)morpholine (500 mg, 1.56 mmol), 1,2-dibromoethane
(0.135 mL, 1.56 mmol) and tetrabutylammonium bromide (50.4 mg, 0.16 mmol} in DCM (10
mL). The resulting slurry was stirred at 30 °C for 24 hours and then evaporated. The residue

was dissolved in EtOAc (30 mL) and the solution washed with water (2 x 20 mL) and then
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brine (20 mL) and then dried over MgSO, and concentrated in vacuo. The residue was purified

by chromatography on silica with an elution gradient of 0 to 2% MeQOH in DCM. Fractions
containing product were combined and cvaporated to afford 4-(2-chloro-6-(1-
(isopropylsulfonyl)eyclopropypyrimidin-4-yl)morpholine (486 mg, 90%); 'H NMR (400
MHz, DMSO-d%) 128 (6H, d), 1.51 - 1.60 (4H, m), 3.57 - 3.69 (91, m), 6.98 (1H, s); m/z:
(EST+) MH", 346.01.

4-(2-Chloro-6-(isopropylsulfonylmethyl)pyrimidin-4-y)morpholine uscd as starting material
can be prepared as described in the literature (Finlay, Maurice Raymond Verschoyle; Morris,
Jeffrey; Pike, Kurt Gordon. Morpholinopyrimidine derivatives, processes for preparing them,
pharmaceutical compositions containing them, and their use for treating proliferative disorders.
PCT Int. Appl. WO 2008023159).

4 The 4-(2-chloro-6-(1 -(cyclopropylsulfonyl)cyclopropyl)pyrimidin-4-yl)morpholine, used as
starting material, can be prepared as described in the literature (Morris, Jeffrey James; Pike,
Kurt Gordon. Pyrimidine derivatives that arc useful in the treatment of discases mediated by
mTOR and/or PI3K enzyme and their preparation. PCT Int. Appl. W0O2009007748).

® The 4-(2-chioro-6-(4-(cyclopropylsulfonyl)tetrabydro-2H-pyran-4-yl)pyrimidin-4-
yDmorpholine, used as starting matcrial, was preparcd as follows:

a) A 50% aqueous solution of NaOH (6.67 mL) was added to 4-(2-chloro-6-
(cyclopropylsulfonylmethyl)pyrimidin-4-ylymorpholine (700 mg, 2.20 mmol),
tetrabutylammonium bromide (71.0 mg, 0.22 mmol) and 1-bromo-2-(2-bromoethoxy)ethane
(1533 mg, 6.61 mmol) in DCM (20 mL) at 22°C. The resulting mixture was stirred at RT for 6
hours and then diluted with water (50 mL) and the phases separated. The organic phase was
washed twice with water (25 mL) and the organic layer dried over MgSO4, filtered and
evaporated. The rcsidue was purified by chromatography on silica with an elution gradient of 0
to 20% EtOAc in DCM. Fractions containing product were combined and ¢vaporated to afford
4-(2-chloro-6-(4-(cyclopropylsulfonyl)tetrahydro-2H-pyran-4-yl)pyrimidin-4-y)morpholinc
(557 mg, 65%); 'H NMR (400 MHz, DMSO-¢® 0.72 - 0.75 (2H, m), 0.87 - 0.92 (2H, m), 2.12
-2.17(2H, m), 2.65 - 2.69 (2H, m), 3.12 - 3.18 (2H, m), 3.63 - 3.64 (§H, m), 3.83 - 3.87 (2H,
m), 7.04 (1, s); m/z: (ESI+) MH", 388.08.

The 4-(2-chloro-6-(cyclopropylsulfonylmethyl)pyrimidin-4-yl)morpholine, used as starting

material, can be preparcd as described in the literature (Morris, Jeffrcy James; Pike, Kurt

74
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Gordon. Pyrimidine derivatives that are useful in the treatment of diseases mediated by mTOR
and/or P13K enzyme and their preparation. PCT Int. Appl. WO2009007748).

" 'The tert-butyl 4-(2-chloro-6-morpholinopyrimidin-4-yl)-4~(cyclopropylsulfonyl)piperidine-1-
carboxylate, used as starting material, was prepared as follows:

a) A solution of 4-(2-chloro-6-(cyclopropylsulfonylmethyl)pyrimidin-4-yl)morpholine (1
g, 3.15 mmol) in NMP (9 mL) was treated with sedium hydnde (0.415 g, 10.38 mmol). The
mixture was stirred at RT for 10 minutes before being treated with tetrabutylammonium
bromide (1.522 g, 4.72 mmol) and N-benzyl-2-chloro-N-(2-chloroethyl)ethanamine
hydrochloride (0.930 g, 3.46 mmol). The reaction mixture was stirred for 5 minutes at RT and
then heated to 50°C for 1 hour and then heated to 80°C for 1.5 hours. The mixture was allowed
to cool to RT and the mixture quenched by the addition of a saturated aqueous solution of
ammonium chloride. The mixture was extracted with EtOAc and the organic solution washed
three times with water and then dried over magnesium suifate. The solution was concentrated
under reduced pressure and the residue purified by chromatography on silica using a gradient
elution of 10% EtOAc / DCM to 70% EtOAc / DCM. Fractions containing product were
combined and evaporated to afford 4-(6-(1-benzyl-4-(cyclopropylsulfonyl)piperidin-4-yl)-2-
chloropyrimidin-4-yl)merpholine (0.574 g, 38%); 'H NMR (400 MHz, DMSO-d%) 0.75 - 0.77
(2H, m), 0.93 - 0.95 (2H, m), 1.81 - 1.92 (21, m), 2.11 - 2.19 (2H, m), 2.53 - 2.56 (1H, m),
2.71 (2H, s), 2.79 - 2.82 (4H, m), 3.66 - 3.68 (8H, m}, 7.00 (1H, s), 7.24 - 7.34 (5H, m); mA:
(ESI+) MH™, 477.13.

b) 1-Chloroethyl carbonochioridate (0.260 ml., 2.4]1 mmol) was added dropwise to a
solution of 4-(6-(1-benzyl-4-(cyclopropyisulfonyl)piperidin-4-yl)-2-chloropyrimidin-4-
yDmorpholine (574 mg, 1.20 mmol) in DCM (10 mL) at RT. The solution was heated at reflux
for 3 hours and then allowed to cool and diluted with McOH (10 mL). The mixture was
allowed to stand for three days and then treated with di-fert-butyl dicarbonate (578 mg, 2.65
mmol) and N-ethyi-N-isopropylpropan-2-amine (0.419 mL, 2.41 mmol) and the solution was
stirred for 2 hours. The mixture was diluted with DCM (20 mL), and the mixture washed with
water (50 mL) and then with a saturated aqueous solution of brine (50 mL). The organic layer
was dried over MgSO4, filtered and then evaporated. The residue was purified by
chromatography on silica with an elution gradient of 10 to 50% EtOAc in DCM. Fractions
containing product were combined and evaporated to afford tert-butyl 4-(2-chlore-6-

morpholinopyrimidin-4-y1)-4-(cyclopropy!sulfonyl)piperidine-1-carboxylate (267 mg, 46%),
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'H NMR (400 MHz, DMSO-4%) 0.77 - 0.78 (2H, m), 0.94 - 0.97 (2H, m), 1.40 (9H, §), 1.97 -
2.00 (2H, m), 2.54 - 2.57 (3H, m), 2.81 - 2.84 (2H, d), 3.69 (8H, s), 3.93 - 3.97 (2H, m), 7.01

(1H, s); m/z: (ES1+) MH", 487.09.

Example 2.01

4-{4-[4-(Cvyclopropvisulfonyl)piperidin-4-yl]-6-] (35)-3-methvlmorpholin-4-vl|pyrimidin-
2-yi}-1H-indole

A mixture of bis(triphenylphosphine)palladium(1]) dichloride (42.1 mg, 0.06 mmol), rert-butyl
4-[2-chloro-6-[(35)-3-methylmorpholin-4-yl|pyrimidin-4-y!]-4-cyclopropylsulfonylpiperidine-
l-carboxylate (301 mg, 0.6 mmol), Na,COs solution (1.8 mL, 2M, 3.60 mmol) and 1H-indol-4-
ylboronic acid (116 mg, 0.72 mmol) in 18% DMF in 7:3:2 DME-water-EtOH (10 mL) was
heated to 110°C for 1h in a microwave reactor. The mixture was part purificd using an SCX
column, eluting with 7M NH;z in MeOH. Appropriatc fractions werc combined and
concentrated in vacuo. The residue was dissolved in 4M HCI in dioxane, and the solution was
stirred at RT for 1h. The mixture was concentrated in vacuo and the residue was purified by
preparative HPLC to provide the title compound; (27.0 mg, 9%); '"H NMR: 0.78-0.90 (4H, m),
1.27 (3H, d), 1.88-1.95 (2H, m), 2.19 (2H, t), 2.40-2.48 (1H, m), 2.62-2.82 (1H, m), 3.18 (2H,
t), 3.33-3.42 (2H, m), 3.52-3.58 (1H, m)}, 3.69-3.73 (1H, m), 3.83 (1H, d), 4.02-4.06 (1H, m),
430 (1H, d), 4.65 (1H, d), 6.97 (11, s), 7.21 (1H, 1), 7.29 (1H, 1), 7.47 (1H, 1), 7.56 (1H, d),
8.12-8.15 (1H, m), 11.29 (1H, s); m/7: (ESI+) MH", 482.82.

The rert-butyl 4-[2-chloro-6-[(35)-3-methylmorpholin-4-yl]pyrimidin-4-yl]-4-
cyclopropylsulfonylpiperidine-1-carboxylate, used as starting material, was prepared as
follows:

a) Sodium cyclopropanesulfinate (381 mg, 2.97 mmol) was added in one portion to 2-
chloro-4-(iodomethyl)-6-[(35)-3-methylmorpholin-4-yijpyrimidine (700 mg, 1.98 mmol) in
acetonitrite (20 mL). The resulting suspension was heated to 90°C for 3h. The mixture was

then concentrated in vacuo and the residuc was dissolved in DCM (50 mL). Water (50 mL)
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was added and the phases were scparated. The organic portion was dried (MgSQ4) and
concentrated in vacuo. Purification by FCC, using a gradient of 0-40% EtOAc in DCM
provided 2-chloro-4-(cyclopropylsulfonylmethyl)-6-[(35)-3-methylmorpholin-4-yl]pyrimidine
(458 mg); "H NMR: 0.95-0.98 (2H, m), 1.02-1.06 (2H, m), 1.18-1.23 (3H, m), 2.77-2.83 (1H,
m), 3.19-3.25 (1H, m), 3.42-3.49 {1H, m), 3.58-3.62 (1H, m), 3.73 (1H, d), 3.92-3.96 (2H, m),
4.30 (1H, s), 4.48 (2H, s), 6.92 (1H, s); m/z: (ESI+) MH™, 332.

b) NaH (0.796 g, 19.89 mmol) was added to a solution of 2-chloro-4-
(cyclopropylsulfonylmethyl)-6-[(35)-3-methylmorpholin-4-yl]pyrimidine (2 g, 6.03 mmol) in
NMP (18 mL) and the mixture was stirred for 10 minutes. TBAB (2.91 g, 9.04 mmol) and N-
benzyl-2-chloro-N-(2-chloroethyl)ethanamine hydrochloride (1.781 g, 6.63 mmol) were then (’
added and the mixture was stirred for 5 minutes. The mixture was then heated to 50°C for 1h
then to 80°C for 1.5h. After cooling to RT the reaction was quenched by the addition of
saturated NH4Cl solution. The mixture was then extracted with EtOAc. The organic selution
was washed three times with water and was then dried (MgS80,), and concentrated in vacuo.
Purification by FCC using a gradient of 10-70% EtOAc in DCM provided 4-(1-benzyl-4-
cyclopropylsulfonyl-piperidin-4-yl)-2-chloro-6-[(3.5)-3-methylmorpholin-4-yljpyrimidine (2.23
g); "H NMR: (CDCI3) 0.92-0.96 (2H, m), 0.97-1.02 (2H, m), 1.32 (3H, d), 1.92-2.00 (2H, m),
2.24-2.31 (1H, m), 2.40-2.49 (2H, m), 2.68-2.74 (2H, m), 2.88-2.92 (2H, m), 3.29 (1H, dt),
3.40 (2H, s), 3.55 (1H, dt), 3.70 (1H, dd), 3.79 (1H, d), 3.98-4.09 (2H, m), 4.28 (1H, bs), 6.63
(1H, ), 7.21-7.33 (5H, m); m/: (ES1+) MH", 491 and 493.

c) 1-Chloroethyl chloroformate {0.971 mL, 9.00 mmol) was added to a solution of 4-(1- ,'

benzyl-4-cyclopropylsulfonylpiperidin-4-yl)-2-chloro-6-[(3.5)-3-methylmorpholin-4-
yl]pyrimidine (2.21 g, 4.50 mmol) in DCM (15 mL). The solution was heated to reflux for
1.5h. The mixture was then diluted with MeOH (15 ml.) and heating was continued for 2h. Di-
tert-butyl dicarbonate (2.16 g, 9.90 mmol) and DIPEA (1.6 mL, 9.0 mmol) were then added
and the mixture was stirred at RT for 1h. The mixture was then partitioned between DCM and
water and the phases were separated. The organic portion was concentrated in vacuo.
Purification by FCC using a gradient of 10-30% EtOAc in DCM provided terz-butyl 4-[2-
chloro-6-[(35)-3-mcthylmorpholin-4-yljpyrimidin-4-yl]-4-cyclopropylsulfonylpiperidine-1-
carboxylate (1.9 g); 'H NMR: (CDCly) 0.93-1.00 (4H, m), 1.32 (3H, d), 1.44 (9H, s), 2.19-2.30
(3H, m), 2.62-2.80 (4H, m), 3.29 (1H, dt), 3.55 (1H, dt), 3.69 (1H, dd), 3.79 (1H, d), 3.95-4.37
(5H, m), 6.65 (1H, s); m/z: (ESI1+) MH", 501 and 503.
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Example 2.02
4-{4-[4-(Cyclopropylsulfonyl)tetrahydro-2H-pyran-4-y1]-6-[(3S)-3-methylmorpholin-4-

yllpyrimidin-2-yl}-1H-indole

O

A,
O N ==
A
0O
0O

Prepared in a similar way to that described for example 2.01 starting from (S)-4-(2-chloro-6-(4-
{cyclopropylsulfonytetrahydro-2H-pyran-4-yl)pyrimidin-4-yl)-3-methylmorpholine (300 mg,
0.75 mmol) to afford the titte compound (16 mg, 4%); 'H NMR: 0.77 - 0.82 (2H, m), 0.88 -
0.89 (2H, m), 1.27 (3H, d), 2.25 - 2.32 (2H, td), 2.95 (1H, dd), 3.27 - 3.32 (4H, m), 3.35 (I1H,

10 d),3.53 (1H .td), 3.69 - 3.73 (1H, m), 3.81 (JH, d), 3.95 (2H, t), 4.01 (1H, dd), 4.29 (1H, d),
4.63 (1H, d), 6.95(1H, s), 7.20 (1H, t), 7.32 (1H, d), 7.46 (1H, t), 7.55 (1H, d), 8.11 - 8.14 (1H,
m), 11.24 (1H, s); m/z: (ESI+) MH", 483.37.

The (S)-4-(2-chloro-6-(4-(cyclopropylsulfonytetrahydro-2H-pyran-4-yl)pyrimidin-4-
yl)-3-methylmorpholine, used as starting matcrial, can be prepared as described in the literature

5 (Morris, Jeffrey James; Pike, Kurt Gordon. Pyrimidine derivatives that are useful in the

treatment of diseases mediated by mTOR and/or PI3K enzyme and their preparation. PCT Int.
Appl. (2009), WO2009007748).

Example 2.03
4-{4-[(35)-3-Methylmorpholin-4-yI]-6-[1-(methvisulfonyl)cyclopentyl]pyrimidin-2-vl1}-1 H-

)
N7

20 indole

L
o NH

/ﬁ N

O

A mixture of bis(triphenylphosphine)palladium(1l) dichloride (42.1 mg, 0.06 mmol), 2-chloro-
4-[(35)-3-methylmorpholin-4-yl]-6-(1-methylsulfonyleyclopentyl)-pyrimidine (216 mg, 0.6

W
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mmol), and 1H-indol-4-ylboronic acid (116 mg, 0.72 mmol) in 18% DMF in 7:3:2 DME-
water-EtOH (10 mL) was heated to 110°C for 1h in a microwave reactor. After cooling to RT,
the mixture was part purified using an SCX column, eluting with 7M NHa in MeOH. Further
purification by preparative HPLC provided the title compound (55 mg, 21%); 'H NMR: 1.28
(3H, d), 1.60-1.65 (2H, m), 1.84-1.89 (2H, m), 2.48-2.55 (2H, m), 2.77-2.86 (2H, m), 2.90 (3H,
s}, 3.30-3.35 (1H, m), 3.51-3.58 (1H, m), 3.68-3.71 (1H, m), 3.81 (1H, d), 4.00-4.04 (1H, m),
426 (1H, d), 4.61 (1H, s), 6.87 (1H, s), 7.21 (1H, t), 7.35 (1H, t), 7.47 (1H, t), 7.55 (1H, d),
8.12-8.14 (1H, m), 11.26 (1H, s); m/z: (ESI+) MH", 441.75.

The 2-chloro-4-[(35)-3-methylmorpholin-4-y1]-6-(1-
methylsulfonylcyclopentyl)pyrimidine, used as starting material, was prepared as follows:

a) Tricthylamine (17.4 mL, 0.13 mol) was added to a cooled (-5°C) DCM solution of 2,4-
dichloro-6-(methylsulfonylmethyl)pyrimidine (30 g, 0.13 mol). A DCM solution ot (35)-3-
methylmorpholine was then added dropwise, while keeping the temperature below -5°C. The
cooling bath was then removed and the mixture stirred for Th. The mixture was then heated to
reflux for 2h. The mixture was then washed with water, dried and concentrated in vacuo.
Purification by preparative HPLC provided 2-chloro-4-[(35)-3-methylmorpholin-4-yl]-6-
(methylsulfonylmethyl)-pyrimidine (19.3 g); "H NMR: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 (m, 2H), 4.27-4.31
(m, 1H), 4.45 (s, 2H), 6.92 (s, 1H); m/z: (ESI+) MH", 306.

Alternatively 2-chloro-4-[(35)-3-methylmorpholin-4-yl]-6-(methylsulfonylmethyl)-pyrimidine
can be prepared by the following method:

Sodium methanesulfinate (11.75 g, 115.11 mmol) was added 1n one portion to 2-chloro-
4-(iodomethyl)-6-[(35)-3-methylmorphelin-4-ylJpyrimidine (37 g, 104.64 mmol), in MeCN
(900 mL) and the resulting solution was stirred at 85°C for 24h and then cooled to RT. The
reaction mixture was evaporated to dryness and redissolved in DCM (500ml), washed with
water (3x100ml), and bring (100ml), dried over MgSO4, filtered and concentrated in vacuo.
Purification by FCC using a gradient of 0-30% EtOAc in DCM provided 2-chloro-4-{(3.5)-3-
methylmorpholin-4-yl]-6-(methylsulfonylmethyl)pyrimidine (22 g) as a solid.

b) TBAB (0.495 g, 1.54 mmol) was added to a mixture of 2-chloro-4-[ (35)-3-
methylmorpholin-4-yl]-6- (methylsulfonylmethyl)pyrimidine (4.7 g, 15.37 mmol), 1,4-
dibromobutane (1.84 mL., 15.37 mmol) and aqucous NaOH (30 mL, 368.9 mmol) in DCM

(150 mL). The resulting mixture was heated to 40°C for 6h. The mixture was then diluted with
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DCM (200 mL), and washed with water (100 mL). The organic solution was dried (MgSQO,)

and concentrated in vacuo. Purification by FCC using a gradient of 5-50% EtOAc in isohexane
provided 2-chloro-4-[(35)-3-methylmorpholin-4-yl]-6-(1-
methylsulfonylcyclopentyt)pyrimidine (3.90 g); 'H NMR: 1.20 (3H, d), 1.50-1.60 (2H, m),

s 1.72-1.82 (2H, m), 2.30-2.41 (2H, m, ), 2.50-2.60 (2H, m), 2.88 (3H, s), 3.20 (1H, dd), 3.45
(1H, dd), 3.60 (1H, dd), 3.71 (1H, d), 3.94 (1H, dd), 4.0-4.10 (1H, m), 4.42 (IH, 5), 6.89 (1H,

s); m/z; (ESI+) MH", 360.

The following compounds were prepared in a similar way to the method described for

Example 2.03, using the appropriate 2-chloro pyrimidine derivative and 1H-indol-4-ylboronic

10 acid.
®
N ‘9
'\N —
I = NH
R1 N
m/z
Ex.
R1 Name '"H NMR (ESI+)
No.
MH"
1.28 (3H, d), 2.23-2.34 (2H, m),
4-(4-[(35)3-
2.68-2.71 (1H, m), 2.86-2.91 (4H,
Methylmorpholin
m), 3.20-3.25 (3H, m), 3.54-3.57
94 4-y1)-6-[4-
I, (1H, m), 3.69-3.73 (1H, m), 3.8
, S0 (methylsulfonyD)t
2.04° (1H, d), 3.94 - 4.05 (3H, m), 4.31 | 457.77
etrahydro-2H-
5 (1H, d), 4.64 (1H, d), 6.93 (1H, s),
pyran-4-
o 7.20 (1H, t), 7.28 (1H, t), 7.46 (1H,
ylipyrimidin-2-
. 1), 7.55 (1H, d), 8.10-8.12 (1H, m),
yt}-1H-indole
11.26 (1H, )
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m/z
Ex. ]
R1 Name H NMR (ES1+)
No. +
MH
1.28 (31, d), 1.61-1.63 (2H, m),
4-{4-[(35)-3- 1.71-1.73 (2H, m), 3.25-3.30 (4H,
Methylmorpholin { m), 3.50-3.54 (1H, m), 3.69 (1H,
-4-yl]-6-[1- d), 3.79-3.82 (1H, m), 4.02-4.05
.0 yiFed ) (5, m) 413.12
2,05 /SK} (methylsulfonyl)- | (1H, m), 4.18-4.22 (1H, m), 4.57-
cyclopropyl]pyri 4.59 (1H, m), 6.85 (1H, s), 7.21
midin-2-yl)-1H- | (1H,1), 7.29-7.31 (14, m), 7.44- ‘
indole” 7.46 (1H, m), 7.55 (1H, d), 8.04
(1H, d), 11.25 (1H, s)

* Chiral HPLC: (HP1100 Systern 4, 5um Chiralpak AS-H (250mm x 4.6mm) column eluting
with iso-Hexane/EtOH/TEA 60/40/0.1) Rf, 11.817 >99%.

* The 2-chloro-4-[(3.5)-3-methylmorpholin-4-yl]-6-(4-methylsuifonyloxan-4-yl)pyrimidine,
used as starting material, was prepared as follows:

Sodium tert-butoxide (1.38 g, 14.39 mmol) was added portionwise overa period of 10
minutes to a cooled (0°C) mixture of 2-chloro-4-{(3S5)-3-methylmorpholin-4-yl]-6-
(methylsulfonylmethyl)pyrimidine {2.00 g, 6.54 mmol) and bis(2-bromoethyl) Et20 (2.055
mL, 16.35 mmol) in DMF (75 mL). The resulting solution was allowed to warm to RT and was
stirred for 7h. Further sodium rerr-butoxide (629 mg, 6.54 mmol) was added portionwise and '
the solution was then stirred at RT for a further 45h. The mixture was then concentrated in
vacuo and diluted with EtOAc (200 mL). The solution was washed with water (2 x 200 mL)
and then saturated brine (100 mL). The solution was then dried (MgSQO,) and concentrated in
vacuo. Purification by FCC using a gradient of 40-100% EtOAc in isohexane and
crystallisation using EtOAc and isohexane provided 2-chloro-4-{(3.5)-3-methylmorpholin-4-
yl]-6-(4-methylsulfonyloxan-4-yl}pyrimidine (1.42 g), '"H NMR: (CDCls) 1.34 (3H, d), 2.50
(2H, m), 2.55 (2H, m), 2.73 (3H, s), 3.33 (3H, m), 3.56 (1H, ddd), 3.71 (1H, dd), 3.80 (1H, d),
4.01 (4H, m), 4.31 (1H, bs), 6.62 (1H, s); m/z: (ESI+) MH", 376 and 378.
® The 2-chloro-4-[(35)-3-methylmorpholin-4-y1]-6-(1-methylsulfonylcyclopropyl)-pyrimidine,

uscd as starting material was prepared as follows:
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1) 2-Chloro-4-[(35)-3-methylmorpholin-4-yi]-6-(methylsulfonylmethyl)-pyrimidine (1.2
g, 3.9 mmol) was dissolved in DMF (20 mL). Sodium rert-butoxide (755 mg, 7.85 mmol} was

added to the mixture, followed by dibromoethane (738 mg, 3.9 mmol). The mixture was stirred

for 4h and was then heated to 60°C overnight. Further sodium tert-butoxide (378 mg, 3.9
mmol) was then added, followed by dibromoethane (369 mg, 1.9 mmol) and the mixture was
maintained at 60°C for a further 24h. DCM (20 mL) was then added and the solution was
washed with 2M aqueous HCI (20 mL). The organic solution was dried (MgS0,) and
concentrated in vacuo. Purification by FCC using a gradient of 0-50% EtOAc in DCM
provided 2-chloro-4-[(35)-3-methylmorpholin-4-yl]-6-(1-methylsulfonylcyclopropyl)-
pyrimidinc (400 mg, 31%); 'H NMR: 1.22 (d, 3H), 1.51 (m, 2H), 1.64 (m, 2H), 3.18 (s, 3H),
3.22 (m, 1H), 3.43 (m, IH), 3.58 (m, 1H), 3.72 (d, 1H), 3.93 (m, 1H), 4.05 (d, 1H), 4.41 (s,
1H), 6.93 (s, 1H); m/z: (EST+) MH" 332. |
Alternatively, 2-chloro-4-[(35)-3-methylmorpholin-4-y1]-6-(1-methylsulfonyl-
cyclopropyl)pyrimidine, can be prepared as follows:

NaOH (50% w/w solution, 115 g, 2.878 mol) was added to 2-chloro-4-[(35)-3-
methylmorpholin-4-yl]-6-(methylsulfonylmethypyrimidine (16 g, 52.33 mmol), 1,2-
dibromoethane (13.53 mL, 156.98 mmol) and TBAB (1.687 g, 5.23 mmol) in tolucne (128
mL). The resulting suspension was stirred for 4h. Water was then added and the mixture was
extracted twice with toluene. The toluene extracts were dried (MgSQ4) and concentrated in
vacuo. Purification by FCC using a gradient of 0-20% EtOAc in DCM provided 2-chloro-4-
[(35)-3-methylmorpholin-4-y!]-6-(1-methylsulfonyl-cyclopropyl)pyrimidine (13 g) as a solid.
Example 3.01
4-{4-[(3R)-3-Methylmorpholin-4-yl1-6-[1-(methylsulfonyl}cyclopropyllpyrimidin-2-yl}-

1H-indole
[O
Nj\

| N =
> NH
N

\
O-‘-‘..“'U):O

Bis(triphenylphosphine)palladium chloride (1.692 g, 2.41 mmol), (R)-4-(2-chloro-6-(1-
{methylsulfonyl)cyclopropyl)pyrimidin-4-yl)-3-methylmorpholine (8.00 g, 24.11 mmol), 1H-

\'éﬂ
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indol-4-ylboronic acid (4.27 g, 26.52 mmol) and 2M aqueous sodium carbonate (36.2 mL,
72.33 mmol) were suspended in DME:water 4:1 (170 mL) and heated to 90 °C overnight. The
DME was removed and the reaction mixture diluted with EtOAc (100 mL). The mixture was
washed with water (2 x 100 mL), the organics separated, filtered through a pad of Celite and
concentrated in vacuo on to silica. The residue was purified by chromatography on silica with
an elution gradient of 0 to 10% EtOAc in DCM. Fractions containing product were combined
and evaporated. The residuc was purified by chromatography on silica eluting with a gradient
of 0-25% EtOAc in DCM. Fractions containing product werc combined and evaporated onto
reverse phase C18 silica. The crude product was purified by reverse phase using a 415g HP
C18 column using decreasingly polar mixtures of water (containing 1% NH3) and MeCN as f‘
eluents. Fractions containing product were combined and evaporated. The residue was taken
up in dry MeOH and dried over MgSO4. The mixture was filtered and the solvent evaporated,
leaving a gum. The gum was dissolved in DCM (500 ml), filtered and the solvent removed
under reduced pressure. The residue was dissolved in MeOH (50 mL) and allowed to stir at RT
overnight. The resultant precipitate was collected by filtration to afford the title compound
(5.10 g, 51%); 'H NMR (400 MHz, DMSO-d%): 1.29 (3H, d), 1.57 - 1.64 (2H, m), 1.68 - 1.78
(2H, m), 3.24-3.31 (1H, td), 3.29 (3H, s), 3.51 (1H, td), 3.67 (1H, dd), 3.80 (1H, d}, 3.93 - 4.06
(1H, dd), 4.21 (1H, d), 4.61 (1H, bs), 6.85 (1H, s), 7.21 (1H, 1), 7.32 (1H, t}, 7.46 (1H, 1), 7.56
(1H, d), 8.06 (1H, dd), 11.25 (1H, s); m/z: (ESI+) MH", 413.12. Chiral HPLC: (HP1100
System 4, Sum Chiralpak AS-H (250mm x 4.6mm) column cluting with iso-
Hexane/EtOH/TEA 60/40/0.1) Rf, 8.815 >99%.

The (R)-4-(2-chloro-6-( 1 -{methylsulfonyl)cyclopropyl)pyrimidin-4-y1)-3-

methylmorpholine, used as starting maierial, was prepared as follows:

a) (R)-3-methylmorpholine (7.18 g, 71.01 mmol) and triethylamine (12.87 mL, 92.31
mmol) were added to methyl 2,4-dichloropyrimidine-6-carboxylate (14.70 g, 71.01 mmol) in
DCM (100 mL). The resulting mixture was stirred at RT for 18 hours. Water (100 mL) was
added, the layers separated and extracted with DCM (5 mL). The combined organics were
dried over MgSO04, concentrated in vacuo and the residue triturated with Et20 to yield (R)-
mcthyl 2-chloro-6-(3-methylmorpholino)pyrimidine-4-carboxylate (14.77 g, 77%); 'H NMR
(400 MHz, CDCl3) 1.33 - 1.37 (3H, d), 3.31 - 3.38 (1H, m), 3.52 - 3.59 (1H, m), 3.68 - 3.72
(1H, m), 3.79 - 3.83 (1H, m), 3.98 (3H, s), 4.02 - 4.05 (1H, m), 4.12 (1H, br s), 4.37 (1H, br s),
7.16 (1H, s); m/z: (ESI+) MH', 272.43.
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The liquors were concentrated onto silica and purified by chromatography on silica eluting
with a gradient of 20 to 40% EtOAc in isohexane. Fractions containing product were combined
and evaporated to afford (R)-methyl 2-chloro-6-(3-methylmorpholino)pyrimidine-4-
carboxylate (1.659 g, 9%); 'H NMR (400 MHz, CDCly) 1.33 - 1.37 (3H, d), 3.31 - 3.38 (JH,
m), 3.52-3.59 (JH, m), 3.68 - 3.72 (1H, m), 3.79 - 3.83 (1H, m), 3.98 (3H, 5), 4.02 - 4.05 (1H,
m), 4.12 (1H, brs), 4.37 (1H, br s), 7.16 (1H, s5); m/z: (ESI+) MH", 272.43.

b) Lithium borohydride, 2M in THF (18 mL, 36.00 mmol) was added dropwise to (R}-
methyl 2-chloro-6-(3-methylmorpholino)pyrimidine-4-carboxylate (16.28 g, 59.92 mmol) in
THF (200 mL) at 0°C over a period of 20 minutes under nitrogen. The resulting solution was
stirred at 0 °C for 30 minutes and then allowed to warm to RT and stirred for a further 18
hours. Water (200 mL) was added and the THF evaporated. The aqueous layer was extracted
with EtOAc (2 x 100 mL) and the organic phases combined, dried over MgS(04 and then
cvaporated to afford (R}-(2-chloro-6-(3-methylmorpholino)pyrimidin-4-yl)MeOH (14.54 g,
100%) which was used in the next step without purification; "H NMR (400 MHz, CDCl3) 1.32
(3H,d), 2.65 (1H, brs), 3.25-3.32 (1K, m), 3.51 - 3.57 (1H, m), 3.67 - 3.70 (1H, m), 3.78
(1H, d), 3.98 - 4.09 (2H, m), 4.32 (1H, br s), 4.59 (2H, s), 6.44 (1H, s); m/z: (ES1+) MH",

244 40.

c) Methanesulfonyl chloride (4.62 ml., 59.67 mmol) was added dropwisc to (R)-(2-
chloro-6-(3-methylmorpholino)pyrimidin-4-y[)MeOH (14.54 g, 59.67 mmol) and triethylamine
(8.32 mL, 59.67 mmol) in DCM (250 mL) at 25 °C over a period of 5 minutes. The resulting
solution was stirred at 25 °C for 90 minutes. The reaction mixture was quenched with water
(100 mL) and extracted with DCM (2 x 100 mL). The organic phases were combined, dried
over MgSO04, filtered and evaporated to afford (R)-(2-chloro-6-(3-
methylmorpholino)pyrimidin-4-ytl)methy! methanesulfonate (20.14 g, 105%) which was used
in the next step without further purification; 'H NMR (400 MHz, CDCly) 1.33 (3H, d), 3.13
(3H,s),3.27-334 (1H, m),3.51 - 3.57 (1H, m), 3.66 - 3.70 (1H, m), 3.79 (1H, d), 3.99 - 4.03
(2H, m), 4.34 (1H, brs), 5.09 (2H, d), 6.52 (1H, s); m/z: (ESI+) MH", 322,39,

d) Lithium 1odide (17.57 g, 131.27 mmol) was added to (R)}-(2-chloro-6-(3-
methylmorpholino)pyrimidin-4-yl)methyl methancsulfonate (19.2 g, 59.67 mmol) in dioxane
(300 mL) and heated to 100 °C for 2 hours under nitrogen. The reaction mixture was quenched
with water (200 mL) and ¢xtracted with EtOAc (3 x 200 mL). The organic layers were
combined and washcd with 2M sodium bisulfite solution (400 mL), water (400 mL), brine (400
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mL) dried over MgSO4 and then evaporated. The residue was triturated with Et20 to afford
(R)-4-(2-chloro-6-(iodomethyl)pyrimidin-4-yl)-3-methyimorpholine (13.89 g, 66%), 'H NMR
(400 MHz, CDCl3) 1.32 (3H, d), 3.24 - 3.32 (IH, m), 3.51 - 3.58 (IH, m), 3.67 - 3.71 (1H, m),
378 (1H, d), 3.98 - 4.02 (2H, m), 4.21 (2H, 5), 4.29 (1H, 5), 6.41 (1H, s); m/z: (ESI+) MH*
35431,

The mother liquors werc concentrated down and triturated with Et20 to afford a further crop of
(R)-4-(2-chloro-6-(iodomethy!)pyrimidin-4-yl)-3-methylmorpholine (2.46 g, 12%); 'H NMR
(400 MHz, CDCl3) 1.32 (3H, d), 3.24 - 3.32 (1H, m), 3.51 - 3.58 (1H, m), 3.67 - 3.71 (1H, m),
3.78 (1H. d), 3.98 - 4.02 (2H, m), 4.21 (2H, s), 4.29 (1H, 5), 6.41 (1H, s); m/z: (ESI+) MH",
35431

€) Sodium methanesulfinate (4.64 g, 45.48 mmol) was added in one portion to (R)-4-(2-
chloro-6-(iodomethyl)pyrimidin-4-y!)-3-methylmorpholine (13.4 g, 37.90 mmol) m DMF (100
mL). The resulting mixture was stirred at 25 °C for 2 hours. The reaction mixture was diluted
with DCM and washed with water (2 x 100 mL), Aq sodium thiosulphate (50 ml.), dried over
MgS04 and concentrated in vacuo. The residue was triturated with MeOH to give a solid
which was dried under vacuum to afford (R)-4-(2-chloro-6-(methylsulfonylmethyl)pyrimidin-
4-y1)-3-methylmorpholine (7.3 g, 63%); "H NMR (400 MHz, DMSO-ds) 1.21 (3H, d), 3.12
(3H, 5),3.24 (1H, 1), 3.42 - 3.49 (1H, td), 3.58 - 3.62 (1H, m), 3.74 (1H, d), 3.93 -4.40 (3H, m),
447 (2H, s), 6.94 (1H, s); m/z: (ES1+) MH" 306.05.

The mother liquers were purified by chromatography on silica with an elution gradient of 40 to
90% EtOAc in isohexane, Fractions containing product were combined and evaporated to
afford a further crop of (R)-4-(2-chloro-6-{methylsulfonylmethyl)pyrimidin-4-yl)-3-
methylmorpholine (2.0 g, 17%); m/z: (ESI+) MH" 306.12.

£ A 50% aqueous solution of NaOH (42 mL) was added to (R)-4-(2-chloro-6-
(methylsulfonylmethyl)pyrimidin-4-yl)-3-methylmorpholine (12.11 g, 39.60 mmol), 1,2-
dibromoethane (3.41 mL, 39.60 mmol) and tetrabutylammonium bromide (1.277 g, 3.96
mmol) in toluene (120 mL). The resulting slurry was stirred at 60 °C for 3 hours and then an
additionat portion of 1,2-dibromoethane (1 mL) was added and the mixture stirred for a further
1 hour. EtOAc (200 mL) was added and the mixture washed with water (100 mL) and brine

(100 mL). The reaction mixture was dried over MgSQy4 and concentrated in vacuo. The residue

was triturated with MeOH to give a solid which was collected by filtration and dried under

vacuum 1o afford (R)-4-(2-chloro-6-(1-(methylsulfonyl)cyclopropyl)pyrimidin-4-yl)-3-
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methylmorpholine (9.65 g, 73%); "H NMR (400 MHz, DMSO-ds) 1.21 (3H, d), 1.48 - 1.54
(2H, m), 1.61 - 1.67 (2H, m), 3.16 - 3.25 (1H, td), 3.19 (3H, 5), 3.44 (1H, td), 3.58 (1H, dd),
3.72 (1H, d), 3.93 (1H, dd), 3.98 - 4.10 (1H, m), 4.41 (1H, s), 6.93 (1H, s); m/7: (ESI+) MH",
332.44.

‘The MeOH mother liquors were reduced in vacuo and the residue purified by chromatography
on silica with an clution gradient of 10 to 50% EtOAc in DCM. Fractions containing product
were combined and evaporated to afford (R)-4-(2-chloro-6-(1-
(methylsulfonyl)cyclopropyl)pyrimidin-4-yl)-3-methylmorpholine (2.16 g, 16%); 'H NMR
(400 MHz, DMSO-dg) 1.21 (3H, d), 1.49 - 1.54 (2H, m), 1.59 - 1.68 (2H, m), 3.19 (34, 5), 3.16
- 3.25 (1H, td), 3.44 (1H, td), 3.58 (1H, dd), 3.71 (1H, d), 3.93 (1H, dd), 4.04 (1H, bs), 4.41
{1H, bs), 6.93 (1H, s); m/z: (ESI+) MH", 332.44,

Example 3.02

6-Methvl-4-{4-[(3R)-3-methylmorpholin-4-yl]-6-[1-

(methylsulfonyl)cyclopropyl]pyrimidin-2-vl}-1H-indole
EO
N]\
(::1) | =N —=
P NH

/ﬁ N
o]

Tris{dibenzylidencacetone)dipalladium{0) (6.54 mg, 7.14 pmol) and tricyclohexylphosphine
{10.68 mg, 0.04 mmol) were added to 4-bromo-6-methyl-1H-indole (100 mg, 0.48 mmol),
potassium acetate (70.1 mg, 0.71 mmol) and bis(pinacolato)diboron (133 mg, 0.52 mmol) in
dioxane (5 mL) under nitrogen. The resulting suspension was stirred at 90 °C for 3 hours.
{(R)-4-(2-Chloro-6-(1-(methylsulfonyl)cyclopropyl)pyrimidin-4-yl)-3-methylmorpholine (158
mg, 0.48 mmol), tetrakis(triphenylphosphine)palladium(0) (27.5 mg, 0.02 mmol) and sodium
carbonatc (2M aqueous solution) (0.952 mL, 1.90 mmol) were added and the resulting
suspension was stirred at 90 °C for 18 hours. The reaction mixture was purified by ion
exchange chromatography, using an SCX column. The product was ¢luted from the column
using 20% 7M NH3/McOH in DCM; fractions containing product were combined and
evaporated. The residue was purified by preparative HPLC using decrcasingly polar mixtures

of water (containing 1% NH3) and MeCN as eluents. Fractions containing product were

&1
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combined and evaporated to dryness to afford the title compound (50 mg, 25%); "H NMR (400
MHz, DMSO-dy) 1.28 (3H, d), 1.59-1.64 (2H, m), 1.70-1.74 (2H, m), 2.47 (3H, ), 3.22-3.27
(1H, m), 3.28 (3H, s), 3.52 (1H, td), 3.67 (1H, dd), 3.80 (1H, d), 4.02 (1H, dd), 4.18-4.26 (1H,
m), 4.56-4.65 (1H, m), 6.84 (1H, s), 7.21-7.24 (1H, m), 7.33-7.37 (2H, m), 7.87 (1H, s), 11.08
(1H, s); m/z: (ES1+) MH™ 427.19.

Example 3.03

2-Methyl-4-{4-[(3R)-3-methylmorpholin-4-yl]-6-[1-
(methylsulfonyl)cyclopropyl]pyrimidin-2-yl}-1H-indole

Lo S
T 0N 7
NH
- Nid

1,1'-Bis(diphenylphosphine)ferrocene-palladium dichloride (17.68 mg, 0.02 mmol) was added
to a degassed solution of 2-methyl-1H-indol-4-y] trifluoromethanesulfonate (120 mg, 0.43
mmol), bis(pinacolato)diboron (115 mg, 0.45 mmol), 1,1-bis(diphenylphosphino)ferrocene
(12.04 mg, 0.02 mmol) and potassium acetatc (127 mg, 1.29 mmol) in dioxane (5 mL) under
nitrogen and the resulting mixture was stirred at 90 °C for 5 hours. (R)-4-(2-Chloro-6-(1-
(methylsulfonyl)cyclopropyl)pyrimidin-4-yl)-3-methylmorpholine (143 mg, 0.43 mmol),

tetrakis(triphenylphosphine)palladium(0) (24.83 mg, 0.02 mmol} and sodium carbonate (ZM [
aqueous solution) (1.000 mL, 2 mmol) were added and heating continued for 24 hours. The '
reaction mixture was then purified by ion exchange chromatography, using an SCX column.

The desired product was eluted from the column using 20% 7M NH3/McOH in DCM and

fractions containing product were combined and evaporated. The residuc was purified by

preparative HPLC using decreasingly polar mixtures of water (containing 1% NH3) and MeCN

as cluents. Fractions containing product were combined and evaporated to afford the title

compound (40 mg, 22%); '"H NMR (400 MHz, DMSO-ds) 1.29 (3H, d), 1.63-1.59 (2H, m),

1.74-1.70 (2H, m), 2.44 (3H, s), 3.27-3.23 (1H, m), 3.29 (3H, s), 3.52 (1H, td), 3.66 (1H, dd),

3.80 (1H, d), 4.02 (1H, dd), 4.24-4.16 {1H, m), 4.65-4.58 (1H, m), 6.82 (1H, s), 7.02-7.00 (1H,

m), 7.10 (1H, 1), 7.40 (1H, d), 8.00 (1H, dd), 11.07 (1H, s); m/z: (ESIH) MH" 427.19.
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Example 3.04
4-{4-[(3R)-3-Methylmorpholin-4-v1]-6-[ 1-(methylsulfonyl)cyciopropyllpyrimidin-2-yl}-

.
| NN _—

P NH
N

1H-indole-6-carbonitrile

\
Oz=n=0

il
N

s 1,1-Bis(diphenylphosphino)ferrocenedichloro palladium(Il) dichloromethane complex (45.1
mg, 0.06 mmol) was added to 4-bromo-1H-indole-6-carbonitrile (100 mg, 0.45 mmol),
potassium acetate (81 mg, 0.82 mmol) and bis(pinacolato)diboron (125 mg, 0.49 mmol) in
dioxane (5 mL) under nitropen. The resulting suspension was stirred at 90 °C for 3 hours. (R)-
4-(2-Chloro-6-(1-(methylsulfonylcyclopropyl)pyrimidin-4-y1)-3-methylmorpholine (136 mg,

to  0.41 mmol), tetrakis(triphenylphosphine)palladium(0) (47.5 mg, 0.04 mmol) and sodium
carbonate (2M aqucous solution) (0.823 mL, 1.65 mmol) were added and the resulting
suspension was stirred at 90 °C for 18 hours. The reaction mixture was purificd by ion
cxchange chromatography, using an SCX column. The desired product was cluted from the
column using 20% 7M NH3/MeOH in DCM,; fractions containing product were combined and

ts cvaporated. The residue was purified by chromatography on silica cluting with a gradient of 5
to 50% EtOAc in isohexane. Fractions containing product were combined and evaporated to
afford the title compound (120 mg, 67%); "H NMR (400 MHz, DMSO-ds) 1.29 (3H, d), 1.61-
L.65 (2H, m), 1.71-1.76 (2H, m), 3.25 (3H, s), 3.27-3.29 (1H, m), 3.53 (1H, td), 3.67 (1H, dd),
3.81 (1H, d),4.02 (1H, dd), 4.23 (1H, d), 4.57-4.65 (1H, m), 6.93 (IH, s5), 7.44-7.47 (1H, m),

20 7.79 (1H, t), 8.03-8.05 (1H, m), 8.27 (1H, d), 11.86 (1H, s); m/z: (ESI+) MH" 438.17.

The following compounds were prepared in a similar way to the method described for

Example 3.04, using (R)-4-(2-chloro-6-(1-{methylsulfonyl)cyclopropyl)pyrimidin-4-yl)-3-

methylmorpholine and the appropriate substituted 4-bromoindole.

1
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P
S P
< N R1
0
E m/z
X.
N R1 Name 'H NMR (ESI+)
0.
MH"
1.29 (3H, d), 1.60-1.64 (2H,
m), 1.71-1.75 (2H, m), 3.26
(3H, s), 3.27-3.30 (1H, m),
— \H 6-chloro-4-{4-[(3R)-3- 3.53 (1H, 1d), 3.67 (1H, dd),
[- methylmorpholin-4-yi]-6-[1- 3.81 (1H, d), 4.01 (1H, dd
3.0 ylmorp vi]-6- .81 (1H, d), 4.0) (}H, dd), A4713
{methylsulfonyl)cyclopropyl]pyrimidin- | 4.20 (1H, d), 4.55-4.64 (1H,
Cl 2-yl}-1H-indole m), 6.90 (1H, s), 7.32 (1H,
1), 7.52 (14, 1), 7.59 (1H,
dd), 8.00 (1H, d), 11.40
(1H, s)
1.28 (3H, 4), 1.60-1.65 (2H,
m), L.71-1.76 (2H, m), 3.24-
3.29 (4H. m), 3.53 (1H. id),
3.67 (1H, dd), 3.81 {1H, d),
4.01 (1H, dd), 4.22 (1H, d),
4,55-4.65 (1H, m), 6.89
(1H, 5), 7.31-7.34 (1H, m),
= \H 6-fluoro-4-{4-[(3R)-3- 7.34-7.37 (1H, m}, 7.47
3.06 [~ methylmorphotin-4-yl]-6-[1- (1H,1), 7.83 (1H, dd), 11.32 5112
) (meihylsulfonyl)eyclopropyljpyrimidin- (1H, s) .
F 2-yl}-1H-indole
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m/z
Ex. .
R1 Name H NMR (ESI+)
No.
MH*
1.28 (3H, d), 1.60-1.63 (2H,
m}), 1.70-1.75 (2H, m), 3.23-
3.29 (4H, m), 3.52 (1 H, td),
- NH 3.67 (1H, dd), 3.80 (1H, d),
3.07 [ 3.83 (3H, 5), 4.02 (1H, dd), | 443.14
4.20 (1H, d), 4.57-4.64 (1H,
O m), 6.85 (1H, s), 7.08 (1H,
- 6-methoxy-4-{4-[(3R)-3- ) (18, 5) (
. d), 7.20 (1H, 1), 7.31 (1H, 1),
mcthylmompholin-4-y1]-6-11-
7.70 (LH, d), 11.04 (1H, s)
(methylsulfonyljcyclopropyl]pyrimidin-
2-yl}-1H-indole

Example 3.08

4-{4-[{(3R)-3-Methylmorpholin-4-y11-6-{4-(methvlsulfonyhtetrahvdro-2H-pyran-4-

vllpyrimidin-2-yi}-1H-indole

Dichlorobis(triphenylphosphine)palladium(ll) (5.00 mg, 7.13 umol) was added in one portion

to (R)-4-(2-chloro-6-(4-(methylsulfonyl)tetrahydro-2H-pyran-4-yl)pyrimidin-4-y1)-3-

mcthylmorpholine (268mg, 0.71 mmol), 2M aqueous sodium carbonate solution (0.428 mL,

0.86 mmol) and 1H-indol-4-ylboronic acid (126 mg, 0.78 mmol) in DME:water 4:1 (10 mL.) at

10 22°C and sealed into a microwave tube. The mixture was heated to 110 °C for 1 hourina

microwave reactor and then cooled to RT. The crude product was purified by ion exchange

chromatography, using an SCX column. The desired product was cluted from the column using

7M NH3/MeOH and fractions containing product were combined and evaporated. The residue

was dissolved in DMF (2 mL) and then purified by preparative HPLC using decreasingly polar
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mixtures of water (containing 1% ammonia) and 3:1 MeOH:MeCN as cluents. Fractions
containing the desired compound were combined and purified by ion exchange
chromatography, using an SCX column. The desired product was cluted from the column using
7M NH3/MeOH. Fractions containing the desired compound werc combined and evaporated to
s afford the title compound (111 mg, 34%); 'H NMR (400 MHz, CDCl3) 1.40- 1.41 (3H, sm),
2.55-2.63 (2H, m), 2.73 (3H, s), 2.80 - 2.82 (2H, m}, 3.38 - 3.53 (3H, m), 3.62 - 3.69 (1H, m),
3.78 -3.89(2H, m), 4.05 - 4.11 (3H, m), 4.23 (1H, d), 4.53 - 4.55 (1H, m), 6.70 (1H, s), 7.28 -
7.40 (3H, m), 7.53 - 7.56 (1H, m), 8.20 - 8.22 (1H, m), 8.56 (1H, s); m/z: (ESI+) MH™, 457.14,
The (R)-4-(2-chloro-6-(4-(methyisulfonyl)tetrahydro-2H-pyran-4-yD)pyrimidin-4-yl})-3-
methylmorpholine, used as starting ﬁqaterial, was prepared as follows: '—‘
A 50% aqueous NaOH solution (6.67 mL) was added to (R)-4-(2-chloro-6-
(methylsulfonylmethyl)pyrimidin-4-yl)-3-methylmorpholine (380 mg, 1.24 mmol),

=

tetrabutylammonium bromide (40.1 mg, 0.12 mmol) and 1-bromo-2-(2-bromoethoxy)ethane
(721 mg, 3.11 mmol) in DCM (20 mL) at 22°C. The resulting mixture was stirred at 20 °C for

15 6 hours and then DCM (50 mL) was added. The solution was dried over sodium sulfate,
filtered and the solvent removed under reduced pressure. The residue was purified by ion
exchange chromatography, using an SCX column. The desired product was eluted from the
column using 7M NH3/MeOH. Fractions containing product werc combined and evaporated to
afford (R)-4-(2-chloro-6-(4-(methylsulfonyl)ctrahydro-2H-pyran-4-yl}pyrimidin-4-yl)-3-

20 methylmorpholine (268 mg, 57%); m/z: (ES1+) MH", 376.10.

Example 3.09 '
6-Methyl-4-{4-[(3R)-3-methylmorpholin-4-yl]-6-[4-(methylsulfonyl)tetrahydro-2H-pyran-

.
| N ——

= NH

4-vl}pyrimidin-2-vl}-1H-indole

25 Tris(Dibenzylidencacetone)dipalladium(0) (7.32 mg, 8.00 pmol) and tricyclohexyiphosphine
(11.96 mg, 0.04 mmol) were added to 4-bromo-6-methyl-1H-indole (112mg, 0.53 mmol),

potassium acetate (78 mg, 0.80 mmol) and bis(pinacolato)diboron (149 mg, 0.59 mmol) in
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dioxane (8 mL) under nitrogen. The resulting suspension was stirred at 90 °C for 6 hours. (R)-
4-(2-Chloro-6-(4-(mcthylsulfonyl)tetrahydro-2H-pyran-4-yl)pyrimidin-4-yl)-3-
methylmorpholine (200 mg, 0.53 mmol), tetrakis(triphenylphosphine)palladium(0) (30.8 mg,
0.03 mmol) and sodium carbonate (2M aqueous solution) (1.066 mL, 2.13 mmol) were added
and the resulting suspension was stirred at 90 °C for 18 hours. The reaction mixture was
filtered through a whatman 0.45um PTFE filter and a pl thiol mp spe cartridge. The crude
product was purified by preparative HPLC using decreasingly polar mixtures of water
(containing 1% NH3) and McCN as eluents. Fractions containing the desired compound were
combined and evaporated to afford the title compound (65 mg, 26%); '"H NMR (400 MHz,
DMSO-ds) 6 1.27 (3H, d), 2.22 - 2.29 (2H, m), 2.50 (3H, s), 2.87 (3H, 5), 2.90 (2H, 5), 3.26 -
3.28 (3H, m), 3.30 (1H, 5), 3.52 - 3.59 (1H, m), 3.69 - 3.72 (1H, m), 3.81 (1H, d), 3.93 - 3.99
(2H, m), 4.01 - 4.05 (1H, m), 4.31 (1H, d), 4.62 - 4.64 (1H, m), 6.92 (1H, s), 7.18 (1H, t), 7.34
(1H, s), 7.37 (1H, t), 7.91 - 7.91 (1H, m), 11.12 (18, s); m/z; (ESI+) MH", 471 20,

Example 3.10
2-Methvl-4-{4-[(3R)-3-methylmorpholin-4-vl]-6-[4-(methylsulfonyltetrahvdro-2H-pyran-

4-yvllpyrimidin-2-v1}-1H-indole

L

N —
__,,fsl) I N/ NH
O/

1,1'-Bis(diphenylphosphino)ferrocene-palladium dichloride (11.78 mg, 0.01 mmol) was added
to a degassed solution of 2-methyl-1H-indol-4-yl trifluoromethancsul fonate (80 mg, 0.29
mmol), bis(pinacolato)diboron (76 mg, 0.30 mmol), 1,1'-bis(diphcnylphosphino)ferrocene
{8.03 mg, 0.01 mmol) and potassium acetate (84 mg, 0.86 mmol) in dioxane (5 mL) under
nitrogen and the resulting mixture was stirred at 90 °C for 5 hours. (R)-4-(2-Chloro-6-(4-
(methylsulfonytetrahydro-2H-pyran-4-ylpyrimidin-4-yl)-3-methylmorpholine (108 mg, 0.29
mmol), tetrakis{triphenylphosphinc)palladium({0) (16.55 mg, 0.01 mmeol) and sodium carbonate
(2M aqueous solution) (1.000 mL, 2 mmol) were added and heating continued for 24 hours.
The mixture was filtered and then evaporated. The residue was punified by preparative HPLC

using decreasingly polar mixturcs of water (containing 1% NH3) and MeCN as eluents.
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Fractions containing the desired compound were combined and evaporated to afford the title
compound (40 mg, 30%); 'H NMR (400 MHz, CDCl:) 1.40 (3H, d), 2.52 (3H, s), 2.54 - 2.62
(2H, m), 2.71 (3H, 5), 2.79 (2H, d), 3.38 - 3.52 (3H, m), 3.63 - 3.69 (1H, m), 3.78 - 3.88 (ZH,
m), 4.05-4.11 (3H, m), 4.20 - 426 (1H, m), 4.53 - 4.55 (1H, m), 6.68 (1H, s), 7.06 (1H, s),
7.19 (1H, 1), 7.42 (1H, d), 8.04 (1H, s), 8.14 - 8.16 (1H, m); m/z: (ESI+) MH", 471.

Example 3.11
6-Methoxy-4-{4-[(3R)-3-methylmorpholin-4-yi]-6-[4-(methylsulfonyDtetrahydro-2H-

ol s

pyran-4-yllpyrimidin-2-yl}-1H-indole

QN
NH
TN
@)
O

1,1'-Bis(diphenylphosphino)ferrocenedichloro palfadium(1l) dichloromethane complex (40.6

mg, 0.06 mmol) was added to a degassed solution of 4-bromo-6-methoxy-1H-indole (84 mg,

0.37 mmol), potassium acetate (54.5 mg, 0.56 mmol) and bis(pinacolato)diboron (103 mg, 0.41
mmol) in dioxane (5 mL) under nitrogen. The resulting suspension was stirred at 90 °C for 3

hours. (R)-4-(2-Chloro-6-(4-(mecthylsulfony))tetrahydro-2H-pyran-4-yl)pyrimidin-4-yl)-3-
methylmorpholine (139 mg, 0.37 mmol), tetrakis(triphenyiphosphine)palladium(0) (21.38 mg, 7
0.02 mmo!) and sodium carbonate (2M aqueous solution) (0.740 mL, 1.48 mmol) were added .
and the resulting suspension was stirred at 90 °C for 18 hours. The reaction mixture was

filtered through a whatman 0.45um PTFE filter and a pl thiol mp spe cartridge. The crude

product was purificd by preparative HPLC using dccreasingly polar mixtures of water

(containing 1% NH3) and MeCN as eluents. Fractions containing the dcsired compound were
combined and evaporated to afford the title compound (26 mg, 14%), 'H NMR (400 MHz,

CDCl3) 1.40 (3H, d), 2.54 - 2.62 (2H, m), 2.72 (3H, s), 2.79 (2H, d), 3.37 - 3.52 (3H, m), 3.62 -

3.68 (14, m), 3.78 - 3.88 (2H, m), 3.91 (3H, 5), 4.04 - 4.11 3H, m), 4.22 (1H, d}), 4.51- 4.55

(1H, m), 6.70 (1H, s), 7.05 - 7.06 (1H, m), 7.23 - 7.24 (1H, m), 7.28 - 7.30 (1H, m), 7.89 (1H,

d), 8.23 (1H, s); m/z: (ESI+) MH", 487.20.
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The following compounds were prepared in a similar way to the method described for
Example 3.11, using (R)-4-(2-chloro-6-(4-(methylsulfony)tetrahydro-2H-pyran-4-
yl)pyrimidin-4-yl)-3-methylmorpholine and the appropriate substituted 4-bromoindole.

.“ m/z
Ex.
N R1 Name 'H NMR (EST+)
0.
MH*

141 (3H, d), 2.54 - 2.60 (2H,
m), 2.71 (3H, s), 2.77 (2H, d),

. 6-chloro-4-{4-{(3R}-3- 3.36 - 3.50 (3H, m), 3.61 (1H,
I NH meihylmorpholin-4-yl]-6-[4- 1), 3.75 - 3.89 (2H, m}, 3.99 -
3.12 (methylsulfonyl)etrahydro-2H- 4,10 (3H, m), 4,22 (1H, d), 491.15
pyran-4-yllpyrimidin-2-yl}-1H- | 4.49-4.53 (1H. m), 6.71 (1H, s).
cl indole 7.26 (1H, 5), 7.34 - 7.36 (2H,
m), 7.50 (1H, s), 8.13 (IH, s),
8.31 (tH, s)
f 1.40 (3H, s), 2.55 - 2.64 (2H,
‘ m), 2.72 (3H, s), 2.78 (2H, d),
3.38 - 3.51 (3H, m), 3.62 - 3.69
- 6-fluoro-4-{4-[{3R)-3- (1H, m), 3.78 - 3.82 (1H, m),
I NH meithylmorpholin-4-y1]-6-[4- 3.88¢1H, d),4.05-4.12 (3H,
313 (methylsulfonyl)ictrahydro-2H- m), 4.21 (1H, d), 4.50 (1H, s}, | 475.19

6.71 (1H, s}, 7.22 - 7.25 (1H,
m), 7.32 - 7.37 (2H, m), 7.95 -
7.99 (1H, m), 8.32(1H, s)

nyran-4-yl]pyrimidin-2-yl}-1H-

indolc
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m/z
Ex. 1 .
R1 Name H NMR (ESI+)
No. +
MH
1.41 (3H, d), 2.57 - 2.64 (2H,
m), 2.72 (3H, 5), 2.74 - 2.79
(2H, m), 3.39 - 3.50 (3H, m),
= 4-{4-[(3R)-3-me¢thylmorpholin-4-
| NH -6.04 3.63-3.71 (JH, m), 3.79 - 3.82
Y (1H, m), 3.89 (1H, d), 4.07 -
3.14 (methylsulfonylfetrahydro-2H- ‘ 482.19
T pyrimidin-2-y1)-1H 4.14 (3H, m), 4.21 (1H, d), 4.50
an-4- rimidin-2-y1}-1H-
I pyranaeyipY _ y (1H, 5), 6.75 (11, 5), 7.45 - 7.50
indole-6-carbonitrile - -
(1H, m), 7.52 - 7.59 (1H, m), :
7.84 (1H, s), 8.44 (1H, d), 8.78
(1H, s)

Example 3.15
4-{4-[(3R)-3-Methylmorpholin-4-y11-6-[4-(methylsulfonyl)piperidin-4-yl|pyrimidin-2-vyl}-

1H-indole
[O
Nj\

LA _Cw
’,/-/S N/

N '
H

1H-Indol-4-ylboronic acid (55.9 mg, 0.35 mmol}, (R)-tert-butyl 4-(2-chloro-6-(3-

* methylmorpholino)pyrimidin-4-y1)-4-(methylsulfonyl)piperidine-1-carboxylate (150 mg, 0.32
mmol), 2M aqueous sodium carbonate (125 ul, 0.25 mmol) and
dichlorobis(triphenylphosphine)palladium(il) (2.217 mg, 3.16 umol) were suspended in

10 DME:water 4:1 (3 mL) and sealed into a microwave tube. The mixture was heated to 110 °C
for 1 hour in a microwave reactor and then cooled to RT. The mixturc was applied to a SCX2
column and eluted first with MeOH (2 x 25 mL) followed by 10% 7N ammonia in MecOH/90%
MeOH (2 x 25 mL). Fractions containing product were combined and evaporated. The residue
was dissolved in McOH (5 mL) and 4N HCl in dioxane (1.5 mL) added. The mixture was

15 stirred at RT overnight. The mixture was cvaporated and the residue dissolved in a mixture of
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MeOH (3 mL) and DMF (0.8 mL) and the pH adjusted to ~pH 8 with 7N NH3 in McOH. The
mixture was purified by preparative HPLC using decreasingly polar mixtures of water
(containing 1% NH3) and MeCN as cluents. Fractions containing the desired compound were
combined and evaporated to afford the title compound (34 mg, 23%}); 'H NMR (400 MHz,
DMSO-ds) 1.27 (3H, d), 2.04 - 2.12 (2H, m), 2.41 (1H, t), 2.82 (3H, 5), 2.82 - 2.89 (2H, m),
294 -3.04 (2H, m), 3.28 (1H, td), 3.55 (1H, td), 3.71 (1H, dd), 3.81 (1H, d), 4.03 (1H, dd),
428 -431 (1H, m),4.57 - 4.67 (1H, m), 6.87 (1H, s), 6.87 (1H, s), 7.20 (1H, t), 7.28 - 7.31
(1H, m), 7.47 (1H, t), 7.55 (1H, d), 8.11 (1H, d), 11.29 (1H, s); m/z: (ESI+) MH", 456.61.
Example 3.16
4-{4-[(3R)-3-Methylmorpholin-4-yl]-6-[1-(methylsulfonvl)cyclobutyl]pyrimidin-2-vl}-1H-

indole
[O
Nj\

O N =
Ii |
S

= NH

Dichlorobis(triphenylphosphinc)palladium(ll) (0.812 mg, 1.16 umol) was added in one portion
to (R)-4-(2-chloro-6-(1-(methylsulfonyl)cyclobutyl)pyrimidin-4-yl)-3-methylmorpholing (40
mg, 0.12 mmol), 2M aqueous sodium carbonate solution (0.069 mL, 0.14 mmol) and 1H-indol-
4-ylboronic acid (20.48 mg, 0.13 mmol) in DME:water 4:1 (10 mL) at 22°C and sealed into a
microwave tube. The reaction was heated to 110 °C for 1 hour in 2 microwave reactor and then
cooled to RT. The crude product was purified by preparative HPLC using decreasingly polar
mixtures of water (containing 1% NH3) and MeCN as eluents. Fractions containing the desired
compound were combined and evaporated to afford the title compound (25 mg, 51%); 'H
NMR (400 MHz, CDCl3) 1.39 (3H, d), 2.02 - 2.05 (1H, m), 2.30 - 2.33 (1H, m), 2.76 (3H, s},
291-297(2H, m), 3.12-3.19 (2H, m), 3.36 - 3.43 (1H, m), 3.60 - 3.67 (IH, m), 3.76 - 3.85
{2H, m), 4.05 (1H, d), 4.21 (1H, d), 4.56 (1H, d), 6.60 (1H, s), 7.29 (1H, 1), 7.33 (1H, 1), 7.49 -
7.51 (1H, m), 7.50 - 7.54 (1H, m), 8.25 - 8.27 (1H, m), 8.29 (1H, s); m/z: (ESI+) MH", 427.19.
The (R)-4-(2-chloro-6-(1-(mcthylsulfonylcyclobutyl)pyrimidin-4-y})-3-

methylmorpholineg, used as starting material, was prepared as follows:
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1,3-Dibromopropane (0.267 mL, 2.62 mmol) was added dropwise over 10 minutes to
(R)-4-(2-chloro-6-(methylsulfonylmethyl)pyrimidin-4-yl)-3-methylmorpholine (0.4 g, 1.31
mmol), tetrabutylammonium bromide (0.042 g, 0.13 mmol) and 50% aqueous NaOH (0.314
mL, 3.92 mmol) in toluene (43 mL). The reaction mixture was stirred at RT for 4 hours. The
toluenc was removed under reduced pressure and the residue dissolved in DCM and the
solution washed with water., The organic layer was dried over MgSO4, filtered and then
evaporated. The residue was purified by preparative HPLC using decreasingly polar mixtures
of water (containing 0.1% NH3) and MeCN as eluents. Fractions containing the desired
compound were combined and evaporated to afford (R)-4-(2-chloro-6-(1-
(methylsulfonyl)cyclobutyl)pyrimidin-4-yl)-3-methy!morpholine (0.066 g, 15%); m/z: (ESIH+) f’
MH", 346.08.
Example 3.17
4-{4-[1-(Cyclopropylsulfonyl)eyclopropyi]-6-[ (3R)-3-methyimorpholin-4- yllpyrimidin-2-
yl}-1H-indole

O
CL

O l N ==
S )
e

Dichlorobis(triphenylphosphing)palladium(ll) (4.96 mg, 7.07 umol) was added in one portion '
to (R)-4-(2-chloro-6-(1-(cyclopropylsuifony!)cyclopropyl)pyrimidin-4-yl)-3-methylmorpholine

NH

(253 mg, 0.71 mmol), 2M aqueous sodium carbonate solution (0.424 mL, 0.85 mmol) and 1H-
indol-4-ylboronic acid (137 mg, 0.85 mmol) in DME;water 4:1 (5 mL) at RT. The mixture was
heated to 90 °C for 1 hour and then allowed to cool to RT. The mixture was diluted with
EtQOAc (50 mL) and then washed sequentially with water (50 mL) and saturated brine (50 mL).
The organic layer was separated and then evaporated onto silica. The residue was purified by
chromatography on silica with an ehution gradient of 0 to 100% EtOAc in isohexane. Pure
fractions were combined and evaporated. The residue was purified by preparative HPLC using
decreasingly polar mixtures of water (containing 1% NH3) and McCN as eluents. Fractions
containing the desired compound were combined and evaporated to afford the title compound

(118 mg, 38%); 'H NMR (400 MHz, DMSO-dy) 0.93 - 1.03 (4H, m), 1.28 (3H, d), 1.61 - 1.66
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(2H, m), 1.68 - 1.72 (2H, m}, 2.98 - 3.04 (1H, m}, 3.23 - 3.32 (1H, m) partially obscured by
water signal, 3.49 - 3.56 (1H, m), 3.66 - 3.69 (1H, m), 3.80 (1H, d), 3.99 - 4.03 (1H, m), 4.19
(1H, d), 4.58 (1H, d), 6.92 (1H, 8), 7.19 (1H, 1), 7.37 (1H, ), 7.45 (1H, 1), 7.54 (1H, d), 8.07 -
8.10 (1K, m), 11.22 (1H, s); m/z: (ESI+) MH', 439.57.

The (R)-4-(2-chloro-6-(1-(cyclopropylsulfonyl)cyclopropyl)pyrimidin-4-yl)-3-
methylmorpholine, used as starting material, was prepared as follows:
a) Sodium cyclopropanesulfinate (1.389 g, 10.84 mmol) was added in one portion to (R)-
4-(2-chloro-6-(iodomethy)pyrimidin-4-yl)-3-methylmorpholine (3 g, 8.48 mmol) in MeCN
(85 mL) at RT. The resulting mixture was stirred under nitrogen at 80 °C for 18 hours. The
reaction mixturc was evaporated and the residue dissolved in DCM (125 mL). The solution
was washed sequentially with water (125 mL), 2M sodium bisulfite solution {125 ml.) and
saturatcd brine (125 mL). The organic layer was dried over MgSO4, filtered and then
evaporated. The residue was triturated with diethyl Et20 and the mixture filtered. The solid
was washed with Et20 (5 mL) and then air dried to afford (R)-4-(2-chloro-6-
(cyclopropylsulfonylmethyl)pyrimidin-4-yl)-3-methylmorpholine (2.350 g, 83%) which was
used in the next step without further purification; 'H NMR (400 MHz, DMSO-dj) 0.95 - 0.99
(2H, m), 1.02 - 1.08 (2H, m), 1.23 (3H, d), 2.78 - 2.84 (1H, m), 3.19 - 3.26 (1H, m), 3.43 - 3.49
(IH, m), 3.59-3.63 (1H, m), 3.74 (1H, d), 3.93 - 3.97 (2H, m), 4.31 (1H, br s}, 4.49 (2H, ),
6.93 (1H, s); m/z: (ESI+) MH", 332.42.
b) A 50% aqueous solution of NaOH (2 mL) was added to (R)-4-(2-chloro-6-
(cyclopropylsulfonylmethyl)pyrimidin-4-yl)-3-methylmorpholine (650 mg, 1.96 mmol), 1,2-
dibromoethane (0.169 mL, 1.96 mmol) and tetrabutylammonium bromide (63.1 mg, 0.20
mmol} in toluene (6 mL). The resulting slurry was stirred at 60 °C for 1 hour. EtOAc (100 mL)
was added and the mixture washed with water (100 mL) and brine (100 mL). The mixture was

dricd over Mg8Q0, and evaporated onto silica. The residue was purified by chromatography on

silica with an clution gradicnt of 30 to 60% EtOAc in DCM. Pure fractions were combined and
evaporated to afford (R)-4-(2-chloro-6-(1-(cyclopropylsulfonyl)eyclopropyl)pyrimidin-4-yl)-3-
methylmorpholine (545 mg, 78%); '"H NMR (400 MHz, DMSO-d¢) § 0.89 - 0.92 (2H, m), 1.00
-1.05(2H, m), 1.21 (3H, d), 1.50 - 1.53 (2H, m), 1.61 - 1.64 (2H, m), 2.90 - 2.96 (1H, m}, 3.20
-3.24(1H, m),3.40-3.47 (1H, m), 3.56 - 3.60 {(1H, m), 3.72 (1H, d), 3.92 - 3.95 (1H, m), 4.03
(1H, brs), 4.39 (1H, br s), 6.99 (1H, s); m/z: (ESI+) MH", 358.43.
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Example 3.18

4-{4-[4-(Cyclopropylsulfonyl)piperidin-4-y1]-6-[(3R)-3-methylmorpholin-4-yl]pyrimidin-
2-vl}-1H-indole

Dichlorobis(triphenylphosphine)palladium(il) (3.64 mg, 5.19 umol) was added in one portion
to (R)-tert-butyl 4-(2-chloro-6-(3-methylmorpholino)pyrimidin-4-yl)-4-
(cyclopropylsulfonyl)piperidine-1-carboxylate (260 mg, 0.52 mmol), 2M aqueous sodium
carbonate solution (0.311 mL, 0.62 mmol) and 1H-indol-4-ylboronic acid (100 mg, 0.62 mmol})
in DME:water 4:1 (5 mL) at RT. The mixture was hcated to 90 °C for 1 hour and then loaded
onto an SCX column. The column was cluted first with MeOH and then with 7N NH3/MeOH.
Fractions containing the desired product were combined and evaporated. The residue was
dissolved in DCM (50 mL), washed with water (50 mL) and the organic laycr concentrated
under reduced pressure. The residue was treated with 10% TFA in DCM (5 mL) and stirred at
RT for 1 hour. The crude product was purified by 1on exchange chromatography, using an SCX
column. The desired product was eluted from the column using 7M NH3/MeOH and then
evaporated onto silica. The residue was purified by chromatography on silica with an elution
gradient of 0 to 5% 7M NH3/MeOH in DCM. Pure fractions were combined and evaporated to
afford the title compound (157 mg, 63%); "H NMR (500 MHz, DMSO-d) 0.74 - 0.77 (2H, m),
0.85 (2H, d), 1.27 (3H, d), 2.09 - 2.14 (2H, m), 2.42 - 2.52 (2H, m), 2.95 - 2.99 (4H, m), 3.24 -
3.27 (1H, m), 3.54 - 3.58 (1H, m), 3.69 - 3.72 (1H, m), 3.81 (1H, d), 4.01 - 4.04 (JH, m), 4.27
(1H, d), 4.61 (1H, s), 6.89 (1H, 8), 7.20 (1H, ), 7.34 (1H, ), 7.46 (1H, 1), 7.54 (1H, d), 8.13
(1H, d), 11.24 (1H, s); m/z: (ESI+) MH", 482.58.

The (R)-tert-butyl 4-(2-chloro-6-(3-methylmorpholino)pyrimidin-4-yl1)-4-
(cyclopropylsulfonyl)piperidine-1-carboxylate, used as starting material, was prepared as
follows:

a) A solution of (R)4-(2-chloro-6-(cyclopropylsulfonylmethyl)pyrimidin-4-yl)-3-
methylmorpholine (865 mg, 2.6]1 mmol) in NMP (10 mL) was treated with sodium hydride,
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60% dispersion in mineral oil (344 mg, 8.60 mmol). The mixture was stirred at RT for 10
minutes before being treated with tetrabutylammonium bromide (1261 mg, 3.91 mmol) and N-
benzyl-2-chloro-N-(2-chlorocthyl)ethanamine hydrochloride (770 mg, 2.87 mmol). The
reaction mixture was stirred for 5 minutes at RT and then heated to 50°C for 1 hour and then at
80°C for I hour; the mixture was then allowed to stand at R1" overnight. The mixture was
quenched by the addition of saturated ammonium chloride solution and then extracted with
EtOAc (3 x 50 mL). The organic solution was washed three times with water (100 mL),
saturated brine (100 mL), dried over magnesium sulfate, filtcred, and then concentrated onto
stlica. The residuc was purificd by chromatography on silica eluting with a gradient of 10 to
70% EtOAc in DCM. Pure fractions were combined and evaporated to afford (R)-4-(6-(1-
benzyl-4-(cyclopropylsulfonyl)piperidin-4-yi)-2-chloropyrimidin-4-yl)-3-methylmorpholine
(976 mg, 76 %): 'H NMR (400 MHz, DMSO-d) 0.70 - 0.77 (2H, m), 0.90 - 0.96 (2H, m), 1.18
-1.21 (3H, m), 1.78 - 1.88 (2ZH, m), 2.09 - 2.16 (2H, m), 2.55 (1H, m, partiaily obscured by
DMSOQ peak), 2.78 - 2.84 (4H, m}), 3.17 - 3.23 (1H, m), 3.36 (2H, ), 3.43 - 3.50 (1H, m), 3.60 -
3.63 (1H, m), 3.73 (1H, d), 3.92 - 3.96 (1H, m), 4.07 - 4.13 (1H, m), 4.43 (1H, brs), 6.96 (1H,
s), 7.23 - 7.34 (5H, m); m/z: (ESH) MH", 491 51.

b) 1-Chloroethy! chloroformate (0.426 mL, 3.95 mmol) was added to a solution of (R)-4-
(6-(1-benzyl-4-(cyclopropylsulfonyl)piperidin-4-yl)-2-chloropyrimidin-4-y!)-3-
methylmorpholine (970 mg, 1.98 mmol) in DCM (10 mL). The solution was heated at reflux
for 3 hours and then allowed to cool to RT. The mixture was diluted with McOH (12 mL) and
allowed to stand overnight. The mixture was treated with di-rert-butyl dicarbonate (948 mg,
4.35 mmol) and N-ethyldiisopropylamine {0.684 mL, 3.95 mmol) and the solution stirred at RT
for 3 hours. The solution was partitioned between DCM and watcr, the organic phase separated
and then dried over MgS04 and concentrated under reduced pressure onto silica. The residue
was purified by chromatography on silica eluting with a gradient of 10 to 30% EtOAc in DCM.
Pure fractions were combined and evaporated to afford (R)-teri-butyl 4-(2-chloro-6-(3-
methy!morpholino)pyrimidin-4-yl)-4-(cyclopropylsulfonyl)piperidine- 1 -carboxylate (629 mg,
64%); 'H NMR (400 MHz, DMSO-dg) 0.72 - 0.79 (2H, m), 0.91 - 0.96 (2H, m), 1.21 (3H, d),
1.40 (9H, s), 1.92 - 2.00 (2H, m), 2.53 - 2.61 (1H, m), 2.84 (2H, m), 3.17 - 3.23 (1H, m), 3.42 -
3.49 (1H, m), 3.59 - 3.63 (1H, m), 3.73 (1H, d), 3.93 - 3.97 (3H, m), 4.11 (1H, br d), 4.4% (1H,
br s), 6.97 (1H, s); m/z: (ESI+) MH™, 501.50.
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Example 3.19
4-{4-[4-(Cyclopropylsulfonyl)tetrahydro-2H-pyran-4-yl]-6-[(3R)-3-methylmorpholin-4-

yl]pyrimidin-2-yl}-1H-indole

O

(.

Dichlorobis(triphenylphosphine)palladium(1l) (4.03 mg, 5.75 pmol) was added in one portion
to (R)-4-(2-chloro-6-(4-(cyclopropylsulfonyl)tetrahydro-2H-pyran-4-y)pyrimidin-4-yl)-3-
methylmorpholine (0.231 g, 0.57 mmol), 2M aqueous sodium carbonate solution (0.345 ml,
0.69 mmol) and 1H-indol-4-ylboronic acid (0.111 g, 0.69 mmol) in DME:water 4:1 (5 mL) at
RT. The mixture was heated to 90 °C for 30 minutes and then allowed to cool to RT. The
mixture was diluted with EtOAc (50 mL) and washed sequentialiy with water (50 mL) and a
saturated brine solution (50 mL). The organic layer was evaporated onto silica and the residue
was purified by chromatography on silica eluting with a gradient of 0 to 100% EtOAc in
isohexane. Pure fractions were combined and evaporated. The residue was purified by
preparative HPLC using decreasingly polar mixtures of water (containing 1% NH3) and MeCN
as elucnts. Fractions containing the desired compound were combined and evaporated to afford 7
the title compound (0.108 g, 35%); 'H NMR (400 MHz, DMSO-dy) 0.77 - 0.83 (2H, m), 0.84 - '
0.88 (2H, m), 1.27 (3H, d), 2.25 - 2.33 (2H, m), 2.94 - 2.99 (2H, m), 3.24 - 3.27 (ZH, m)
partially obscured by water, 3.52 - 3.59 (1H, m), 3.69 - 3.72 (1H, m), 3.81 (1H, d), 3.94 (2H, 1),
4.00 - 4.04 (1H, m), 4.28 (1H, d), 4.63 (1H, d), 6.94 (1H, 5), 7.20 (1H, t), 7.31 (1H, 1), 7.45
(1H,1), 7.54 (1H, d), 8.11 - 8.13 (1H, m), 11.23 (1H, s); m’z: (ESI+) MH", 483.57.

The (R)-4-(2-chloro-6-(4-(cyclopropylsulfonyDtetrahydro-2H-pyran-4-yl)pyrimidin-4-
yh-3-methylmorpholine, used as starting material, was prepared as follows:

A 50% aqueous NaOH solution (2 mL) was added to (R)-4-(2-chloro-6-
(cyclopropylsulfonylmethyl)pyrimidin-4-yl1})-3-methylmorpholine, tetrabutylammonium
bromide (63.1 mg, 0.20 mmol) and 1-bromo-2-(2-bromoethoxy)ethane (0.244 mL, 1.96 mmol)
in tolucne (6 mL) at RT. The resulting mixture was stirred under nitrogen at 60 °C for 3 hours.

The mixture was diluted with EtOAc (100 mL) and washed sequentially with water (75 mL)
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and saturated brine (75 mL). The organic layer was dried over MgSO04, filtered and evaporated.
The residue was triturated with McOH and the formed solid co]lectéd by filtration, washed
with McOH (10 mL) and then air dried to afford (R}-4-(2-chloro-6-(4-
(cyclopropylsulfonyl)tetrahydro-2H-pyran-4-yl)pyrimidin-4-yl)-3-methylmorpholine (296 mg,
37.6 %) which was used in the next step without further purification; 'H NMR (400 MHz,
DMSO-dg) 0.71 - 0.80 (2H, m), 0.93 - 0.98 (2H, m), 1.20 (3H, d), 2.12 - 2.20 (2H, m), 2.50 -
2.58 (1H, m) partially obscured by DMSQ peak, 2.71 - 2.76 (3H, m), 3.15 - 3.23 (2H, m), 3.43
-3.50 (1H, m), 3.59 - 3.63 (1H, m), 3.73 (1H, d), 3.86 - 3.91 (2H, m), 3.92 - 3.96 (1H, m), 4.12
(1H, br s), 4.46 (1H, br s), 7.00 (1H, s); m/4z: (ESI+) MH", 402.45.

The mother liquors were evaporated onto silica and the residue purified by chromatography on
silica eluting with a gradicnt of 20 to 60% EtOAc in DCM. Pure fractions were combined and
evaporated to afford a second sample of (R)-4-(2-chloro-6-(4-(cyclopropylsulfony|)tetrahydro-
2H-pyran-4-y1)pyrimidin-4-y1)-3-methylmorpholine (275 mg, 35%); 'L NMR (400 MHz,
DMSQO-dg) 6 0.71 - 0.79 (2H, m), 0.90 - 0.99 (2H, m), 1.20 (3H, d), 2.12 - 2.20 (2H, m), 2.50 -
2.57 (1H, m, partially obscured by DMSQ), 2.69 - 2,76 (2H, m), 3.15 - 3.23 (3H, m), 3.43 -
350 (1H, m), 3.59 - 3.63 (1H, m), 3.73 (1H, d), 3.86 - 3.91 (2H, m), 3.92 -3.96 (1H, m), 4.11
(1H, q), 4.46 (1H, s), 7.00 (1H, s); m/z: (ESI+) MH", 402.42.

Example 3.20
4-{4-[1-(Ethvisulfonyl)cyclopropyl]-6-[(3R)-3-methylmorpholin-4-vl|pyrimidin-2-y1}-.1H-

indole
[O
Nj\

@ FN
N z NH
/,
O, N

Dichlorobis(triphenylphosphine)palladium(Il) (5.07 mg, 7.23 umol) was added in one portion
to (R)-4-(2-chloro-6-(1-(cthylsulfonyl)cyclopropyl)pyrimidin-4-yl)-3-methylmorpholine (250
mg, 0.72 mmol), 2M aqueous sodium carbonate solution (0.434 ml., 0.87 mmol) and 1H-indol-
4-ylboronic acid (128 mg, 0.80 mmol) in DME:water 4:1 (10 mL) at 22°C and scaled into a
microwave tube. The mixture was heated to 110 °C for 1.5 hours in a microwave reactor and

then allowed to cool to RT. Dichlorobis(triphenylphosphine)palladium(IT) (5.07 mg, 7.23
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umol) was added and the mixture heated to 110 °C in a microwave reactor for a further 30
minutes. The mixture was purified by ion exchange chromatography, using an SCX column.
The desired product was eluted from the column using 7M NH3/MeOH. Fractions containing
product were combined and evaporated onto silica. The residue was purified by
chromatography on silica eluting with a gradient of 0 to 50% EtOAc in isohexane. Pure
fractions were combined and evaporated to afford the title compound (170 mg, 55%); 'H NMR
(400 MHz, DMSO-dg) 1.27 - 1.32 (6H, m), 1.60 - 1.64 (2H, m), 1.67 - 1.7]1 (2H, m), 3.23 -
3.33 (1H, m, partially obscured by water), 3.44 (2H, q), 3.49 - 3.56 (1H, m), 3.65 - 3.69 (1H,
m), 3.81 (1H, d), 3.99 - 4.03 (1H, m), 4.21 (1H, d), 4.60 (1H, d}, 6.85 (1H, 5), 7.21 (1H, ), 7.3]
(1H, d), 7.46 (1H, 1), 7.55 (1H, d), 8.04 - 8.06 (1H, m), 11.25 (1H, s); m/z: (ESI+) MH", /'
427.52.

The (R)-4-(2-chloro-6-(1-{ethylsulfonyl)cyclopropypyrimidin-4-yl)-3-
methylmorpholine, used as starting material, was prepared as follows:
a) Sodium cthanesulfinate (0.854 g, 7.35 mmol) was added in one portion to (R)-4-(2-
chloro-6-(iodomethyl)pyrimidin-4-y1)-3-methylmorpholine (2 g, 5.66 mmol) in MeCN (56.6
mL) at RT. The resulting mixture was stirred under nitrogen at 80 °C for 18 hours. The mixture
was evaporated and the residue dissolved in DCM (250 mL) and washed sequentially with
water (250 mL), 2M sodium bisulfite solution (250 mL), and saturated brine (250 mL). The
organic layer was dried over MgSO4, filtered and then evaporated. The residue was triturated
with Et20 to afford a precipitate. The precipitate was collected by filtration, washed with Et20
(5 mL) and then air dried to afford (R)-4-(2-chloro-6-(cthylsulfonylmethyl)pyrimidin-4-yl)-3- ;‘
methylmorpholine (1.520 g, 84%) which was used in the next step without further purification;
'H NMR (400 MHz, CDCl3) 1.34 (3H, d), 1.44 (3H, 1), 3.14 (2H, q), 3.27 - 3.34 (1H, m), 3.51 -
3.57(1H, m), 3.67 - 3.70 (1H, m), 3.79 (1H, d), 3.95 - 4.11 (1H, m), 3.99 - 4.03 (1H, m), 4.15
(2H, s), 4.31 (1H, br 8), 6.53 (1H, 5); m/z: (EST+) MH', 32041.
b) A 50% aqueous solution of NaOH (2 mL) was added to (R)-4-(2-chloro-6-
(ethylsulfonylmethyl)pyrimidin-4-yl)-3-methylmorpholine (645 mg, 2.02 mmol), 1,2-
dibromocthane (0.174 ml, 2.02 mmol} and tetrabutylammonium bromide (65.0 mg, 0.20
mmol) in toluene (6 mL). The resulting slurry was stirred at 60 °C for 3 hours. EtOAc (200
ml) as added and the mixture washed with water (100 mL) and brine (100 mL). The organic

solution was dried over MgSOy, and then concentrated in vacuo. The residue was triturated

with MeOH and then dried under vacuum to afford (R)-4-(2-chloro-6-(1-
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(cthylsulfonyl}cyclopropy)pyrimidin-4-yl)-3-methylmorpholine (395 mg. 57%) which was
used in the next step without further purification; 'H NMR (400 MHz, CDCl5) 1.33 (3H, d),
1.38 (3H, t), 1.48 (2H, m), 1.78 - 1.81 (2H, m), 3.16 (2H, q), 3.26 - 3.33 (1H, m), 3.50 - 3.57
(IH, m), 3.66 -3.70 (1H, m), 3.78 (I1H, d), 3.98 - 4.02 (2H, m), 4.33 (1H, s), 6.86 (1H, 8); m/z:
(ESI+) MH", 346.44.

The mother liqours were evaporated and the residue triturated with MeOH to afford a second
crop of solid which was dried under vacuum to afford (R)-4-(2-chloro-6-(1-
(ethylsulfonyl)cyclopropypyrimidin-4-yl)-3-methylmorpholine (140 mg, 20%) which was
used in the next step without further purification; 'H NMR (400 MHz, CDCl3) 1.33 (3H, d),
1.38 (3H, t), 1.48 (2H, m), 1.78 - 1.81 (2H, m), 3.16 (2H, q), 3.26 - 3.33 (1H, m), 3.50 - 3.57
(1H, m), 3.66 - 3.70 (1H, m), 3.78 (1H, d), 3.98 - 4.02 (2H, m), 4.33 (1H, s), 6.86 (1H, 5), m/z:
(ESI+) MH™, 346.44,

Example 3.21
4-{4-[4-(Ethvisulfonvhtetrahydro-2H-pyran-4-y11-6-[(3R)}-3-methylmorpholin-4-

yl]pyrimidin-2-yl}-1H-indole
[O
N]\
N

l

= NH

Dichlorobis(triphenylphosphine)palladium(IT) (4.86 mg, 6.92 umol) was added in one portion
to (R)-4-(2-chloro-6-(4-(cthylsulfonyl)tetrahydro-2H-pyran-4-yl)pyrimidin-4-y1)-3-
methylmorpholine (270 mg, 0.69 mmol), 2M aqueous sodium carbonate solution (0.415 mL,
0.83 mmol) and 1H-indol-4-ylboronic acid (134 mg, 0.83 mmol) in DME;water 4:1 (10 mL.) at
RT. The mixture was heated to 110 °C for | hour. The crude product was purified by ion
exchange chromatography, using an SCX column. The desired product was eluted from the
column using 7M NH3/MeOH and fractions containing product were combined and evaporated
onto silica. The residue was purified by chromatography on silica cluting with a gradient of 0
to 100% EtOAc in isohexane. Pure fractions were combined and evaporated to afford the title
compound (190 mg, 58%); 'H NMR (400 MHz, DMSO-ds) 1.08 (3H, t), 1.28 (3H, d), 2.25 -
2.32 (2H, m), 2.88 - 2.93 (2H, m), 3.00 (2H, q), 3.24 - 3.32 (3H, m, partially obscured by water
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peak), 3.53 - 3.59 (1H, m), 3.69 - 3.73 (1H, m), 3.81 (1H, d), 3.93 - 3.99 (2H, m), 4.0] - 4.05
(1H, m), 4.30 (1H, d), 4.63 (1H, d), 6.93 (1H, s), 7.21 (1H, 1), 7.27 (1H, d), 7.47 (1H, 1), 7.56
(1H, d), 8.10 - 8.13 (1H, m), 11.27 (1H, s); m/z: (ESI+) MH", 471.55.

The (R)-4-(2-chloro-6-(4-(ethylsulfonyl)tetrahydro-2H-pyran-4-yl)pyrimidin-4-ylI)-3-
meihylmorpholine, used as starting material, was prepared as follows:

A 50% aqueous solution of NaOH (2 mL) was added to (R)-4-(2-chloro-6-
(ethylsulfonylmethy!)pyrimidin-4-yl)-3-methylmorpholine (650 mg, 2.03 mmol),
tetrabutylammonium bromide (65.5 mg, 0.20 mmol) and 1-bromo-2-(2-bromoethoxy)ethane
(471 mg, 2.03 mmol) in toluene (6 mL) at RT. The resulting mixture was stirred under nitrogen
at 60 °C for 2 hours. The mixture was diluted with EtOAc (100 mL), and washed sequentially ‘
with water (75 mL), 1M sodium bisulfite solution (75 mL), and saturated brine (75 mL). The
organic layer was dried over MgSOA4, filtered and then evaporated. The residue was triturated
with MeOH and the formed solid was collected by filtration, washed with McOH (10 ml.) and
then air dried to afford (R)-4-(2-chloro-6-(4-(ethylsulfonyl)tetrahydro-2H-pyran-4-
yDpyrimidin-4-y1)-3-methylmorpholine (516 mg, 65%) which was used without further
purification; 'H NMR (400 MHz, CDCl3) 1.29 (3H, t), 1.32 (2H, 5), 1.34 (2H, 5), 2.46 - 2.58
(4H, m), 2.86 (2H, q), 3.27 - 3.38 (3H, m), 3.53 - 3.59 (1H, m), 3.69 - 3.72 (1H, m}, 3.79 (1H,
d), 3.98 - 4.04 (40, m), 4.31 (2H, 5), 6.64 (1H, s); m/z: (ESI+) MH", 390.45.

Example 3.22
4-{4-[4-(Ethylsulfonyl)piperidin-4-v1]-6-[(3R)-3-methyimorpholin-4-yl]pyrimidin-2-yl}-

1H-indole .
[O
Nj\
Y I
-~ NH

N
H

Dichlorobis(triphenylphosphine)palladium(1l) (3.73 mg, 5.32 pmol) was added in one portion

to (R)-tert-butyl 4-(2-chloro-6-(3-methylmorpholino)pyrimidin-4-yl)-4-
(ethylsulfonyl)piperidine-1-carboxylate (260 mg, 0.53 mmol), 2M aqueous sodium carbonate
solution (0.319 mL, 0.64 mmol) and 1H-indol-4-ylboronic acid (103 mg, 0.64 mmol) in
DME:water 4:1 (5 mL) at RT. The mixture was heated to 90 °C for 1 hour. The reaction
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mixture was loaded onto an SCX column, and cluted first with MeOH and then with 7N
NH3/MeOH. Fractions containing product were combined and evaporated. The residue was
dissolved in DCM (50 mL), washed with water (50 mL) and the organic layer concentrated
under reduced pressure. The residue was treated with 10% TFA in DCM (5 mL) and stirred at
RT for | hour. The mixture was purified by ion exchange chromatography, using an SCX
column, The desired product was cluted from the column using 7M NH3/MeOH and fractions
containing product were combined and evaporated onto silica. The residue was purified by
chromatography on silica cluting with a gradient of 0 to 5% 7M NH3/MeOH in DCM. Pure
fractions were combined and evaporated to afford the title compound (154 mg, 62%); 'H NMR
(500 MHz, DMSO-ds) 1.06 (3H, t), 1.27 (3H, d), 2.09 - 2.13 (2H, m), 2.40 - 2.46 (2H, m), 2.86
(2H, d), 2.94 - 3.02 (4H, m), 3.54 - 3.58 (1H, m), 3.71 (1H, d), 3.81 (1H, s), 4.03 (1H, d), 4.28
(IH, d), 4.60 (1H, s), 6.88 (1H, s), 7.21 (1H, t), 7.30 (1H, s), 7.46 (1H, ), 7.55 (1H, d), 8.11
(1H, d), 11.26 (1H, s); m/z: (ESI+) MH", 470.58.

The (R)-tert-butyl 4-(2-chloro-6-(3-methylmorpholino)pyrimidin-4-yl)-4-
(cthylsulfonyl)piperidine-1-carboxylate, used as starting material, was prepared as foilows:
a) A solution of (R)-4-(2-chloro-6-(cthylsulfonylmethyl)pyrimidin-4-yl)-3-
methylmorpholine (1 g, 3.13 mmol) in NMP (9.5 mL) was trcated with sodium hydride, 60%
dispersion in mineral oil (0.413 g, 10.32 mmol). The mixture was stirred at RT for 10 minutes
before being treated with tetrabutylammonium bromide (1.512 g, 4.69 mmol) and N-benzyl-2-
chloro-N-(2-chlorocthyl)ethanamine hydrochloride (0.924 g, 3.44 mmol). The mixture was
stirred for 5 minutes and then heated to 50°C for 1 hour and then at 80°C for 1.5 hours. The
mixture was allowed to cool to RT and then quenched by the addition of saturated ammonium
chloride solution. The mixture was extracted with EtQAc and the organic solution washed with
water (x3) and saturated brine, dried over MgSQ4, filtered, and then concentrated under
reduced pressure. The residue was purified by chromatography on silica eluting with a gradient
of 10 to 70% EtOAc in DCM. Pure fractions were combined and ¢vaporated to afford (R)-4-(6-
(1-benzyl-4-(cthylsulfonyl)piperidin-4-yl)-2-chloropyrimidin-4-yl)-3-methylmorpholine (1.280
g, 85%); 'H NMR (400 MHz, DMSOQ-d) 1.12 (3H, t), 1.21 (3H, d), 1.83 (2H, q), 2.10-2.17
(2H, m), 2.72 - 2.84 (411, m), 2.98 (2H, q), 3.19 - 3.24 (1H, m), 3.37 (2H, 5), 3.43 - 3.50 (1H,
m), 3.60 - 3.64 (1H, m), 3.73 (1H, d), 3.92 - 3.96 (1H, m), 4.10 (1H, br d), 4.44 (iH, br 5), 6.94
(1H, s), 7.22 - 7.33 (5H, m); m/z: (ESI+) MH", 479.52.
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b) 1-Chloroethyi chloroformate (0.60 mL, 5.56 mmol) was added to a solution of (R)-4-
(6-(1-benzyl-4-(ethylsulfonyl)piperidin-4-yl)-2-chloropyrimidin-4-yl)-3-methylmorpholine
(1.27 g, 2.65 mmol) in DCM (10 mL). The solution was heated at reflux for 3 hours and then
allowed to cool to RT. The mixture diluted with MeOH (12 mL) and allowed to stand
overnight. The mixture was treated with di-rert-butyl dicarbonate (1.273 g, 5.83 mmol) and N-
ethyldiisopropylamine (0.917 mL, 5.30 mmol) and then stirred at RT for 2 hours. Further di-
tert-butyl dicarbonate (0.13 g, 0.58 mmol) and N-ethyldiisopropylamine (0.10 mL, 0.50 mmol)
were added and the solution stirred at RT for a further 2 hours. The solution was partitioned
between DCM and water, The organic phase was separated, dried over MgSO4 and then
concentrated under reduced pressure onto silica. The residue was purified by chromatography ,‘
on silica eluting with a gradient of 10 to 30% EtOAc in DCM. Pure fractions were combined
and evaporated to afford (R)-tert-buty! 4-(2-chloro-6-(3-methylmorpholino)pyrimidin-4-yl)-4-
(ethylsulfonyl)piperidine-1-carboxylate (1.140 g, 88%); 'H NMR (400 MHz, DMSO-ds) 1.13
(3H, 1), 1.22 (3H, d), 1.40 (9H, s), 1.92 - 1.99 (2H, m), 2.62 (2H, br s), 2.75 (2H, d), 3.00 (2H,
q), 3.19-3.25 (1H, m), 3.43 - 3.50 (1H, m), 3.59 - 3.63 (1H, m), 3.73 (1H, d), 3.93 - 3.97 (3H,
m), 4.12 (1H, d), 4.46 (11, s), 6.95 (1H, s); m/z: (ESI+) MH", 489.51.

Example 3.23
4-(4-{1-[(1-Methvlethvl)sulfonyllcyclopropyl}-6-[(3R)-3-methylmorpholin-4-yl]pyrimidin-

2.vD-1H-indole
[o
Nj\
0 =N =
i

]
NH
ﬁ/s N/

Dichlorobis(triphenylphosphine)palladium(IT) (2.477 mg, 3.53 umol) was added in one portion

to (R)-4-(2-chloro-6-(1-(isopropylsulfonyl)cyclopropyl)pyrirmdin-4-y1)-3-methylmorpholine
(127mg, 0.35 mmaol), 2M aqueous sodium carbonate solution (0.212 mL, 0.42 mmol) and 1H-
indo!-4-ylboronic acid (62.5 mg, 0.39 mmol) in DME:water 4:1 (10 mL) at 22°C and sealed
into a microwave tube. The reaction was heated to 110 °C for 1 hour in a microwave reactor
and then allowed to cool to RT. The mixture was purified by ion exchange chromatography,

using an SCX column. The desired product was eluted from the column using 7M NH3/MecOH
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and pure fractions were combined and evaporated. The residuc was purified by preparative
HPLC using decreasingly polar mixtures of water (containing 1% NH3) and MeCN as cluents,
Fractions containing the desired compound were combined and evaporated to afford the title
compound (38.0 mg, 24%); 'H NMR (400 MHz, DMSO-d) 1.27 - 1.32 (9H, m), 1.60 - 1.67
(4H, m), 3.23 -3.27 (1H, m), 3.49 - 3.56 (1H, m), 3.62 - 3.69 (2ZH, m), 3.80 (1H, d), 3.99 - 4.03
(1H, m), 4.19 (1H, d), 4.57 (1H, d), 6.87 (1H, s), 7.20 (1H, t), 7.33 (1H, t), 7.46 (1H, t), 7.54
(1H, d), 8.05 - 8.08 (1H, m), 11.24 (1H, 5); m/z; (EST+) MH", 441.18.

The (R)-4-(2-chloro-6-(1-(isopropylsulfonyl)cyclopropyl)pyrimidin-4-yl)-3-
methylmorpholine, used as starting material, was prepared as foilows:
a) Sodium propane-2-sulfinate (1.270 g, 9.76 mmol) was added in one portion to (R)-4-(2-
chloro-6-(iodomethyl)pyrimidin-4-yi}-3-mcthylmorpholine (3.45 g, 9.76 mmol) in DMF (70
mL). The resulting mixture was stirred at 25 °C for 18 hours and then diluted with DCM. The
mixture was washed with water (2 x 300 mL), aqueous sodium thiosuiphate (200mL), brine
(200mL), dried over MgS04 and then concentrated in vacuo. The residuc was triturated with
MeOH to give a solid which was collected by filtration and dried under vacuum to afford (R)-
4-(2-chloro-6-(isopropylsulfonylmethyl)pyrimidin-4-y1)-3-methylmorpholine (2.400 g, 74%),
m/z: (ESI+) MH", 334.11.
b) A 50% aqueous solution of NaQH (14 mL) was added to (R)-4-(2-chloro-6-
(isopropylsulfonylmethy)pyrimidin-4-yl)-3-methylmorpholine (550mg, 1.65 mmol), 1,2-
dibromoecthane (0.142 mL, 1.65 mmol) and tetrabutylammonium bromide (53.1 mg, 0.16
mmol) in toluene (40 mL). The resulting slurry was stirred at 60 °C for 3 hours. EtOAc (150
mL) was added and the mixture was washed with water (100 mL), brine (100 mlL.), dried over

MgS0,4 and then concentrated in vacuo. The residue was purified by chromatography on silica

cluting with a gradient of 10 to 90% EtOAc in ischexane. Pure fractions were combined and
evaporated to to afford (R)-4-(2-chloro-6-(1-(isopropylsulfonyl)cyclopropyl)pyrimidin-4-yl)-3-
methylmorpholine (425 mg, 72%)Y; m/z: (ESI+) MH", 360.09.

Example 3.24

4-(4-{4-[(1-MethylethyDsulfonyl]tetrahydro-2H-pyran-4-yl}-6-[ (3R)-3-methylmorpholin-
4-vlpyrimidin-2-yl)-1H-indole
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Dichlorobis(triphcnylphosphine)palladium(1l) (3.70 mg, 5.27 umol) was added in onc portion
to (R)-4-(2-chloro-6-(4-(isopropylsulfonyl)tetrahydro-2H-pyran-4-yl)pyrimidin-4-yl)-3-
methylmorpholine (213 mg, 0.53 mmol), 2M aqucous sodium carbonate sotution (0.316 miL.,
0.63 mmol) and 1H-indol-4-ylboronic acid (93 mg, 0.58 mmol) in DME:water 4:1 (10 mL) at
22°C and scaled into a microwave tube. The reaction was heated to 110 °C for 1 hourin a
microwave reactor and then allowed to cool to RT. The mixture was purified by preparative
HPLC using decrecasingly polar mixtures of water (containing 1% NH3) and MeCN as eluents.
Fractions containing the desired compound were combined and evaporated to afford the title
compound (131 mg, 51%), 'H NMR (400 MHz, DMSO-dg) 1.03 - 1.07 (6H, m), 1.26 (3H, d),
2.26 - 2.34 (2H, m), 2.91 (2H, t), 3.23 - 3.41 (411, m), 3.53 - 3.59 (1H, m), 3.6% - 3.73 (1H, m),
3.81(1H, d), 3.91 - 3.97 (2H, m), 4.01 - 4.05 (1H, m), 4.29 (1H, d), 4.60 (1H, d), 6.95 (1H, s),
7.21 (IH, t), 7.28 (1H, t), 7.47 (1H, t), 7.56 (1H, d), 8.11 - 8.14 (1H, m), 11.27 (1H, s); m/z:
(ES1+) MH™, 485.20.

The {R)-4-(2-chloro-6-(4-(isopropylsulfonyl)tetrahydro-2H-pyran-4-yl)pyrimidin-4-yl)-
3-methylmorpholine, used as starting material, was prepared as follows:
A 50% aqucous solution of NaOH (2 mL) was added to (R)-4-(2-chloro-6-
(isopropylsulfonylmethyl)pyrimidin-4-y!)-3-methylmorpholine (550 mg, 1.65 mmol),
tetrabutylammonium bromide (53.1 mg, 0.16 mmol) and 1-bromo-2-(2-bromocthoxy)ethane
(955 mg, 4.12 mmol) in toluene (6 mL) at 22°C. The resulting mixture was stirred at 20 °C
overnight. DCM (50 mL) was added and the mixture dricd over sodium sulfate, filtered and
then evaporated. The residuc was purified by chromatography on silica eluting with a gradient
of 0 to 40% EtOAc in isohexane. Pure fractions were combined and evaporated to afford (R)-4-
(2-chloro-6-(4-(isopropylsulfonyl)etrahydro-2H-pyran-4-yl)pyrimidin-4-y)-3-
methylmorpholine (450 mg, 68%); m/z: (EST+) MH', 404.16.

-
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Example 3.25

4-(4-{4-[(1-MethylethyDsulfonyl]piperidin-4-yI}-6-[(3R)-3-methylmorpholin-4-
yllpyrimidin-2-yl)-1H-indole

' s Dichlorobis(triphenylphosphine)palladium(il) (3.54 mg, 5.05 umol) was added in one portion
to (R)-tert-butyl 4-(2-chloro-6-(3-methyimorpholino)pyrimidin-4-yl)-4-
(isopropylsulfonyl)piperidine-1-carboxylate (254 mg, 0.50 mmol), 2M aqueous sodium
carbonate solution (0.303 mL, 0.61 mmol) and 1H-indol-4-ylboronic acid (98 mg, 0.61 mmol)
in DME:water 4:1 (5 mL) at RT. The mixturc was heated to 90 °C for | hour and then

evaporated. The residuc was trcated with 10% TFA in DCM (5 mL) and stirred at RT for |

o

hour. The mixture was purificd by ion exchange chromatography, using an SCX column. The
desired product was cluted from the column using 7M NH3/MeOH and fractions containing
product were combined and evaporated. The residue was purified by preparative HPLC using
decreasingly polar mixtures of water (containing 1% NH3) and MeCN as cluents. Fractions
f 15 containing the desired compound were combined and evaporated to afford the title compound
' (42.0 mg, 17%); 'H NMR (400 MHz, DMSO-ds) 1.03 (6H, 1), 1.26 (3H, d), 2.08 - 2.16 (2H,
m}, 2.46 -2.50 (2H, m), 2.86 (2H, t), 2.96 (2H, t), 3.20 -3.22 (1H, m), 3.39 - 3.41 (1H, m}, 3.53
-3.56 (1H, m), 3.69 - 3.73 (1H, m), 3.81 (1H, d), 4.01 - 4.04 (1H, m), 4.27 (1H, d), 4.58 (1H,
d), 6.89 (1H, s), 7.21 (1H, t), 7.30 (1H, t), 7.47 (1H, t), 7.55 (1H, d), 8.12 - 8,14 (1H, m), 11.26
20 (1H,s); m/z: (ESI+) MH™, 484.22.
The (R)-tert-butyl 4-(2-chloro-6-(3-mcthylmorpholino)pyrimidin-4-yl)-4-
(isopropylsulfonyl)piperidine-1-carboxylate, used as starting material, was preparcd as follows:
a) A solution of (R)-4-(2-chloro-6-(isopropylsulfonylmethyl)pyrimidin-4-yi)-3-
methylmorpholine (0.800 g, 2.40 mmol) in NMP (9.5 mL) was treated with sodium hydridc,
25 60% dispersion in mineral oil (0.316 g, 7.91 mmol). The mixture was stirred at RT for 10
minutes before being treated with tetrabutylammonium bromide (1.159 g, 3.59 mmol) and N-

benzyl-2-chloro-N-(2-chlorocthyl)ethanamine hydrochloride (0.708 g, 2.64 mmol). The
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mixture was stirred for 5 minutes at RT and then heated to 50°C for 1 hour and then at 80°C for

1.5 hours. The mixture was allowed to cool to RT and then quenched by the addition of

saturated ammonium chloride solution. The mixture was extracted with EtOAc (100 mL) and

the organic solution washed with water (3 x 60 mL), saturated brine, dricd over MgSO4,

filtered, and then concentrated under reduced pressure. The residue was purified by

chromatography on silica eluting with a gradient of 10 to 70% EtOAc in DCM. Pure fractions

were combined and evaporated to afford (R)-4-(6-(1-benzyl-4-(isopropylsulfonyl)piperidin-4-
y1)-2-chloropyrimidin-4-yl)-3-methylmorpholine (0.600 g, 51%); m/z: (ES}+) MH™, 493,

b) 1-Chlorocthyl chloroformate (0.272 ml., 2.52 mmol) was added to a solution of (R)-4-
(6-(1-benzyl-4-(isopropylsulfonyl)piperidin-4-yl)-2-chloropyrimidin-4-yl)-3-methylmorpholine '.
(600 mg, 1.22 mmol) in DCM (10 mL). The solution was heated at reflux for 3 hours and then )
allowed to cool to RT. The mixture was dituted with MeOH (10 mL) and then allowed to stand
overnight. The mixture was treated with di-tert-butyl dicarbonate (0.615 ml., 2.68 mmot) and
N-cthyldiisopropylamine (0.421 mL, 2.43 mmol) and this solution was stirred at RT for 1.5

hours. The solution was partitioned betwecen DCM and water and the organic phase separated

and then evaporated. The residue was purified by chromatography on silica using a gradient

clution of 100% DCM to 30% EtOAc / DCM. Fractions containing the desired product were
combined and evaporated to afford (R)-tert-butyl 4-(2-chloro-6-(3-
methylmorpholino)pyrimidin-4-yl)-4-(isopropylsulfonyl)piperidine-1-carboxylate (608 mg,

99%).

Example 4.01 ‘
4-{4-[(38,5R)-3.5-Dimethylmorpholin-4-y1]-6-[1-(methylsulfonyl)cyclopropyl]pyrimidin-
2-vl}-1H-indole (and can also be named as : 4-[4-[(3R,58)-3,5-dimethylmorpholin-4-v1]-6-

(1-methylsulfonylcyclopropyl)pyrimidin-2-yi]-1H-indole)

L

('? | N —
—S o NH
s N
O

(3S,5R)-3,5-dimethyl-4-(6-(1-(methylsulfonyl)cyclopropyl)-2-(methyithio)pyrimidin-4-
ylmorpholine (176 mg, 0.49 mmol) was dissolved in a mixture of dioxane (5 mL) and DMA
(1 mL) and the mixture was degassed by bubbling nitrogen through it for 5 minutcs. 1H-indol-
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4-ylboronic acid (174 mg, 1.08 mmol), (thiophene-2-carbonyloxy)copper (244 mg, 1.28 mmol)
and tetrakis (triphenylphosphine)Pd(0) (45.5 mg, 0.04 mmol} were added and the resulting
mixture was stirred under nitrogen at 80 °C for 16 hours. The mixture was allowed to cool to
RT and purified by ion exchange chromatography, using an SCX column. The desired product

was eluted from the column using 7M NH3/MeOH; product fractions were combined and

evaporated. The residue was purified by preparative HPLC using decreasingly polar mixtures
of water (containing 1% NH3) and MeCN as cluents. Fractions containing the desired
compound were combined and evaporated to afford the title compound (23 mg, 11%); 'H
NMR (400 MHz, DMSO) 1.26 (6H, d), 1.53 (2H, dd), 1.63 (2H, dd), 3.17 (3H, s), 3.57 (2H,
dd), 3.76 (2H, d), 4.37 (2H, 5), 6.70 (1H, ), 7.11 (I1H, t), 7.23 (1H, d), 7.32 - 7.39 (1H, m),
7.45 (1H, d), 7.98 (iH, dd), 11.14 (1H, s); m/z: (ESI+) MH", 427.60.

The (3S,5R)-3,5-dimethyl-4-(6-(1-(methylsulfonylcyclopropyl)-2-
(methylthio)pyrimidin-4-yl)morpholine, used as starting matcrial, was preparcd as follows:
a) DBU (3.57 mL, 25.97 mmol) and 1,1,}-trifluoro-N-phenyl-N-
(trifluoromethylsulfonyl)methancsulfonamide (9.28 g, 25.97 mmol) were added to 6-
(methylsulfonylmethyl)-2-(methylthio)pyrimidin-4-ol (5.07 g, 21.64 mmol) in DCM (80 mL).
The resulting mixturce was stirred at RT for 72 hours. The mixture was washed with water (100
mL}) and the organic phase separated and then purified by chromatography on silica eluting
with DCM. Pure fractions were combined and evaporated to afford 6-(methylsulfonylmethyl)-
2-(methylthio)pyrimidin-4-yl trifluoromethanesulfonate (1.98 g, 25%); 'H NMR (400 MHz,
DMSO-ds) 2.58 (3H, s), 3.16 (3H, s), 4.80 (2H, 5), 7.47 (1H, s); m/z: (ESI+) MH", 366.93.
b) 6-(Mecthylsulfonylmethyl)-2-(methylthio)pyrimidin-4-yl trifluoromethanesulfonate (1.9
g, 5.19 mmol), (35,5R)-3,5-dimethylmorpholine hydrochloride (1.180 g, 7.78 mmol) and N,N-
diisopropylethylamine (3.61 ml., 20.74 mmol} were suspended in dioxane (20 mL) and secaled
into a microwave tube. The mixture was heated to 100 °C for 2 hours and then concentrated
under reduced pressure. The residuc was dissolved in DCM and purified by chromatography on
silica eluting with a gradient of 20 to 40% EtOAc in isohexane. Fractions containing product
wre combined and cvaporated to afford (38,5R)-3,3-dimethyl-4-(6-(methylsulfonylmethyl)-2-
(methylthio)pytimidin-4-yl)morpholine (0.579 g, 34%); 'H NMR (400 MHz, DMSO-&°) 1.26
(6H, d), 2.45 (3H, d), 3.11 (3H, ), 3.60 (2H, dd), 3.78 (2H, m), 4.22 (2H, 5), 4.33 - 4.43 (2H,
m), 6.58 (1H, s); m/z; (ESI+) MH”, 332.14.
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€) A 50% aqueous solution of NaOH (1.3 mL) was added to (3§,5R)-3,5-dimethyl-4-(6-
(methylsulfonylmethyl)-2-(methylthio)pyrimidin-4-yf)morpholine (541 mg, 1.63 mmol), 1,2-
dibromoethane (0.141 mL, 1.63 mmol) and tetrabutylammonium bromide (52.6 mg, 0.16
mmol) in toluene (4 mL). The resulting slurry was stirred at 40 °C for 2 hours and then heated
to 60°C for 1 hour. A further portion of 1,2-dibromoethane (0.070 mlL} was added and the
reaction mixture was heated at 60°C for 2 hours. A further portion of 1,2-dibromocthane (0.070
mL) was added and the reaction mixture was heated at 60°C for 2 hours. EtOAc (20 mL) was
added and the mixture washed with water (20 mL) and brine (20 mL). The organic phase was

dried over MgSOy4 and then concentrated in vacuo. The residue was purified by '

chromatography on silica eluting with a gradient of 10 to 50% EtOAc in isohexane. Pure
fractions were combined and evaporated to afford (3S,5R)-3,5-dimethyl-4-(6-(1-
(methylsulfonyl)cyclopropyl)-2-(mcthylthio)pyrimidin-4-yl)morpholine (350 mg, 60%); m/z:
(ES1+) MH™, 358.13.

The 6-(methylsulfonylmethyl)-2-(methylthio)pyrimidin-4-ol, used as starting material, can be
preparcd as described in the literature (Pike, Kurt Gordon; Finlay, Maurice Raymond
Verschoyle; Fillery, Shaun Michacl; Dishington, Allan Paul. Preparation of
morpholinopyrimidine derivatives for treatment of proliferative disease. PCT Int. Appl.
(2007), W0O2007080382).

The (3S,5R)-3,5-dimethylmorpholine, used as starting malterial, can be prepared as described in
the litcrature (Morris, Jeffrey James; Pike, Kurt Gordon. Pyrimidine derivatives that are useful
in the treatment of diseases mediated by mTOR and/or PI3K enzyme and their preparation. ‘
PCT Int. Appl. (2009), WO2009007748)

Example 5.01
4-{4-[1-(Methylsulfonyl)cyclopropyl]-6-{8-oxa-3-azabicvclo[3.2.1]oct-3-yDpyrimidin-2-

yl}-1H-indole

0
"//S N/
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1H-Indol-4-ylboronic acid (149 mg, 0.93 mmol), 3-(6-(1-(methylsulfonyl)cyclopropyl)-2-
(methylthio)pyrimidin-4-yl)-8-oxa-3-azabicyclo{3.2.1]octane (150 mg, 0.42 mmol),
tetrakis(triphenylphosphine)palladium(0) (39.0 mg, 0.03 mmol) and (thiophene-2-
carbonyloxy)copper (209 mg, 1.10 mmol) were suspended in dioxane (5 mL) and the mixture
degasscd with nitrogen. The mixture was heated to 80 °C for 18 hours (with vigourous
stirring). The mixture was cooled and purificd by ion exchange chromatography, using an SCX
column. The desired product was eluted from the column using 0.35M NH3/MeOH; pure
fractions were combined and evaporated. The residue was purified by preparative HPLC using
decreasingly polar mixtures of water (containing 1% NH3) and MeOH/MeCN (3/1) as eluents.
Fractions containing product were combined and evaporated to afford the title compound (65
mg, 36%); 'H NMR (400 MHz, DMSO-ds) 1.60 - 1.63 (dd, 2H), 1.70 - 1,78 (m, 4H), 1.85 -
1.91 (m, 2H), 3.17 - 3.20 {(m, 2H), 3.31 (s, 3H), 4.05 - 4.25 (m, 2H), 4.49 - 4. 54 (m, 2H), 6.81
(s, IH), 7.20 (t, 1H), 7.30 (t, 1H), 7.46 (t, 1H), 7.55(d, 1H), 8.04 (d, 1H), 11.25 (s, 1H); m/z:
(ESI+) MH™, 425.11.

The 3-(6-(1-(methylsulfonyl}cyclopropyl)-2-(methylthio)pyrimidin-4-yl)-8-oxa-3-
azabicyclo[3.2.1]Joctane, used as starting material, was prepared as follows:

a) 8-oxa-3-azabicyclo[3.2.1]octane (627 mg, 5.54 mmol) was added to 4-chloro-6-
(methylsulfonylmethyl)-2-(methylthio)pyrimidine (700 mg, 2.77 mmol) and DIPEA (1.447
mL., 8.31 mmol) in DCM (10 mL). The resulting mixture was stirred at rt for 3 days. The
reaction mixturc was washed sequentially with 1M HCI (2 x 10 mL), water (10 mL) and
saturated brine (10 mL). The organic layer was dricd over MgSO4, filtered and then
evaporated. The residuc was purified by chromatography on silica cluting with a gradient of 0
to 10% MecOH in DCM, Pure fractions were combined and evaporated to afford 3-(6-
{methylsulfonylmethyl)-2-(methyltbio)pyrimidin-4-yl)-8-oxa-3-azabicyclof3.2.1 Joctanc (400
mg, 44%); m/z: (ESI+) MH", 330.06.

b) Sodium hydroxide (50% aqueous solution) (1.781 mL, 66.78 mmol) was added to 3-(6-
(methyltsulfonylmethyl)-2-(methylthio)pyrimidin-4-yl)-8-oxa-3-azabicyclo[3.2.1]octanc (400
mg, 1.21 mmol), 1,2-dibromoethane (0.314 mL, 3.64 mmol) and tctrabutylammonium bromide
(39.1 mg, 0.12 mmol) in toluenc (20 mL). The resulting mixture was stirred at 60 °C for 2
hours. Water (50 mL) was added and the mixture was extracted with toluene (20 mL x 2). The
toluene layers were dried over MgSO04, fiitered and evaporated. The residue was purified by

chromatography on silica cluting with a gradient of 0 to 10% MeOH in DCM. Pure fractions
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were combined and evaporated to afford 3-(6-(1-(methylsulfonyl)cyclopropyl)-2-
(methylthio)pyrimidin-4-y1)-8-oxa-3-azabicyclo[3.2.1]octane (351 mg, 81%); m/z: (ESI+)
MH’, 356.09.

The 4-chloro-6-(methylsulfonylmethyl)-2-(methylthio)pyrimidine, used as starting material,
can be prepared as described in the literature (Finlay, Maurice Raymond Verschoyle.
Morpholinopyrimidine derivatives, processes for preparing them, pharmaceutical compositions
containing them, and their use for treating proliferative disorders. PCT Int. Appl. (2008),
WQ2008023180).

The 8-oxa-3-azabicyclo[3.2.1]octane, used as starting material, may be prepared as described
in the literature (Feurer, Achim; Luithle, Joachim; Wirtz, Stephan-nicholas; Koenig, Gerhard,
Stasch, Johannes-peter; Stahl, Elke; Schreiber, Rudy; Wunder, Frank; Lang, Dieter.
Preparation of pyrazolopyridinylpyrimidines as inhibitors of cGMP degradation for the
treatment of central nervous system diseases. PCT Int. Appl. (2004), W02004005589).



20

WO 2010/073034 PCT/GB2009/051755

-102-

CLAIMS

A compound of formula (I):

H
R N
3
R° 7
R2
0, ,0 NI N
RG/S == R

I

wherein:

¢]

3

Ring A is a2 Cagcycloalkyl or a saturated 4-6 membered heterocyclic ring containing
ne heteroatom selected from O, N and §;

R is selected from morpholin-4-yl, 3-methylmorpholin-4-yl,
,5-dimethylmorpholin-4-yl and a 8-oxa-3-azabicyclo[3.2.1]octan-3-yl group;

R’ and R® are hydrogen,

R is hydrogen or mcthy;

R* is selected from hydrogen, methyl, fiuoro, chloro, cyano and methoxy; and

R® is a group selected from methyl, ethyl, i-propyl and cyclopropyl;

or a pharmacecutically acceptable salt thereof.

2.

O

3.

A compound according to Claim | wherein Ring A is a unsubstituted Ca¢cycloalkyl

r a saturated 4-6 heterocyclic ring containing one heteroatom selected from O and N.

A compound according to Claim | or 2 whercin Ring A is a cyclopropyl,

tetrahydropyranyl or piperidinyl ring.

4.

A compound according to any one of Claims 1 to 3 whercin

either
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R‘ is hydrogen; and R* is selected from hydrogen, methyl, fluoro, chloro, cyano and
methoxy;

or

R* is hydrogen, and R” is hydrogen or methyl.
5. A compound according to any one of Claims | to 4 wherein R’ is hydrogen and R” is

hydrogen.

6. A compound according to any one of Claims 1 to 5 wherein R'is 3-methylmorpholin-
10 4-vl ‘

7. A compound according to any one of Claims | to 6 wherein Reisa group sclected from
methyl, ethyl, i-propy! and cyclopropyl.

1s 8. A compound according to any one of Claims 1 to 7 wherein R® is methyl.

9. A compound according to any one of Claims | to 8 where the compound of formula (1)

is a compound of formula (la),

20 (la)

or a pharmaceutically acceptable salt thereof.

10. A compound according to Claim 9, or a pharmaceutically acceptable salt, thercof

wherein:

25 Ring A is a cyclopropyl, tetrahydropyranyl or piperidinyl ring;



20

25

30

WO 2010/073034 PCT/GB2009/051755
-104-

R? is hydrogen;

R? is hydrogen;

R* is hydrogen;

R’ is hydrogen; and
Réisa methy! group.

11. A compound according to Claim 1 wherein the compound of formula (1) is selected
from any one of
4-{4-[1-(Mcthylsulfonyl}cyclopropyl]-6-morpholin-4-ylpyrimidin-2-y1} - 1H-indole;
6-Methyl-4-{4-[ 1-(methylsulfonyl)cyclopropyl}-6-morpholin-4-ylpyrimidin-2-y1} - 1H-indole;
2-Mecthyl-4- {4-[ 1 -(methylsulfonyl)cyclopropyt]-6-morpholin-4-ylpyrimidin-2-yi}-1H-indole;

6-Methoxy-4- {4-{ | -(methylsulfonyllcyclopropy!]-6-morpholin-4-ylpyrimidin-2-yl}- | H-indole;

4-{4-[1-(methylsulfonyl)cyclopropyl]-6-morpholin-4-yipyrimidin-2-y1}-1H-indole-6-
carbonitrilc;

6-chloro-4- {4-[1-(methylsulfonyl)cyclopropyl]-6-morpholin-4-ylpyrimidin-2-yl}-1H-indole;
6-fluoro-4- {4-[1-(methylsulfonyl)cyclopropyl]-6-morpholin-4-ylpyrimidin-2-yl} - 1H-indole;
4-{4-[4-(Methylsulfonyl)piperidin-4-yl]-6-morpholin-4-ypyrimidin-2-y1}-1H-indole;
4-{4-[4-(Methylsulfonyl)tetrahydro-2H-pyran-4-yl]-6-morpholin-4-ylpyrimidin-2-yl } - H-
indole;

4-{4-[1-(ethylsuifonyl)cyclopropyi]-6-morpholin-4-ylpyrimidin-2-yl}-1H-indole;
4-(4-{1-[(1-methylethyl)sulfonyl]cyclopropyl}-6-morpholin-4-ylpyrimidin-2-yl)- 1 H-indole;
4-{4-[1-(cyclopropylsulfonyl)cyclopropyl]-6-morpholin-4-ylpyrimidin-2-y}} - 1H-indole;
4-{4-[4-(cyclopropylsulfonyl)icirahydro-2H-pyran-4-yt]-6-morpholin-4-ylpyrimidin-2-yl}-1H-
indole;

4-{4-[4-(cyclopropylsulfonyl)piperidin-4-yl]-6-morpholin-4-ylpyrimidin-2-yl } - i H-indole;
4- {4-[4-(Cyclopropylsulfonylpiperidin-4-yl]-6-[(3S)-3-methylmorpholin-4-yl]pyrimidin-2-
yl}-1H-indolc;

4-{4-[4-(Cyclopropylsulfonytctrahydro-2H-pyran-4-y1]-6-[ (35)-3-methyimorpholin-4-
yl]pyrimidin-2-yl}-1H-indole,

4-{4-[(3S)-3-Methylmorpholin-4-yl]-6-[ 1 -(mecthylsulfonyl)cyclopentyl]pyrimidin-2-yl}-1H-

ndole;
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4-{4-[(35)-3-Methylmorpholin-4-yl]-6-[4-(methylsulfonyl)tetrahydro-2H-pyran-4-
yl]pyrimidin-2-yl}-1H-indole;

4-{4-[(38)-3-Methytmorpholin-4-yl]-6-[ 1-(methylsulfonyl}-cyclopropyl]pyrimidin-2-yl)-1H-
indole;
4-{4-[(3R)-3-Methylmorpholin-4-y1]-6-[1-(methylsulfonyl)cyclopropyilpyrimidin-2-yl} - 1H-
indole;

6-Methyl-4-{4-[(3R)-3-methylmorpholin-4-yl}-6-[ 1-(methylsulfonyl)cyclopropyllpyrimidin-2-
yl}-1H-indole;

2-Methyl-4-{4-[(3R)-3-methylmorpholin-4-yl]-6-[ 1-(methylsulfonyl)cyclopropyl]pyrimidin-2-
yl}-1H-indole;

4-{4-[(3R)-3-Methylmorpholin-4-y1]-6-[ | -(methylsulfonyl)cyciopropyl]pyrimidin-2-yl}-1H-
indole-6-carbonitrile;

6-chloro-4- {4-[(3R)-3-methylmorpholin-4-yl]-6-[ 1 -{methylsulfonyl)cyclopropyljpyrimidin-2-
yl}-1H-indole;

6-fluoro-4- {4-[(3R)-3-methylmorpholin-4-yl]-6-[ 1-(methylsulfonyl)cyclopropy! ] pyrimidin-2-
yl}-1H-indole;

6-methoxy-4-{4-[(3R)-3-methylmorpholin-4-y1]-6-[ 1 -(methylsulfonyl)cyclopropyl pyrimidin-
2-yl}-1H-indole;
4-{4-[(3R)-3-Methylmorpholin-4-yl]-6-[4-(methyisulfonyl)tetrahydro-2H-pyran-4-
yl)pyrimidin-2-y}}-1H-indole;
6-Methyl-4-{4-[(3R)-3-methylmorpholin-4-yl]-6-[4-(methylsulfonyl)tetrahydro-2H-pyran-4-
yi]pyrimidin-2-yl}-1H-indole;
2-Methy!-4-{4-[(3R)-3-methylmorpholin-4-yl]-6-[4-(methylsulfonytetrahydro-2H-pyran-4-
yllpyrimidin-2-yl}-1H-indole;
6-Methoxy-4-{4-[(3R)-3-methylmorpholin-4-y1]-6-[4-(methylsulfonyl)tetrahydro-2H-pyran-4-
yl)pyrimidin-2-yl}-1H-indole;

6-chloro-4- {4-[(3R)-3-methylmorpholin-4-yi]-6-[4-(methylsulfonyl)tetrahydro-2H-pyran-4-
yllpyrimidin-2-yl}-1H-indole;
6-fluoro-4-{4-[(3R)-3-mcthyimorpholin-4-yl]-6-[4-(methylsulfonyl)tetrahydro-2H-pyran-4-
yl]pyrimidin-2-yl}-1H-indole;
4-{4-[(3R)-3-methylmorpholin-4-y1]-6-[4-(methylsulfonyDtetrahydro-2H-pyran-4-
yl|pyrimidin-2-yl}-1H-indole-6-carbonitrile;
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4-{4-[(3R)-3-Mcthylmorpholin-4-yl]-6-[4-(methylsulfonyl)piperidin-4-yl]pyrimidin-2-y1}-1H-
indolc;

4-{4-[(3R)-3-Methyimorpholin-4-yl]-6-[ 1 -(methylsulfonyl)cyclobutyl]pyrimidin-2-yl}-1H-
indole;
4-{4-[1-(Cyclopropylsulfonyl)cyclopropyl]-6-[(3R)-3-methylmorpholin-4-yl]pyrimidin-2-y!} -
1H-indole;
4-{4-[4-(Cyclopropylsulfonyl)piperidin-4-yl1]-6-[(3R)-3-methylmorpholin-4-yl)pyrimidin-2-
yi}-1H-indole;
4-{4-[4-(Cyclopropylsulfonyl)tetrahydro-2H-pyran-4-yl]-6-[(3R)-3-methylmorpholin-4-
yllpyrimidin-2-yl}-1H-indole;
4-{4-[1-(Ethylsulfonyl)cyclopropyl]-6-[(3R)-3-methylmorpholin-4-yl]pyrimidin-2-yl}-1H-
indole;
4-{4-[4-(Ethylsulfonyl)tetrahydro-2H-pyran-4-y1]-6-[(3R)-3-methylmorpholin-4-yl]pyrimidin-
2-yl}-1H-indolc;
4-{4-[4-(Ethylsulfony!)piperidin-4-yl}-6-[(3R)-3-methylmorpholin-4-yl]pyrimidin-2-yl}-1H-
indole;
4-(4-{1-[(1-Methylethyi)sulfonyl]cyclopropyl}-6-[(3R)-3-methylmorpholin-4-yljpyrimidin-2-
yl)-1H-indole;
4-(4-{4-[(1-Methylethyl)sulfonyl]tctrahydro-2H-pyran-4-yl}-6-[(3R)-3-methylmorpholin-4-
yljpyrimidin-2-yl)-1H-indole;
4-(4-{4-[(1-Methylethyl)sulfonylipipcridin-4-y1}-6-[(3R)-3-methylmorpholin-4-yl]pyrnimidin-
2-yl)-1H-indolc;

4-{4-[(38,5R)-3,5-Dimethylmorpholin-4-yi]-6-[ 1-(methylsulfonyl)cyclopropyl]pyrimidin-2-
yl}-1H-indole;

4-[4-[(3R,5S)-3,5-dimcthylmorpholin-4-yl]-6-(1 -methylsutfonylcyclopropyl)pyrinudin-2-yl]-
1H-indole); and
4-{4-[1-(Methylsulfonyl)cyclopropyl]-6-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)pyrimidin-2-yl}-

1H-indole, or a pharmaccutically acceptable salt thereof.

12, A compound of formula (I}, or a pharmaceutically acceptable salt thereof, according to

any one or more of claims 1 to 11 for use in the treatment of cancer.
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13. A pharmaceutical composition comprising a compound of formula (1), or a
pharmaceutically acceptable salt thereof, according to any one or more of claims 1 to 11 in

association with a pharmaceutically acceptable adjuvant, diluent or carrier.

14. A method for treating cancer which comprises administering to a patient in need thereof
a therapeutically effective amount of a compound of formula (1), or a pharmacecutically

acceptable salt thereof, according to any one of claims 1 to 11.

15, The use of a compound of formula (1), or a pharmaceutically acceptable salt thereof,
according to any one of ¢claims 1 to 11 in the manufacturc of 4 medicament for use in the

prevention or treatment of those turmours which are sensitive to inhibition of ATR kinase.
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DERIVADOS DE PIRIMIDIN INDOL PARA EL TRATAMIENTO DE CANCER

La presente invencidén se refiere a compuestos de
pirimidinil indol, procesos para su preparacidén, composiciones
farmacéuticas que los contienen y su uso en terapia, por
ejemplo en el tratamiento de una enfermedad preliferativa tal
como cancer y particularmente de una enfermedad mediada por
inhibidores de 1la proteina guinasa relacionada con Ataxia-
telangiectasia mutada y RAD-3, cominmente denominada ATR.

La proteina quinasa ATR (también conocida como la Proteina
Relacionada con FRAP 1; FRP1l; MEC1; SCKL; SECKL]l) es un miembro
de la familia de proteinas guinasas similares a la PI3-Quinasa
(PIKK) que participan &n la reparacién y el mantenimiento del
genoma y su estabilidad (resefiado en Cimprich K. A. y Cortez D.
2008, WNature Rev. Mol. Cell Biol. 9:616-627). Estas proteinas
coordinan respuestas al dado del ADN, el estrés y la
perturbacién del ciclo celular. En efecto, la ATM y la ATR, dos
integrantes de la familia de proteinas, comparten varios
sustratos corriente abajo que son en si mismos componentes
reconocidos del ciclo celular y de la maquinaria de reparacidn
de ADN, por ejemplo Chkl, BRCAl, pb53 (Lagquin N. D. et al,1999,
Oncogene; Tibbets R3S et al, 2000, Genes & Dev.). Si bien los
sustratos de ATM y ATR son en cilerta medida compartidos, el
disparador para activar la cascada de sefializacidn no es
compartido y la ATR responde principalmente a horquillas de
replicacidén estancadas {(Nyberg K. A. et al., 2002, Ann. Rev.
Genet. 36:617-656; Shechter D. et al. 2004, DNA Repair 3:901-
908) y a lesiones voluminosas por dafio en el ADN tales comc las
que se forman por la radiacidn ultravioleta (UV) (Wright J. A.
et al, 1998, Proc. Natl. Acad. Sci. USA, 23:7445-7450) o el
agente mimétice de UV, 4-nitroguinolina-l-dxido, 4NQO (Ikenaga
M. et al. 1975, Basic Life Sci. 5b, 763-771).

Las mutaciones del gen de la ATR son raras y la viabilidad

solo puede resultar en condiciones heterocigotas o)
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hipomérficas. El unico nexo claro entre mutaciones del gen de
la ATR vy enfermedad existe en unos pocos pacientes con el
sindrome de Seckel sindrome, gue se caracteriza por un retardo
del crecimiento y microcefalia (0’Driscoll M .et al, 2003
Nature Genet. Veol3, 497-501). Los trastornos de la via de ATR
conducen a una inestabilidad gendémica, mientras que la ATR es
activada por la mayoria de las quimioterapias contra el cancer
(Wilsker D. et al, 2007, Mol. Cancer Ther. 6{4}) 1406-1413). Mas
aun, la repeticidén del gen de la ATR se ha descrito como un
factor de riesgo en rhabdomiosarcomas (Smith L. et al, 1998,
Nature Genetics 19, 39-46}.

La ATR es esencial para la viabilidad de las células
replicativas y se activa durante la fase S5 para regular el
disparo de los origenes de la replicacidén y para reparar las
horquillas de replicacidén dafiadas (Shechter D et al, 2004,
Nature <c¢ell Bioclogy Vel 6 (7) €48-655). E1l dafio a las
horquillas de xeplicacién puede producirse debido a la
exposicidén de las células a agentes citotdxicos relevantes
tales como hidroxiurea (HU) vy platinos (0"Connell y Cimprich
2005; 118, 1-6).

Por el <contrario, la sensibilizacién a los agentes
guimioterapéuticos puede lograrse mediante la modulacidon de la
actividad de la ATR. Se ha propuesto entonces gue la inhibicidn
de la ATR puede constituir un abordaje eficaz para una futura
terapia contra el cancer (Collins I. y Garret M. D., 2005,
Curr. Opin. Pharmacol., 5:366-373; Kaelin W. G. 2005, Nature
Rev. Cancer, 5:689-6%8). AaActualmente no existen precedentes
clinicos de agentes que apuntan a la ATR, si bien actualmente
algunos agentes gque apuntan al eje de sefalizacidén corriente
abajo, es decir, Chkl estan siendo actualmente objeto de
evaluacidn clinica (resefiado en Janetka J. W. et al. Curr Opin
Drug Discov Devel, 2007, 10:473-486). 3in embargo, el dado en

el ADN inducidc por 1la exposicidén de células tumorales a
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agentes quimioterapéuticos citotdxicos tales como hidroxiurea y

productos de platino origina horguillas de replicacion datfiadas,

un disparador para la activacidn de ATR y su sefializacidn a

distintos procesos celulares criticos.

Se ha evaluado bioldégicamente la capacidad de los
inhibidores de ATR de sensibilizarse a wuna amplia gama de
quimioterapias. La sensibilizacidén de células tumorales a
agentes guimioterapéuticos en ensayos de crecimiento celular ha
sido advertida y utilizada para evaluar cudn bien los
inhibidores de ATR débiles (tales como cafeina) sensibilizaréan
lineas de células tumorales a agentes citotdxicos. (Wilsker D.
et al, 2007, Mcl Cancer Ther. & (4)1406-1413; Sarkaria J. N. et
al, 1999, Céancer Res. 59, 4375-4382). Mas aun, una reduccidn de
la actividad de ATR mediante el ARNsi o knock-in de ATR
utilizando una forma negativa dominante de ATR en células de
cancer ha resultadoe en la sensibilizacidn de células tumorales
a los efectos de distintos agentes terapéuticos o
experimentales tales como antimetabolites (5~FU, Gemcitabina,
Hidroxiurea, Metotrexato, Tomudex) , agentes algquilantes
{Cisplatina, Mitomicina C, Ciclcfosfamida, MMS) o inductores de
rompimiento de doble hebra ({Doxorubicina, Radiacidén icnizente)
(Cortez D. et al. 2001, Science, 294:1713-1716; Collis S5.J. et
al, 2003, Cancer Res. 63:1550-1554; Cliby W.A. et al, 1998,
EMBO J. 2:159-169).

Un ensayo fenotipico adiciocnal que se ha descrito para
definir la actividad de compuestos inhibitorios de ATR
especificos es el perfil del cicloc celular (P. J. Hurley, D.
Wilsker vy F. Bunz, Oncogene, 2007, 26, 2535-2542). Se ha
demostrado que c¢élulas con deficiencia de ATR presentan una
regulacién del ciclo celular defectuosa y perfiles
caracteristicos distintivos, particularmente luego de un ataque
celular citotdxico. Mas aun, se ha propuesto la presencia de

respuestas diferenciales entre tejidos tumorales y normales en
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respuesta a la modulacién del eje de ATR y esto proporciona un
potencial adicional para la intervencidén terapéutica por parte
de moléculas inhibideras de ATR (Redriguez-Brave V. et al,
Cancer Res., 2007, 67, 11648-1165¢).

Otra wutilidad interesante de los fenotipos especificos
para ATR esta alineada con el concepto de letalidad sintética y
la observacidn de gue las células tumorales con deficiencia en
controles de puntes de contrcecl Gl, en particular deficiencia de
p53, son susceptibles a la inhibicidn de la actividad de ATR,
lo que resulta en una condensacidn prematura de cromatina (PCC)
y la muerte celular (Ngheim et al, PNAS, 98, 92082-90597). En
esta situacidn, la replicacidén de ADN en la fase S se lleva a
cabo pero no se completa antes del inicioc de la fase M debide a
una falla de los puntos de control correspondientes, lo gque
resulta en la muerte celular debido a una falta de sefalizacion
de ATR. El1 punto de contrcl G2/M constituye wun control
regulador clave en el gque participa la ATR (Brown E. J. y
Baltimore D., 2003, Genes Dev. 17, 615-628) y es la puesta en
riesgo de este punto de control y la prevencidén de la
sefializacién de ATR a sus socios corriente akajo, lo que
resulta en PCC. Como consecuencia, el gencma de las células
hija corre peligro y se pierde la viabilidad de las células
(Ngheim et al, PNAS, 98, 9%092-9097).

En resumen, los inhibidores de ATR presentan el potencial
de sensibilizar células tumcrales a la radiacién ionizante © a
los agentes guimioterapéuticos gque inducen dano del ADN,
presentan el potencial de inducir la muerte selectiva de
células tumorales asi come también de inducir una letalidad
sintética en subconjuntos de células tumorales con defectos en
la respuesta al dafio de ADN.

De acuerdc con un primer aspecto de la presente invencion,

se proporciona un compuesto de formula (I):

oe
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. i
R N
R3
R® 4
R2
NT N
0, 0
Ra/s = R

(I)

en dconde:

el Anillo A es un cicleoalquiloCig o un anillo
hetercciclico de 4-6& miembros saturade gue ccntiene un
heteroatomo que se selecciona de O, N y S;

R' se selecciona de morfelin-4-ileo, 3-metilmorfolin-4-ilo,
3,5-dimetilmorfolin-4-ilo Y un grupo B-oxa-3-
azabiciclo[3,2,1]octan-3-1ilo;

R®* v R® son hidrégeno;

R? es hidrégeno o metilo;

R? se selecciona de hidrégeno, metilo, fluoro, cloro, ciano
y metoxi; vy

R® es un grupo gque se selecciona de metilo, etilo, i-
propilo y ciclopropilo;

o una sal farmacéuticamente aceptable del mismo.

Ciertos compuestos de formula (I) son capaces de existir
en formas estereoisoméricas. Se comprenderd que la invencidn
abarca todos los isdmeros geométricos y Gpticos de los
compuestos de férmula (I) y mezclas de los mismos incluyendo
racematos. Los tautdmeros y mezclas de los mismos también
forman un aspecto de la presente invencidn. Los solvatos y
mezclas de los mismos también forman un aspectc de la presente
invencién. Por ejemplo, un solvato adecuado de un compuesto de
férmula (I) es, por ejemplo, un hidrato tal como un hemi-

hidrato, un mono-hidrato, un di-hidrato o un tri-hidratc o una
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cantidad alternativa de los mismcs. En otro aspecto de la
presente invencién, se incluyen compuestos con una © mas
sustituciones isotdpicas. Por ejemplo, H puede estar en
cualgquier forma isotépica, incluidas M, %H (D) y Y (T)y; C
puede estar en cualquier forma isotoOpica, incluidas e, B¢ Y
Ye, o puede estar en cualquier forma isotédpica, incluidas %0 vy
*¥p; vy similares.

La presente invencidén se refiere a los compuestos de
férmula (I) segin se describen en la presente, asi como sales
de los mismos. Las sales para su uso en composiciones
farmacéuticas seran sales farmacéuticamente aceptables, pero
otras sales pueden ser utiles en la produccidén de 1los
compuestos de formuia (I) vy sus sales farmacéuticamente
aceptables. Las sales farmacéuticamente aceptables de 1la
invencidén pueden incluir, por ejemplo, sales de adicidn de
dcido de compuestos de férmula (I) segin se describen en 1lia
presente gue son lo suficientemente bésicas para formar dichas
sales. Dichas sales de adicidén de acido incliluyen, a modo no
taxativo, sales de furmarato, metanosulfonato, clorhidrato,
bromhidrato, citrato y maleatc y sales formadas con acido
fosférico y sulfurico. Ademas, cuando los compuestos de férmula
(I} son lo suficientemente Acidos, las sales son sales basicas
y ejemplos de las mismas incluyen, a modo no taxativo, una sal
de metal alcalinc, por ejemplo sodioc o potasic, una sal de
metal alcalinotérreo, por ejemplo calcic © magnesio, © una sal
de amina organica, por ejemplo trietilamina, etanclamina,
dietanolamina, trietanolamina, morfolina, N-metilpiperidina, N-
etilpiperidina, dibencilamina, o© amincdcidos tales como lisina.

Los compuestos de formula (I) también pueden
proporcionarse como ésteres hidrolizables in vive. Un éster
hidrolizable in wvive de un compueste de férmula (I) gque
contiene un grupo carboxi o hidroxi es, por ejemplo un éster

farmacéuticamente aceptable que se escinde en el cuerpo humano
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o animal para producir el &acido o alcohol base. Dichos ésteres
pueden identificarse mediante la administracidn, por ejemplo,
por via intravenosa a un animal de prueba, del compuesto en
estudico vy posteriormente del examen del fluido corporal del
animal de pruechba.

Entre los ésteres farmacéuticamente aceptables para
carboxi se incluyen ésteres de alcoxil;-gmetilo, por ejemplo

metoximetilo, ésteres de alcanoill; ¢oximetilo, por ejemplo

ésteres de pivaleoiloximetilo, ftalidilo, ésteres de
cicloalcoxiCji_gcarboniloxiCigalquilo, por ejemplo 1-
ciclohexilcarboniloxietilo, ésteres de 1,3-dioxoclen-2-

onilmetilo, por ejemple S5-metil-1,3-dioxolen-2-onilmetilo, vy
ésteres de alcoxiCi_gcarboniloxietilo, por ejemplo 1-
metoxicarboniloxietilo; y pueden formarse en cualguier grupo
carboxi en los compuestos de esta invenciédn.

Entre los ésteres farmacéuticamente aceptables para
hidroxi se incluyen ésteres inorgdnicos tales como ésteres de
fosfato (incluyendc ésteres ciclicos fosforamidicos) y éteres
de wo-aciloxialquilo y compuestos relacionados que, COmo
resultado de la hidrélisis 1in vivo del éster, se desintegran
para proporcionar el o los grupos hidroxi base. Ejemplos de
ésteres de «a-aciloxialquilo incluyen acetoximetoxi y 2,2-
dimetilpropioniloximetoxi. Una seleccidn de grupos formadores
de ésteres hidrolizables in vivo incluyen alcanoiloCi_1g, por
ejemplo formilo, acetilo, benzoilo, fenilacetile, benzoilo
sustituido 3% fenilacetilo; alcoxiCy-;pcarbonilo (para
proporcionar esteres de alquil carkbonato}, por ejemplo
etoxicarbonilo; di~alquilCi-ycarbamoilo Y N-(di-alquilC;.
gaminoetil) -N-alquilC;_ycarbamoilo {para proporcionar
carbamatos) ; di-alquilC,_samincacetilo 1 carboxiacetilo.
Ejemplos de sustituyentes del anillo en fenilacetilo y benzoilo
incluyen aminometilo, algquilCi_saminometilec vy di-({alquilC;-

4)aminometilo, y morfolino o piperazino unidos desde un &tomo de
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nitrédgeno del anillo a través de un grupo de enlace metileno a
la posicion 3 o© 4 del anililo de benzoilo. Otros ésteres
hidrolizabies in vivo incluyen, por ejemplo, R (0)0alquilCj.g-
CO-, en donde R? es, por ejemplo, benciloxi-alquiloCi-4q, ©
fenilo. Sustituyentes adecuados en un grupo fenilo en dichos
ésteres incluyen, por ejemplo, d-piperazinoCig-algquiloCi_y,
piperazino-alguiloC;.y y morfolinc-alquiloCy.g.

Los compuestos de férmula (I} también pueden administrarse
en forma de un profadrmacce que se desintegra en el cuerpo humano
¢ animal para proporcionar un compuestoe de la férmula (I). En
la técnica se conocen distintas formas de profarmacos. Se
remite al lector a las siguientes publicaciones para ver mas
ejemplos:

a) Design of Prodrugs, editadoc por H. Bundgaard, (Elsevier,
1985) y Methods in Enzymology, Vol. 42, p. 309-396, editado por
K. Widder, et al. {(Academic Press, 1985);

b) A Textbook of Drug Design and Development, editado por
Krogsgaard-Larsen y H. Bundgaard, Capitulo 5 '"Design and
Application of Prodrugs", de H. Bundgaard p. 113-191 (1991)

c) H. Bundgaard, Advanced Drug Delivery Reviews, 8, 1-38
(1992);

d) H. Bundgaard, et al., Journal of Pharmaceutical Sciences,
77, 285 (1988);: y

e} N. Kakeya, et al., Chem Pharm Bull, 32, 692 (19284).

En esta memoria descriptiva, el términc  genérico
"algquiloCp-g" incluye grupos alquilo de cadena recta y de cadena

ramificada. Sin embargo, las referencias a grupos alqguilo

individuales tales comoc '“propilo"” son especificas para la
version de cadena recta solamente (es decir, n-propilo e
isopropilo) y las referencias a grupos alguile de cadena
ramificada individuales tales como "terc-butilc"” son

especificas para la versidn de cadena ramificada solamente.

El sufijo Cpyq en alquiloCp.q y otros términos (en donde p y
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g scon numeros enteros} indica el rango de atomos de carbono que
se encuentran presentes en el grupce. Por ejemplo, alquilo Ci.y
incluye alquiloC, (metilo), alquiloC, {etilo}, alguiloCsy
(propilce como n-propilo e isopropileo) y algquiloCy (n-butile,
sec-butilo, isobutilo y terc-butilo).

El término alcoxiCy4 comprende grupos -O-alquiloCp-4.

El término alcanciloCp-q comprende grupos -C{O)alquilo.

El término halo incluye fluoro, cloro, bromoc vy vodo.

"Carbociclile™ es un sistema anular monociclicc saturade,
insaturado o parcialmente saturadc que contiene de 3 a 6 &tomos
en el anilio, en donde un grupo CH; en el anillo puede
reemplazarse por un grupo C=0. "Carbociclilo" incluye "arilo",

"cicloalguiloCp4" y "cicloalqueniloCy g".

"Arilo" es un sistema anular carbociclilo monociclico
aromatico.
"CicloalqueniloCp-q" es un sistema anular carbociclilo

moncciclico insaturado o parcialmente saturado que contiene al
mencs 1 enlace C=C y en donde un grupo CH; en el anillo puede
reemplazarse por un grupo C=0.

"CicloalquiloCp4" es un sistema anular carbociclico
monociclico saturado y en donde un grupo CH; en el anillo puede
reemplazarse por un grupo C=0.

"Heterociclilo" es un sistema anular monociclico saturado,
insaturado o parcialmente saturado que ccntiene de 3 a 6 atomos
en el anillo de los gue 1, 2 o 3 Aatomos en el anillc se
seleccionan de nitrdgeno, azufre u oxigenc, pudiendo estar
dicho anillo unido a carbono o nitrégeno y en donde un dtomo de
nitrégeno o azufre del anillo puede oxidarse y en donde un
grupo CH; en el anillo puede reemplazarse por un grupo C=0.
"Hetercciclile"” incluye "hetercarile", “ciclohetercalquile"” vy
"ciclcohetercalquenilc".

"Heteroarilo" es un heterociclilo monociclico aromdtico

gue en particular contiene 5 a 6 Atomos en el anillo, de los
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que 1, 2 o 3 atomos en el anillo se seleccionan de nitrdgeno,

azufre u oxigeno, en donde un nitrégeno o azufre del anillo

puede oxidarse.

"Cicloheteroalquenilo"” es un sistema anular heterociclilo
monociclico, insaturado o© parcialmente saturado, gue en
particular contiene de 5 a 6 atomos en el anillo, de los que 1,
2 o 3 atomos en el anillo se seleccionan de nitrégeno, azufre u
oxigeno, pudiendo estar dicho anille wunido a carbono o
nitrégeno y en donde un Aatomo de nitrdgeno o azufre en el
anillo puede oxidarse y en donde un grupo CH; en el anillo puede
reemplazarse por un grupo C=C.

"Cicloheterocalguilo™ es un sistema anular heterociclico
monociclice, saturado, gque en particular contiene de 5 a 6
dtomos en el anillo, de los que 1, 2 o 3 atomos en el anillo se
seleccionan de nitrégeno, azufre u oxigeno, pudiendo estar
dicho anillco unido a carbono ¢ nitrdgeno y en donde un atomo de
nitrégeno o azufre en el anillo puede oxidarse y en donde un
grupo CHz en el anillo puede reemplazarse por un grupo C=0C.

Esta memoria descriptiva puede emplear términos compuestos
para describir grupos que comprenden mas de una funcionalidad.
A menos que se describa de otra forma, dichos términos deben
interpretarse segun, su acepcidn corriente en 1la técnica. Por
ejemplo, carbociclilalquiloCpq comprende alquiloCp-g sustituido
por carbociclilo, heterociclilalgquiloCyq comprende alguiloCpq
sustituido por heterociclilo y bis(alquilCp-g)amine comprende
amino sustituido por 2 grupos alquiloCp; que pueden ser iguales
o diferentes.

HaloalquiloCpq s un grupo algquiloCp-q que se sustituye por
1 o mas sustituyentes halo vy particularmente 1, 2 o 3
sustituyentes halo. De manera similar, otros términos genéricos
gue contienen halo, tal como haloalcoxiCyg, pueden contener 1 o
mas sustituyentes halo y particularmente 1, 2 o 3 sustituyentes

halo.
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HidroxialquiloCy.q es un grupo alquiloC,.4 que se sustituye
por 1 o mas sustituyentes hidroxilo y particularmente por 1, 2
© 3 sustituyentes hidroxi. De manera similar, otros términos
genéricos que contienen hidroxi, tal como hidroxialcoxiCyg,
pueden contener 1 o més, y particularmente 1, 2 o 3,
sustituyentes hidroxi.

AlcoxiCp-galquiloCpq es un grupo alquiloCyqy que se
sustituye por 1 o mas sustituyentes alcoxiCyq y particularmente
1, 2 o 3 sustituyentes alcoxiCp.q. De manera similar, otros
términos genéricos gue contienen alcoxiCy4, tales como alcoxiCpg-
qalcoxiCp-q, pueden contener 1 o mas sustituyentes alcoxiCpq Y
particularmente 1, 2 o 3 sustituyentes alcoxiCp.q.

En los casos en los que los sustituyentes opcionales se
seleccionan de "1 o 2", de "1, 2 o 3" o de "1, 2, 3 o 4" grupos
o sustituyentes, debe entenderse que esta definicidén incluye a
todos los sustituyentes que se seleccionan de uno de los grupos
especificados, es decir, todos los sustituyentes son iguales, o
los sustituyentes se seleccionan de dos o mas de los grupos
especificados, es decir, los sustituyentes no son iguales.

Los compuestos de la presente invencidn se nombrarcn con
la ayuda del programa informatico ACD/Name, versidn 10.0.

"Enfermedad proliferativa" incluye enfermedades malignas
tales como cancer, asi como también enfermedades no malignas
tales come enfermedades inflamatorias, obstructivas de las vias
respiratorias, inmunoldgicas o cardicvasculares.

Valores adecuados para cualquier grupo R o cualquier parte
o sustituyente de dichos grupcs incluyen:
para alguiloCi.3: metilo, etilo, propilo e

iso-propilo;
para aguiloCy_g: alquiloCi-s, butilo, 2-
metilpropilo, terc-butilo,

pentilo, 2,2-
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para cicloaquiloCs_g¢:

para cicloaguilCy_galquilCy_3:

para arilo:

para arilalquilCy_3:

para carbocililo:

para halo:

para alcoxiCi_3:

para alcoxiCi-g:

para alcanoilo Ci-s3:

para alcanoilc Ci_g:

para heterocariloc:

para heteroarilalgquilCi-3:

PCT/GB2009/051755

dimetilpropile, 3-
metilbutilo y hexilo;
ciclcpropilo, ciclobutilo,
ciclopentilo y ciclohexilo;
ciclopropilmetilo,
ciclopropiletilo,
ciclebutilmetilo,
ciclopentilmetil Y
ciclohexilmetilo;

fenilo;

bencilo y fenetilo;

arilo, ciclchexenilo y Ca.
scicloalquilo;

flucro, cloro, bromo 3%
yodo;

metoxi, etoxi, propoxi e

isopropoxi;

alcoxiCi_s, butoxi, terc-

butoxi, pentiloxi, 1-
etilpropoxi y hexiloxi;

acetil y propanoilo;

acetilo, prepancilo y 2-
metilpropanoilo;

piridinilo, imidazelilc,
pirimidinile, tienilo,
pirrelilo, pirazolilo,
tiazolilo, tiazolilo,
triazolilo, oxazolilo,
isoxazolilo, furanilo,

piridazinilo y pirazinilo;
pirrolilmetilo,
pirroliletilo,

imidazolilmetilo,
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imidazoliletilo,
pirazolilmetilo,
pirazecliletilo,
furanilmetilo,
furaniletilo, tienilmetilo,
teiniletilo,
piridinilmetilo,
piridiniletilo,
pirazinilmetilo,
piraziniletilo,
pirimidinilmetilo,
pirimidiniietilo,
pirimidinilpropilo,
pirimidinilbutilo,
imidazolilpropilo,
imidazolilbutilo, 1,3,4-
triazolilpropiloe Y
oxazolilmetilo;

para heterociclilo: heteroarilo, pirrelidinilo,
piperidinilo, piperazinilo,
azetidinilo, mcrfolinilo,
dihidreo-2H-piranilo,
tetrahidropiridina \Y%
tetrahidrofuranilo;

para hetercciclilo saturado: oxetanilo, pirrolidinilo,
piperidinilo, piperazinilo,
azetidinilo, morfolinilo,
tetrahidropiranilo Y
tetrahidrofuranilo.

Cabe sefialar que los ejemplos proporcionados para los
términos utilizados en la memoria descriptiva no son taxativos.
A continuacién se muestran valores particulares del Anillo

A, n, RY, R* R* R' R’y R Dichos valores pueden utilizarse
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individualmente ¢ combinados cuando corresponda con relacidn a

cualquier aspecto de la invencidon, o parte de los mismos, vy

cualguiera de las definiciones, reivindicaciones o)

realizaciones definidas en la presente.

Anillo A

En un aspecto de la invencién el Anillo A es un
cicloalquiloC;.g insustituide o un anillo heterociclico de 4-6
miembros saturadc gque contiene un heterodtomo que se selecciocna
de O y N.

En otro aspecto el Anillo A es un anillo de ciclopropile,
ciclobutilo, ciclopentilo, oxetanilo, tetrahidrofurilo,
tetrahidropiranilo, azetidinilo, pirrolidinilo o piperidinilo.

En otro aspectc el Anillo A es un anillo de ciclopropilo,
ciclobutileo, ciclopentilo, tetrahidropiranilo o piperidinilo.

En otro aspecto el Anillc A es un anillo de ciclopropilo,
ciclopentilo, tetrahidropiranilo o piperidinilo.

En otro aspectoc el Anillo A es un anillec de ciclopropilo,
tetrahidropiraniloc o piperidinilo.

En otro aspecto el Anillo A es un anillec de piperidinilo.

En otro aspecto el Anillo A es un anillc de
tetrahidropiranilo.

En otro aspecto el Anillo A es un anillo de ciclepropilo.

Rl

En otro aspecto de la invencién R' se selecciona de
morfolin-4-ilo, 3-metilmorfolin-4-ilo, 3,5-dimetilmorfolin-4-
ilo y 8-oxa-3-azabiciclo{3,2,1]octan-3-ilo.

En un aspecto adicional, R' se selecciona de morfolin-4-
ilo, 3-metilmorfolin-4~ilo.

En un aspecto adicional, R! es 3-metilmorfolin-4-ilo.
R’ es hidrogeno.

En un aspecto de la invencion R® es hidrégeno.
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R4

En otro aspecto R! se selecciona de hidrégeno, fluoro,
cloro, ciano, metilo y metoxi.

En otro aspecto R! es hidrégeno o metilo.

En cotro aspecto R es hidrégeno.

RS

En un aspecto de la invencidén R® es hidrégeno.

RS

En un aspecto de la invencidn R® es un grupo gue se
selecciona de metilo, etilo, i-propilo y ciclopropilo.

En otro aspecto de la invencién R® es metilo.

En un aspecto de la invencidn se proporcicna un
subconjunto de compuestos de férmula (1), o una sal
farmacéuticamente aceptable del mismo;

el Anillo A es un cicleoalgquiloCi_g insustituido o un anillo
heterociclico de 4-6 miembrcs saturado gque contiene un
hetercdtomo gque se selecciona de O y N;

R' se selecciona de merfolin-4-ilo, 3-metilmeorfolin-4-ilo,
3,5-dimetilmorfolin-4-ilo y un grupo 8§-oxa~3-
azakiciclo(3,2,1]octan-3-ilo;

R? es hidrogeno;

R® es hidrégeno;

R® es un grupo dque se selecciona de metilo, etilo, 1i-
propilo y ciclopropilc; vy

R? es hidrégeno; y R? se selecciona de hidrégeno, metilo,
flucro, cloro, ciano y metoxi;

o

* es hidrégeno y R® es hidrdgeno o metilo.

R
En otro aspecto de la invencidén se proporciona un
subconjunto de  compuestos de férmula (1), © una sal

farmacéuticamente aceptable del mismo;
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el Anillo A es un anille de ciclopropilo, cilclobutile,
ciclopentilo, oxetanilo, tetrahidrofurilo, tetrahidropiranilo,
azetidinilo, pirrolidinilo o piperidinilo;

R! se selecciona de morfolin-4-ilo, 3-metilmorfolin-4-ilo,
3,5-dimetilmorfolin-4-ilo y un grupo B-oxa-3-
azabiciclo[3,2,l]joctan-3-ilo;

R? es hidrégeno;

R® es hidrégeno; y

R® es un grupo gue se selecciona de metilo, etilo, i-
propilc y ciclopropilo; ¥y

R® es hidrégeno; y R? se selecciona de hidrégeno, metilo,
fluoro, cloro, ciano y metoxi;

o]

R? es hidrégeno y R® es hidrégeno o metilo.

En otro aspecto de la invencidén se proporciona un
subconjunto de compuestos de formula (I), 0 una sal
farmacéuticamente aceptable del mismo;

el Anille A es un anillc de ciclopropilo, ciclopentilo,
tetrahidropiranilo o piperidinilo;

R! se selecciona de morfolin-4-ilo, 3-metilmorfolin-4-ilo,
3,5-dimetilmorfolin-4-ilo y un grupo 8-oxa-3-
azabilciclo[3,2,1]octan-3-ilo;

R? es hidrogeno;

R’ es hidrégeno; vy

R® es un grupo que se selecciona de metilo, etilo, i-
propilo y ciclopropilo; y

R3

es hidrégeno; y R? se selecciona de hidrégeno, metilo,
fluocro, cloro, ciano y metoxi;

o

R? es hidrégeno y R® es hidrégeno o metilo.

En otrc aspectc de la invencién se proporcicna un
subconjunte de compuestos de férmula (1), ¢ una sal

farmacéuticamente aceptable del mismo;
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el Anillo A es un anillo de ciclopropilo, ciclobutiloe,
ciclopentilo, oxetanilo, tetrahidrofurilo, tetrahidropiranilo,
azetidinilo, pirrolidinilo o piperidinilio:

R! se selecciona de morfolin-4-ilo, 3-metilmorfolin-4-ilo,
3,5-dimetilmorfolin-4-ilo Y un grupo B-oxa-3-
azabiciclo[3,2,1]octan-3-ilo;

R2

es hidrégeno;

R? es hidrégeno;

R' es hidrégeno;

R® es hidrégeno; vy

R® es un grupo que se selecciona de metilo, etilo, i-
propile y ciclopropilo.

En otro aspecto de la invencidn se proporciona un
subconjunto de compuestos de formula (1), o una sal
farmacéuticamente aceptable del mismo;

el Anille A es un anillo de ciclopropilo, ciclobutilo,
ciclopentilo, tetrahidropiranilc o piperidinilo;

R! se seleccicna de morfclin-4-ileoc, 3-metilmorfeolin-4-ilo,
3,5-dimetilmorfolin-4-1ilo % un grupo B-oxa-3-
azabiciclo[3,2,1]octan-3-1lo;

R? es hidrégeno;

R’ es hidrégeno;

R* es hidrégeno;

R® es hidrégeno; vy

R® es un grupo que se selecciona de metilo, etilo, i-
propilo y ciclopropilo.

En otro aspecto de la 1nvencidn se proporcicna un
subconjunto de compuestos de férmula (I}, o una sal
farmacéuticamente aceptable del mismo;

nes 0o 1;

el Anillo A es un anillo de ciclopropilo, ciclopentilo,
tetrahidropiranilo o piperidinilo;

R! se selecciona de morfolin-4-ilo, 3-metilmorfolin-4-ilo;
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R® es hidrégeno;
es hidrégeno;
es metilo;
es hidrdgeno; y
€s un grupo que se selecciona de metil y ciclopropilo.
En otro aspecto de la invencidn se proporcicona un
subconjunto de compuestos de férmula (I), 0 una sal
farmacéuticamente aceptable del mismo;
el Anillo A es un anillo de cicloprepilo, ciclobutilo,
ciclopentilo, tetrahidropiranilo o piperidinilo;

R! es 3-metilmorfolin-4-ilo;

? es hidrégeno;

w

es hidrdgeno;

[-%

es hidrégeno;

o R RS
(4]

es hidrégeno; vy

R® es un grupo gue se selecciona de metilo, etilo, i-
propilo y ciclopropilo.

En otro aspecto de la invencidén se proporciona un
subconijunto de compuestos de férmula (1), o una sal
farmacéuticamente aceptable del mismo:

el Anillo A es un anille de ciclopropilo,
tetrahidropiranilo o piperidinilo;

R' es 3-metilmorfolin-4-ilo;
es hidrdgeno;

R es hidroégeno;

es hidrdégeno;

es hidrégeno; y

R® es un grupo metiloc.

En otro aspecto de la invencidn se proporciona un

subconjunto de compuestos de formula (Ia),
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{ITa)

o una sal farmacéuticamente aceptable del mismo;

el Anillo A es un anillo de ciclopropilo,
tetrahidropiranilo o piperidinilo;

R® es hidrdégenc;

R? es hidrogenc;

R" es hidrdégeno;

R es hidrogeno; vy

R® es un grupo metilo.

En otro aspecto de la invencidén proporciona un compuesto,
o una combinacidén de compuestos, gque se selecciona de
cualguiera de los Ejemplos o una sal farmacéuticamente
aceptable del mismo.

En otro aspecto de la invencidn se proporciona un
compuesto, © una combinacidén de compuestos, gue se selecciona
de cualquiera de
4-{4-[1-(Metilsulfonil)ciclopropil]~6-morfolin~4-ilpirimidin-2-
il}-1H-indol;
6-Metil-4~{4-[1l-(metilsulfonil)ciclopropil]-6-morfolin-4-
ilpirimidin—Z—i%}—1H—indol;
2-Metil-4-{4-(1~{(metilsulfonil)ciclopropil]-6-morfolin-4-
ilpirimidin-2-il}-1H-indol;
6-Metoxi-4-{4~-[1-(metilsulfonil)ciclopropil]-6-morfolin-4-

1lpirimidin-2-il}-1H~-indol;
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4-{4-[1-{metilsulfonil)ciclopropil]-6-morfolin-4-ilpirimidin-2-

il}-1H-indol-6-carbonitrilo;
6-cloro-4-{4-[1-(metilsulfonil)ciclopropil]-6-morfolin-4-
ilpirimidin-2-il}-1H-indol;

6-fluoro-4-{4-{1- (metilsulfonil)ciclopropil]~6-morfolin-4-
ilpirimidin-2-il}-1H-indol;
4-{4-[4-(Metilsulfonil)piperidin-4-il]-6-morfolin-4-~
ilpirimidin-2-il}-1H-indol;
4-{4-{4-(Metilsulfonil)tetrahidro-2H-piran-4-il]-6-morfolin-4-
ilpirimidin-2-il}-1H-indol;
4-{4~-[1-{etilsulfonil)ciclopropil}-6-morfolin-4-ilpirimidin-2-
il}-1H-indol;

4- (4-{1=-[(1-metiletil)sulfonil]ciclopropil}-6-morfolin-4-
ilpirimidin-2-il)-1H-indol;
4-{4-[1-(ciclopropilsulfonil)ciclopropil]-6-morfolin-4-
ilpirimidin-2-il}-1H-indol;
4-{4-[4-(ciclopropilsulfonil)tetrahidro~2H-piran-4-ilj-6-
morfolin-4-ilpirimidin-2-il}~-1H~indol;
4-{4-[4-({ciclopropilsulfonil)piperidin-4-il]-6-moxfolin-4-
ilpirimidin-2-il}-1H-indol;
4-{4-[4-(Ciclopropilsulfonil)piperidin-4-il]-6-[(38}-3-
metilmorfolin-4-il]lpirimidin-2-il}-1H-indocl;
4-{4-[4-{(Ciclopropilsulfonil)tetrahidro-2H-piran-4-il]-6-[(35)-
3-metilmorfolin-4-il)pirimidin-2-il}-1H-indol;
4-{4-[(38)-3-Metilmorfolin-4-il]-6-[1-
(metilsulfonil)ciclopentilipirimidin-2-il}-1H-indecl;
4-{4-[(35)-3-Metilmorfolin-4-il1]-6-[4-

(metilsulfonil) tetrahidro-2H-piran-4-il]pirimidin-2-i11}-1H-
indol; :
4-{4-1{35)-3-Metilmorfolin=-4-il]l-6-[1-(metilsulfonil) -
ciclopropillpirimidin-2-il}~1HA-indol;
4-{4-[(3R)~3-Metilmorfolin-4-il]-6-[1-

(metilsulfonil)ciclopropilipirimidin-2-il}-1H-indol;
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6-Metil-4-{4-{ (3R)-3-metilmorfolin-4-il]-6-[1-
(metilsulfonil)ciclepreopil]pirimidin-2-1il}-1H-indol;
2-Metil-4-{4-[ (3R)-3-metilmorfolin-4-il}-6-[1-
(metilsulfonil)cicleopropil]pirimidin-2-il}-1H-indol;
4-{4-[(3R)-3-Metilmorfolin-4-il}-6-[1-
(metilsuifonil)ciclopropil]lpirimidin-2-il}-1H-indol-6-
carbenitrilo;
o-cloro-4-{4-[ (3R)-3-metilmorfolin-4-il]-6-[1-
(metilsulfonil)ciclopropil]pirimidin-2-il}-1H-indol;
6-fluoro-4-{4-[ (3R)-3-metilmorfolin-4-il]1-6-[1-
(metilsulfonil)ciclopropillpirimidin-2-il}-1H-indol;
6-metoxi-4-{4-[(3R)-3-metilmerfolin-4-il]-6-[1-
(metilsulfonil)ciclopropillpirimidin~2-il}-1H-indol;
4-{4-[{3R)-3-Metilmorfolin-4-ilj-6-[4-
(metilsulfonil)tetrahidro-2H-piran-4-il}pirimidin-2-il}-1H-
indol;
o-Metil-4-{4-[(3R)-3-metilmorfolin-4-il]-6-[4-
(metilsulfonil)tetrahidro-2H-piran-4-illpirimidin-2-il}~1H-
indol;
2-Metil-4-{4-[(3R)-3-metilmorfoiin-4-il]-6-[4-
(metilsuifonil)tetrahidro-2H-piran-4-illpirimidin-2-il}-1H-
indol;
o-Metoxi-4-{4-[ (3R)-3-metilmorfolin-4-il]-6-(4-
(metilsulfonil)tetrahidro-2H-piran-4-il]pirimidin-2-il}-1H-
indol;
6-cloro-4-{4-[(3R)-3-metilmorfolin-4-il]-6-[4-
(metilsulfonil)tetrahidre-2H-piran-4-il]pirimidin-2-il}-1H-
indol;
6-fluoro-4-{4-[ (3R)-3-metilmorfolin-4-il}-6-[4-
{metilsulfonil) tetrahidro-2H-piran-4-illpirimidin-2-il}-1H-

indol;
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4-{4-[ (3R} =3-metilmorfolin-4-il]-6~{4~
(metilsulfonil)tetrahidro-2H-piran-4-il}pirimidin-2-il}-1H-

indol-6-carbonitrilo;

PCT/GB2009/051755

4-{4-[(3R)-3-Metilmorfolin-4-i1j-6-[4-{metilsulfonil)piperidin-

4-il]pirimidin-2-il}-1H-indol;

4-{4-[ (3R)-3-Metilmorfolin-4-il}-6-[1-
(metilsulfonil)ciclobutillpirimidin-2-il}-1H-indel;
4-{4-[1-(Ciclopropilsulfonil)ciclopropil)-6-[(3R)-3-
metilmorfolin-4-iljpirimidin-2-il}-1H-indol;
4-{4-[4-(Ciclopropilsulfonil)piperidin-4-113-6-[{(3R}-3-

metilmorfolin-4-il]lpirimidin-2-il}-1H-indol;

4-{4-[4-(Ciclopropilsulfonil}tetrahidro-2H-piran-4-11j-6-[(3R)-

3-metilmorfolin-4-il]lpirimidin-2-il}-1H-indol;

4-{4-[1-(Etilsulfonil)ciclopropil]-6-[{3R)-3-metilmorfolin-4-

il)pirimidin-2-il}-1H-indol;
4-{4-[4-(Etilsulfonil)tetrahidro-2H-piran-4-il]-6-[(3R)-3-

metilmorfolin-4-il]lpirimidin-2-il}-1H-indol;

4-{d4-[4- (Etilsulfonil)piperidin-4-i1]1-6-[(3R)~3-metiimorfolin-

4-il]pirimidin~Z2-il}-1H-indol;
4~{4~{1~[(1l-Metiletil)sulfonil]ciclopropil}-6-[{3R}-3~
metilmorfolin-4-il)pirimidin-2-1il)-1H-indol;
4-(4-{4-[{1-Metiletil)sulfonil]tetrahidro-2H-piran-4-il}-6-
[ (3R)-3-metilmeorfolin-4-il]pirimidin-2-il})-1H-indol;

4- (4-{4~{(1-Metiletil)sulfoniljpiperidin-4-11}-6-[(3R)-3-
metilmorfolin-4-il]lpirimidin-2-il)-1H-indol;
4-{4-[(35,5R})-3,5-Dimetilmorfolin-4-il]~6-[1-
(metilsulfonil}ciclopropil]pirimidin-2-il}-1H-indol;
4~[4-[(3R,58)-3,5-dimetilmorfolin-4-il]-6-(1-
metilsulfonilciclopropil)pirimidin-2-il]-1H~-indol); ¥y
4-{4-{1-(Metilsulfonil)ciclopropil]-6~(8-oxa-3-
azabiciclo[3,2,1]loct-3-il)pirimidin-2-il}-1H-indol, o una

farmacéuticamente aceptable del mismo.

sal
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Un compuesto de férmula (I) puede prepararse a partir de

un compuesto de férmula (II), en donde L? es un grupo saliente
(tal como halc o -SMe, etc.), con un compuesto de fdérmula
(ILI), en donde X es un grupo adecuado (tal como éster o acido

bordnice) en presencia de un catalizador de Pd adecuado y
ligando de fosfina en un disclvente adecuado tal como una
mezcla de dimetilformamida, dimetoxietano, agua y etanol, bajo
condiciones adecuadas tales como calentamiento en un reactor de
microondas.

Los compuestos de férmula (III) se encuentran

comercialmente disponibles o son bien conocidos en la técnica.

R R
X NH
R® Rt ¥
s 4 RrR®
L R 5
g R 2
o o NN . o o NN
RG/S = R Ra’s P R'
0
(n
Se apreciara gque un compuesto de férmula (II) puede
transformarse en otro compuesto de fdrmula (IT) mediante

técnicas tales como oxidacién, alguilacidén, aminacidén reductora
etc., enumeradas anteriormente o conoccidas en la bibliografia.
Un compuesto de férmula (II), puede prepararse mediante la
reaccién de un compuesto de férmula (IV), con un compuesto de
férmula (V), en donde A es una cadena de alquileno de 2 a 6
miembros, opcionalmente sustituida, en la que 1 carbono puede
reemplazarse opcionalmente con O, N o S y en donde L' es un
grupo saliente (tal como halo, tosilo, mesilc etc.), en
presencia de una base adecuada tal como hidruro de sodioc o
terc-butéxide de potasio en un disclvente adecuado tal como
tetrahidrofurano O N,N-dimetilformamida, o mediante la

utilizacidén de solucidén de hidréxido de sodio acugso y DCM como
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un disolvente con un agente de transferencia de fase adecuado

tal como bromurc de tetrabutilamonio.

L A
L? E
L' N’KN - A
W) 0.0 NN
Rszs\/J\/l\Rﬁ :) C P ,
R*” R
V) (an
Un compuesto de férmula (II), puede prepararse mediante la

reaccién de un compuesto de f£érmula (IV), ccen un compuesto de
férmula (V), en donde A es una cadena de alquileno de 2 a 6
miembros, opcionalmente sustituidos, en la gue 1 carbono puede
reemplazarse opcionalmente con G, N ¢ S y en donde L' es un
grupo saliente (tal como halo, tosilo, mesilo etc.) vy 1} es un
grupo que puede transformarse en un grupo adecuado saliente
(tal como halo, tosilo, mesilc} en una etapa posterior, para
proporcionar un compuesto de foérmula (VI) en presencia de una
base adecuada tal como hidruro de sodic o© terc-butédéxide de
potasic en un disolvente adecuado tal como tetrahidrofurano o
N,N-dimetilformamida, o mediante la utilizacién de solucién de
hidréxido de sodioc acuoso y DCM como un disclvente con un
agente de transferencia de fase adecuado tal como bromuroc de
tetrabutilamonic y a continuacidn convirtiendo 1.2 en un grupo
saliente apropiado (tal como halo, tosilo, mesilo etc.} y luego
exponiendo a una base adecuada tal comc hidruro de sodio ©
terc-butdéxidoc de potasio en un disolvente adecuado tal como
tetrahidrofuranc o} N, N-dimetilformamida, o mediante la
utilizacién de solucidén de hidroxido de sodio acuose y DCM como
un disclvente con un agente de transferencia de fase adecuado

tal ceome bromure de tetrabutilamonio.
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1
L

A

] L2 Lz L2

L3 NJ\\“N — )§ -_— N*\N

V) 0..0 4 o o N "N 0.0
RG/S\)\)\R1 RE/.-sYl\/\w RG,S = R’
A

an

[#%)

(Iv) L

Un compuesto de férmula (IV), puede prepararse mediante la
reaccidédn de un compuestc de formula (VII) en donde L? es un
grupo adecuado saliente tal como haleo, con un compuesto de

i 5 formula (VIII) en un disolvente adecuado tal como DCM.

A 0 A

= I O N N

NI N 6.5, - E—— i 1

LWF# R 0 R‘S’S‘(\)\/I\/kR1
(vin (Vi (IV)

Un compuesto de férmula (VII), puede prepararse mediante
la reaccién de un compuesto de formula {IX) utilizando

condiciches bien conocidas en la técnica.

L2 2

P
ii' HO\/JKJJ\R1 Li\/ﬂ\;J\R

10 {1X) (vily
Un compuesto de férmula ({IX), puede prepararse mediante la
reaccidén de un compuesto de fédrmula (X) utilizandoe condiciones

bien conocidas en la técnica.

—
N

é ﬂ P —_— N™™N
NW Ho A

15



10

15

20

25

WO 2010/073034 PCT/GB2009/051755
26

Un compuesto de férmula (X), en donde R! es un heterociclo
unido a N tal comc morfolina, puede prepararse mediante la
reaccidén de un compuesto de férmuia (XI) con una amina ciclica
tal como morfolina opcionalmente en presencia de una base
adecuada tal comc trietilamina en un disolvente adecuado tal
como N,N-dimetilformamida. Un compuesto de férmula (X)), en
donde R! es un heterociclo unide a C tal como dihidropiranoc,
puede prepararse mediante la reaccidn de un compuesto de
férmula (XI) con un reactivo organometélico adecuado (tal como
el &acido borénico RB(CH), o el éster bordnice RlB(OR)z etc.) en

presencia de un catalizador de metal adecuadc (tal como paladio

o} cobre) en un disolvente adecuado tal como 1,4-dioxano.
i *
R® N”FN R® N)“\‘N
6 l P - 6 l./
L5 \'(U\R'I
0] 0
Los compuestos de f£érmula (XI), aminas ciclicas, &acidos

borénicos {R'B(OH);}y ésteres borénicos {R'B(OR)2}se encuentran
comercialmente disponibles o son bien conocidos en la técnica.
Un compuesto de férmula (IV) en donde R! es un heterociclo
unidc a N tal como morfolina, puede prepararse mediante la
reaccidn de un compuesto de fdérmula (XII) con una amina cilclica
tal como morfolina opcionalmente en presencia de una base
adecuada tal como trietilamina en un disolvente adecuado tal
como N,N-dimetilformamida. Un compuesto de £férmula (VI), en
donde R! es un hetercciclo unido a C tal como dihidropirano,
puede prepararse mediante la reaccidén de un compuesto de
férmula (XII) con un reactivo organometalice adecuado (tal como
el 4cido borénico R'B(OH), o el éster borénico R'B(OR); etc.) en
presencia de un catalizador de metal adecuado {(tal como paladio

o cobre} en un disolvente adecuado tal como 1,4-dioxanc.
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Un compuesto de férmula (XII), puede prepararse mediante
la reaccidén de un compuesto de fdédrmula (XIII) baje condiciones

conocidas en la técnica.

L
OH
b¢ o N
Q\M R‘S’S‘\\)\/k L®
RB’% Z > oH o
(XI1y
5 (XIi)

Un compuesto de férmula (XIII), puede prepararse mediante
la reaccidn de un compuesto de férmula (XIV) con un compuesto
de formula (VIII).
De forma alternativa, un compuesto de f£ormula (XIT) en
10 donde R® es Me, L% es -SMe % L° es cloro, puede prepararse
mediante la reaccidén de un compuesto de f£dHrmula (XIV) con un

compuesto de fdérmula (XV), seguido por decarboxilacidén bajo

‘ condiciones conocidas en la técnica.
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Y] N N —_———n— S o
g | RG/ LS
RE - 1 /
OMe CI/K/l\CI COZMQ
(XIV) V)
L2

Un compuesto de formula (IV), puede prepararse mediante la
reaccidén de un compuesto de férmula (XVI) bajo condiciones de
oxidacién adecuadas tales como peréxido de hidrégeno acuoso en
presencia de tungstato de sodio dihidratado en una mezcla de
disolventes adecuada tal como metancl y 1,4-dioxano en

presencia de agua y acido sulfurico.

L L
N/gN O N/gN
RG’S\/U\R‘ T RG’IS:C\)\)\’)\W
(XV1) (V)
Se apreciara que un compuesto de fdrmula (IV}) puede
transformarse en otro compuesto de férmula (IV) mediante

técnicas tales como oxidacidén, algquilacidn, aminacidn reductoera
etc., enumeradas anteriormente o conocidas en la bibliografia.
Un compuesto de fdérmula (XVI), puede prepararse mediante
la reaccidén de un compuesto de férmula (VII), en donde L' es un
grupo saliente (tal como halo, tosilo, mesilo etc), con un

compuesto de férmula (XV) opcionalmente en presencia de una
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base adecuada tal como trietilamina y un discolvente tal como

acetonitrilo.

(VI (XV) (XVI)

Los compuestos de formula (VII} s encuentran
comercialmente disponibles o son bien conocidos en la técnica.

Se apreclara gque un compuesio de férmula (XVI) puede
transformarse en otro compuesto de £érmula (XVI) mediante
técnicas tales como oxidacidn, alquilacién, aminacidn reductora
etc., enumeradas anteriormente o conccidas en la bibliografia.

Se apreciara que en donde el Anillo A es un anillo
heterociclico gue contiene un atomo de nitrégeno, éste puede
protegerse adecuadamente {por ejemplo un grupo t-
butoxicarbamato o bencilo} y gque el grupc protector puede
eliminarse vy, si es necesario, puede llevarse a cabo una
reaccidn adicional en el nitrégeno (por ejemplo una
alqguilacidédn, aminacidén o amidacidén reductiva) en cualquier
etapa de la sintesis.

Se apreciara gue algunos de los distintos sustituyentes
anulares en los compuestos de la presente invencién pueden
introducirse mediante reacciones de sustitucidén aromaticas
convencionales o Jgenerarse mediante medificaciones de grupos
funcionales antes ¢ inmediatamente después de los procesos
mencionados anteriormente y, como tales, se incluyen en el
aspecto de proceso de la invencidn. Por ejemplo, los compuestos
de foérmula (I} pueden convertirse en o¢tros compuestos de
férmula (I) mediante reacciones de sustitucidn aromaticas
convencionales o mediante modificaciones de grupos funcionales
convencionales. Dichas reacciones y modificaciones incluyen,

por ejemplo, la introduccién de un sustituyente mediante una
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reaccidén de sustitucidn aromédtica, reduccidén de sustituyentes,
algquilacién de sustituyentes y oxidacidn de sustituyentes. Los
reactivos Y las condiciones de reaccidn para dichos
procedimientos son bien conocidos en la técnica quimica.
Ejemplos particulares de reacciones de sustitucidn aromatica
incluyen la introduccidén de un grupo nitro utilizando acido
nitrico concentrado, la introduccidén de un grupo acilo
utilizando, por ejemple, un haluro de acile y acido de Lewis
(tal como tricloruro de aluminio) bajo condiciones de Friedel
Crafts; la introduccidédn de un grupo alquilo utilizando un
haluro de alquilo y &acido de Lewis (tal como tricloruro de
aluminio) bajo condiciones de Friedel Crafts; y la introduccidn
de un grupo haldgeno. Ejemplos particulares de modificaciones
incluyen la reduccién de un grupo nitro a un grupc amino
mediante, por ejemplo, hidrogenacién catalitica con  un
catalizador de niguel o tratamientoc ceon hierro en presencia de
dcido clorhidrico con calentamiento; la oxidacidn de alguiltio
en alguilsuvlfinilc ¢ algquilsulfenilo.

También se apreciara gue en algunas de las reacciones
mencionadas en la presente puede ser necesario/deseable
proteger los grupos sensibles en los'compuestos. Las instancias
en donde la proteccidédn es necesaria o deseable y los métodos
adecuados para la proteccidn son conocidos por los expertos en
la técnica. Pueden utilizarse grupos protectores convencionales
de acuerdo con la préctica estandar (por mas detalles ver T. W.
Green, Protective Groups in Organic Synthesis, John Wiley and
Sons, 1991). De esta manera, si los reactivos incluyen grupos
tales como amino, carboxi ¢  hidroxi, puede ser deseable
proteger el grupo en alguna de las reacciones mencionadas en la
presente.

Un grupo protector adecuado para un grupo amine o
alqguilamino es, por ejemplo, un grupo acilec, por ejemplo un

grupo alcancilc tal como acetilo, un grupo alcoxicarbonile, por

‘
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ejemplo un grupo metoxicarbonilo, etoxicarbonilo Q t-
butoxicarbonilo, un grupc arilmetoxicarbonilo, por ejemplo

benciloxicarbonilo, o un grupo aroilo, por ejemplo benzoilo.
Las condiciones de desproteccidén para los .grupos protectores
precedentes variardn necesariamente con la eleccidn del grupo
protector. Asi, por ejemplo, un acilo tal como un grupo
alcanoile o alcoxicarbonilec o un grupo aroile puede eliminarse,
por ejemplo, mediante hidrdlisis con una base adecuada tal como
un hidroxido de metal alcalinc, por ejemplo hidréxido de sodio
¢ litio. De manera alternativa, un grupo acilc tal como un
grupo t-butoxicarbonilo puede eliminarse, por ejemplo, mediante
tratamiento con un &4cido adecuado tal como acido clorhidrico,
sulfiarico o fosférico o éacido trifluorocacéticc y un grupo

arilmetoxicarbonile tal como un grupo benciloxicarbonilo pusde

eliminarse, ©por ejemplo, mediante hidrogenacién scbre un
catalizador tal como paladio sobre carbono, o mediante
tratamiento con un acido de Lewis, por ejemplo

tris(trifluoroacetato) de borc. Un grupo protector alternativo
adecuade para un grupg amine primario es, por ejemplo, un grupo
ftaloilo gue puede eliminarse mediante tratamiento con una
alguilamina, por ejemplo dimetilaminopropilamina, o) con
hidrazina.

Un grupo protector adecuado para un grupo hidroxi es, por
ejemplo, un grupce acilo, por ejemplc un grupo alcancilo tal
como acetilo, un grupo aroilo, por ejemplo benzoilo, © un grupo
arilmetilo, por ejemplo bencilo. Las cendiciones de
desproteccidn para los grupos protectores precedentes variaran
necesariamente con la eleccidn del grupo protector. Asi, por
ejemplo, un grupo acilo tal como un grupo alcanocilo o un grupo
aroilo puede eliminarse, por ejemplo, mediante hidrdlisis con
una base adecuada tal como un hidrdéxido de metal alcalino, por
ejemplo hidréxido de sodio o litie. De manera alternativa, un

grupo arilmetilo tal como un grupo bencilo puede eliminarse,
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por ejemplec, mediante hidrogenacién sobre un catalizador tal

como paladio sobre carbono.

Un grupo protector adecuado para un grupo carboxi es, por
ejemplo, un grupo esterificador, por ejemploc un grupo metilo ©
etilo que puede eliminarse, por ejemplo, mediante hidrélisis
con una base tal como hidréxido de sodio, o por ejemplo un
grupo terc-butilc que puede eliminarse, por ejemplo, mediante
tratamiento con un éacido, por ejemplo un &acido organice tal
como Aacido trifluorocacético, o por ejemplo un grupo bencilo que
puede eliminarse, por ejemplo, mediante hidrogenacidn sobre un
catalizador tal como paladio sobre carbono. Los grupos
protectores pueden eliminarse en cualguier etapa conveniente de
la sintesis utilizando técnicas convencionales conocidas en la
técnica.

Muchos de los intermedios descritos en la presente 5on
nuevos y, por lo tanto, se propeorcionan comoc una caracteristica
adicional de la invencién.

Ensayos bioldgicos

Pueden wusarse los siguientes ensayos para medir los
efectos de los compuestecs de la presente invencidén como
inhibidores de la gquinasa ATR.

{a) Ensayo enzimatico -ATR

Se obtuvo ATR para su uso en el ensayo enzimatico in vitro
de extracto nuclear de HeLa (CIL Biotech, Mons, Bélgica)
mediante inmunoprecipitacién con antisuero policlonal de conejo
dirigido a los aminocacidos 400-480 de ATR (Tibbetts R. 5. et
al, 1999, Genes Dev. 13:152-157) gque contenia la siguilente
solucién amortiguadora (25 mM HEPES (pH7,4), 2 mM MgCl,, 250 mM
NacCl, 0,5 mM EDTA, 0,1 mM NasVC,, 10% v/v glicerol y 0,01% v/v
Tween 20). Se aislarcn complejos de ATR-anticuerpo a partir de
extracto nuclear mediante incubacién con proteina A-perias de
sefarcsa (Sigma, #P3476) durante 2 horas y luego a traves de

centrifugacidén para recuperar las perlas. En el pocillo de una

'
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placa de 96 pocillos se incubaron 10 pL de perlas de sefarosa
que contenian ATR con 1 pg de sustrato glutatidén S-transferasa-
pP53N66 (se expresarocn 66 amincécidos del extremo NH:; ferminal de
p53 fusionados a la glutatidén S-transferasa en E.coli) en
solucidn amortiguadora de ensayo de ATR (50 mM HEPES (pH 7,4),
150 mM NaCl, 6 mM MgCl;, 4 mM MnClp, 0,1 mM Nasv0O,, 0,1 mM DTT vy
10% (v/v) glicercl}; a 37°C en presencia ¢ ausencia de
inhibidor. Después de 5 minutos con agitacidén suave se agregd
ATP se agregd a una concentracién final de 3 puM y la reaccién
continud a 37°C durante 1 hora adicional. La reaccidn se detuvo
mediante la adicién de 100puL de PBS y la reaccién se transfirid
a una placa de 86 pocillos blanca opaca recubierta con
glutatidén (NUNC #436033) v se incubd durante toda la noche a
4°C. Esta placa luego se lavé con PBS/0,05% (v/v) Tween 20, se
secd con papel de filtro y se analizé mediante una técnica
esténdar de ELISA (Ensayo Inmuncabsorbente Enlazado a Enzima)
con un anticuerpo fosfo-serina 15 p53 (16G8) (Cell Signaling
Technology, #9284). La deteccidén del sustrato fosforilado
glutatidén S-transferasa-pb3N66é se llevd a cabo en combinacidn
con un anticuerpc secundario conjugade con peroxidasa de rabano
picante anti-ratén de cabra (Plerce, #31430). Se utilizdé una
sclucidén de quimioluminiscencia mejorada (NEN, Boston, MA) para
propercionar una sefal y la deteccién quimioluminiscente se
llevé a cabo a través de un lector de placas TopCount (Packard,
Meriden, CT).

El % de actividad enzimética calculado resultante
{Activity Base, IDBS} se utilizd posteriormente para determinar
los valores de Clsg para los compuestos (CIsqg es la concentracidn
a la que se inhibe el 50% de le actividad enzimatica).

(b} Ensayos celulares - ATR (Western blot)

Se utilizd el ensayo Western blot de ATR para determinar

la capacidad del inhibidor de ATR de evitar la fosforilacidn de
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Chkl en la serina 345 en respuesta al tratamiento con el N-

6xido de 4-nitroguinilina {4NQO) mimético de UV.

Se mantuvierocn rutinariamente células de HT29 de
adenccarcinoma colorrectal {(ATCC) en RPMI {Invitrogen)
complementado con 10% de sSuero bovino fetal y
penicilina/estreptomicina/glutamina a 37°C y 5% CO; en una
atmdésfera humidificada. Las células se sembraron a razdn de
5x10° células por pocillo en platos de 6 pocillos tratados con
cultivo tisular. Las células se dejaron durante toda la noche
antes de tratarse con distintas concentraciones de inhibidor de
ATR (tipicamente 10, 3, 1, 0,3, 0,1 0,03 uM}) durante 1 hora a
37°C. Luego, las células se trataron durante una hora adicional
con 4NQO 3uM (Sigma #N8141l), incluyéndose también testigos que
contenian solamente 4NQO y DMSO equivalente. Se prepararon
lisados celulares totales mediante colocacidn de células en 50
ul de solucidén amortiguadora de lisis (1% NP-4C, 5mM NaF, 1mM
NaVQs, en PBS mas comprimido de inhibidor de proteasa sin EDTA
(Roche)). Los lisados se centrifugaron para retirar el material
insoluble material, se agregd solucidn amortiguadora de carga
SDS PAGE y se hizo hervir. Las proteinas se separaron en geles
de S8DS-PAGE 10% Bis-Tris (Invitrogen) y sSe transfirieron a
nitroceluleosa utilizando un aparatc Biorad Mini Protean II. Se
detectd Chkl (ser 345) utilizando Mab de conejo anti fosfc Chkl
(ser 345) 133D3 ({Cell Signalling Technolegy #2345) a una
dilucién de 1:1000 en 5% de BSA y anticuerpc secundario
conjugado con HRP anti IgG de conejo de cabra (Pierce #31460)
en 10% de Marvel c¢on posterior deteccidén utilizando una
Scolucidn de Quimioluminiscencia Mejorada (Perkin Elmer) .

{(¢) Ensayos celulares - ATR

La ATM y la ATR tienen respuestas definidas y superpuestas
al dafioc del ADN. Deben participar juntas y las respuestas deben
ser coordinadas. Ambas vias pueden ser activadas por radiacidn

ionizante, pero sin embargo solamente la ATR es activada por
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UV. Dado que el tratamiento UV no es viable para su uso en un

ensayo celular de alto rendimiento, se eligié el mimético de UV

4NQO (Sigma) para activar la via de respuesta al danoc del ADN

de la ATR.

La Chkl, wuna proteina gquinasa de ATR corriente abajo,
tiene un papel fundamental en el contrel de los puntos de
control del dafio del ADN. La activacién de Chkl implica la
fosferilacidn de Ser3l7 y Ser345 (consideradas el objetivo
preferencial para la fosforilacién/activacién por parte de
ATR) . Este ensayo mide una disminucidén en la fosforilacidn de
Chkl (Ser 345) en células HT29 de adenocarcinoma de colon luego
del tratamiento con compuesto y con el mimético de UV 4NQQO. Se
crearon rangos de dosis de los compuestos mediante dilucidén en
100% de DMSO y luego adicicnalmente en medio de ensayo (EMEM,
10% FCS, 1% glutamina) wutilizando un instrumento dispensador

Labcyte Echo Acoustic. Las células se c¢olocaron en placas

Costar de 384 pocillos a razén de 1x10° células por ml en 40uL
de EMEM, 10% FCS, 1% glutamina y se cultivaron durante 24hrs.
Luego de la adicidon de compuesto, las células se incubaron
durante 60 minutos. Luego se agregd una concentracién final de
ANQO 3uM (preparada en 100% DMSO) utilizande el Labcyte Echo y
las células se incubarcon por ctros 60 mins. Luego, las células
se fijaron mediante la adicidén de 40uL de solucidn de
formaldehide 3,7% wv/v durante 20 minutos. Después de la
remocidén de la solucidédn de fijacidn, las células se lavaron 3
veces con PBS y permeabilizaron en 40ul. de PBS gque co;tenia
0,1% Triton™ X-100. Luego las células se lavaron tres veces vy
se agregaron 15ul de solucién de anticuerpo primario (pChkl
Ser345) (Cell Signalling Technclogy #2345) vy las placas se
incubaron a 4°C durante toda la noche. El anticuerpo primario
luego se retird mediante lavado y se agregaron 20ul de soluciédn
de anticuerpo secundario {Alexa Fluor 488 anti-conejo de cabra,

Invitrogen) y 1uM Hoechst 33258 (Invitrogen) durante 90 mins a
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temperatura ambiente. Las placas se lavaron dos veces Yy se
dejaron en 40pul PBS. Luego, las placas se leyeron en un
instrumento ArrayScan Vti para determinar las intensidades de
tincidén y se obtuviercon respuestas a la dosis que se utilizaron
para determinar los valores de CIsp de los compuestos.
Especificamente, la relacién entre tincién nuclear y
citoplasmatica se mididé y utilizé para monitorear la reduccion
de la fuerte tincidn nuclear de fosfo-Chkl (5345) observada con
la inhikbicidn de ATR.

{d) Ensayo celular - SRB

El factor de potenciacidén (PFs) de los compuestos es una
medida del aumento del efecto de un agente quimioterapéutico
cuando se utiliza en combinacién con un inhibidor de ATR.
Especificamente, el mismo se calcula como la relacidn de la Clsg
del <crecimiento celular testigo en presencia de un agente
guimioterapéutico, tipicamente carboplatina, dividida por 1la
CIso del crecimiento celular en presencia de este agente y el
inhibidor de ATR de interés. Con este fin, se sembrarcon células
HT29 con la densidad adecuada para asegurar un crecimientc
exponencial durante la duracién del ensayo (tipicamente 1000-

1500 células} en cada pocillo de una placa de 96 pocilles, en

un velumen de 80 pi y se incubdé durante toda la noche a 37°C. A
continuacidédn, las células se dosificaron con vehiculo de DMSQO o
se tratarcon con compuestos de prueba con concentracicnes fijas
(tipicamente 1, 0,3 y 0,1 pM). Luego de una incubacidn de una
hoga a 37°C, las células se trataron adicionalmente con una
dosis respuesta de 10 puntos del agente quimioterapéutico, en
base a su sensibilidad conocida {(tipicamente 30-0,001 ug/ml
para carboplatina). Las células se dejaron crecer durante 5
dias a 37°C, tiempo luego del cual se evalud el crecimiento
celular utilizando el ensayo de sulfcrhodamina B (SRB) (Skehan,

P. et al, 1990 New colorimetric cytotoxic assay for anticancer-

drug screening. J. Natl. Cancer Inst. 82, 1107-1112.) .
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Especificamente, se retird el medio y las células se fijaron
con 100 ul de acideo tricloroacético al 10% (p/v). Luego, las
placas se incubaron a 4°C durante 20 minutos antes de lavarse 4
veces con agua. Cada pocillo luego se tifido con 100 pL de SRB
0,4% (p/v) en acido acético al 1% durante 20 minutos antes de
lavar otras 4 veces con acido acético al 1%. Posteriormente,
las placas se secaron durante 2 horas a temperatura ambiente vy
la tintura se solubilizdé mediante la adicidn de 100 plL de Base
Tris a pH 8,5 en cada pocillo. Las placas se agitaron antes de
medir la densidad éptica a 564 nm (ODseq) . Para calcular el PFsg,
los valores de ODss: obtenidos para la curva de dosis-respuesta
de agente quimioterapéutico se expresaron como porcentaje de
los wvalores ©obtenidos de células tratadas «con vehiculo
sclamente. De manera similar, para actuar comc testigo para la
inclusidén del inhibider de ATR, los valores del agente
quimioterapéuticc evaluade en combinacidn con una concentracidn
fija de inhibidor de ATR se expresaron como un porcentaje del
valor obtenide de las células tratadas con la concentracién
correspondiente de inhibidor de ATR solo. A partir de estas
curvas controladas internamente se calcularon los wvalores de
Clsg se determind el PFyy como la relacidn de estos valores, como
se describio anteriormente. L.os compuestos se comparan
utilizando el wvalor de PFyy con concentraciones de inhibidor de
ATR gque muestran una inhibkicidén minima del crecimiento por si
sclas.

Pueden wutilizarse los sigulentes ensayos para medir los
efectos de los compuestos de la presente invencidén como
inhibidores de la mTCR guinasa.

Ensayo de enzima mTOR guinasa (1)

Se inmunopurificd proteina mTOR a partir de extracto
citoplasmético de HelLa (Cilbictech, #CC-01-40-50) utilizandec un
suero de conejo anti-mTOR. Luego, la mTOR inmunopurificada se

utilizé en un ensayo de gquinase para fosforilar el sustrato
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PHAS-1 de mTOR en presencia de ATP y la adicién de compuestos
de prueba. Se expresaron proteinas tipo silvestre y mutante
His-PHAS-1 (T37A/T46A) en E.coli (BL21-RIL) a partir de un
vector de expresidén pET15b. Las proteinas se purificaron por
afinidad en Ni-agarosa (Qiagen, #30210). Se agregaron distintas
concentraciones de compuestos ¢ DMSC se agregarcn a una placa
de ensayo de 96 pocillos con fondo en v (Greiner, #651201) vy
luego se agregaron a los compuestos 32,5 pL de solucidn
amortiguadora de quinase (10 mM Hepes pH7,5; 50 mM NaCl; 10 mM
MgCl,; 10 mM MnClp; 1mM DTT; 0,1 mM Na-ortovanadato} gque
contenia 1,2 pg/pl de proteina PHAS~1. Finalmente se agregaron
a la placa 10 plL de enzima mTOR inmunoprecipitada en soclucidn
amortiguadora de guinasa. La enzima y el sustratoc se incubaron
durante 10 minutos a 37°C antes de agregar 50 pM ATP y las
reacciones se dejaron proceder durante una hora a 30°C.

Se empledé un ELISA (Ensayo Inmunoabscrbente Enlazado a
Enzima} para cuantificar los Thr-37/46 fosforilados en el
sustrato PHAS-1 utilizando un anticuerpo conjugado con HRP para
proporciconar un punto final quimioluminiscente gque pudiera
medirse. Se utilizé sclucidn guimioluminiscente mejorada (NEN,
Boston, MA) para proporcicnar una sefial y la deteccidn
guimioluminiscente se llevd a cabo a través de un lector de
placas TopCount (Packard, Meriden, CT).

Ensayo de enzima mTOR quinasa (2)

En este ensayo se utilizdé la tecnologia AlphaScreen (Gray
et al., Analytical Biochemistry, 2003, 313: 234-245) para
determinar la capacidad de los compuestos de prueba de inhibirx
la fosforilacidn por parte de la mTCOR recombinante.

Se expresd establemente un truncamiento C terminal de mTOR
que abarcaba los residuos aminoacidos 1362 a 254% de mTOR ({No.
de acceso EMBL TL34075) como una fusidn etiguetada con FLAG en
células HEK293 comc lo describen Vilella-Bach et al., Journal

of Biochemistry, 1999, 274, 4266-4272. La linea celular estable

s
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de mTOR (1362-2549) etiquetada con FLAG de HEK293 se mantuveo a
37°C con CO; al 5% hasta una confluencia de 70-90% en medio de
crecimiento de Eagle modificado por Dulbecco (DMEM; Invitrogen
Limited, Paisley, UK, No. de catidlcgo 41956-029) que contenia
suerc de bovino fetal inactivado con calor al 10% (FCS; Sigma,
Poole, Dorset, UK, No. de catdlcgo F0382), 1% L-glutamina
(Gibco, No. de cataloge 25030-024) vy 2 mg/ml geneticina
(sulfato G418; Invitrogen Limited, UK No. de catalogo 10131-
027). Luegc de la expresidén en la linea celular de HEKZ293 de
mamifero, la proteina expresada se purificé utilizando la
etiqueta del epitopo FLAG utilizando técnicas de purificacidn
convencionales.

Los compuestos de prueba se prepararon como socoluciones
concentradas de 10 mM en DMSO y se diluyeron en agua segun

fuera necesaric para proporcicnar una gama de concentraciones

finales de ensayo. Se colocaron alicuotas (2 wl) de cada
dilucién de compuesto en un pocillo de una placa Greiner de
pcliestirenoc blanco de bajo volumen de 384 pocillos (Greiner
Bio-one). Una mezcla de 30 ul de enzima de mTOR purificada
recombinante, sustrato de péptide biotinilado 1 pM (Biotin-Ahx-
Lys-Lys-Ala-Asn-Gln-Val-Phe-Leu-Gly-Phe-Thr-Tyr-Val-Ala-Pro-
Ser-Val-Leu-Glu-8Sexr-Val-Lys-Glu-NH;; Bachem UK Ltd), ATP (20 uM)
y solucidén tampén [gque contenia Tris-HC1l pH7,4 tampdn (50 mM},
EGTA (0,1 mM), albuimina de suero bovino (0,5 mg/ml), DTT (1,25
mM) y cloruro de manganeso (10 mM)] se agitd a temperatura
ambiente durante 90 minutos.

Los pocillos testigo gque produjeron una sefial maxima
correspondiente a la actividad enzimdtica méxima se crearon
utilizando DMSO al 5% en lugar de compuesto de prueba. Los
pocillos testigo que produjeron una sefial minima
correspondiente a la enzima totalmente inhibida fueron creados
mediante la adicidn de EDTA (83 mM} en lugar de compuesto de

prueba. Estas solucicnes de ensayo se incubaron durante 2 hoeras
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a temperatura ambiente.

Cada reaccidén se detuvo mediante la adicidén de 10 ul de
una mezcla de EDTA {50 mM), albimina de suerc bovino (BSA; 0,5
mg/ml} y tampén de Tris-KCl pH7,4 (50 mM) gque contenia
Anticuerpc Monoclonal 1A5 de p70 S6 Quinasa (T389) {Cell
Signalling Technology, No. de catalogo 9206B) y perlas donantes
de Estreptavidina AlphaScreen y aceptoras de Proteina A (200
ng; Perkin Elmer, ©No. de «catalogo 67600028 y 6760137R
respectivamente) y las placas de ensayo se dejaron durante
aproximadamente 20 horas a temperatura ambiente en la
oscuridad. Las sefiales resultantes de la excitacion de la luz
ladser a 680 nm se leyeron utilizando un instrumentc Fackard
Envision.

El péptido biotinilado fosforilade se forma in situ como
resultado de la fosforilacidédn mediada por mTOR. E]l péptido
bictinilado fosforilado que esta ascclado a las perlas donantes
de Estreptavidina AlphaScreen forma un complejo con el
Anticuerpo Monoclonal 145 de la p70 56 Quinasa (T389) asociado
a las perlas aceptoras de Protelna A Alphascreen. Con la
excitacidn de la luz léser a 680 nm, el complejo perla donante

perla aceptora produce una seflal gue puede medirse. Por
consiguiente, la presencia de la actividad mTOR guinasa resulta
en una sefal de ensayo. En presencia de un inhibidor de la mTOR
guinasa, la fuerza de la sefial disminuye.

La inhibicidn de la enzima de mTOR para un compuesto de
prueba determinado se expresd como un valor de CIlsp.

Ensayoc de enzima mTOR guinasa (Echo)

En este ensayo se utilizd la tecnologlia AlphaScreen (Gray
et al., Analytical Biochemistry, 2003, 313: 234-245) para
determinar la capacidad de los compuestos de prueba de inhibir
la fosforilacidn por parte de la mTOR recombinante.

Se expresé establemente un truncamiente C terminal de mTOR

que abarcaba los residuos amincacidos 1362 a 2549 de mTOR ({No.

‘
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de acceso EMBL L34075) como una fusidn etiquetadaz con FLAG en
células HEK293 como lo describen Vilella-Bach et al., Journal
of Biochemistry, 1999, 274, 426¢-4272. La linea celular estable
de mTOR (1362-2549) etiquetada con FLAG de HEK293 se mantuvo a
37°C con CO; al 5% hasta una confluencia de 70-90% en medio de
crecimiento de Eagle modificado por Dulbecco (DMEM; Invitrogen
Limited, Paisley, UK, No. de catadlogo 41966-029) qgue contenia
suero de bovino fetal inactivado con calor al 10% (FCS; Sigma,
Poole, Dorset, UK, No. de catdlogo F0392), 1% L-glutamina
{(Gibco, No. de catdlogo 25030-024) vy 2 mg/ml geneticina
{sulfatoc G418; Invitrogen Limited, UK No. de catdlogo 10131-
027). Luego de la expresidén en la linea celular de HEK293 de
mamifero, la proteina expresada se purificé utilizando la
etiqueta del epitopo FLAG utilizando técnicas de purificacién
convencicnales.

Los compuestos de prueba se prepararcn comce soluciones
concentradas de 10 mM en DMSO y se diluyeron en agua segun
fuera necesario para proporcicnar una gama de concentraciones

finales de ensayo. Se colocaron acusticamente utilizando un

Labcyte Echo 550 alicuotas (120nl 2 upl) de cada dilucién de
compuesto en un pocillec de una placa Greiner de poliestireno

blanco de bajo veclumen de 384 pocillos (Greiner Bio-one). Una

mezcla de 1230 ul de enzima de mTOR purificada recombinante,
sustrato de péptido biotinilado 1 uM (Biotin-Ahx-Lys-Lys-Ala-
Asn-Gln-Val-Phe-Leu-Gly-Phe-Thr-Tyr-Val-Ala-Pro-Ser-Val-Leu-

Glu-Ser-Val-Lys-Glu-NH,; Bachem UK Ltd), ATP (20 uM) y solucidn
tampdn [gue contenia Tris-HCL pH7,4 tampdén (50 mM), EGTA (0,1
mM), albumina de suero bovino (0,5 mg/ml}, DTT (1,25 mM) vy
clorurc de manganeso (10 mM)] se incubd a temperatura ambiente
durante 20 minutos. Los pocillos testigo gque produjeron una
sefial maxima correspondiente a la actividad enzimatica maxima
se c¢rearon utilizando DMSC al 1005% en lugar de compuesto de

pruela. Los pocillos testige que produjeron una sefial minima
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correspondiente a la enzima totalmente inhibida fueron creados
mediante la adicidén de compuesto LY294002EDTA (100ulL 83 mM).
Estas soluciones de ensayo se incubaron durante 2 horas a
femperatura ambiente. .

Cada reaccidn se detuvo mediante la adicidén de 10 pl de
una mezcla de EDTA (50 mM)}, albumina de suero bovinc (BSA; 0,5
mg/ml} y tampdén de Tris-HC1 pH7,4 (50 mM) gue contenia
Anticuerpo Monoclonal 1A5 de p70 S6 Quinasa (T389) {Cell
Signalling Technology, No. de catalogo 9206B) y perlas donantes
de Estreptavidina AlphaScreen y aceptoras de Proteina A (200
ng; Perkin Elmer, No. de catdloge 6760002B vy 6760137R
respectivamente) y las placas de ensayo se dejaron durante a

temperatura ambiente en la oscuridad. Las sefales resultantes

de la excitacién de la luz laser a 680 nm se leyeron utilizando

un instrumento Packard Envision.

El péptido biotinilado fosforilado se forma in situ como
resultadoe de la fosforilacidén mediada por mTOR. E1 péptido
biotinilado fosfcrilade gue estéd asociado a las perlas donantes
de Estreptavidina AlphaScreen forma un complejo con el
Anticuerpo Monoclonal 1A5 de la p70 S6 Quinasa (T38%9) asociado
a las perlas aceptoras de Proteina A Alphascreen. Con la
excitacién de la luz léser a 680 nm, el compleio perla donante

perla aceptora produce una sefilal gque puede medirse. Por
consiguiente, la presencia de la actividad mTCR guinasa resulta
en una sefial de ensayo. En presencia de un inhibidor de la mTOR
gquinasa, la fuerza de la sefal disminuye.

La inhibicién de la enzima de mTOR para un compueste de
prueba determinado se expresd como un valor de Clsp.

Ensayo de fosfo-Serd73 Akt celular

Este ensayo determina la capacidad de los compuestos de
prueba de inhibir la fosforilacién de la Serina 473 en Akt
segun evaluacidn con la tecnologia Acumen Explcrer (Acumen

Bioscience Limited), un lector de placas que puede usarse para

(]
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cuantificar rapidamente las caracteristicas de las imagenes

generadas por escaneo con laser.

Se mantuvo de manera rutinaria una linea celular de
adenoccarcinoma de mama humano MDA-MB-468 (LGC Promochem,
Teddington, Middlesex, UK, No. de catdlocgo HTB-132) a 37°C con
COz &l 5% hasta una confluencia de 70-90% en DMEM que contenia
FCS inactivado con calor al 10% y L-glutamina al 1%.

Para este ensayo se despegaron las células del matraz de
cultivo 'Accutase' {Innovative Cell Technologies Inc., San
Diego, CA, EUA; No. de catédlogo AT104) utilizando métodos de
cultivo tisular convencionales y se resuspendieron en medio
para proporcionar 1,7x10° células por ml. Se sembraron alicuotas
(90 pl) en cada uno de los 60 pocillos internos de una placa de
96 pocillos negra Packard (PerkinElmer, Boston, MA, EUA; No. de
catdlogo 6005182) para proporcionar una densidad de ~15000
células por pocillo. Las alicuotas (290 pl) del medio de cultivo
se colocarcn en los pocillos externos para evitar efectos
borde. Las células se incubaron durante toda la noche a 37°C
con CO; al 5% para permitir su adherencia.

En el dia 2, las células se trataron con compuestos de
prueba y se incubaron durante 2 horas a 37°C con C0; al 5%. Los
compuestos de prueba se prepararon como soluciones concentradas
10 mM en DMSO y se diluyeron en series segun fue necesaric con
medio de crecimiento para preporcionar un rango de

concentraciones 10 veces mayor gue las concentraciones de

prueba finales requeridas. Las alicuotas (10 yl) de cada
dilucidédn de compuesto se <c¢olocaron en un pocillo ({por
triplicado) para proporcionar las concentraciones finales

regueridas. A modo de testigo de respuesta minima, cada placa
contuve pocillos con una congentracion final de 100 pM LYZ29%4002
{Calbicchem, Beeston, UK, No. de catalogoc 440202). A mecdo de
testige de respuesta maxima, los poclllos contuvieron DMSC al

1% en lugar de compuesto de prueba. Luego de la incubacién, el

56
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contenido de las placas se fijd mediante tratamiento con una

soclucidn acuosa de formaldehide al 1,6% (Sigma, Poole, Dorset,

UK, No. de catdlogo F1635) a temperatura ambiente durante 1

hora.

Todas las etapas subsiguientes de aspiracidn y lavado se
llevaron a cabo utilizando un lavadcra de placas de 96 pocillos
Tecan (velcoccidad de aspiracién 10 mm/seg). La sclucidn de
fijacidén se retird y el contenido de las placas se lavé con
solucién salina tamponada con fosfato (PBS; 50 ul; Gibeco, HNo.
de catalogo 10010015). E1 contenide de las placas se traté
durante 10 minutos a temperatura ambiente con una alicuota (50
pl) de una solucidn tampdn de permeabilizacidn celular que
consistia en mezcla de PBS y Tween-20 al 0,5%. La solucién
tampén de 'permeabilizacidén' se retird y los sitios de unidén no
especifica se blogquearcon mediante tratamienteo durante 1 hora a
temperatura ambiente de una alicuota (50 pl) de una sclucidn
tampdén de blogqueo que consistia en leche descremada
deshidratada al 5% ["Marvel' (marca registrada); Premier
Beverages, Stafford, GB] en una mezcla de PBS y Tween-20 al
0,05%. La solucidén tampdn de 'bloqueo' se retird y las células
se incubaron durante 1 hora a temperatura ambiente con solucién
de anticuerpo anti fosfo-Akt (Serd473) de conejo (50 pl por
pocillo; Cell Signalling, Hitchin, Herts, U.K., No. de catalogo
9277) gque se habla diluido 1:500 en tampén de 'blogueo'. Las
células se lavaron tres veces en una mezcla de PBS y Tween-20
al 0,05%. Posteriormente las células se incukarxon durante 1
hora a temperatura ambiente con IgG anti-conejo de cabra
marcado con Alexaflucr488 (50 pl por pocille; Melecular Probes,
Invitrogen Limited, Paisley, UK, No. de catalogc A11008) gque se
habia diluido 1:500 en tampén de 'blogqueo'. Las células se
lavaron 3 veces con una mezcla de PBS y Tween-20 al 0,05%. Se
agregd una alicuota de PBS (50 pl) a cada pocillo y las placas

se sellaron con selladores de placa negros y se detectd vy
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analizd la sefial de fluorescencia.

Se analizaron los

fluorescencia obktenidos para

cada compuesto vy

PCT/GB2009/051755

datos de respuesta de las dosis a 1la

se expresd el

grado de inhibicién de la Serina 472 en Akt como un valor de

Clsg.

Lecs compuestos gue muestran una actividad reducida contra

mTOR pueden mejorar los efectos objetivo.

Si bien las propiedades farmaccldgicas de los

de formula

estructural,

compuestos de fdrmula

{I) varian,

Como se

esperaba,

con el

compuestos

cambio

en general se cree que la actividad que poseen los

(1)

puede demostrarse en las

siguientes

concentraciones o dosis en una o mas de las pruebas (a) a ({d)

precedentes: -

Prueba (a):

particular (,001 - 1 uM para muchos compuestos.

Los

enzimatico de la Prueba

siguientes

CIsg versus quinasa ATR a

ejemplos se

evaluaron

en el

menos de 10 pM, en

ensayo

(a) y el Ensayo de enzima mTOR guinasa

(Echo) :
Ensayo de
ATR enzima
ATR mTOR numero
numero de mTOR
Ejemplo promedio de pruebas
pruebas quinasa
CI50 uM individuales
individuales | (Echo)
CI50 uM
1,01 0,0080%83 6 0,17982 4
1,02 0,007606¢6 3 0,1099 2
1,03 00,0275 3 0,1657 2
1,04 0,02264 4 0,0551¢ e,
1,05 0,0658¢6 5 0,326 2
1,086 0,0157¢2 2 0,07119% 2
1,07 0,01507 2 1
1,08 0,009438 4 0,2307 3
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Ensayo de

ATR enzima
ATR mTOR numero

numero de mTOR

Ejemplo promedio pruebas quinasa de pruebas
CI50 uM individuales
individuales | (Echo)
CI50 uM

1,09 0,003736 5 2
1,10 0,015 4 G,09575 2
1,11 0,01319 2 0,1222 2
1,12 0,03214 2 >90 2
1,13 0,05826 5 1,235 2
1,14 0,02239 2 1,461 2
2,01 0,02676 2 00,4969 2
2,02 00,3758 2 0,4665 2
2,03 0,006209 3 0,098%7 2
2,04 0,004554 2 0,2997 2
2,05 0,0343 2 0,04365 2
3,01 0,003973 5 0,02673 2
3,02 0,000665 2 ¢,09715 2
3,03 0,005456 2 0,04628 2
3,04 0,03553 2 0,2072 2
3,05 0,004229 3 0,05464 2
3,06 0,00344¢6 2 0,037%8 2
3,07 0,01238 2 0,02406 2
3,08 0,002316 3 00,2253 2
3,09 0,001582 2 G,4512 2
3,10 0,003584 |3 0,1451 2
3,11 0,001537¢6 2 ¢,07785 2
3,12 0,002503 2 0,4202 2
3,13 0,001532 2 0,2497 2
3,14 0,01424 2 6,692 2
3,15 0,00254¢6 2 0, 2803 2
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Ensayo de
ATR enzima
ATR mTOR numero

numerc de mTOR

Ejemplo promedio de pruebas
pruebas quinasa

CI50 uM individuales
individuales (| (Echo)
CI50 uM

3,16 0,00199 2 0,08584 2

3,17 0,002259 3 0,09777 2

3,18 G,007625 2 00,3832 2

3,19 0,09758 2 2,824 2

3,20 0,002501 2 0,07108 2

3,21 0,006891 2 0,6864 2

3,22 0,008188 2 00,5559 2

3,23 0,002466 2 0,0891 1

3,24 0,2612 2 6,151 1

3,25 0,02061 2 4,236 1

4,01 0,02017 2

5,01 0,006536 2 0,020987 2

El siguiente ejemplo

celular de SRB (d)

se evalud

en la prueba del ensayo

Numero de
CI50
Célula | Tratamiento |pruebas D.E PF50 |D.E.
ug/ml
individuales
HT29 Carbopliatina | 2 3,97 1,34
Carboplatina
HT29 + 0, 3uM 2 0,39 0,12 | 10,08 | 0,22
Ediemplce 3.01
Carboplatina
HTZ29 + 0, 1luM 2 1,96 a,50 | 2,02 |0,16
Ejemplo 3.01
Nota: los promedios son medias geométricas.
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Los compuestos pueden seleccionarse adicionalmente en base
a otras propiedades biolégicas o fisicas que pueden medirse con
técnicas conocidas en la técnica y que pueden utilizarse en la
evaluacién o seleccidn de compuestos para su aplicacidn
terapéutica o profiléactica.

Los compuestos de la presente invencién son ventajosos, ya
gue poseen actividad farmacoldgica. En particular, los
compuestos de la presente invencidédn modulan la guinasa ATR. Las
propiedades inhibitorias de los compuestos de formula (I}
pueden demostrarse utilizando los procedimientos de prueba
establecidos en esta seccidn y en la seccidn experimental. Por
lo tanto, los compuestos de fdérmula (I) pueden utilizarse en el
tratamiento (terapéutico o profilactico) de
afecciones/enfermedades en animales humanos y no humanos gue
son mediadas por la guinasa ATR.

La invencidn también proporciona una composicidn
farmacéutica que comprende un compuesto de f£érmula (I), o una
sal farmacéuticamente aceptable del mismo, tal como se define
en la presente en asociacidén con un portader o diluyente
farmacéuticamente aceptable. Las compoesiciones de la invencidn
pueden presentarse en formas adecuadas para uso oral (por
ejemplo, come comprimidos, grageas, capsulas duras o blandas,
suspensiones acuosas u oleosas, emulsiones, granulos o polves
dispersables, Jjarabes o elixires), para uso topico (por
ejemplo, como  cremas, unglientos, geles o soluciones ©
suspensiones acuosas u olecsas), para administracién mediante
inhalacién (por ejemplo, como un polvo dividido finamente o un
aerosol liquido), para administracidén mediante insuflacidn {por
ajemplo, COomo un pelvo dividido finamente) o para
administracién parenteral (por ejemplo, come una solucidn
oleosa u acuosa esteéeril para dosificacidn intravenosa,

subcutanea, intraperitoneal o} intramuscular o COomo un
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supositeric para dosificacidn rectal}.

Las compesiciones de la invencidén pueden obtenerse
mediante procedimientos convencionales utilizando excipientes
farmacéuticos convencionales bien conocidos en la técnica. De
esta manera, las composicicnes para uso oral pueden contener,
per ejemplo, unoe © wmés agentes c¢olorantes, edulcorantes,
saborizantes y/o conservantes.

La cantidad de ingrediente activo que se combina con uno o
mas excipientes para producir una forma de dosificacidn unica
variara necesariamente segin el huésped tratade y la via de
administracidén particular. Por ejemplo, una formulacidn para la
administracidén oral en humanos contendrd generalmente, por
ejemplo, entre 1 mg a 1 g de agente activo (mas adecuadamente
de 1 a 250 mg, por ejemplo de 1 a 100 mg) combinado con una
cantidad apropiada y conveniente de excipientes, la cual puede
variar de entre aproximadamente 5 a aproximadamente 98 por
ciento en peso de la composicién total.

El tamafio de la dosis cen fines terapéuticos o]
profilacticos de un compuesto de Férmula I naturalmente variara
de acuerdo con la naturaleza y gravedad de los sintomas o
condicicnes, la edad y el sexo del animal o paciente y la via
de administracidén de acuerdo con principios bien conocidos en
la medicina.

Cuando se utiliza un compuesto de la foérmula (I) con fines
terapéuticos o profilécticos generalmente se administrard en
una dosis diaria entre, por ejemplo, 1 mg/kg a 100 mg/kg por
kile de peso corporzal, el cual podrd administrarse en dosis
divididas si es necesarioc. En general se administraran dosis
maés bajas cuando se emplee una via parenteral. Asi, por
ejemplo, para la administracidén intravencsa se utilizaréa
generalmente una dosis entre por ejemplo, 1 mg/kg a 25 mg/kg
pcr kilo de pesc corporal. En forma similar, ©para 1la

administracidén por inhalacién, se utilizara una dosis entre,
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por ejemplo, 1 mg/kg a 25 mg/kg por kilo de peso corporal.

Tipicamente, las formas de dosificacidén unitarias contendran

aproximadamente 10 mg a C,5 g de un compuesto de esta

invencién.

Tal como se indica en la presente, se sabe gue la guinasa
ATR desempefia un papel en la tumorigénesis, asi como en
numerosas enfermedades. Hemos encontrade que los compuestos de
formula (I) presentan una potente actividad anti-tumoral que se
cree se obtiene mediante la inhibicién de la guinasa ATR.

Por lo tanto, los compuestos de la presente invencién son
de valor como agentes antitumorales. Particularmente, los
compuestos de la presente invencidn son de valor como agentes
anti-proliferativos, apoptéticos y/o antiinvasivos en 1la
contencién y/o el tratamiento de enfermedades de tumor sélido
y/o liguido. Particularmente, se espera que los compuestos de
la presente invencidén sean Utiles en la prevencién o
tratamiento de los tumores sensibles a la inhibicidén de ATR.
adicicnalmente, se espera gue los compuestos de la presente
invencién sean utiles en la prevencidén o tratamiento de los
tumores que son mediadeos exclusivamente o en parte por la ATR.
Los compuestos, por lo tanto, pueden utilizarse para producir
un efectc inhibitorio de la enzima ATR en un animal de sangre
caliente gue necesita dicho tratamiento.

Tal como se indica en la presente, los inhibidores de la
gquinasa ATR pueden tener valor terapéutico para el tratamiento
de una enfermedad proliferativa tal como cancer y en particular
tumores sdlides tales como carcinoma y sarcomas Yy las leucemias
y malignidades linfoides y en particular para el tratamiento
de, por ejemplo, cancer de mama, colofrectal, de pulmdn
(incluyendo cancer de pulmén de célula pequeiia, cancer de
pulmén de célula nc pegquena y céancer broncoalveolar) y de
préstata y céancer del conducto biliarn, dsec, de vejiga, cabeza

y cuello, rinén, higado, tejido gastrointestinal, esdfago,
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ovario, pancreas, piel, testiculc, tircides, uaterc, cuello de

ttero y vulva y de leucemias [incluyendo leucemia linfocitica

aguda {LLA) y leucemia mieldgena crdnica {LMC)], mieloma

maltiple y linfomas.

Los efectos anticédncer que son, por lo tante, nUtiles en el
tratamiento de céancer en un paciente inciuyen, a modo no
taxativo, efectos antitumorales, la tasa de respuesta, la
progresiédn de la enfermedad en el tiempe vy la tasa de
supervivencia. Los efectos anticancer de un método de
tratamiento de la presente invencidén incluyen, a modo no
taxativo, la inhibicidén del crecimientc tumoral, el retardo del
crecimiento tumoral, la regresién de un tumor, el achicamiento
de un tumcr, el aumento del tiempo transcurrido antes del nuevo
crecimiento del tumor luego de la finalizacidén del tratamiento
¥ la ralentizacién del avance de la enfermedad. Los efectos
anticancer incluyen el tratamiento profilédctico, asi como
también el tratamiento de la enfermedad existente.

Un inhibidor de la quinasa ATR, o) una sal
farmacéuticamente aceptable del mismo, también puede ser Gtil
para el tratamiento de pacientes con céanceres, incluidos, a
modo no  taxativo, malignidades hematoldgicas tales como
leucemia, mieloma mGltiple, linfomas tales como enfermedad de
Hodgkin, linfomas de nc Hodgkin (incluide linfoma de células
del manto) y sindromes mielodisplésicos y también tumores
sdlides y su metdstasis, tales como cancer de mama, céncer de
pulmén (cancer de pulmén de célula no pequefia {NSCL), cancer de
pulmén de célula pequefia (SCLC), carcinoma de célula escamosa,
cdncer endometrial, tumores del sistema nerviosoc central tal
como gliomas, Tumor neuroepitelial disembrioplésico,
glicblastoma multiforme, gliomas mixtos, meduloblastoma,
retinoblastoma, neurcblastoma, germinoma y teratoma, canceres
del tracto gastrointestinal tales como céncer gastrico, cédncer

escfagico, carcinoma hepatocelular (higado),



10

15

20

25

30

WO 2010/073034 PCT/GB2009/051755
52

colangiocarcinomas, carcinomas de colon y recto, canceres del
intestino delgado, canceres pancredticos, cénceres de la piel
tales comoc melanomas (en particular melancma metastatico),
canceres de tiroides, cénceres de la cabeza y cuello y canceres
de las gléndulas salivales, proéstata, testiculos, ovario,
cuello de 1tero, TUtero, vulva, vejiga, rifidn (incluidos
carcinoma de células renales, oncocitoma de células claras y
renal), carcinomas de células escamosas, sarcomas tales como
osteosarcoma, condrosarcoma, leiomiosarcoma, sarcoma del tejido
blando, sarcoma de Ewing, tumor estromal gastrointestinal
(GIST), sarcoma de Kaposi y canceres pediatricos tales como
rhabdomiosarcomas y neuroblastomas.

Los compuestos de la presente invencidn y los métodos de
tratamientc que comprenden la administracién o el uso de un
inhibidor de quinasa ATR, o una sal farmacéuticamente aceptable
del mismo, se espera que sean particularmente utiles para el
tratamiento de pacientes con cancer de pulmdn, cancer de
préstata, melanoma, cancer de ovario, cancer de mama, cancer
endometrial, cancer de rifidn, cancer gastrico, sarcomas,
cidnceres de cabeza y cuello, tumores del sistema nervioso
central y su metédstasis y también para el tratamiento de
pacientes con leucemia mieloide aguda.

De acuerdo con un aspecto adicional de la invencidn se
properciona un compuesto de féormula (I, o) una sal
farmacéuticamente aceptable del mismo, tal como se define en la
presente para su uso como un medicamento en un animal de sangre
caliente tal como el hombre.

De acuerdco con un aspecto adiciqnal de 1a invencidn, se
propocrciona un compuesto de foérmula (1), o) una sal
farmacéuticamente aceptable del mismo, tal como se define en la
presente para sSu uso en la produccion de un efecto
antipreliferativo en un animal de sangre caliente tal como el

hombre.
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De acuerdo con un aspecto adiciocnal de la invencidn, se
proporciona un compuesto de formula (1), o) una sal
farmacéuticamente aceptable del mismo, tal como se define en la
presente para su uso en la produccidédn de un efecto apoptdtico
en un animal de sangre caliente tal como el hombre.

De acuerdo con una caracteristica adicicnal de 1la
invencidn se proporciona un compuesto de férmula (I), o una sal
farmacéuticamente aceptable del mismo, tal como se define en la
presente para su uso en un animal de sangre caliente tal como
el hombre como un agente antiinvasivo en la contencién y/o
tratamiento de una enfermedad proliferativa tal como céncer.

De acuerdo con un aspecto adicional de la invencidn, se
proporciona el uso de un compuesto de férmula {I), o© una sal
farmacéuticamente aceptable del mismo, fal como se define en la
presente para la produccidén de un efecto antiproliferativo en
un animal de sangre caliente tal como el hombre.

De acuerdoc con un aspecto adicional de la invencidn, se
proporcicna el uso de un compuesto de formula {I), o una sal
farmacéuticamente aceptable del mismo, tal como se define en la
presente para su uso en el tratamiento del cancer.

De acuerdo con una caracteristica adicional de este
aspecto de la invencidn se proporciona el uso de un compuesto
de férmula (I), o una sal farmacéuticamente aceptable del
mismo, tal como se define en la presente en la fabricacién de
un medicamento para su usc en la produccidén de un efecto
antiproliferativo en un animal de sangre caliente tal como el
hombre.

De acuerdo con un aspecto adicional de la invencidn, se
proporciona el uso de un compuesto de £f£érmula (I), o una sal
farmacéuticamente aceptable del mismo, tal como se define en la
presente para la produccidén de un efecto apoptdético en un

animal de sangre caliente tal como el hombre.
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De acuerdo con una caracteristica adicional de este

aspecto de la invencidn se proporciona el uso de un compuesto

de foérmula (I), ¢ una sal farmacéuticamente acgeptable del

mismo, tal como se define en la presente en la fabricacidn de

un medicamento para su uso en la produccion de un efecto

apoptético en un animal de sangre caliente tal como el hombre.

De acuerdo «con una <caracteristica adicional de la
invencién se proporciona el uso de un compuesto de férmula (I),
¢ una sal farmacéuticamente aceptablé del mismo, tal como se
define en la presente en la fabricacidédn de un medicamentc para
su uso en un animal de sangre caliente tal como el hombre como
un agente antiinvasivo en la contencidén y/o tratamiento de una
enfermedad proliferativa tal como cancer.

De acuerdc con una caracteristica adicional de este
aspecto de la invencidén se proporciona un método para producir
un efecto antiproliferativo en un animal de sangre caliente,
tal como el hombre, que necesita dicho tratamiento que
comprende administrar a diche animal una cantidad efectiva de
un compuesto de férmula (I), o wuna sal farmacéuticamente
aceptable del mismo, tal como se define en la presente.

De acuerdo con una caracteristica adicional de este
aspecto de la invencidn se proporciona un método para producir
un efecto antiinvasive mediante la contencidn y/o tratamiento
de una enfermedad de tumor sélide en un animal de sangre
caliente, tal como el hombre, que necesita dicho tratamiento
que comprende administrar a dicho animal una cantidad efectiva
de un compuesto de fdérmula (I), o una sal farmacéuticamente
aceptable del mismo, tal como se define en la presente.

De acuerdo con un aspecto adicional de la invencidn se
proporcicna el uso de un compuesto de f£érmula (I), © una sal
farmacéuticamente aceptable del mismo, tal como se define en la

presente en la fabricacidn de un medicamentc para su uso en la
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prevencidn o tratamiento de una enfermedad proliferativa tal

como cancer en un animal de sangre caliente tal como el hombre.

De acuerdo con una caracteristica adicicnal de este
aspecto de 1la invencién se proporciona un métcdo para la
prevencién o tratamiento de una enfermedad proliferativa tal
como cancer en un animal de sangre caliente, tal como el
hombre, que necesita dicho tratamiento que ccmprende
administrar a dicho animal una cantidad efectiva de un
compuesto de férmula (I), o una sal farmacéuticamente aceptable
del mismo, tal como se define en la presente.

De acuerdo con un aspecto adicional de la invencidn se
proporciona un compuesto de férmula {1}, 0 una sal
farmacéuticamente aceptable del mismo, tal como se define en la
presente para su uso en la prevencidn o tratamiento de aquellos
tumores sensibles a la inhibicién de la quinasa ATR.

De acuerdo con una caracteristica adicicnal de este
aspecto de la invencidén se proporciona el uso de un compuesto
de férmula (I), o wuna sal farmacéuticamente aceptable del
misme, tal como se define en la presente en la fabricacién de
un medicamento para su uso en la prevencidn o tratamiento de
aquellos tumores sensibkles a la inhibicidén de la quinasa ATR.

DPe acuerdc con una caracteristica adicicnal de este
aspecto de la invencidén se proporciona un métode para la
prevencidén o tratamientc de aquellos tumcres sensibles a la
inhibicidén de la gquinasa ATR que comprende administrar a dicho
animal una cantidad efectiva de un compuesto de formula (I), ©
una sal farmacéuticamente aceptable del mismo, tal c¢omo se
define en la presente.

De acuerdo con un aspecto adicional de 1a invencidn se
proporciona un compuesto de farmula (Iy, ) una sal
farmacéuticamente aceptable del mismo, tal como se define en 1la
presente para su uso para proporcionar un efecto inhibitoric de

la guinasa ATR.
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De acuerdo con una caracteristica adicional de este
aspecto de la invencidén se proporciona el uso de un compuesto
de férmula (I), o© una sal farmacéuticamente aceptable del
mismo, tal como se define en la presente en la fabricacidén de
un medicamento para su  uso para proporcionar un efecto
inhibitorio de la guinasa ATR.

De acuerdo <con un aspecto adicional de 1la invencidn
también se proporciona un método para proporcionar un efecto
inhibitorio de la guinasa ATR que comprende administrar una
cantidad efectiva de un compuesto de férmula I, o una sal
farmacéuticamente aceptable del mismo, tal como se define en la
presente.

De acuerdo c¢on una caracteristica adicional de la
invencidén se proporciona un compuesto de férmula I, © una sal
farmacéuticamente aceptable del mismo, tal como se define en la
presente para su uso en el tratamientc de céancer, enfermedades
inflamatorias, enfermedades de las vias respiratorias,
enfermedades inmunes o enfermedades cardiovasculares.

De acuerdoc c¢on una caracteristica adicional de 1la
invencién se proporciona un compuesto de férmula I, o una sal
farmacéuticamente aceptable del mismo, tal como se define en la
presente para su uso en el tratamiento de tumores sélides tales
como carcinoma y sarcomas y las leucemias vy malignidades
linfecides.

De acuerdo «con una caracteristica adicional de la
invencidén se proporciona un compuesto de férmula I, o una sal
farmacéuticamente aceptable del mismo, tal como se define en la
presente para su usc en el tratamiento de céncer de mama,
colorrectal, pulmdn ({(incluyendo céncer de pulmén de celula
pequefia, cancer de pulmén de celula no pequefla y cancer
broncoalveolar) y préstata.

De acuerde con una caracteristica adicional de la

invencién se proporciona un compuestco de férmula (I}, o una sal
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farmacéuticamente aceptable del mismo, tal como se define en la
presente para su usc en el tCtratamiento de cancer del ducto
biliar, huesos, vejiga, cabeza y cuello, riidén, higado, tejido
gastrointestinal, esdfago, ovario, pancreas, piel, testes,
tiroides, utero, «cuello de utero y wvulva vy de leucemias
(incluyendo LLA y LMC), mieloma miltiple y linfomas.

De acuerdo con una caracteristica adicional de 1la
invencidén se proporciona un compuesto de férmula (I), o una sal
farmacéuticamente aceptable del mismo, tal como se define en la
presente para su uso en el tratamiento de cancer del ducto
biliar, huesos, vejiga, cabeza y cuello, rifAdén, higado, tejido
gastrointestinal, eséfago, ovario, endometrio, pancreas, piel,
testes, tircides, uUtero, cuello de utero y vulva y de leucemias
(incluyendo LLA y LMC), mieloma multiple y linfomas.

De acuerdo con una caracteristica adicional de 1la
invencidn se proporciona un compuesto de foédrmula (T), © una sal
farmacéuticamente aceptable del mismo, tal como se define en la
presente para su uso en el tratamiento de cancer de pulmdn,
cancer de prodstata, melanoma, cancer de ovario, cancer de mama,
cancer endometrial, céancer de rifién, cancer géastrico, sarcomas,
canceres de cabeza vy cuello, tumores del sistema nervioso
central vy su metéstasis y también para el tratamientc de
leucemia mieloide aguda.

De acuerdo c¢on una caracteristica adicional de la
invencidén se proporciona el uso de un compuesto de férmula (I},
0o una sal farmacéuticamente aceptable del mismo, tal como se
define en la presente en la fabricacidén de un medicamento para
su uso en el tratamiento de cdncer, enfermedades inflamatorias,
enfermedades de las vias respiratorias, enfermedades inmunes o
enfermedades cardiovasculares.

De acuerdo «con una caracteristica adicicnal de 1la
invencidn se proporciona el uso de un compuesto de formula (I),

o una sal farmacéuticamente aceptable del mismoc, tal como se

7=
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define en la presente en la fabricacidén de un medicamento para

su uso en el tratamiento de tumores sdélidos tales como

carcinoma y sarcomas y las leucemias y malignidades linfoides.

De acuerde <con una caracteristica adicional de 1la
invencién se proporciona el uso de un compuesto de férmula (I),
o una sal farmacéuticamente aceptable del mismo, tal cocmo se
define en la presente en la fabricacidén de un medicamento para
su uso en el tratamiento de cancer de mama, colorrectal, pulmén
(incluyendo céancer de pulmén de c¢élula peguefia, cancer de
pulmén de célula no pequefia y cancer broncoalveolar) vy
prostata.

De acuerdoc con una caracteristica adicicnal de 1la
invencién se proporciona el uso de un compuesto de férmula (I),
o una sal farmacéuticamente aceptable del misme, tal como se
define en la presente en la fabricacién de un medicamento para
su uso en el tratamiento de cancer del ducto biliar, huesos,
vejiga, cabeza y cuello, rinén, higado, tejido
gastrointestinal, esdfago, ovario, pancreas, piel, testes,
tiroides, Utero, cuello de utero y vulva y de leucemias
{(incluyendo LLA y LMC), mieloma multiple y linfomas.

De acuerdo c¢con una caracteristica adicicnal de la
invencién se proporciona €l uso de un compuesto de férmula (I},
o una sal farmacéuticamente aceptable del mismo, tal como se
define en la presente en la fabricacidn de un medicamento para
su usc en el tratamiento de cancer de pulmdn, cancer de
préstata, melanoma, céncer de ovario, céncer de mama, céncer
endometrial, cdncer de rifidn, céncer gastrico, sarcomas,
canceres de cabeza y cuello, tumores del sistema nervioso
central y su metédstasis y también para el tratamiento de
leucemia mieloide aguda.

De acuerdo con una caracteristica adicicnal de la
invencidén se proporciona un método para el tratamiento de

cancer, enfermedades inflamatorias, enfermedades de las vias
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respiratorias, enfermedades inmunes o enfermedades
cardicvasculares en un animal de sangre caliente tal como el
hombre gue necesita dicho tratamientc que comprende administrar
una cantidad efectiva de un compuestc de férmula (I), o una sal
farmacéuticamente aceptable del mismo, tal como se define en la
presente.

De acuerdoc con una caracteristica adicional de 1la
invencidén se proporciona un métode para el tratamiento de
tumores sdélidos tales como carcinoma y sarcomas y las leucemias
y malignidades linfoides en un animal de sangre caliente tal
como el hombre gque necesita dicho tratamiento gue comprende
administrar una cantidad efectiva de un compuesto de fdérmula
{I), o una sal farmacéuticamente aceptable del mismo, tal como
se define en la presente.

De acuerdeo con una caracteristica adicional de la
invencién se proporciona un método para el tratamientoc de
cédncer de mama, colorrectal, pulmén {incluyendo cancer de
pulmén de célula pequefia, cancer de pulmdédn de célula no pequefa
y cancer broncoalveolar) y prdstata en un animal de sangre
caliente tal como el hombre gue necesita dicho tratamiento gque
comprende administrar una cantidad efectiva de un compuestc de
férmula (I), o una sal farmacéuticamente aceptable del mismo,
tal como se define en la presente.

De acuerdo con una caracteristica adicional de 1la
invencién se proporciona un método para el tratamiento de
cancer del ducto biliar, huesos, vejiga, cabeza vy cuello,
rifién, higado, tejido gastrointestinal, eséfago, ovario,
pancreas, piel, testes, tiroides, udtero, cuelle de utero vy
vulva y de leucemias (incluyendo LLA y LMC), mieloma multiple vy
linfomas en un animal de sangre caliente tal comc el hombre que
necesita dicho tratamientc que comprende administrar una

cantidad efectiva de un compuesto de fédrmula (I}, o una sal
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farmacéuticamente aceptable del mismo, tal como se define en la

presente.

De acuerdo «ccn una caracteristica adicional de 1la
invencién se proporciona un método para el tratamiento de
cédncer de pulmén, cancer de prostata, melanoma, cancer de
ovaric, céancer de mama, cancer endometrial, c¢ancer de rinodn,
cancer géastrico, sarcomas, canceres de cabeza y cuello, tumores
del sistema nervioso «central y su metdstasis y leucemia
mieloide aguda en un animal de sangre caliente tal comc el
hombre que necesita dicho tratamiento que comprende administrar
una cantidad efectiva de un compuesto de férmula (I), © una sal
farmacéuticamente aceptable del mismc, tal como se define en la
presente.

Tal como se establece en la presente, los efectos in vivo
de un compuesto de f6rmula (I) pueden ser ejercidos, en parte,
por uno o mas metabolitos que se forman en el cuerpo humano o

animal después de la administracidn de un compuesto de férmula

(L.

La invencidn adicionalmente se refiere a terapias de
combinacién en donde un compuesto de fdérmula (I), o una sal
farmacéuticamente aceptable del mismo, o una composicidn

farmacéutica o formulacidédn gue comprende un compuestc de
férmula (I), se administra concurrentemente o secuencialmente o
como una preparacidn combinada con otro tratamiento utilizado
en el control de una enfermedad oncoldgica.

El tratamiento anticédncer definido anteriormente en la
presente puede aplicarse como terapia uUnica o puede implicar,
ademés del compuesto de la invencidn, cirugia convencional o
radioterapia o© guimioterapia. Por lo tanto, los compuestos de
la invencidén también pueden utilizarse en combinacidén con
agentes terapéuticos existentes para el tratamiento de cancer.
Los agentes adecuados a ser utilizados en combinacidén incluyen

(1) farmacos antiproliferativos/antineoplasticos V%
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combinaciones de los mismos, tal come se emplean en la
ocncologia médica, c¢omo &agentes alquilantes (por ejemplo cis-
platina, oxaliplatina, carboplatina, ciclofosfamida, mostaza de
nitrégeno, melfaléin, clorambucil, busulfan, temozolamida vy
nitrosoureas); antimetabolitos (por ejemplo, gemcitabina vy
antifolatos como fluoropirimidinas tal como 5-fluorouracilo y
tegafur, raltitrexed, metotrexato, citosina arabinosida =)
hidroxiurea); antibidticos antitumorales {por ejemplo:
antraciclinas COMo adriamicina, blecomicina, doxorubicina,
daunomicina, epirubicina, idarubicina, mitomicina-C,
dactinomicina y mitramicina); agentes antimitdticos (poxr
ejemplo alcaloides de la vinca como vincristina, vinblastina,
vindesina y vinorelbina y taxoides como taxol y taxotere e
inhibidores de pologuinasa); e inhibidores de topoisomerasa
(por ejemplo epipodofilotoxinas como etoposida y teniposida,
amsacrina, topotecédn y camptotecina);

(1i) agentes citostaticos tal como antiestrégenocs (por ejemplo
tamoxifeno, fulvestrant, toremifeno, raloxifeno, droloxifeno vy
yodoxifeno), antiandrégenos (por ejemplo bicalutamida,
flutamida, nilutamida y acetato de ciproterona), antagonistas
de LHRH o agonistas de LHRH (por ejemple goserelina,
leuprorelina y buserelinal, progestdgenos (por ejemplo acetato
de megestrol), inhibidores de aromatasa {porx ejemplo

anastrozol, leftrozol, vorazol y exemestano) e inhibidores de

Sa-reductasa como finasterida;

{1ii) agentes anti-invasidén (por ejemplc inhibidores de la
familia de las c-Src quinasas COomo 4-{6-cloro-2,3-
metilenodioxianilino)=-7-[2~{4-metilpiperazin-1-il)etoxi]-5-
tetrahigotairan-4-iloxiquinazolina (RZD0530; Solicitud de
Patente Internacional WO 01/94341) y WN-(2-cloro-6-metilfenil)-
2-{6-[4-{2-hidroxietil)piperazin-1-il]-2-metilpirimidin-4-
ilemino)tiazol-5-carboxamida {(dasatinib, BMS-354825; J. Med.
Chem, , 2004, 47, 6658~-6661) e inhibidores de la

7
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metaloproteinasa tales como marimastat, inhibidecres de la

funcisén del receptor activador del plasmindgenc de uroguinasa);

(iv) inhibidores de 1la funcién del factor de crecimiento;

diches inhibideres incluyen, por ejemplc, anticuerpos deil

factor de crecimiento, anticuerpos del receptor del factor de

crecimiento (por ejemplo el anticuerpo anti-erbB2 trastuzumab}

[Herceptin™], el anticuerpo anti-EGER panitumumab, el
anticuerpo anti-erbBl cetuximab [Exrbitux, C225]; dichos
inhibidores también incluyen inhibidores de tirosina gquinasa,
por ejemplo, inhibidores de la familia del ‘factor de
crecimiento epidérmico (por ejemplo los inhibidores de la
familia de 1a tirosina quinasa EGFR como N-(3-cloro-4-
fluorofenil)-7-metoxi-6-(3-morfolinopropoxi)qgquinazolin-4-amina
(gefitinib, zZzD1839), N-{3-etinilfenil)-6,7-bis(2-
metoxietoxi)guinazolin-4-amina {erlotinib, OSI-774) y 6-
acrilamido-N-(3-cloro-4-fluorofenil)-7-(3-
morfolinopropoxi)quinazolin-4-amina (CI 1033)), inhibidores de
tirosina gquinasa de erbBZ tales come lapatinib, inhibidores de
la familia del factor de crecimiento de hepatocitaos,
inhibidores de la familia del factor de crecimiento derivado de
plaguetas tal comc imatinib, inhibidores de serina/treonina
quinasas {por ejemplo inhibidcres de la sefalizacién de Ras/Raf
tales como inhibidors de la farnesiltransferasa, por ejemplo
sorafenib {BAY 43-9006)), inhibidecres de la sefializacidn
celular a través MEK y/o Akt guinasas;

(v} agentes antiangicgénicos como los que inhiben los efectos
del factor de crecimiento endotelial vascular, (por ejemplc el

anticuerpo del factor de crecimiento endotelial anti-vascular

bevacizumabh [Avastin™] e inhikidores de tircsina gquinasa del
receptor VEGF tales como 4-(4-bromo-2-fluorcanilino}-é-metoxi-
7-(l-metilpiperidin~-4-ilmetoxi}guinazolina (ZD6474; Ejemplo 2
en WO 01/32651), 4-{4-fluocro-2-metiljndol-5-iloxi)-6-metoxi-7~

(3-pirrolidin-1l-ilpropoxi)guinazolina (AZD2171; Ejemplo 240 en
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WO 00/47212), wvatalanib {(PTK787; WO 98/35985) y SUl1248
{(sunitinib; WO 01/60814), vy compuestos gue operan mediante
ctros mecanismos (pcr ejemplo: linomida, inhikidores de la
funcidn integrina avf3 y angiostatina);
(vi) agentes que producen dafios vasculares como Combretastatina
A4 vy los compuestos revelados en las Solicitudes de Patente
Internacionales WO 8%/02166, WO 00/4052%, WO 00/41669, WO
01/92224, WO 02/04434 y WO 02/08213;
(vii) terapias anti-sentido, por ejemplo, aquellas dirigidas a
los blancos mencionados antericrmente, como TISIS 2503, un anti-
sentido anti-ras;
(viii} abordajes de terapia genética, incluyendo por ejemplo,
el reemplazo de genes aberrantes como el aberrante p53 o los
aberrantes BRCAl o BRCA2, los enfogques de la GDEPT (terapia de
pro-farmaco de enzimas dirigidas por genes}) como los gue
emplean ciltosina deaminasa, timidina quinasa o© una enzima
nitrorreductasa bacterial vy abordajes para incrementar la
tolerancia de los paclentes a la quimioterapia o la
radioterapia, comc la terapia genética de resistencia multi-
fadrmaco;
(ix} abordajes de inmunoterapia, incluyendo, por ejemplo,
abordajes ex vivo e in vivo para incrementar la inmunogenicidad
de las células tumorales de los pacientes, como en la
transfeccién con citoguinas como interleuquina 2, interleuguina
4 o el factor de estimulacidén de la colonia de granuleocitos-
macréfagos, abordajes para disminuir la anergia de las células
T, &abordajes gue utilizan células inmunes transfectadas como
células dendriticas transfectadas con citogquina, abordajes que
emplean lineas de células tumorales transfectadas con
citeoquinas 3% abordajes que emplean anticuerpos anti-
idiotipicos.

De acuerdo con un aspecto adicional de la invencidén se

proporciona el uso de un compuesto de férmula (I), o una sal
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farmacéuticamente aceptable del mismo, en la preparacidén de un

medicamento para su uso como complemento en la terapia contra

el cancer © ©para potenciar <células tumorales para el

tratamiento con radiacidn ionizante o agentes

guimioterapéuticos.

De acuerdo con otro aspecto de la invencidn se proporciona
un compuesto de férmula (I), o una sal farmacéuticamente
aceptable del mismo, en combinacidédn con radiacidn ionizante o
agentes quimioterapéuticos para su usc en el tratamiento de
cancer.

A continuacidén la invencidén se explicard adicionalmente
con referencia a los siguientes ejemplos ilustrativos.

A menos qgue se indique de otra forma, los materiales de
partida estaban comercialmente disponibles. Todos los
disclventes y reactivos comerciales fueron de grado de

laboratorio y se utilizaron tal como se recibieron.

Condiciones experimentales generales

La invencién se ilustrarid mediante los siguientes Ejemples en
los que, generalmente:

(i) las operaciones se llevaron a cabo a temperatura ambiente
(TA), es decir, en el rango de 17 a 25°C y bajc una atmdsfera
de un gas inerte tal como N; o Ar, a menos que se indique de
otra forma;

{ii) en general, el transcurso de las reacciones se siguiod
por cromatografia en capa fina (TLC) y/o cromatografia
ligquida de alto rendimiento (HPLC) analitica gque normalmente
se acopld a un espectrdmetro de masas (LCMS). Los tiempos de
reaccién proporcionados no son necesariamente el minimo
alcanzable;

(iii) cuandoc fue necesario, las soluciones orgéanicas se
secaron sobre MgSQO, o NayS04, los procedimientos de elaboracidn

se llevaron a cabo utilizando técnicas de separacidn de fases
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tradicionales o mediante la utilizacién de SCX como se describe
en (x1ii), las evaporacicnes se llevaron a cabo mediante
evaporacidn rotativa al vaclo o en un Genevac HT-4 / EZ-2 o
Bictage V10;
{iv} los rendimientos, en donde se encuentran presentes, no
son necesariamente el maxime obtenible vy, cuando  fue
necesario, las reacciones se repitieron cuando se requirid
una cantidad mayor del producto de reaccidn;
{vl en general, las estructuras de los productos finales de
la férmula {I) se confirmaron mediante resonancia magnética
nuclear (NMR) y/o técnicas de espectros de masas; los datos
de espectros de masas por electropulverizacién se obtuvieron
utilizando un espectrémetro de masas Waters ZMD o Waters ZQ
LC adquiriendo los datos idnicos positivos y negativos vy,
generalmente, solamente se reportan los 1iones relacionades
cen  la estructura base; los wvalores de desplazamientcs
gquimicos de la NMR protdénica se midieron en la escala delta
utilizando un espectrémetro Bruker DPX300 funcionando a una
fuerza de campo de 300 MHz, un Bruker DRX400 funciocnando a 400
MHz, un Bruker DRX500 funcionando a 500 MHz o un Bruker AV700
funcionando a 700 MHz. A menos que se indique de otra forma,
los espectros de NMR se obtuvieron a 400 MHz en d°
dimetilsulféxido. Se utilizaron las siguientes abreviaturas:
s, singulete; d, doblete; t, triplete; g, cuartete; m,
multiplete; br, ancho; gn, gquinteto;
(vi)} a menos gue se indigque de otra forma, los compuestos que
contienen un é&tomo de carbono y/o azufre asimétrico no se
resolvieron;
(vii) los intermedios no necesariamente se purificaron
completamente pero sus estructuras vy pureza se evaluaron
mediante TLC, HPLC analitica vy/o analisis por NMR vy/o

espectrometria de masas;

T+
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(viii) a menos gue se indique de otra forma, la cromatografia
instantdnea en columna (FCC) se llevé a cabo scbre silice
Kieselgel de Merck (Art. 9385) o en cartuchos Silicycle (40-03
um de silice, 4 a 330 g de peso) o en cartucheos Grace resolv (4
- 120 g) ya sea en forma manual o autcmatizada utilizando un
sistema Isco Combi Flash Companion;
(ix) la HPLC preparativa de fase inversa (RP HPLC) se llevd a
cabo en una columna en fase inversa de silice Cl8, por ejemplo
en una columna en fase inversa preparativa Waters ‘Xterra’ o
*XBridge’ (5um de silice, 19 mm de diametro, 100 mm de
longitud) o en wuna columna en fase inversa preparativa
Phenomenex “Gemini” o ‘AXIA’ (5um de silice, 11CA, 21,1 mm de
didmetrc, 100 mm de longitud) utilizando mezclas cada vez menos
polares como eluyente, por ejemple [conteniendo 1-5% de acido
formico o 1-5% de hidrédxido de amonic acuoso (d = 0,88)] como
disolvente A vy acetonitrilo como disolvente B o 3:1 MeOH
MeCN; un procedimiento tipico seria tal como se describe a
continuacién: un gradiente de disolvente durante 8,5 minutos, a
25 mL por minuto, de una mezcla 85:15 (o una relacidn
alternativa segin sSea necesario) de disclventes A y B
respectivamente a una mezcla 5:95 de disolventes A y B;
(x} se usarcn los siguientes métodos de HPLC analitica; en
general, se utilizd silice en fase inversa con una tasa de
flujo de aproximadamente 1 ml/minuto y la deteccidn se llevd
a cabo mediante espectrometria de masas por
electropulverizacién y absorbancia UV a una longitud de onda
de 254 nm. La HPLC analitica se llevdé a cabo en una columna en
fase inversa de silice Cl8, en una columna en fase inversa
preparativa Phenomenex “Gemini” (5um de silice, 110 A, 2 mm de
diametro, 50 mm de longitud) utilizando mezclas cada vez MEnos
polares como eluyente, por ejemplo mezclas cada vez menos
polares de agua (conteniende 0,1% de &acido férmico o 0,1% de

amcniaco) como disolvente A y acetonitrilo como disolvente B o
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3:1 MeCH : MeCN. Un método por HPLC analitica tipico seria tal
como se describe a c¢ontinuacidn: un gradiente de disolvente
durante 4 minutos, a aproximadamente 1 mL por minuto, de una
mezcla 95:5 de disolventes A y B respectivamente a una mezcla
5:95 de disolventes A y B;
(i) cuando ciertos compuestos se obtuviercn como una sal de
adicidén de acido, por ejemplo una sal mono-clorhidrato o una
sal di-clorhidrato, la esteguiometria de la sal se basd en el
nimero y la naturaleza de los grupos basicos en el compuesto,
la estequiometria exacta de la sal generalmente no se
determind, por ejemplo por medic de los datos del andlisis
elemental;
{xii) cuando las reacciones se refieren al usc de un
microondas, se utilizaron uno de los sigquientes reactores de
microondas: Biotage Initiator, Perscnal Chemistry  Emrys
Optimizer, Perscnal Chemistry Smithcreator o CEM Explorer;
(xiii) los compuestos se purificaron mediante cromatografia de
intercambio catidénico fuerte (SCX) utilizando una columna SCX-2
instantanea Isolute SPE {International Sorbent Technolegy
Limited, Mid Glamorgan, UK);
(xiv) ademas de las mencionadas anteriormente, se utilizaron

las siguientes abkreviaturas:

DME N, N- DMA N, N~-dimetilacetamida
dimetilformamida

DCM diclorometano THF tetrahidrofurano

conc. concentrado m/z Pico(s) de

espectrometria de

masas
TBAF Fluoruro de tetra | NMP l-metilpirrolidin-2-
n-butilamonio ona
EtOAcC acetato de etilo DIPEA N,N-

diisopropiletilamina

DME l,2-dimetoxietanc MeOH metanol

44
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MeCN acetonitrilo TBAR bromuro de tetra n-
butilamonio
h hora (s} ELQH etancl

Ejemplo 1.01

4-{4-[1-{Metilsulfonil)ciclopropil]-6-morfolin-4-
ilpirimidin-2-il}-1H-indol

)

e TN
S g NH
gl N
)
Se suspendieron . dicloruro de

bis(trifenilfosfina)paladio(ll) (82 mg, 0,12 mmocl), 4-(Z2-cloro-
6- (1~ (metilsulfonil)ciclopropil)pirimidin-4-il)morfolina (371
mg, 1,17 mmel), carbonate de socdio acuoso 2M (3,50 mL, 7,00
mmol) y &cido 1lH-indol-4-ilbordnico (225 mg, 1,40 mmcl) en 18%
de DMF en 7:3:2 DME:agua:EtOH (8 mL) v se sellaron dentro de un
tube de microondas. La mezcla se calentd hasta alcanzar 110 °C
durante 1 hora en un reactor de microondas y luego se dejo
enfriar hasta alcanzar TA. La mezcla se purificd mediante HPLC
preparativa utilizando mezclas cada vez menos polares de agua
(que contenian 1% de NH3) y MeCN como eluyentes. Las fracciones
que contenian el compuesto deseado se combinaron y luego se
evaporaron. El residuo se purificdé mediante HPLC preparativa
utilizando mezclas cada vez menos polares de agua {que
contenian 0,1% de &acido férmico) y MeCN como eluyentes. Las
fracciones que contenian el compuesto deseadoe se combinaron vy
luego se evaporaron para proporcionar el compuesto del titulo
(264 mg, 57%); 'H NMR {400 MHz, DMSO-dg) 1,60 - 1,63 (2H, m),
1,71 - 1,74 (2H, m), 3,10 (3H, s), 3,74 - 3,78 (8H, m), 6,89
(tH, s), 7,21 (1H, t), 7,31 ({(1H, d), 7,46 {(1H, t), 7,55 (1lH,
d), 8,04 - 8,06 (1H, m), 11,25 (1H, s):; m/z: (ES+) MH", 399,13.




10

15

20

25

30

WO 2010/073034 PCT/GB2009/051755
69

De forma alternativa, el compuesto del titulo puede
prepararse come se describe a continuacidn:

Se agregd tetrakis (trifenilfosfina)Pd{(0) (56,1 mg, 0,05
mmel. ) a 4-({6-(1l-(metilsulfcenil)ciclopropil)-2-
(metiltio)pirimidin-4-il)morfolina (200 mg, 0,61 mmol), A&cido
lH-indol-4-ilbordnico {195 mg, 1,21 mmol) y {tiofenco-2-
carbonilexi)cobre (301 mg, 1,58 mmol) en una mezcla de dioxanoc
(10 mL) y DMA (2 mL) bajo una atmdsfera de nitrdgeno. La mezcla
resultante se agitdé a 90 °C durante 18 horas. La mezcla se
purificd mediante cromatografia de intercambic idénico,
utilizando una columna SCX. El productec se eluyd de la columna
utilizando NH3; 7M en MeOH y las fraccicones gue contenian el
producto se combinaron y se evaporaron. El residuc se purificéd
mediante HPLC preparativa utilizando mezclas cada vez menos
polares de agua (que contenian 1% de NH3) y MeCN como eluyentes.
Las fracciones que contenian el compuesto deseado se combinaron
Y Se evaporaron para proporcionar el compuesto del titulo (58
mg, 24%); 'H NMR (400 MHz, DMSO-d¢) 1,59 - 1,62 (2H, m), 1,71 -
1,74 (2H, m), 3,25 (3H, s), 3,76 - 3,78 (8H, m), 6,89 (lH, s},
7,20 (1H, t), 7,30 (1H, t), 7,45 (1H, t), 7,55 (1H, d), 8,03 -
8,05 (1H, m), 11,24 (1H, s); m/z: (ES+) MH', 399,15.

La 4-{2-cloro-%6-(l-(metilsulfonil)ciclopropil)pirimidin-4-
il)morfolina, utilizada como material de partida, puede
prepararse como se describe a continuacién:

a) Se disolvid 6-(clorometil}-1H-pirimidina-2,4-diona (175
g, 1,09 mol) en DME (2 L) y luego se agregd metanosulfinato de
sodio (133,55 g, 1,31 mol). La mezcgla se calentd hasta alcanzar
125°C durante 2h. Después de enfriar hasta alcanzar TA, la
mezcla se filtré y el filtrade se c¢concentrd al wvacio. ElL
material bruto se lavd con agua, se £f£iltrd, luego se triturd
con tolueno. El sélido se filtrd luego se triturd con isohexano
para proporcionar 6-(metilsulfonilmetil)-1H~pirimidina-2,4-

diona {250 g), gue se utilizd sin purificacidn adicicnal.
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b) Se agregd 6- (metilsulfonilmetil)-1H-pirimidina-2, 4-

diona (132 g, 0,65 mol}) a POCls (1,2 L) y la mezcla se calentd

hasta alcanzar reflujo durante 1l6h. El exceso de POCl; se retird

al vacio, el residuo se sometid a azeotropia con tolueno (2 X

500 mL) v el residuc se disolvid en DCM. Esta solucidn luego se

vertid lentamente en hielo (4 L) y la mezcla se agitd durante

20 minutos. La mezcla luego se extrajo con DCM (3 x 1 L) (se

retiré material negro insoluble mediante filtracidn y se

descartd) y EtORc (2 x 1 L). Los extractos organicos se
combinarcn, se secaron y se concentraron al vacio para
proporcicnar 2,4-dicloro-é~{metilsulfeonilmetil)pirimidina {51
g), que se utilizd sin purificacidn adicicnal; 'H NMR (400 MHz,
DMSO-d®) 3,13 (s, 3H), 4,79 (s, 2H), 7,87 (s, 1H); m/z: (ESI+)
MHY, 239.

c) Se agregd trietilamina (6,78 mL) a una suspensiodn
enfriada {(-5°C} de 2,4-dicloro-6~-{(metilsulfonilmetil)pirimidina
(10,56 g} en DCM (230 mL). Luego se agregd gota a gota una
solucién de morfolina (3,85 mL) en DCM (30 mL)}) mientras la
temperatura se mantenia por debajo de -5°C. La mezc¢la luego se
agitd a TA durante lh. La solucién luego se lavd con agua (300
mL), se secd (MgSO;} y se concentrd al vacio. La purificacidn
mediante FCC eluyendo con 1:1 EtOAc-DCM proporcioné Z2-cloro-4-
(metilsulfonilmetil)-6-morfolin-4-il-pirimidina (6,81lg) como un
s6lido; H NMR (400 MHz, DMSO-d°) 3,12 (3H, s), 3,63 (4H, s),
3,68-3,70 (4H, m), 4,45 {(2H, s}, 6,96 (1H, s): m/z: (ESI+) MH,
292.

d} Se agregd solucién de NaOH (9,60 mL, 95,97 mmol) a una
mezcla de 2-clorc-4- (metilsulfonilmetil) -6~morfelin-4-il-
pirimidina (2,80 g, 9,60 mmol}), 1,2-dibromoetanc (1,654 mL,
19,19 mmol) y TBAB (0,619 g, 1,92 mmol) en tolueno (120 mL). La
solucién resultante luego se calenté hasta alcanzar 60°C
durante 3h. La mezcla luego se concentré al vacio para

proporcionar un residuo gue se disolvid en EtCAc (200 mL}. La
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solucidén se lavd con agua (200 mlL) y luego salmuera saturada
{100 mL). La solucidén luego se secd (MgSO4) y se cconcentrd al
vacio. El residuo se purificé mediante cromatografia en silice,
eluyendo con un gradiente de 0-2,5% de MeOH en DCM lo gue
proporciond 4-(2-cloro-6-{1-
(metilsulfonil)ciclopropil)pirimidin-4-il)morfolina (2,88 g); iﬂ
NMR (400 MHz, DMSO-d®) 1,49-,5% (2H, m), 1,62-1,65 (2H, m), 3,19
(3H, s), 3,67 (8H, d), 6,96 (1H, s); m/z: (ESI+) MH", 318.

La 4-(6-{l-i(metilsulfonil)ciclopropil)-2-
(metiltic)pirimidin-4-il)morfeolina utilizada como material de
partida, se prepard como se describe a continuacién:

a) Se disclvid metil Z-{metilsulfeonil)acetato (7,12 g,
46,80 mmol) en DMF (60 mL), a esto se agregd hidrurc de sodio
(4,08 g, 85,10 mmol) vy la mezcla se agitd durante 5 minutos
antes de la adicidén de 4,6-dicloro-2-{metiltio)pirimidina (8,3
g, 42,55 mmol). La mezcla se agitd durante 36 horas antes de la
adicién de morfolina (18,53 mL, 212,74 mmel) vy luego la
reaccidn se agitd durante 1 hora a 50 °C. La reaccidn se aplacd
con HC1l 2M (100 mL) y luego se extrajo con Et,0 (3 x 100 mL). La
capa orgdnica se separd y luego se secd sobre MgS0O4, se filtrd
y luego se evapord. El residuo se purificd mediante
cromatografia en silice eluyendo con un gradiente de 50 a 100%
de EtOAc en isohexano. Las fracciones que contenian el producto
se complnaron y se evaporaron. El residuo se triturd con Et;0
bajo sonicacidén para proporcionar metil 2-{metilsulfonil)-2-(2-
{metiltio)-6-morfclinopirimidin-4-il)acetatc (8,70 g, 57%) ; iﬂ
NMR (400 MHz, CDCLl3) 2,46 (3H, s), 3,19 (3H, s}, 3,70 - 3,64
(4H, m), 3,78 - 3,75 (4H, m), 3,82 (2H, =), 4,84 (1H, s), 6,49
(1H, s); m/z: (ESI+) MH', 362,39.

b} Se disclvié metil 2-(metilsulfonil)-2-(2-(metiltic)-6-
morfolinopirimidin-4-il)acetato (0,568 ¢g, 1,57 mmol) en MeOH
(20 mL) y agua (5 mL), a esto se agregd NaOH (0,188 g, 4,71

mmol} y la mezcla se agitd a 60 °C durante 1 hora. La mezcla se

o
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enfrid y luego se filtrd. El residuo se lavé con MeOH (25 ml) vy
se dejd secar con aire para proporcicnar 4-{6-
(metilsulfonilmetil)-2- (metiltio)pirimidin-4-iljmorfolina

(0,460 g, 96%) que se utilizdé en la sigulente etapa sin
purificacidén adicional: "M NMR (400 MHz, CDC13) 2,49 (3K, s),
3,01 (3H, s}, 3,67 - 3,62 (4H, m}, 3,78 - 3,76 (4H, m}, 4,12
(2H, s), 6,30 (1E, s); m/z: (ESI+) MH', 304,09.

c) Una solucidén acuosa al 50% de NaOH {1,846 mL, 34,61
mmel ) se agregd a 4-(6-(metilsulfonilmetil)-2-
(metiltio)pirimidin-4-il)morfolina (210mg, 0,69 mmol), 1,2-
dibromoetano (0,179 ml, 2,08 mmel) y TBAB (22,31 mg, 0,07 mmol)
en toluenc {25 mL) a TA. La mezcla resultante se agitd a 60 °C
durante 18 horas. Se agregd agua (30 mL) y la mezcla se extrajo
con tolueno (50 mL x 2). Las capas de tolueno se secaron scbre
MgS04, se filtraron y luego se evaporaron para proporcionar 4-
(6-(1-{metilsulfonil)ciclopropil)-2-(metiltio)pirimidin-4-
il)morfolina (210 mg, 92%); m/z: (ESI+) MH', 330.

Ejemplo 1.02

6-Metil-4-{4-[1- (metilsulfonil)ciclopropil] -~6-morfolin-4-

)

ilpirimidin-2-il}-1H-indol

Y
s -~ NH
] N
0
Se agregaron aducto de
tris(dibencilidencacetcna)dipaladio{0)-cloroformo (4,89 mng,

4,72 pmel) y triciclohexilfosfina (7,06 mg, 0,03 mmol) a 4-
bromo-6-metil-1H-indol (66,1 mg, 0,31 mmol), acetatc de potasio
(46,3 mg, 0,47 mmol) vy bis{pinacolato)diboro (88 mg, 0,35 mmol)
en dioxano (5 mL) bajo una atmésfera de nitrégeno. La

suspensidén resultante se agitd a 20 °C durante 18 horas y luego
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se agregaron 4-(2~-cloro-6-(1-

(metilsulfonil)ciclopropil)pirimidin-4-il)morfolina (100 mg,

0,31 mmol), tetrakis({trifenilfosfina)paladio{(0) (18,18 mg, 0,02
mmol) y carbonato de sodio (soiucidn acucsa 2ZM) (0,629 mL, 1,26
mmol); la suspensidn resultante se agitd a 90 °C durante 18
horas. La mezcla de reaccidén se filtrd a través de Celite y el
residuo se 1lavé con DCM. Las aguas se purificaron mediante
cromatografia de intercambio idénico utilizando una columna SCX.
El producto deseado se eluyd de la columna utilizando 20% de NH;j
7M/MeOH en DCM y las fracciones que contenian el producto se
combinaron y se evaporaron. El1 residuo se purificd mediante
HPLC preparativa utilizando mezclas cada vez menos polares de
agua {que contenian 1% de NH;) y MeCN como eluyentes. Las
fracciones que contenian el compuesto deseado se combinaron vy
Se evaporaron para proporcionar el compuesto del tituleo (1,6
mg, 1%); 'H NMR (400 MHz, DMSO-df) 1,61 (q, 2H), 1,72 (g, 2H},
2,48 (s, 3H), 3,29 (s, 3H), 3,72 - 3,80 (m, 8H), 6,89 (s, 1H),
7,23 (s, 1H), 7,35 (d, 2H), 7,87 (s, 1H), 11,09 (s, 1lH}; m/z:
(ESI+) MH", 413,868,
Ejemplo 1.03

2-Metil-4-{4-[1- (metilsulfonil)ciclopropil] -6-morfolin-4-

®

ilpirimidin-2-il}-1H-indol

Se agregd dicloruro de 1,1'-bis(difenilfosfinc)ferrocenoc-
paladic (12,94 mg, 0,02 mmol) a una solucidn desgasificada de
2-metil-1H-1indol-4-il trifluorometanosulfonato (B8 mg, 0,31
mmol), bis(pinacolato)diboro (84 mg, 0,33 mmol), 1,1'-
bis({difenilfosfino)ferrcceno (8,82 mg, 0,02 mmol) y acstato de

potasic (83 mg, 0,94 mmeol) en dioxano (5 mL) bajo una atmdsfera

o
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de nitrégeno y la mezcla resultante se agitdé a 90 °C durante 24
horas. Se agregaron 4-(2-cloro-6-(1-
(metilsulfonil)ciclopropil)pirimidin-4-il)morfolina (100 mng,
0,31 mmol), tetrakis(trifenilfosfina)paladio(0) (18,18 mg, 0,02
mmol} y carbonato de scdio (solucién acucsa 2M) (0,084 mL, 2
mmol) y la mezcla se calentdé a 90 °C durante 24 horas. La
mezcla de reaccidn se filtrd a través de Celite y el residuo se
lavé con DCM. El filtrado se purificd mediante cromatografia de
intercambio iénico, wutilizando una columna SCX y el producto
deseado se eluyd de la columna utilizando 20% de NH3z 7M/MeOH en
DCM. Las fracciones gue contenian el producto se combinaron y
se evaporaron. El residuo se purificd mediante HPLC preparativa
utilizando mezclas cada vez menos polares de agua {(que
contenian 1% de NH3) y MeCN como eluyentes. Las fraccicnes que
contenian el producto se combinaron y Se evaporaron para
proporcicnar el compuesto del titule (14 mg, 11%); 'H NMR (700
MHz, DMSO-d®) 1,58 (g, 2H), 1,70 (g, 2H), 2,42 {s, 3H), 3,24 (s,
34), 3,70 - 3,75 {m, 8H), ©,85 (s, 1H), 6,98 (t, 1H), 7,07 {t,
1H), 7,38 (d, 1H), 7,97 {(d, 1H), 11,03 (s, 1H}); m/z: (ESI+) MH",
413,63.

El 2-metil-1H-indol-4-1i1 trifluorometanosulfonate,
uttilizado como material de partida, se prepard como se describe
a continuacidn:

Se agregaron 2Z,%-lutidina (0,036 mL, 0,31 mmol) Y
anhidride trifluorometanosulfénico (0,063 mL, 0,37 mmol) a 2-
metil-1H-indol-4-01 (0,046 g, 0,31 mmecl} en DCM (5 mL) se
enfrié hasta alcanzar 0°C. La solucidn resultante se agitd
durante 1 hora y la mezcla de reaccidn luego se diluyd con agua
(5 mL). La mezcla se separd y la capa organica se secd sobre
MgS04, se filtrd y luego se evapord para proporcionar Z-metil-
1H-indol-4-11 trifiluorometanosulfonato que se utilizéd
directamente en la siguiente etapa sin purificacidén; m/z:

(ESI-) M-H", 279.
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Ejemplo 1.04

6-Metoxi-4-{4-[1l-(metilsulfonil)ciclopropil] -6-morfolin-4-

®

ilpirimidin-2-il}-1H-indol

'PeYe
gl N
0
Pre;
Se agregd 1,1'-
bis(difenilfosfino) ferrocenodicloropaladio(ll) (49mg, 0O, 06mmol)

a 4d-bromo-6-metoxi-1H-indol (0,124g, 0,55 mmol), acetato de
potasio (0,137 g, 1,40 mmol) y bis{(pinacclato)diboro (0,254 q,
1,00 mmol) en dioxano (5 miL) y la mezcla resultante se agitd a
100 °C  durante 3  Thoras. Se agregaron 4-(2-cloro-6-(1-
(metilsulfonil)ciclopropil)pirimidin-4-il)morfolina (0,127 g,
0,4 mmol), tetrakis (trifenilfosfina}Pd(0) {0,046 g, 0,04 mmol)
y carbonato de sodio (solucidén 2M} (0,800 mL, 1,60 mmol) vy la
mezcla resultante se agitd a 100 °C durante 16 horas. La mezcla
de reaccidn se filtrd a través de Celite y el residuc se lavéd
con DCM; las aguas se purificaron mediante cromatografia de
intercambio iénico, utilizando una ceclumnha SCX. El producto
deseado se eluyd de la coclumna utilizando 50% de NH; 7M/MeCH en
DCM y las fracciones gque contenian el producto se combinaron y
se evaporaron. El residuo se purificd mediante HPLC preparativa
utilizando mezclas cada vez menos polares de agua (gue
contenian 1% de NH3) y MeCN como eluyentes. Las fracciones que
contenian el compuesto deseado se combinaron y se evaporaron.
El residuo se purificd mediante cromatografia de intercambio
i6nico, utilizando una columna SCX. E1 producto deseado se
eluyd de la cclumna utilizando 50% de NH; 7M/MeCH en DCM y las
fracciones que c¢ontenian el producto se combinaron y @ se

evaporaron para proporcionar el compuesto del titulo (32 mg,
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3,29

7,08
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Los

al método descritc para el Ejemplo 1.04,

6-(1- (metilsulfonil)ciclopropil)pirimidin-4-il)morfolina

NMR
3H),
1H),

m/z:

siguientes compuestos se prepararon de forma
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(400 MHz, DMSC-d®) 1,61 (dd, 2H), 1,72 (dd, 2H),
3,73 - 3,79 (m, B8H), 3,83 (s, 3H), 6,90 (s, 1H),
7,20 (t, 1H), 7.31 (t, 1H), 7,69 (d, 1H), 11,04
(ESI+) MH", 429,3.

4-bromoindol sustituido aproplado.
@
N

PN

R1

similar

utilizandeo 4-(2-cloro-

y el

Ej.
No.

Nombre

H NMR

m/z
{(ESI+)
MH"‘

4-{4-[1-
{(metilsulfonii)ciclopropil] -
6~morfolin-4~ilpirimidin-2-

il}=1H-indol~6-carbonitrilo

1,63
(dd,
2H) ,
1,74
(dd,
2RH),
3,26
3H),
3,71 -
3,83
8H),
6,98
14),
7,45
1H},
7,79
1H),

424,29
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8,04 (d,
1H},
8,28 (d,
1H),
11,86
(s, 1H)

Cl

NH

6-cloro-4-{4-[1-
{metilsulfonil)ciclopropil] -~
6-morfolin-4-ilpirimidin-2-

il}-1H-indol

1,61
(dd,
ZH)
1,73
{dd,
Z2H),
3,27 (s,
3H),
3,71 -
3,81 {(m,
8H) ,
6,95 (s,
1H),
7,32 (s,
1H),
7,52 (t,
1H),
7,58
(dd,

1H),
7,99 (d,
1H},

11, 40
(s, 1H)

433, 3

(0
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1,62
(dd,
2H) ,
1,73
(dd,
2H},
3,27 (s,
3H),
3,72 -
3,81 (m,

—— 6-fluoro-4-{4-[1-

. NH gH},
[ (metilsulfonil)ciclopropil]-
1.07 _ 6,94 (s, | 417,28
6-morfolin-4-ilpirimidin-2- LH)
H) ,

F il}-1H-indeol
7,30 -

7,36 {m,
2H},
7,47 (%,
1H},
7,82
(ad,
1H),
11,32
{s, 1H)

Ejemplo 1.08

4-{4-[4- (Metilsulfonil)piperidin-4-il]-6-morfolin-4-

®

ilpirimidin-2-il}-1H-indol

L

S = NH
7 N

¢

Iz

-.I
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Se agregd diclorobis(trifenilfosfina)paladio(ll) (0,016 g,
0,02 mmo 1) en una porcidn a terc-butil 4-(2-cloro-6-
morfolinopirimidin-4-il)-4-(metilsulfonil)piperidina-1-
carboxilato (1,075 g, 2,33 mmcl), solucidn de carbonato de
scdio acuoso 2M (1,399 mL, 2,80 mmecl) y Acido 1H-indol-4-
ilborénico (0,413 g, 2,57 mmol) en DME:agua 4:1 (24 mL) a 22°C.
La mezcla se selld dentro de cuatro tubos de microondas
separados gque luego se calentaron hasta alcanzar 110 °C durante
1 hora en un reactor de microondas y luego se dejdé enfriar
hasta alcanzar TA. Las mezclas de reaccidn separadas se
combinaron y luego se filtraron; la solucidén resultante se
traté con HCl 4M en dioxano (4 mL) vy se agitd durante toda la
noche a TA. El producto  bruto se purificd mediante
cromatografia de intercambio iénico, utilizando una columna
SCX. El producto deseado se eluyd de la columna utilizando NHj
iM/MeOH vy las fracciones gque c¢ontenian el producto se
combinaron y se evaporaron. Bl residuo se purificd mediante
HPLC preparativa utilizando mezclas cada vez menos polares de
agua (que contenian 1% de NH;) y 3:1 MeOH:MeCN como eluyentes.
Las fracciones que contenian el producto se combinaron y se
evaporaron para propecrcionar el compuesto del ftitulo (0,270 g,
26%); 'H NMR (400 MHz, DMSO-d®) 2,03 - 2,11 (2H, m), 2,41 (2H,
ty, 2,82 (3H, s), 2,86 (2H, s), 2,97 (2H, d), 3,78 {(8H, s},
6,93 (1H, s), 7,20 (1H, ©), 7,29 (iH, d), 7,46 - 7,47 (1lH, m),
7,55 (11, &), 8,09 - 8,11 (1H, m}, 11,28 (1H, s); m/z: (ESI+)
MHY, 442,15.

El terc-butil 4-(2-cloro-6é-morfolinopirimidin-4-1l)-4-
(metilsulfonil}piperidina-l-carboxilato, utilizado como
material de partida, se prepard Como se describe a
continuacidn:

a) Una solucidn de 4-({2-cloro-6-

(metilsulfonilmetil)pirimidin-4-il)morxfolina (3 g, 10,28 mmol)
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en NMP (23 mlL) se tratd con hidruro de sodio (1,357 g, 33,93
mmol}. La mezcla se agitd a TA durante 10 minutos antes de
tratarse con bromuro de tetrabutilamonio (4,97 g, 15,42 mmol) vy
N-bencil-2-cloro-N-(2-clorcetil)etanamina clorhidrato (3,04 g,
11,31 mmol). La mezcla de reaccidén se agitd durante 5 minutos a
TA y luego se calentdé hasta alcanzar 50°C durante 1 hora vy
luego hasta alcanzar 80°C durante 1,5 horas. La mezcla se dejo
enfriar hasta alcanzar TA y luege se aplacd mediante la adicidn
de cloruro de amonic acuoso saturado. La mezcla se extrajo con
EtOAc y la solucién orgénica se lavd tres veces con agua, se
secé sobre MgSC4, se filtrd y se concentrdé bajo presiodn
reducida. El residuo se purificdé mediante cromatografia sobre
silice utilizando un gradiente de elucidén de 10% de EtOAc / DCM
a 70% de EtQAc / DCM para proporcionar 4-(6-(l-bencil-4-
(metilsulfonil)piperidin-4-il)-2-cloropirimidin-4-il)morfolina
(2,000 g, 43%); m/z: (ESI+) MH', 451,03.

b) Se agregd gota a gota l-cloroetil carbonoclorhidrato
(0,957 mL, 8,87 mmol) a una soluclidn de 4(6-(bencil-4-
(metilsulfonil)piperidin-4-il)-2-cloropirimidin-4-il)morfolina
en DCM (10 mL) a TA y la solucidn luego se calentd a reflujo
durante 3 horas. La sclucidn se dejé enfriar y luego se diluyd
con MeOH (10 mL) y se agitd durante toda la noche. La mezcla se
tratdé con di-terc-butil dicarbonate (2,129 g, 9,76 mmel) y N-
etil~N-isopropilpropan-Z2-amina (1,545 mL, 8,87 mmol) y la
solucidn se dejd agitar durante 2 horas. La mezcla de reaccidn
se diluydé con DCM (20 mL) y luego se lavd con agua (50 mlL) vy
salmuera saturada (50 mL). La capa organica se secd sobre
MgSC4, se filtrd y se evapord. El residuo se purificd mediante
cromatografia en silice con un gradiente de elucidn de 10 a 50%
de EtCAc en DCM. Las fracciones gue contenian el preoducte se
combinaron y se evaporaron para proporcicnar terc-butil 4-(2-
cloro-6-morfolinopirimidin-4-il}-4-{(metilsulfonil)piperidina-1-

carboxilato (1,075 g, 53%); m/z: (ESI+) M-H, 459,45.
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Los siquientes compuestos se prepararon de forma similar
al método descrito para el Ejemplo 1.08, utilizando el material

de partida apropiado 2-cloropirimidina y é&cido 1H-indol-4-

ilbordnico.
)
N
B
= NH
R1 N
m/z
Ej. 1 )
R Nombre H NMR (ESI+
No. - -
) MH"
2,21 - 2,27
(2ZH, m), 2,85
(34, s), 2,87 -
2,90 (ZH, m),
3,24 - 3,28
d-{4-[4-
{2ZH, m}, 3,72 -
(Metilsulfonil) te
00 3:80 (SH, m),
N trahidro-2H-
s 3,92 - 3,97 443,1
1.09° piran-4-il]-6-
{({ZH, m), €,98 4
0 morfolin-4-
(1H, s)y, 7,20
ilpirimidin-2-
(1H, t)y, 7,26 -
il}-1H-indol
7,27 (1H, m),
7,45 - 7,46
(1H, m), 7,55
(1H, d), 8,09
(1H, d)
4-{4-{1- 1,30 {3H, t),
b o\\’P 413,1
1.10 \/SZ] (etilsulfonil)cic |1,60 - 1,61 ,
lopropil] -6- (ZH, m), 1,68 -
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m/z
=3 R! Nombre 'H NMR (ESI+
No. y Myt
morfeolin-4- 1,69 (2H, m),
ilpirimidin-2- 3,45 (2H, q),
il}-1H~indol 3,74 - 3,76
(8H, m), 6,90
(1H, s), 7,21
(lH, t)}, 7,30 -
7,31 (1H, m),
7,45 - 7,46
(1H, m}, 7,55
(1H, d), 8,04
(1H, d}, 11,23
(1H, s)
1,32 (6H, d),
1,63 - 1,67
(4, m), 3,74 -
4-(4-{1-[{1- 3,76 (8H, m),
metiletil)sulfoni | 6,91 (1H, s),
1 11 %? 1 1l]ciclopropili=-6~ | 7,21 (1H, ), 427, 1
' \|/ A morfolin-4- 7,33 - 7,34 2
ilpirimidin-2- {1H, m), 7,46 -
il)-1H-indol 7,47 (1H, m),
7,55 (1H, d),
8,06 (1H, d),
11,23 (1H, s)
4-{4-[1- 0,95 - 1,00
(ciclopropilsulfce | (4H, m), 1,63 -
1 129 \gr‘] nil)ciclopropill]- | 1,63 (2H, m), 425,1
' AN 6-morfolin-4- 1,70 - 1,72 5
ilpirimidin=-2- (2ZH, m), 3,03 -
il}-1H-indol 3,08 (1H, m),

o
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m/z
Ej.

o

1 Nombre ‘H NMR (ESI+

No.
) MH"

3,76 (8H, s),
6,96 (1H, s),
7,20 (1H, t),
7,35 - 7,37
(1H, m), 7,45 -
7,47 {(1H, m)},
7,54 (1H, d},
8,07 - 8,10
(1H, m), 11,23
{1H, s)

0,78 - 0,81
{(2ZH, m}, 0,82 -
0,88 (2H, m),
2,23 - 2,31
(2H, m), 2,96 -
4-{4~-[4- 3,00 (2H, m),
(ciclopropilsulfo |[3,74 - 3,79

0.0 nil) tetrahidro- (84, m), 3,92 -

s 469,1
1.13° v/fj 2H-piran-4-ilj-6- | 3,97 (2H, m),
6

0 morfolin-4- 7,00 (1H, s},
ilpirimidin-2- 7,20 (1H, t),
il}-1H-indol 7,31 (1R, s},
7,44 - 7,46
{1H, m), 7,55
(1H, d), 8,12
{14, dy, 11,24

(1H, s)
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m/z
Ej.

]

. Nombre B NMR (ESI+

No. .
) MH

0,75 - 0,77
(24, m), 0,93 -
0,85 (2H, m),
2,11 - 2,19
(2, m}, 2,43 -
2,51 (2H, m),
2,87 - 2,93

(45, m), 3,22 -
o0 (ciclopropilsulfo
S 3,25 (1H, m),

: nil)piperidin-4- 468,1
1.14f V/fj 3,76 - 3,78
N
H

4-{4~[4-

il]-6-morfolin-4- 9
(BH, m), 6,90

ilpirimidin-2-
(14, s), 7,17

il}=~1H-indocl
(1H, t), 7,30 -

7,34 (1H, m),
7,43 - 7,45
{18, m), 7,53
(1H, d}, §,11
{14, &), 10,98
(1lH, s}

8 La 4-{2-cloro-6-{4-(metilsulfonil)tetrahidro-2H-piran-4-~
il)pirimidin-4-il)morfolina utilizada como material de partida,
se prepard comoe se describe a continuacion:

Una solucidén acuosa al 50% de NaCOH (6,67 mL} se agregd a
4-(2-cloro-6- (metilsulfonilmetil)pirimidin-4-il)morfolina (880
mg, 3,02 mmol), bromurc de tetrabutilamenioc (97 mg, 0,30 mmol)
y l-bromo-2-(2-bromoetoxi)etanoc (2092 mg, 9,05 mmol) en DCM (20
mlL) a 22°C. La mezcla resultante se agitd a 20 °C durante 6
horas. La mezcla se diluydé con agua (50 mL) y las fases se
separaron. La fase orgénica se lavd dos veces con agua (25 mL)

y luego se secd sobre MgS0O4, se filtrd y se evapore. El residuo
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se purificd mediante cromatografia en silice con un gradiente
de elucidén de 0 a 40% de EtOAc en DCM. Las fracciones que
contenién el producto se combinaron y se evaporaron para
proporcionar 4~ (2-cloro-6-(4- (metilsulfonil)tetrahidro-2H-
piran-4-il)pirimidin-4-il)morfolina (698 mg, 64%); 4 NMR (400
MHz, DMSG-d®) 2,00 - 2,14 (2H, m), 2,44 - 2,47 (2H, m), 2,64 -
2,67 {2H, m), 2,85 (3H, s}, 3,15 - 3,18 {(2H, m), 3,65 - 3,72
(8H, m), 3,89 - 3,92 (2H, m), 7,02 (1H, s); m/z: (ESI+) MH',
362,04.

" La 4-(2~cloro-6-{1l-(etilsulfcnil)ciclopropil}pirimidin-4-
il)morfolina utilizada como material de partida, se prepard
como se describe a continuacidn:

&) Se agregd etanosulfinato de sodic (1,026 g, 8,83 mmol}
en una porcidn a 4-(2-cloro-6-(yodometil)pirimidin-4-
il)morfeolina (3 g, 8,83 mmol) en DMF (58,9 mL}). La mezcla
resultante se agitd a 25 °C durante 18 horas. La mezcla de
reaccién se diluyd con DCM y se lavd con agua (2 x 300 ml),
tiosulfato de sodio acuoso (400 mL) y luego salmuera (400 mL).
La fase organica se secd® sobre MgSC4 y luego se concentrd al
vacio. El residuo se purificd mediante cromatografia en silice
con un gradiente de elucidén de 0 a 50% de ELOAc en DCM. Las
fraccicnes que contenian el ©producto se combinaron y se
evaporaron para proporcionar 4-(2-cloro-6-
(etilsulfonilmetil)pirimidin-4-il)morfolina (1,310 g, 49%); iﬂ
NMR (400 MHz, DMSO-d®) 1,28 (3H, t), 3,25 (2H, q), 3,63 - 3,71
(BH, m), 4,43 (24, s), 6,96 (1H, s); m/z: (EST+) MH', 305,98.

b} Una solucidén acuosa al 50% de NaOH (7 mL) se agregd a
4-{2-cloro-6-(etilsulfonilmetil)pirimidin-4-il)morfolina (G,5
g, 1,81 mmol}, 1,2-dibromoetano {0,156 m;, 1,81 mmol) y bromuro
de tetrabutilamonic (0,058 g, 0,18 mmol} en DCM (21 mL). La
suspensidn resultante se agitd a 30 °C durante 18 horas y luego
se evapord. El residuo se disolvid en EtOAc (30 mL) y se lavo

con agua (2 x 20 mlL} y salmuera (20 mlL), se secd sobre MgS04 y
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luego se concentrd al vacio. El residuo se purificd mediante
cromatografia en silice con un gradiente de elucidén de 20-60%
de EtOAc:DCM. Las fracciones que centenian el preducto se
combinaron y se evaporaron para proporcionar 4-(Z2-cloro-6-(1-
(etilsulfonil)ciclopropil)pirimidin-4-i1l)merfolina {0,309 g -
57%); 'H NMR (400 MHz, DMSO-d° 1,26 (3H, t), 1,50 - 1,52 (Z2H,
m), 1,60 - 1,62 (2H, m), 3,35 (2H, q), 3,60 - 3,68 ({(8H, m},
6,98 (1H, s); m/z: (ESI+) MH', 332,02.

c La 4-(2-cloro-6-(1-
(isopropilsulfonil)ciclopropil)pirimidin-4-il}morfolina
utilizada como material de partida, se preparé comc se describe
a continuacion:

a) Una soclucidédn acuosa al 50% de NaCH (3,33 mL) se agregd
a 4-(Z-cloro-6-(isopropilsulfonilmetil)pirimidin-4-il)morfoclina
(500 mg, 1,56 mmol), 1,2-dibromecetano (0,135 mL, 1,56 mmecl) vy
bromurc de tetrabutilameonio (50,4 mg, 0,16 mmocl) en DCM (10
mL) . La suspensién resultante se agitd a 30 °C durante 24 horas
y luego se evapord. El residuo se disolvid en EtOAc (30 mL) vy
la solucidén se lavd con agua (2 x 20 mlL) y luego salmuera (20
mL) y luego se secd sobre MgSO4 y se concentrd al vacio. El
residuo se purificd mediante cromatografia en silice con un
gradiente de elucidén de 0 a 2% de MeCH en DCM. Las fracciones
gue contenian el producto se combinaron y Se evaporaron para
proporcionar 4-(2-clore-6-(1-
{isopropilsulfonil)ciclopropil)pirimidin-4-il)mcrfolina (486
mg, 90%); 'H NMR {400 MHz, DMSO-d® 1,28 (6H, d), 1,51 - 1,60
(4H, m), 3,57 - 3,69 (94, m), 6,98 (1H, s); m/z: (ESI+) MH',
346,01.

4-(2~Cloro-6-(isopropilsulfonilmetil)pirimidin-4-
il)morfolina utiliéada como material de partida  pueden
prepararse como se describe en la bibliografia (Finlay, Maurice
Raymeond Verscheile; Morris, Jeffrey: Pike, Kurt Gordon.

Morfolinopirimidine derivatives, prccesses for preparing them,
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pharmaceutical compositions containing them and their use for
treating proliferative disorders. Sol. Int. PCT WO
2008023159) .

d La 4-(2-cloro-6-(1-
(ciclopropilsulfonil)ciclopropil)pirimidin-4-il)morfolina,
utilizada como material de partida, puede prepararse como se
describe en la bibliografia (Mcrris, Jeffrey James; Pike, Kurt
Gordon. Pirimidine derivatives that are useful in the treatment
of diseases mediated by mTOR and/or PI3K enzyme and their
preparaticn. Sol. Int. PCT W02009007748).

® La 4-(2-cloro-6-{4-{ciclopropilsulfonil)tetrahidro-2H-
piran-4-il)pirimidin-4-il)morfeolina utilizada como material de
partida, se prepard como se describe a continuacidn:

a) Una solucidn acuosa al 50% de NaOH (6,67 mL) se agregd
a 1-({2-cloro-6-(ciclopropilsulfenilmetil)pirimidin-4-
il)morfolina (700 mg, 2,20 mmol), bromurc de tetrabutilamonio
(71,0 mg, 0,22 mmol) y l-bromo-2-(Z-bromoetoxi)etano (1533 mg,
6,61 mmol) en DCM (20 mL} & 22°C. La mezcla resultante se agitd
a TA durante 6 horas y luego se diluyd con agua (50 mL) y las
fases se separaron. La fase orgédnica se lavd dos veces con agua
(25 mL) y la capa organica se secd scbre MgS04, se filtrd y se
evapordé. El residuc se purificé mediante cromatografia en
silice con un gradiente de elucidén de 0 a 20% de EtOAc en DCM.
Las £fracciones gue c¢ontenian el producto se combinaron vy se
evaporaron para proporcionar 4-(2-cloro-6-(4-
(ciclopropilsulfonil)tetrazhidro-ZH-piran-4-il)pirimidin-4-
il)morfeolina (557 mg, 65%); 'y NMR {400 MH=z, DMSO-dﬂ 0,72 -
0,75 {(2H, m), C,87 - 0,92 {2H, mwm), 2,12 - 2,17 (2H, m), 2,65 -
2,69 (2H, m), 3,12 - 3,18 (2H, m), 3,63 - 3,64 (BH, m), 3,83 -
3,87 (2H, m), 7,04 (1H, s); m/z: (ESI+) MH', 388,08.

La 4-(2-cloro-6-(cliclopropilsulfonilmetil)pirimidin-4-
il)ymorfolina, utilizada como material de partida, puede

prepararse como se describe en la bibliografia (Morris, Jeffrey

(O
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James; Pike, Kurt Gordon. Pirimidine derivatives that are

useful in the treatment of diseases mediated by mTOR and/or

PI3K enzyme and their preparation. Sol. Int. PCT WO2009007748).

£ g1 terc-butil 4-(2-cloro-6-morfolinopirimidin-4-il)-4-

(ciclopropilsulfeonil)piperidina-l-carboxilato, utilizade como

material de partida, se prepard COmo se describe a
continuacidn:
a) Una sclucidn de 4-{2~cloro-6-

(ciclopropilsulfonilmetil)pirimidin-4-il)morfolina (1 g, 3,15
mmol) en NMP (9 mlL) se tratd con hidruro de sodio (0,415 g,
10,38 mmol). La mezcla se agitdé a TA durante 10 minutos antes
de tratarse con bromuro de tetrabutilamonio (1,522 g, 4,72
mmol) y N-bencil-2-cloro-N-(2-cloroetil)etanamina clorhidrato
(0,930 g, 3,46 mmol). La mezcla de reaccidn se agitd durante 5
minutos a TA y luego se calentd hasta alcanzar 50°C durante 1
hora y luego se calentd hasta alcanzar 80°C durante 1,5 horas.
La mezcla se dejd enfriar hasta alcanzar TA y la mezcla se
aplacé mediante la adicidén de una solucidn de cloruro de amonio
acuoso saturado. La mezcla se extrajo con EtOAc y la solucidn
organica se lavd tres veces con agua y luego se secd sobre
sulfato de magnesio. La solucidén se concentrd bajo presidn
reducida y el residuo se purificé mediante cromatografia en
silice utilizando un gradiente de elucién de 10% de EtOAc / DCM
a 70% de EtOCAc / DCM. Las fracciones que contenian el producto
se combinaron y se evaporaron para proporcionar 4-(6-{(l-bencil-
4- (ciclopropilsulfonil)piperidin-4-il)-Z-cloropirimidin-4-
il)morfolina (0,574 g, 38%); *H NMR (400 MHz, DMSO-d® 0,75 -
0,77 (24, m), 0,93 - 0,95 (2H, m), 1,81 - 1,92 {(2H, m}, 2,11 -
2,19 (2H, m), 2,53 - 2,56 {(l1H, m), 2,71 ({2H, s}, 2,79 - 2,82
(4H, my, 3,66 - 3,68 (84, m), 7,00 ({(1H, s}, 7,24 - 7,34 (5H,
m); m/z: (ESI+) MH', 477,13.

b) Se agregd gota a gota l-cloroetil carbonoclorhidrato

(0,260 mL, 2,41 mmol} a wuna solucidén de 4-{6-{l-bencil-4-
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(ciclopropilsulfonil)piperidin-4-il)-2-cloropirimidin-4-
il}morfolina (574 mg, 1,20 mmecl) en DCM (10 mL) a TA. La
solucién se calentd a reflujo durante 3 horas y luegoc se dejd
enfriar y se diluyd con MeOH (10 mL). La mezcla se dejd reposar
tres dias y luego se tratd con di-terc-butil dicarbonato (578
mg, 2,65 mmol) y N-etil-N-iscopropilpropan-Z-amina (0,419 ml,
2,41 mmol) y la solucidén se agitd durante 2 horas. La mezcla se
dijuyd con DCM (20 mL) y la mezcla se lavd con agua (50 mL) vy
luego con una solucidén de salmuera acuosa saturada (50 mL). La
capa organica se secd scbre MgS04, se filtrd y luego se
evapord. El  residuc se purificé mediante cromatografia en
silice con un gradiente de elucidén de 10 a 50% de EtOAc en DCM.
Las fracciones gue contenian el producto se combinaron y se
evaporaron para proporcicnar terc-butil 4-(2-cloro-6-
morfolinopirimidin-4-il)-4-(ciclopropilsulfonil)piperidina-1-
carbexilato (267 mg, 46%); 'H NMR (400 MHz, DMSO-d% 0,77 - 0,78
(24, m), 0,% - 0,97 (2H, m), 1,40 (9H, s), 1,97 - 2,00 ({(ZH,
m), 2,54 - 2,57 (3H, m), 2,81 - 2,84 {(Z2H, d), 3,69 (8H, s),
3,93 - 3,87 (2H, m), 7,01 {(1H, s); m/z: (ESI+) MH', 487,09.
Ejemplo 2.01

4-{4-[4-(Ciclopropilsulfonil)piperidin-4-il]l-6-[{3S8)-3-

metilmorfolin-4-il]lpirimidin-2-il}-1H-indol

)
N7

N
P NH
N

-‘:U’):O

L
N
Una mezcla de dicloruro de bis{trifenilfosfina)paladio(IIl)
(42,1 mg, 0,06 mmoll}, terc-butil 4-{2-cloro-6-[(35)-3-
metilmorfelin-4-ilipirimidin-4-il]-4-
cicleopropilsulfonilpiperidina-l-carboxilate (301 mg, 0,6 mmeol),

solucién de Na,C0z; (1,8 mL, 2M, 3,60 mmol) y A&cido 1H-indol-4-

(09
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ilborénico (116 mg, 0,72 mmol) en 18% de DMF en 7:3:2 DME-agua-
EtOH (10 mL} se calentd hasta alcanzar 110°C durante 1lh en un
reactor de microondas. La mezcla se purificd utilizando una
columna SCX, eluyendo con NH; 7M en MeOH. Las fracciones
apropiadas se combinaron y se concentraron al vacio. El residuo
se disolvidé en HCl 4M en dioxano y la solucidn se agitd a TA
durante 1lh. La mezcla se concentrd al wvacic y el residuo se
purificd mediante HPLC ©preparativa para proporcionar el
compuesto del titulo; (27,0 mg, 9%); 'H NMR: 0,78-0,90 (4H, m),
1,27 (3H, d), 1,88-1,95 (2H, m), 2,19 (2H, t), 2,40-2,48 (1H,
m)y, 2,62-2,82 (1H, wm), 3,18 (2H, t), 3,33-3,42 (2H, m), 3,52-
3,58 (1H, m), 3,69-3,73 (1H, m), 3,83 (1H, d), 4,02-4,06 (1H,
m), 4,30 (1H, d), 4,65 (1lH, d}y, 6,97 (14, s), 7,21 (1H, t),
7,29 (1, t©y, 7,47 {iH, t), 7,56 (1lH, d), 8,12-8,15 (1H, m),
11,29 (1H, s); m/z: (ESI+) MH', 482,82.

El terc-butil 4-[2-cloro-6-[(35)-3-metilmorfelin-4-
il]pirimidin-4-il)-4-ciclopropilsulfonilpiperidina-1-
carboxilato, utilizadc como material de partida, se preparo
como se describe a continuaciédn:

a) Se agregd cicloprcpancosulfinato de sodio (381 mg, 2,97

mmol ) en una porcidn a 2-cloro-4é-(yodometil)-6-[(35)-3-
metllmorfolin-4-il)pirimidina (700 mg, 1,98 mmol) en
acetonitrilo (20 mL). La suspensidn resultante se calentd hasta

alcanzar 90°C durante 3h. La mezcla luego se concentrd al vacio
y el residuo se disolvid en DCM (50 mL). Se agregd agua (50 mL}
y las fases se separaron. La porcién organica se secd (MgSC4) y
se concentrdé al vaclo. La purificacidn mediante FCC, utilizando
un gradiente de 0-40% de EtOAc en DCM proporciond 2-cloro-4-
(ciclopropilsulfonilmetil)-6-[(3S)-3-metilmorfolin-4-

il)]pirimidina (458 mg); ‘H NMR: 0,95-0,98 (2H, m), 1,02-1,06
(2ZH, m), 1,18-1,23 (3H, m), 2,77-2,83 (1H, m}, 3,19-3,25 (1lH,
my, 3,42-3,49 (l1H, m), 3,58-3,62 (1H, m), 3,73 (1H, d}, 3,92-
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3,96 (2H, m), 4,30 (1H, s), 4,48 (2H, s}, 6,92 (1H, s); m/z:

(ESI+) MH', 332.

b} S5e agregd NaH (0,79¢ g, 19,89 mmol) a una solucidén de
2-cloro-4-(ciclopropilsulfonilmetil)-6-[ (3S5)-3-metilmorfolin-4-
il]pirimidina (2 g, 6,03 mmol) en NMP {18 mL) v la mezcla se
agité durante 10 minutos. Luego se agregaron TBAB (2,91 g, 9,04
mmoel) vy  N-bencil-2-cloro-N-({2-cloroetil)etanamina clorhidrato
{1,781 g, 6,63 mmol) y la mezcla se agitdé durante 5 minutos. La
mezcla luego se calenté hasta alcanzar 50°C durante 1h luego
hasta alcanzar 80°C durante 1,5h. Después de enfriar hasta
alcanzar TA la reaccién se aplacd mediante la adicidén de
solucién de NHyCl saturada. La mezcla luego se extrajo con
EtOAc. La solucién orgénica se lavd tres veces con agua y luego
se secd (MgSQ,) y se concentrd al vacio. La purificaciédn
mediante FCC utilizando un gradiente de 10-70% de EtOAc en DCM
proporciond 4-{l-bencil-4-ciclopropilsulfonil-piperidin-4-il}-
2-cloro-6-[ (38} -3-metilmorfolin-4-il]pirimidina (2,23 g); iﬂ
NMR: (CDCls) 0,92-0,96 (2H, m), 0,97-1,02 (2H, m), 1,32 (34, d),
1,%2-2,00 (2H, m), 2,24-2,31 (1H, m}, 2,40-2,49 (2H, m}, 2,68-
2,74 (2H, m), 2,88-2,92 (2H, m), 3,29 {1H, dt), 3,40 {(ZH, s),
3,55 (iH, dt), 3,70 (1H, dd)}, 3,79 (1H, d), 3,98-4,09 (2H, m),
4,28 (1H, bs), 6,63 (1H, s), 7,21-7,33 (5H, m); m/z: {(ESI+) MH",
491 y 493,

c) Se agregd l-cloroetil cloroformoato (0,971 mL, 9,00
mmol) a una solucidn de 4-(1-bencil—-4-
ciclopropilsulfonilpiperidin-4-il}-2-cloxo-6-{(35)-3-
metilmorfolin-4-il]pirimidina (2,21 g, 4,50 mmol) en DCM {15
mL). La solucidén se calentd hasta alcanzar reflujo durante
1,5h. La mnmezcla luego se diluyd con MeCGH (15 mL) vy el
calentamiento continud durante 2h. Luege se agregarcn di-terc-
butil dicarbonate (2,16 g, 9,90 mmol) y DIPEA (1,6 mL, 9,0
mmcl) y la mezcla se agitd a TA durante lh. La mezcla luego se

divididé entre DCM y agua y las fases se separaron. La porcién

e,
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organica se concentré al vacio. La purificacién mediante FCC

utilizando un gradiente de 10-30% de EtOAc en DCM proporciond

terc-butil 4-[{2-cloro-6-[(38)-3-metilmorfolin~4~il]lpirimidin-4-

ili-4-ciclopropilsulfonilpiperidina-l-carboxilato (1,8 g} iﬁ

NMR: (CDClz) 0,93-1,00 (4H, m), 1,32 (3H, d), 1,44 (9H, s),
2,19-2,30 (3H, m), 2,62-2,80 (4H, m), 3,29 (14, dt), 3,55 (1H,
dt), 3,69 (1H, ad), 3,79 (1H, d), 3,95-4,37 (5H, m), 6,65 (lH,
s); m/z: (ESI+) MH", 501 y 503.

Ejemplo 2.02

4-{4-[4-(Ciclopropilsulfonil) tetrahidro-2H-piran-4-il]-6-

[{(38) ~3-metilmorfolin-4-illpirimidin-2-il}-1H-indecl

)
N7
LN
.
I N
o)

Se prepard de forma similar a la descrita para el Ejemplo
2.01 comenzando a partizx de (SY-4-(2-cloro-6-(4-
(ciclopropilsulfonil)tetrahidro-2H-piran-4-il)pirimidin-4-11}-
3-metilmorfolina (300 mg, 0,75 mmol) para proporcionar el
compuesto del titulc (16 mg, 4%); '‘H NMR: 0,77 - 0,82 (2H, m),
c,88 - 0,89 (2H, m), 1,27 (3H, 4d), 2,25 - 2,32 (2H, td), 2,95
(1H, dd), 3,27 - 3,32 (4H, m), 3,35 (1n, d), 3,53 (1H,td), 3,69
- 3,73 (1H, m), 3,81 {1H, 4), 3,95 (2H, t)}, 4,01 (1H, dd), 4,29
(1H, d), 4,63 (1H, d), 6,95 (1H, s), 7,20 (1H, t), 7,32 (1H,
dy, 7,46 (1H, t), 7,55 (1H, d), 8,11 - 8,14 (1E, m), 11,24 (1iH,
s); m/z: (ESI+) MH', 483,37.

La (8)-4=-{2-cloro-6-(4-(ciclopropilsulfonil)tetrahidro-2H-
piran-4-il)pirimidin-4-il}-3-metilmorfolina, utilizada como
material de partida, puede prepararse como se describe en la

biblicgrafia (Morris, Jeffrey James; Pike, Kurt Gordon.
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Pirimidine derivatives that are useful in the treatment of
diseases mediated by mTOR and/or PI3K enzyme and their
preparation. Scl. Int. PCT (2009), W0O2009007748).
Ejemplo 2.03

4-{4-[(38)~-3-Metilmorfolin-4-il]-6-[1-

(metilsulfonil)ciclopentil]pirimidin-2-il}-1H-indol

O,

Una mezcla de dicloruro de bis(trifenilfosfina)paladio{II)
(42,1 mg, 0,06 mmol), 2-cloro-4-[(3S)-3-metilmorfolin-4-il]-6-
{l-metilsulfonilciclopentil)-pirimidina (216 mg, 0,6 mmol) vy
dcido 1lH-indol-4-ilbordnico (116 mg, 0,72 mmol) en 18% de DMF
en 7:3:2 DME-agua-EtOH (10 mL) se calentd hasta alcanzar 110°C
durante 1h en un reactor de microondas. Después de enfriar
hasta alcanzar TA, la mezcla se purificd utilizando una
columna SC¥X, eluyendo con NHs; 7M en MeOH. La purificacién
adicional mediante HPLC preparativa proporciond el compuesto
del titulo (55 mg, 21%); 'H NMR: 1,28 (3H, d), 1,60-1,65 (2H,
m), 1,84-1,89 (2H, m), 2,48-2,55 (2H, m), 2,77-2,86 ({(2H, m),
2,90 (3H, s), 3,30-3,35 (1H, m), 3,51-3,58 (1H, m), 3,68-3,71
(1H, m), 3,81 (1H, d), 4,00-4,04 (1H, m), 4,26 (1H, d), 4,6l
(14, s), 6,87 (1H, s}, 7,21 (1H, t), 7,35 (1H, t), 7,47 (1H,
), 7,55 (1H, d), 8,12-8,14 (1H, m), 11,26 (1lH, s}; m/z: (ESI+)
MHY, 441,75.

La 2-clorxo-4~-[{(38)-3-metilmorfolin-4-il]-6-(1-
metilsulfonilciclopentil)pirimidina utilizada como material de
partida, se prepard como se describe & continuacidn:

a) Se agregdé trietilamina (17,4 mL, 0,13 mol) & una
solucidn enfriada {-5°C) de DCM de 2,4-diclorc-6-

(metilsulfonilmetil)pirimidina (30 g, 0,13 mol). Una solucién
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de DCM de (3S)-3-metilmorfolina luegc se agregd gota a gota,
mientras la temperatura se mantenia por debajo de -5°C. El bado
de enfriamiento luego se retiré y la mezcla se agitd durante
lh. La mezcla luego se calentd hasta alcanzar reflujo durante
2h. La mezcla luego se lavd con agua, se secd y se concentrd al
vacio. La purificacién mediante HPLC preparativa proporciond 2Z-
cloro~4-[(38)-3-metilmorfolin-4-i1]1-6- (metilsulfonilmetil) -
pirimidina (19,3 g); 'H NMR: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,¢2 {(l1H, m), 3,73
(d, 1H), 3,92-3,96 (m, 2H), 4,27-4,31 (m, 1H), 4,45 (s, 2H},
6,92 (s, 1H); m/z: (ESI+) MH', 306.

De forma alternativa 2-cloro-4-[(358)-3-metilmorfolin-4-
il]-6-{metilsulfonilmetil}-pirimidina pueden prepararse
mediante el siguiente métcdo:

se agregd metanosulfinato de sodio (11,75 g, 115,11 mmol)
en una porcidén a 2-cloro=-4-{yodometil)-6-[(35)-3-metilmorfolin-
4-il]pirimidina (37 g, 104,64 mmol), en MeCN (900 mL) y la
solucién resultante se agitd a 85°C durante 24h y luego se
enfrié hasta alcanzar TA. La mezcla de reaccidn se evapord
hasta secarse y se disolvié nuevamente en DCM (500ml), se lavd
con agua {3x100ml) vy salmuera (100ml), se secd sobre Mg304, se
filtrd y se concentrd al vacio. La purificacidn mediante FCC
utilizando un gradiente de 0-30% de EtCAc en DCM proporciond 2-
cloro-4-[(3S)~-3-metilmorfolin-4-il]-6-
(metilsulfonilmetil)pirimidina (22 g) como un sélido.

b) Se agregd TBAB (0,495 g, 1,54 mmol) a una mezcla de 2-
cloro~4-[ {35)-3-metilmorfolin-4-il)-6-
{(metilsulfonilmetil)pirimidina (4,7 g, 15,37 mmol) , 1,4-
dibromobutano (1,84 mL, 15,37 mmol) y NaOH acucsoc (30 mL, 368,9
mmel) en DCM (150 mL). La mezcla resultante se calentd hasta
alcanzar 40°C durante ©h. La mezcla luegoc se diluyd con DCM (200
mL) y se lavdé con agua (100 mL). La solucién organica se secd

(MgSC4) y se concentrd al vacio. La purificacidn mediante FCC
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utilizando un gradiente de 5-50% de EtOAc en isohexano
propecrciond 2-cloro-4~[(35)-3-metilmorfolin-4-il]-6-(1-
metilsulfonilciclopentil)pirimidina (3,90 g); 'H NMR: 1,20 (3H,
dy, 1,50-1,60 (2H, m), 1,72-1,82 (24, m), 2,30-2,41 {(2H, m,),
2,50-2,60 (2H, m), 2,88 (3H, s), 3,20 (1H, dd), 3,45 (1H, dd),
3,60 (1#, dd), 3,71 (1H, d), 3,94 (1lH, dd), 4,0-4,10 (1H, m),
4,42 (1H, s}, 6,89 (lH, s); m/z: (ESI+) MH", 360.

Los siguientes compuestos se prepararon de forma similar
al métode descrito para el Ejemplo 2.03, utilizandc el derivado

de 2-cloro pirimidina apropiado y dcido 1lH-indol-4-ilborénico.

O,

R1 N
m/z
Ej. .
R? Nombre H NMR (ESI+
No.
) MH'
1,28 (3H, d), 2,23-2,34
4-{4-[(358) -
{2H, m}, 2,68-2,71 (1H,
3_
m), 2,86-2,9% (4H, m),
Metilmorfoli
3,20-3,25 {3H, m),
n-4-i1]-6-
3,54-3,57 (1H, m),
OO [4_
go 3,69-3,73 (1H, m), 3,8
- -] {metilsulfon 457,77
2.04° (1H, d), 3,94 - 4,05
il)tetrahidr 7
(3H, m), 4,31 (1H, d),
o 0-2H-piran-
4,64 (1H, d), €,93 (1B,
4_
s), 7,20 (lH, t), 7,28
illpirimidin
(1¥, t), 7,46 (1H, t),
-2-11}-1H-
7,55 {iH, &), 8,10-8,12
indol
(I1H, m), 11,26 (1H, s)

72
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m/z
EJ. 1 1
R Nombre H NMR {ESI+
No. +
} MH
1,28 (3H, d), 1,861-1,63
(24, m), 1,71-1,73 (24,
4-{4-[{35) -
m), 3,25-3,30 (4H, m),
3..
3,50-3,54 {(1H, m), 3,69
Metilmorfoli
(1H, 4y, 3,79-3,82 (1H,
n-4-i1}-6-
0 m), 4,02-4,05 (1H, m), 413,1
N0 [1-
2.05° N | 4,18-4,22 {(1H, m), 2
ZES (metilsulfeon
4,57-4,59 (1H, m}, 6,85
b
(14, s), 7,21 (1H, t),
ciclopropil]
7,2%-7,31 (1H, m},
pirimidin-2-
7,44-7,46 {(1H, m), 7,55
i1)-1H-indol"
(14, d), 8,04 (1H, d),
11,25 (1H, s)

" HPLC Quiral: (Sistema HP1100 4, columna 5pm Chiralpak AS-
H (250mm x 4,6mm) eluyendo con iso-Hexano/EtOH/TEA 60/40/0,1)
Rf, 11,817 >99%.

a La 2-cloro-4-[(35)-3-metilmorfolin-4-il]j-6-{4-
metilsulfoniloxan-4-il)pirimidina utilizada como material de
partida, se prepard como se describe a continuacidn:

Se agregd terc-butdxido de sodio (1,38 g, 14,39 mmol) en
porciones durante un periodo de 10 minutos a una mezcla
enfriada {0°C) de Z2-cloro-4-[(38)-3-metilmorfolin-4-il)] -6~
(metilsulfonilmetil)pirimidina (2,00 g, 6,54 mmel) y bis(Z-
bromeetil} Ety;0 (2,055 miL, 16,35 mmol) en DME (75 mL). La
solucidn resultante se dejdé entibiar hasta alcanzar TA y se
agité durante 7h. Se agregd mas terc-butdxido de sodio (629 mg,
6,54 mmol) en porcicnes y la solucidédn luego se agitd a TA
durante 45h més. La mezcla luegoc se concentrd al vacio y se
diluydé con EtOARc (200 mL). La solucidén se lavé con agua (2 x
200 mL) y luego salmuera satuvrada (100 mL). La solucidén luego

se secd (MgS0Oy) y se concentrdé al vacio. La purificacidn
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mediante FCC utilizandoe un gradiente de 40-100% de EtOAc en
isohexano y cristalizacidén utilizande EtOAc e isohexano
proporciond 2-cloro-4-{(38)-3-metilmorfolin-4-i1l]-6-{4-
metilsulfoniloxan-4-il)pirimidina (1,42 g); 1y NMR: (CDCly) 1,34
(3H, &), 2,50 (2H, m), 2,55 (2H, m), 2,73 {(3H, s}, 3,33 (3H,
m), 3,56 (1H, ddd), 3,71 (1H, dd), 3,80 (1H, d), 4,01 (4H, m),
4,31 (1H, bs), 6,62 (1H, s); m/z: (ESI+) MH®, 376 y 378.

b La 2-cloro-4-[(3S)-3-metilmorfolin-4-11]-6-(1-
metilsulfonilciclopropil)-pirimidina utilizada como material de
partida se prepard como se describe a continuacidn:

i) Se disolvid 2-cloro-4-[(35)-3-metilmorfolin-4-il]-6-
(metilsulfonilmetil)-pirimidina (1,2 g, 3,9 mmol) en DMF (20
mL}. Se agregd terc-butdxido de sodio (755 mg, 7,85 mmol) a la
mezcla, seguido por dibromoetano (738 mg, 3,9 mmol). La mezcla
se agitd durante 4h y luego se calentd hasta alcanzar 60°C
durante toda la noche. Luego se agregd mas terc-butdxido de
sodio (378 mg, 3,9 mmol), seguido por dibromcetano (369 mg, 1,9
mmol) y la mezcla se mantuvo a 60°C durante 24h més. Luego se
agregd DCM (20 mL) vy la solucidn se lavé con HCl acuoso 2M (20
mL}). La solucidn orgédnica se secé (Mg50,) y se concentrd al
vacio. La purificacidén mediante FCC utilizando un gradiente de
0-50% de EtCAc en DCM proporciond 2-cloro-4-[(35)-3-
metilmorfolin-4-il]-6-(l-metilsulfonilciclopropil}-pirimidina
(400 mg, 31%); 'H NMR: 1,22 (d, 3H), 1,51 (m, 2H), 1,64 (m, 2H),
3,18 (s, 3H), 3,22 {m, 1H), 3,43 (m, 1H), 3,58 {m, 1H), 3,72
(d, 1H), 3,93 f(m, 1H), 4,05 (d, 1H), 4,41 (s, 1H), 6,93 (s,
1H); m/z: (ESI+) MH® 332.

De forma alternativa, 2-cloro-4-[(38)-3-metilmorfolin-4-
il]-6-{l-metilsulfonil-ciclopropil)pirimidina, puede prepararse
como se describe a continuaciédn:

se agregd NaOH (solucion al 50% p/p, 115 g, 2,878 mcl) a
2-cloro-4-[{3S)-3-metilmorfeolin-4-il]-6-
{metiisulfonilmetil)pirimidina (16 q, 572,33 mmol) , 1,2-

73
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dibromoetane (13,53 mL, 156,98 mmol) y TBAB ({1,687 g, 5,23
mmcl) en toluenc (128 mL). La suspensidn resultante se agitd
durante 4h. Luego se agregd agua y la mezcla se extrajo dos
veces con tolueno. Los extractos de tolueno se secaron (MgSOs) vy
se concentraron al vaclo. La purificacidén mediante FCC
utilizando un gradiente de 0-20% de EtOAc en DCM proporciond 2-
cloroc-4-[(35)-3-metilmorfolin-4-il]-6~{l-metilsulfonil-
ciclopropil)pirimidina (13 g) come un sdélido.

Ejemplo 3.01

4-{4-[(3R) -3-Metilmorfolin-4-il]-6~-[1-

{metilsulfonil)ciclopropill]lpirimidin-2-il}-1H-indol
|:O
Nj\
~N

O | =
S - NH

Se suspendieron bis({trifenilfosfina)paladio cloruro (1,682
g, 2,41 mmel), (R)-4-(2-cloro-6-(1-
(metilsulfonil)ciclopropil)pirimidin-4-il)-3-metilmorfelina
(8,00 g, 24,11 mmol), acido 1H-indol-4-ilbkordénicec (4,27 g,
26,52 mmcl) y carbonato de sodic acuoso 2M (36,2 mL, 72,33
mmol) en DME:agua 4:1 {170 mL) y se calentd hasta alcanzar 90
°C durante toda la noche. La DME se retird y la mezcla de
reaccidén se diluydé con EtOAc (100 mL). La mezcla se lavé con
agua (2 x 100 mL), los organicecs se separaron, se filtraron a
través de una almohadilla de Celite y se concentraron al vacio
sobre silice. El residuc se purificd mediante cromatografia en
silice con un gradiente de elucidén de 0 a 10% de EtOAc en DCM.
Las fracciones que contenian el producto se combinaron y se
evaporaron. El residuc se purificdé mediante cromatografia en
silice eluyendo con un gradiente de (0-25% de EtOAc en DCM. Las
fracciones gue c¢ontenian el producto se combinaron y se

evaporaron en una Cl8 en fase inversa de silice. E1 producto
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bruto se purificd mediante fase inversa utilizando una columna
de HP C18 de 415g utilizando mezclas cada vez menos polares de
agua (gue contenian 1% de NH3) y MeCN como eluyentes. Las
fracciones que contenian el producto se combinaron vy se
evaporaron. El residuo se recogid en MeOH seco y se secd sobre
MgS04. La mezcla se filtrd y el disolvente se evapord,
proporcicnandoe una goma. La goma se disolvid en DCM (500 mL),
se filtré y el disolvente se elimind bajo presién reducida. El
residuo se disolvid en MeOH (50 mL) y se dejdé agitar & TA
durante toda la noche. El precipitado resultante se recogid
mediante filtracidén para proporcicnar el compuesto del titulo
(5,10 g, 51%); 'H NMR (400 MHz, DMSO-d%: 1,29 (3H, d), 1,57 -
1,64 (2H, m), 1,68 - 1,78 (2H, m), 3,24-3,31 (1H, td), 3,29
(3H, s}, 3,51 ({(1H, td), 3,67 (1H, dd}, 3,80 (1H, d), 3,83 -
4,06 (1H, dd), 4,21 (1H, d), 4,61 (1H, bs), 6,85 (lH, s), 7,21
(14, t), 7,32 (1H, t), 7,46 (1H, t), 7,56 (1H, d), 8,06 (1H,
dd), 11,25 (1H, s); m/z: ({ESI+) MH', 413,12. HPLC Quiral:
(Sistema HP1100 4, columna 5Sum Chiralpak AS-H (250mm x 4, 6mm)
eluyende con iso-Hexano/EtOH/TEA 60/40/0G,1) Rf, 8,815 >99%.

La (RYy-4-(2-cloxro-6-(1-
(metilsulfonil)ciclopropil)pirimidin-4-il)-3-metilmorfolina
utilizada como material de partida, se prepard como se describe
a continuacién:

a) Se agregaron (R)-3-metilmorfolina (7,18 g, 71,01 mmol)
y trietilamina {12,87 mL, 92,31 mmol ) a metil 2,4-
dicloropirimidina-6é-carboxilato (14,70 g, 71,01 mmocl} en DCM
{100 mL). La mezcla resultante se agitd a TA durante 18 horas.
Se agregd agua (160 mL), las capas se separaron y se extrajeron
con DCM (5 mL). Los organicos combinados se secaron sobre
Mg504, se concentraron al vacio y el residuo se trituré con Et0

para proporcionar (RYy-metil 2-cloro-6-(3-

metilmorfolince)pirimidina-4-carboxilato (14,77 g, 77%); 'H NMR

{400 MHz, CDCls) 1,33 - 1,37 (3H, d), 3,31 - 3,38 (1H, m), 3,52
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- 3,59 (1H, m), 3,68 - 3,72 (1H, m), 3,79 - 3,83 (1H, m}y, 3,98

(3H, s), 4,02 - 4,05 (1H, m), 4,12 (1H, br s), 4,37 (lH, br s),

7,16 (1H, s); m/z: (ESI+) MH®, 272,43.

Las aguas se concentraron sobre silice y se purificaron
mediante cromatografia en silice eluyendo con un gradiente de
20 a 40% de EtOAc en isohexano. Las fracciones gue contenian el
producto se combinaron y se evaporaron para proporcionar (R)-
metil 2-cloro-6-{3-metilmorfolino}pirimidina-4-carboxilato
{1,659 g, 9%); H NMR (400 MHz, CDCls) 1,33 - 1,37 (3#, d), 3,31
- 3,38 (1H, m), 3,52 - 3,59 (1H, m), 3,68 - 3,72 (1H, m), 3,79

- 3,83 (1H, m), 3,98 (3H, s), 4,02 - 4,05 (1H, m), 4,12 (1H, br .

s}, 4,37 {(1H, br s), 7,16 (1H, s); m/z: (ESI+) MH', 272,43.

b) Se agregd gota a gota borohidruro de litieo, 2M en THF
{18 mL, 36,00 mmol) a (R) metil 2-cloro-6-{3-
metilmorfolino)pirimidina-4-carboxilate (16,28 g, 59,%2 mmol)
en THF (200 mbL) a 0°C durante un periodo de 20 minutos bajo
nitrégeno. La solucidn resultante se agitd a 0 °C durante 30
minutos y luego se dejd entibiar hasta alcanzar TA y se agitd
durante otras 18 horas. Se agregd agua (200 mL) y el THF se
evapord. La capa acuosa se extrajo con EtOAc (2 x 100 mL) y las
fases orgdnicas se combinaron, se secaron sobre MgS504 y luego
5 evaporaron para proporcionar (R)~(2-cloro-6-(3-
metilmorfolino)pirimidin-4-i1)MeCH (14,54 g, 100%) que se
utilizd en la siguiente etapa sin purificacidn; 'H NMR (400 MHz,
CbCl,) 1,32 (3H, d), 2,65 (iH, br s), 3,25 - 3,32 (1iH, m), 3,51
- 3,57 (1H, m), 3,67 - 3,70 (1iH, m)}, 3,78 (lH, d), 3,98 - 4,09
(2H, m), 4,32 (1H, br s), 4,59 (2H, s), 6,44 (1lH, s); m/z:
(ESI+) MH', 244,40.

c) Se agregd gota a gota cloruro de metanosulfonilc (4,62
mL, 59,67 mmol) a (R)-(2-clorc-6-(3-metilmorfeolino)pirimidin-4-
il)MeOH (14,54 g, 59,67 mmol) y trietilamina (8,32 mL, 59,67
mmol) en DCM (250 mL) a 25 °C durante un periode de 5 minutos.

La solucién resultante se agité a 25 °C durante 90 minutos. La
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mezcla de reaccidén se aplacd con agua (100 mL) y se extrajo con
DCM (2 x 100 mL). Las fases organicas se combinaron, se secaron
sobre MgS0O4, se filtraron y se evaporaron para proporcionar
(R)-(2-cloro-6-(3-metilmorfolino)pirimidin-4-iljmetil
metancsulfonato (20,14 g, 105%) que se utilizd en la siguiente
etapa sin purificacién adicional; IE_EMB {400 MHz, CDCl;) 1,33
(3H, d), 3,13 (3H, s), 3,27 - 3,34 (1H, m), 3,51 - 3,57 ({(1H,
m), 3,6¢ - 3,70 (1H, m), 3,79 (1H, d), 3,99 - 4,03 (24, m),
4,34 (1H, br s), 5,09 (2H, d}), 6,52 (1H, s); m/z: [(ESI+) MH',
322,39.

d) Se agregd yecduro de litio (17,57 g, 131,27 mmol) a (R)-
(2-cloro-6- (3-metilmorfolino)pirimidin-4-il)metil
metanosulfonato (19,2 g, 59,67 mmol) en dioxano (300 mL) y se
calentd hasta alcanzar 100 °C durante 2 horas bajo nitrdgeno.
La mezcla de reaccidn se aplacd con agua (200 mL) y se extrajo
con EtOAc (3 x 200 mlL). Se combinaron las capas organicas y se
lavaron con solucién de bisulfito de sodio 2M (400 mL), agua
(400 mL), salmuera (400 mL) se secaron sobre MgSC4 y luego se
evaporarcon. El residuo se triturdé con Et;0 para proporcionar
(R)-4-{2-cloro-6-{yodometil)pirimidin-4-il}-3-metilmorfolina
(13,89 g, 66%); 'H NMR (400 MHz, CDCls) 1,32 (3H, d), 3,24 -
3,32 (l1H, m), 3,51 - 3,58 {(1H, m), 3,67 - 3,71 (1H, m), 3,78
(1, d), 3,98 - 4,062 (2H, m), 4,21 (2H, s), 4,29 (1H, s), 6,41
(1H, s); m/z: (ESI+) MH' 354,31,

Las aguas madre se concentraron y se trituraron con Et,C
para propoxcionar una ccsecha adicional de (R})-4-(2-cloro-6-
(yodometil)pirimidin-4-il)-3-metilmorfolina (2,46 g, 12%); 'H
NMR (400 MHz, CDCi;) 1,32 (3H, d), 3,24 - 3,32 (1lH, m), 3,51 -
3,58 (1H, my, 3,67 - 3,71 (1H, m}, 3,78 (1H, d), 3,98 - 4,02
(2H, m), 4,21 (2H4, s), 4,29 (1H, s), 6,41 (1H, s); m/z: (ESI+)
MH*", 354,31.

e) Se agregd metanosulfinato de sodioc (4,64 g, 45,48 mmol)

en una porcidn a (R)-4-(2-cloro-6-(yodometil)pirimidin-4-il)-3-

r
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metilmorfelina (13,4 g, 37,90 mmol) en DME (100 mL). La mezcla
resultante se agité a 25 °C durante 2 horas. La mezcla de
reaccidén se diluydé con DCM y se lavd con agua (2 x 100 mL),
tiosulfato de sodio ac (50 mL), se secd sobre MgS04 y se
concentrd al vacio. El residuco se triturd con MeOH para
proporcionar un sélido que se secd al vacic para proporcionar
(R)-4-(2-cloro-6-(metilsulfonilmetil)pirimidin-4-11})-3-
metilmorfolina (7,3 g, 63%); 'H NMR (400 MHz, DMSO-dg) 1,21 (3H,
dy, 3,12 (3H, s), 3,24 (1H, t), 3,42 - 3,49 (1H, td), 3,58 -
3,62 (1H, m), 3,74 (1H, d), 3,93 -4,40 (3H, m), 4,47 (2H, s),
6,94 (1H, s); m/z: [(ESI+) MH" 306,05.

Las aguas madre se purificaron mediante cromatografia en
silice con un gradiente de elucidén de 40 z 90% de EtOAc en
isohexano. Las fracciones gue contenian el producto se
combinarcn Yy Se evaporaron para proporcionar wuna cosecha
adicional de (R)-4~(Z2-cloro-6-(metilsulfonilmetil)pirimidin-4-
il)-3-metilmorfolina (2,0 g, 17%); m/z: (ESI+) MH' 306,12.

£) Una sclucion acuosa al 50% de NaOH (42 mlL) se agregd a
(R)-4-(2-cloro-6-{metilsulfonilmetil)pirimidin-4-1il)-3-
metilmorfolina (12,11 g, 39,60 mmeol), 1,2-dibromoetanc (3,41
mL, 39,60 mmol) y bromurc de tetrabutilamenic (1,277 g, 3,96
mmol} en tolueno (120 mlL). La suspensidn resultante se agitd a
60 °C durante 3 horas y luego se agregd® una porcién adicional
de 1,2-dibromoetano (1 mlL) y la mezcla se agito durante 1 hora
mas. Se agregd EtOAc (200 mL) y la mezcla se lavd con agua (100
mL} v salmuera (100 mL). La mezcla de reaccidn se secd socbre
MygSO, y se concentrd al vacio. El residuo se triturd con MeOH
para proporcionar un sdélido gue se recogid mediante filtraciédn
y se secd al vacilo para proporcionar (R)-4-(2-cloro-6-(1-
(metilsulfonil)ciclopropil)pirimidin-4-il)-3-metilmorfolina
(9,65 g, 73%); 'H NMR (400 MHz, DMSC-dg) 1,21 (3H, d), 1,48 -
1,54 (2H, m), 1,61 - 1,67 (2H, m), 3,16 - 3,25 (1H, td), 3,18
(3#, s), 3,44 (14, td), 3,58 (1H, dd}, 3,72 (1H, &), 3,93 (1H,
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ddy, 3,98 - 4,10 (1H, m), 4,41 (1H#, s), 6,93 (l1H, s); m/z:
(ESI+) MH", 332,44.

Las aguas madre de MeOH se redujeron al wvacio y el
residuc se purificd mediante cromatografia en silice con un
gradiente de elucién de 10 a 50% de EtOAc en DCM. Las
fracciones que contenian el producto se combinaron y se
evaporaron para proporcionar (R)-4-(2-cloro-6-{1-
{metilsulfonil)ciclopropil)pirimidin-4-il)-3-metilmorfolina
(2,16 g, 16%); 'H NMR {400 MHz, DMSO-dg) 1,21 (3H, d), 1,49 -
1,54 (2H, m), 1,59 ~ 1,68 (2H, m), 3,19 (3H, s}, 3,16 - 3,25
(1H, td), 3,44 (1H, td), 3,58 (1H, dd), 3,71 (14, d), 3,93 (1H,
dd), 4,04 (iH, bs), 4,41 ({(lH, bs), 6,93 (1H, s); m/z: (ESI+}
MH*, 332,44.

Ejemplo 3.02

6-Metil-4-{4-[ (3R)-3-metilmorfolin-4-il]-6~[1-

{metilsulfonil)ciclopropillpirimidin-2-il}-1H-indol

L

2
o

“fi N

O

Se agregaron tris{dibencilidencacetcnaldipaladioc{0} (6,54
mg, 7,14 umcl) y triciclohexilfosfina (10,68 mg, 0,04 mmol} a
4-bromo~6-metil-1H-indol (100 mg, C,48 mmol}, acetatc de
potasio (70,1 mg, 0,71 mmol) y bis{pinacolato)diboroc (133 mg,
0,52 mmol) en dioxano (5 mL) bajo nitrdgeno. La suspensidn
resultante se agité a 80 °C durante 3 horas. Se agregaron (R)-

4-(2-cloro-6-(1- (metilsulfonil)ciclopropil)pirimidin-4-il})-3-

metilmorfolina (158 mg, 0,48 mmol),
tetrakis(trifenilfosfina)paladioc(0) (27,5 mg, 0,02 mmol) Yy
carbonato de sodio {(solucidn acucsa 2M) (0,952 mL, 1,90 mmol) vy

la suspensidén resultante se agitd a 90 °C durante 18 horas. La

4%;\
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mezcla de reaccién se purificdé mediante cromatografia de
intercambio iénico, utilizando una columna SCX. El producto se
eluyd de la columna utilizande 20% de NHsz 7M/MeCH en DCM; las
fracciones gque contenian el producto se combinaron y @se
evaporaron. Bl residuo se purificdé mediante HPLC preparativa
utilizando mezclas <cada vez menos polares de agua (que
contenian 1% de NH3) y MeCN como eluyentes. Las fracciones que
contenian el producto se combinaron y se evaporarcn hasta
secarse para proporcionar el compuesto del titulo (50 mg, 25%);
'H NMR (400 MMz, DMSO-ds) 1,28 (3H, d), 1,59-1,64 (2H, m), 1,70-
1,74 (2H, m), 2,47 (3H, s), 3,22-3,27 (1H, m), 3,28 (3H, s),
3,52 (1H, td), 3,67 (1H, dd), 3,80 (1iH, d}, 4,02 (1H, dd),
4,18-4,26 (iH, m), 4,56-4,65 (1H, m), 6,84 (1H, s), 7,21-7,24
(1H, m), 7,33-7,37 {(2H, m), 7,87 (lH, s), 11,08 (1H, s); m/z:
(EST+) MH" 427,19.

Ejemplo 3.03

2-Metil-4-{4-[ (3R)-3-metilmorfolin-4-il]-6-[1-

(metilsulfonil)ciclopropil]lpirimidin-2-il}-1H-indol
[O
Nj\
N

O | =
= NH

Se agregd dicloruro de 1,1'-bis(difenilfosfino)ferroceno-
paladio (17,68 mg, 0,02 mmol) a una solucién desgasificada de
2-metil-1H-indol-4-i1 trifluorometancsulfonate (120 mg, 0,43
mmol}, bis{pinacolato}diboro (115 mg, 0,45 mmel), 1,1'-
bis!{difenilfosfino)ferroceno (12,04 mg, 0,02 mmol) y acetato de
potasio (127 mg, 1,22 mmol) en dioxano (5 mL) bajo nitrdgeno y
la mezcla resultante se agitdéd a 90 °C durante 5 horas. Se
agregaron (R)-4-(2-cloro-6-(1-
(metilsulfonil)ciclopropil)pirimidin-4-il)-3-metilmorfolina

(143 mg, 0,43 mmol), tetrakis(trifenilfosfina)paladio(0) (24,83
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mg, 0,02 mmol) y carbonato de sodio (solucidn acuosa 2M) (1,000
mL, 2 mmol) y el calentamiento continudé durante 24 horas. La
mezcla de reaccidén iuege se purificd mediante cromatografia de
intercambioc 1iénico, utilizando una c¢olumna SCX. E1 producto
deseado se eluyd de la columna utilizande 20% de NH3; 7M/MeOH en
CCM vy las fracciones gque contenian el producto se combinaron y
se evaporaron. El residuc se purificé mediante HPLC preparativa
utilizando mezclas cada vez menos ©polares de agua (que
contenian 1% de NH3) y MeCN como eluyentes. Las fracciones gue
contenian el productc se combinarcn y se evaporaron para
proporcionar el compuesto del titulo (40 mg, 22%); 'H NMR (400
MHz, DMSO-dg) 1,29 (3H, dj, 1,63-1,58 (2H, m), 1,74-1,70 (2H,
m), 2,44 (3H, s), 3,27-3,23 (lH, m), 3,29 (3H, s), 3,52 (1H,
td), 3,66 (1H, dd), 3,80 (1H, d), 4,02 {(1H, dd), 4,24-4,16 (1H,
m), 4,65-4,58 (1H, m), 6,82 (1H, s), 7,02-7,00 (1H, m), 7,10
(14, t), 7,40 (1#, d), 8,00 (1H, dd), 11,07 (1H, s); m/z:
(ESI+) MH" 427,19.
Ejemplo 3.04

4-{4-[ (3R) -3-Metilmorfelin-4-il]-6-[1-

(metilsulfonil)ciclopropillpirimidin-2-il}-1H-indol-6-

carbonitrilo
[O
N]\
¢ fFN
S s NH
“I N
O
il
N
Se agregd complejo de 1,1~
bis{difenilfosfino)ferrocenodicloro paladio{lI) diclorometano

(45,1 mg, 0,06 mmol} a 4-bromo-1H-indol-6-carbonitrilo (100 mg,
0,45 rmmol), acetato de potasio (81 mg, 0,82 mmol) y

bis{pinacolato)diboro (125 mg, 0,49 mmol) en dioxano (5 mnL)

Z)
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bajo nitrdégenc. La suspensidén resultante se agité a 90 °C
durante 3 horas. Se agregaron (Ry-4-(2~cloro-6-(1-
(metilsulfonil)cicloprepil)pirimidin-4-1il)-3-metiimorfolina

(136 mg, 0,41 mmol), tetrakis(trifenilfosfina)paladio(0) {47,5
mg, 0,04 mmol) y carbonato de sodio (solucidn acucsa 2ZM) (0,823
mL, 1,65 mmol) y la suspensidn resultante se agité a 90 °C
durante 18 horas. La mezcla de reaccidn se purificd mediante
cromatografia de intercambioc i1dénico, wutilizando wuna columna
SCX. El producto deseado se eluyd de la columna utilizando 20%
de NH; 7M/MeQOH en DCM; las fracciones gque contenian el producto
se combinaron y se evaporaron. El residuo se purificd mediante
cromatografia en silice eluyendo con un gradiente de 5 a 50% de
EtOAc en isohexano. Las fracciones que contenian el producto se
combinarcon y se evaporaron para proporcionar el compuesto del
titulo (120 mg, 67%); *H NMR (400 MHz, DMSO-dg) 1,29 (3H, d),
1,61-1,65 (2H, m), 1,71-1,7¢ (2H, m), 3,25 (3H, s}, 3,27-3,29
(1H, m), 3,53 (1H, td), 3,67 {(1H, dd), 3,81 (1H, d), 4,02 (1H,
dd), 4,23 (1H, d), 4,57-4,65 (1H, m}, 6,%3 (1H, s), 7,44-7,47
(18, m), 7,72 (1H, t), 8,03-8,05 (1H, m), 8,27 (1H, d), 11,86
(1H, s); m/z: (ESI+) MH® 438,17.

Los siguientes compuestos se prepararon de forma similar
al método descrito para el Ejemplo 3.04, utilizando (R)-4-(2-
cloro-6-{1- (metilsulfonil)cicleopropil)pirimidin-4-il)-3-

metilmorfolina v el 4-bromoindol sustituido apropiado.
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ES.
No.

Nombre

IH NMR

m/z
{(ESI
+)

MH+

.05

cl

NH

6-cloro-4-{4-[{3R) -
J-metilmorfolin-4-
il11-6-[1-

(metilsulfonil)ecicl
opropll]pirimidin-

2-il}-1H-indol

1,29 (3H, d),
1,60-1, 64
m}y, 1,71-1,75

(2H,

(2H,
(3H,
3,30
3,53
3,67
3,81
4,01
4,20

4,55-
6,90

m),

7,32
7,52
7,59
8,00

m), 3,26
sy, 3,27-

(1K,
{(1H,
(14,
(1H,
(14,
(1H,
4,64

(1H,
(1H,
{(1H,
{1H,

m},
td),
dd},
d),
dd) ,
d),
(1K,

(1H,

£

11,40 (1H, s)

s),

447,1

.06

NH

6-fluoro-4-{4-

[ (3R)=3-
metilmorfolin-4-
ilj-6-f1-
{metilsulfonil)cicl
oproplilpirimidin-

2-il}-1H-indol

1,28 (3H, d},

1,60-1,65 {(2H,
-1,76

m), 1,71
(ZH, m),

3,24-

3,29
3,53
3,67
3,81
4,01
4,22

4,55-
6,89 ¢
7,31-

m) ,

(4H,
(1H,
(1H,
(1H,
(1H,
(1H,
4,65

7,34

m),
td),
dd) ,
d),
dd} ,
di .
(1H,
1H,
(1H,

s),

431,1
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n/z
Ej. . (ESI
R! Nombre H NMR
No. +)
mi-

.m), 7,34-7,37
(1H, m), 7,47
(1H, t), 7.83
(1H, 4d}, 11,32
(1R, s)

1,28 (3H, 4),
1,60-1,63 (2H, .
m)y, 1,70-1,75
(2H, m), 3,23-
3,29 (44, m),
3,52 (1H, td),
3,67 (1H, dd),
3,80 (11, dy,
— metilmorfolin-4-
1. NH 116 1- 3,83 (3H, s), 443,1
4,02 (1, dd), 4
4,20 (1H, d),
4,57-4,64 (1H,
m), 6,85 (1H, s}, (
7,08 (1H, d), 'I;
7,20 (1H, tj,
7,31 (1H, t),
7,70 (1H, d),
11,04 (1H, s)

b-metoxi-4-{4-
[ (3R) -3-

{metilsulfonil)cicl
0 opropil]pirimidin-

Z2-il}-1H-indol

Ejemplo 3.08

4-{4-[ (3R) -3-Metilmorfolin-4-il]-6-[4-

{(metilsulfonil) tetrahidro-2H-piran-4-illpirimidin-2-il}-1H-

5 indeol
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Se agregd diclorobis(trifenilfosfina)paladio(ll) (5,00 mg,
7,13 pmol) en una porcidn a (R)-4-(Z2-cloro-6-(4-
{metilsulfonil)tetrahidro-2H-piran-4-il)pirimidin-4-il)-3-
metilmorfolina (268mg, 0,71 mmol), solucidn de carbonato de
sodio acuoso 2M {0,428 mL, 0,86 mmol) y Aacido 1H-indol-4-
ilborénice (126 mg, 0,78 mmol) en DME:agua 4:1 (10 mL) a 22°C vy
se sellaron dentro de un tubc de microondas. La mezcla se
calentd hasta alcanzar 110 °C durante 1 hora en un reactor de
microondas y luego se enfridé hasta alcanzar TA. El producto
bruto se purificd mediante cromatografia de intercambio idnico,
utilizando una columna SCX. El producte deseado se eluyd de la
columna utilizando NH; 7M/MeOH y las fracciones que contenian el
producto se combinarcn y se evaporaron. El residuo se disclvid
en DME (2 mL) y luego se purificd mediante HPLC preparativa
utilizando mezclas cada vez menos polares de agua (que
contenian 1% amoniaco) vy 3:1 MeOH:MeCN como eluyentes. Las
fraccicnes que contenian el compuesto deseado se& combinaron y
se purificaron mediante cromatografia de intercambic idnico,
utilizando una columna SCX. El producto deseado se eluyd de la
columna utilizando NHiy 7M/MeOH. Las fracciones que contenian el
compuasto deseado se combinaron y se evaporaron para
proporcionar el ccmpuesto del titulo {111 mg, 34%); H NMR (400
MHz, CDCls} 1,40- 1,41 (3H, sm), 2,55 - 2,63 ({(2H, m), 2,73 {3H,
s), 2,80 - 2,82 (2H, m), 3,38 - 3,53 (3H, m), 3,62 - 3,69 (lH,
m), 3,78 - 3,89 (2H, m), 4,05 - 4,11 (3H, m), 4,23 (1d, d),
4,53 - 4,55 (1H, m), 6,70 (1H, s), 7,28 - 7,40 (3H, m), 7,53 -
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7,56 (1H, m), 8,20 - 8,22 (18, m), 8,56 {(1lH, s); m/z: (ESI+)

MH*, 457,14. '

La (R)-4-(2-cloro-6-(4-(metilsulfonil)tetrahidro-2H-piran-
4-il)pirimidin-4-il) -3-metilmorfolina utilizada como material
de partida, se preparé como se describe a continuacidn:

Una solucién acuosa al 50% de NaCH (6,67 mL) se agregd a
(R) -4~ (2-cloro-6-(metilsulfonilmetil)pirimidin-4-i1})-3-
metilmorfolina (380 mg, 1,24 mmol), bromuro de tetrabutilamonio
(40,1 mg, 0,12 mmol) y l-bromeo-2Z-(2-bromoetoxi)etanoc (721 mng,
3,11 mmol) en DCM (20 mL) a 22°C. La mezcla resultante se agitéd
a 20 °C durante 6 horas y luego se agregd DCM (50 mL). La
solucidén se secd sobre sulfato de sodio, se filtrd y el
disolvente se elimindé bajo presidn reducida. El1 residuo se
purificd mediante cromatografia de interxcambio idnico,
utilizando una columna SCX. El productc deseado se eluyd de la
columna utilizando NH3 7M/MeOH. Las fracciones que contenian el
producto se combinaron y se evaporaron para propercionar (R)-4-
{2-cloro-6-(4- (metilsulfonil)tetrahidro-2H-piran—-4-
il)pirimidin-4-il)-3-metilmorfolina (268 mg, 57%); m/z: (ESI+)
MH', 376, 10.

Ejemplc 3.09

6-Metil-4-{4-[(3R) -3-metilmorfolin-4-il]-6-[4-

{(metilsulfonil) tetrahidro-2H-piran-4-il]lpirimidin-2-il}-1H-

indol
[O
N]\
T T
NH
Frats
O
Se agregaron tris{dibencilidenocacetona)dipaladio(0) (7,32

mg, 8,00 pmol) y triciclohexilfosfina (11,96 mg, 0,04 mmol) a
4-brome-6-metil-1H-indol (112mg, 0,53 mmol), acetatc de potasio
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(78 mg, 0,80 mmol) y bis(pinacolato)diboro (149 mg, 0,59 mmcl)
en dioxano {8 mL) bajo nitrégenc. La suspensidn resultante se
agitd a 90 °C durante 6 horas. Se agregaron (R)-4-(2-cloro-6-
(4-{metilsulfonil)tetrahidro-2H-piran-4-il)pirimidin-4-il)-3-
metilmorfolina (200 mng, 0,53 mmel) ,
tetrakis{trifenilfosfina)paladio{0)} {30,8 mg, 0,03 mmol) vy
carbonato de sodio (solucién acuosa 2M) {1,006 mL, 2,13 mmol) y
la suspensidén resultante se agifé a 90 °C durante 18 horas. La
mezcla de reaccién se f£iltrdé a través de un filtro PTFE de
whatman de 0,45um y un cartuchoe SPE PL-Thiol MP. El producto
bruto se purificd mediante HPLC preparativa utilizando mezclas
cada vez menos poclares de agua {que contenian 1% de NH;) y MeCN
como eluyentes. Las fracciones que contenian el compuesto
deseado se combinaron y se evaporaron para proporcionar el
compuesto del titulo (65 mg, 26%); ‘H NMR (400 MHz, DMSO-dg &
1,27 (3H, d), 2,22 - 2,29 {(2H, m), 2,50 (3H, s), 2,87 (3H, s),
2,90 ({2H, s), 3,26 -3,28 (3H, m), 3,30 (14, s), 3,52 - 3,59
(1H, m)}, 3,69 - 3,72 (iH, m), 3,81 (1#, d), 3,93 - 3,99 (2H,
m), 4,01 - 4,05 (iH, m), 4,31 (1H, d), 4,62 - 4,64 (iH, m),
6,92 (1H, s), 7,18 (1H, ©), 7,34 (1lH, s), 7,37 (1H, ©), 7,91 -
7,91 (1H, m), 11,12 (1H, s); m/z: (ESI+) MH", 471,20.
Ejemplo 3.10

2-Metil-4-{4-[ (3R)-3-metilmorfolin-4-il]-6-[4-

(metilsulfonil) tetrahidro-2H-piran-4-il]lpirimidin-2-il}-1H-

O
(A
1 ~N =

= NH

indel

Se agregd diclorurc de 1,1'-bis{difenilfosfino)ferroceno-

paladic (11,78 mg, 0,01l mmol) a una solucidn desgasificada de
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2-metil-1H-indol-4-il trifluorometanosulfcnato (80 mg, 0,29

mmol), bis (pinacolato)diboro {76 ng, 0,30 mmol), 1,1'-

bis{difenilfosfino) ferroceno (8,03 mg, 0,01 mmol) y acetato de

potasio (84 mg, 0,86 mmol) en dioxano (5 mL) bajo nitrdgeno vy

la mezcla resultante se agitdé a 80 °C durante 5 horas. S3e

agregarocn {(R)-4-(2-cloro-6-(4-{metilsulfonil)tetrahidro-2H-
piran-4-il)pirimidin-4-il)-3-metilmorfolina {108 mg, 0,29
mmol), tetrakis{trifenilfosfina)paladio(0) (16,55 mg, 0,01
mmcl) y carbonato de sodio (sclucién acwosa 2zZM) (1,000 mL, 2

mmol) y el calentamiento continudé durante 24 horas. La mezcla
se filtrdé y luego se evapord. El residuo se purificd mediante
HPLC preparativa utilizando mezclas cada vez menos polares de
agua {que contenian 1% de NH3) y MeCN c¢omo eluyentes. Las
fracciones gque contenian el compuesto deseadc se combinaron y
se evaporaron para proporcionar el compuesto del titulo (40 mg,
30%); 'H NMR {400 MHz, CDCls) 1,40 (3H, d}, 2,52 (3H, s), 2,54 -
2,62 (2H, m), 2,71 (3H, s), 2,79 (2H, 4d), 3,38 - 3,52 (3H, m),
3,63 - 3,69 (1H, m), 3,78 - 3,88 (2H, m}, 4,05 - 4,11 (3H, m),
4,20 - 4,26 (1H, m), 4,53 - 4,55 (iH, m), 6,868 (14, s), 7,00
(14, s), 7,19 {1H, t), 7,42 {(1H, d), 8,04 (1H, s}, 8,14 - 8,16
(1H, m); m/z: (ESI+) MH", 471.
Ejemplo 3.11

6-Metoxi-4-{4-[(3R)-3-metilmorfolin~-4-il]-6-[4-

(metilsulfonil) tetrahidro-2H-piran-4-illpirimidin-2-il}-~1H-

indol
[O
N:L\
e Cw
T
o
e,
Se agrego complejo de 1,1'-

Ris(difenilfesfine) ferrocencdicloroe paladio(II) diclorometano
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(40,6 mg, 0,06 mmol) a una solucién desgasificada de 4-bromo-6-
metoxi-1H-indol (84 mg, 0,37 mmel), acetato de potasic (54,5
mg, 0,56 mmol) y bis{pinacolato)diboro {103 mg, 0,41 mmol} en
dioxanc (5 mL}) bajo nitrdgeno. La suspensidédn resultante se
agitd a 90 °C durante 3 horas. Se agregaron {R)-4-{2-cloro-6-
(4- (metilsulfonil)tetrahidro-2H-piran-4-il)pirimidin-4-il)-3-
metilmerfolina {139 ng, 0, 37 mmol) ,
tetrakis(trifenilfosfina)paladio(0) (21,38 mg, 0,02 mmol) vy
carbonato de sodio (sclucidn acucsa 2M) {0,740 mL, 1,48 mmol) vy
la suspensidn resultante se agitd a 90 °C durante 18 horas. La
mezcla de reaccidn se f£iltrd a través de un filtro PTFE de
whatman de 0,45um y un cartucho SPE PL-Thicl MP. E1 producto
bruto se purificdé mediante HPLC preparativa utilizando mezclas
cada vez menos polares de agua {gue contenian 1% de NH3) y MeCN
como eluyentes. Las fraccicnes que contenian el compuesto
deseado se combinaron y se evaporaron para proporcionar el
compuesto del titulo (26 mg, 14%); *H NMR (400 MHz, CDCls) 1,40
(3", d), 2,54 ~ 2,62 (2H, m), 2,72 (34, s), 2,79 (2H, d), 3,37
3,52 (3H, m), 3,62 - 3,68 (1H, m), 3,78 - 3,88 (2H, m), 3,91
(3H, s), 4,04 - 4,11 (3H, m), 4,22 (1H, &), 4,51- 4,55 {(iH, m),
6,70 (iH, s}, 7,05 - 7,06 (1H, m), 7,23 - 7,24 (1H, m), 7,28 -
7,30 (1H, wm), 7,89 (1H, d}, 8,23 (lH, s); m/z: (ESI+) MH,
487, 20.
Les siguientes compuestos se prepararon de forma similer
al método descritc para el Ejemplo 3.11, utilizande (R)-4-{2-
cloro-6-{4-(metilsulfonil)tetrahidro-2H-piran-4-il)pirimidin-4-

il)-3-metilmorfolina y el 4-bromoindol sustituido apropiado.

/-2/
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Ej.
No.

Nombre

H NMR

m/z
(ESI+)
MI{+

.12

Cl

NH

6-cloro—-4~-{4-[(3R)-3-
metilmorfolin-4-il]-6-[4~
(metilsulfonil)tetrahidro-
2H-piran—-4-il]pirimidin-2-

il1}-1H-indeol

1,41 (3H, d),
2,54 - 2,60
(2H, 2,71
(3K, s), 2,77
(2H, d), 3,36
- 3,50 (3H,
3,61 (1H,
£y, 3,75 -
3,89 (2H,
3,99 - 4,10
(3H, m), 4,22
(1H, d),
4,49- 4,53
(1H, m), 6,71
(1H, 7,26
(1H, s), 7,34
- 7,36 (2H,
7,50 (iH,
8,13 (iR,
8,31 (1H,

m) ,

m),

m},

s},

m),
s},
5),

5)

491,15

.13

NH

6-flucro-4—-{4-[(3R) -3~

metilmorfolin-4-il}-6-[4-
(metilsulfonil)tetrahidro-
2H-piran-4~il]lpirimidin-2~

il}-1H-indol

1,40
2,55 -
(2H,

(3H, s},
2,64
2,72
(3K, s), 2,78
(2H, 4d), 3,38
- 3,51 (3H,
m), 3,62 -
3,69 {(1H, m),
3,78 - 3,82
3,88
d), 4,05
(3H,

m) ,

{1H, m),
(1K,
- 4,12

475,19
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_ m/z
E]. X
Nombre H NMR {(ESI+)
No.

MH+

m), 4,21 (LlH,
d}, 4,50 (1H,
s), 6,71 (1H,
5), 1,22 -
7,25 (1H, m),
7,32 - 7,37
(2H, m), 7,95
~ 7,99 (1H,
m), 8,32 (1R,

s)

1,41 (3H, o),
2,57 - 2,64
{(2H, m}, 2,72
(3H, s), 2,74
- 2,79 (2H,
m}, 3,39 -
3,50 (3H, m),

3,63 - 3,71
4-{4-[(3R)-3-
—— {iH, m), 3,79

NH metilmorfolin-4-il1]1-6-[4-
- 3,82 (1H,
(metilsulfeonil)tetrahidro-

3.14 m), 3,89 (1H, 482,19
ZH-piran~4-iljpirimidin-2-

dy, 4,07 -
4,14 (3H, m),
4,21 (1dH, d),
4,50 (14, s),
6,75 (1H, s),
7,45 - 7,50
(18, my, 7,52
- 7,59 (1H,
m), 7,84 (1H,
s), 8,44 (1H,

|N| il}-1H-indol-6-

carbonitrilo
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m/z
Ej.
Rr? Nombre ‘B NMMR (ESI+)
No .
MH

d), 8,78 (1H,

s)

Ejemple 3.15

4-{4-[ (3R)-3-Metilmorfolin-4-il]-6-[4-

(metilsulfonil)piperidin-4-il]lpirimidin-2-il}-1H-indol

L

N
H

Se suspendiercn acido lH-indeol-4-ilbordnico (55,9 mg, 0,35

mmol), (R)-terc-butil 4-{(2-cloro-6-{3-metilmorfolinc)pirimidin-
4-il)-4-{metilsulfonil)piperidina-i-carboxilato (150 mg, 0,32
mmol), carbonato de sodio acuosc 2M (125 ul, 0,25 mmol) vy
dicleorobis(trifenilfosfina)paladio(ll) (2,217 mg, 3,16 upmol) en
DME:agua 4:1 (3 mL) y se sellaron dentro de un tubo de
microondas. La mezcla se calentd hasta alcanzar 110 °C durante
1 hora en un reactor de microondas y luege se enfrid hasta
alcanzar TA. La mezcla se aplicdé a una columna SCX2 y eluyd
primero con MeOH (2 x 25 mL} sequido por 10% de amoniacc 7N en
MeOH/90% de MeCH (2 x 25 mL). Las fracciones gue contenian el
producto se combinaron y se evaporaron. El residuo se disclvid
en MeOH (5 mL} y se agregd HC1 4N en dicxanc (1,5 mL). La
mezcla se agité & TA durante toda la noche. La mezcla se
evapord y el residuo se disolvid en una mezcla de MeOH (3 mL) ¥y
DMF (0,8 mL}) y el pH se ajustd hasta alcanzar ~pH 8 con NH; 7N
en MeOH. La mezcla se purificdé mediante HPLC preparativa

utilizando mezglas cada vez menos polares de agua (gue
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contenian 1% de NH;) y MeCN como eluyentes. Las fracciones gque

contenian el compuesto deseado se combinaron y se evaporaron

para proporcionar el compuesto del tituleo (34 mg, 23%); H NMR

(400 MHz, DMSO-ds) 1,27 (3H, d), 2,04 - 2,12 {(2H, m), 2,41 (1H,
t), 2,82 (3H, s), 2,82 - 2,89 (2H, mj, 2,94 - 3,04 (2H, m),
3,28 (1H, td), 3,55 (1H, td), 3,71 (1H, dd), 3,81 (1H, d), 4,03
(1H, dd), 4,28 - 4,31 (1H, m), 4,57 - 4,67 (1H, m), 6,87 {(1H,
s}, 6,87 (1M, s), 7,20 (1H, t), 7,28 - 7,31 (1H, m), 7,47 (1H,
t), 7,55 (1H, d), 8,11 (1H, d), 11,29 (1H, s); m/z: (ESI+) MH,
456, 61.

Ejemplo 3.16

4-{4-[ (3R) -3-Metilmorfolin-4-il]-6-[1-

(metilsulfonil)ciclobutil]pirimidin-2-il}-1H-indol
[o

N:L\

Y

|

= NH

- N
0]
Se agregd diclorcbis(trifenilfosfina)paladic(li) (0,812
mg, 1,16 Hmol) en una porcidn a {(R)-4-(Z2-cleoro-6-(1-
(metilsulfonil)cicleobutil)pirimidin-4-il)-3-metilmorfolina (40

mg, 0,12 mmol), sclucidn de carbonato de sodio acuoso 2M (0,069
miL, 0,14 mmol) y &cido 1lH-indol-4-ilborénico (20,48 mg, 0,13
mmol} en DME:agua 4:1 (10 mL) a 22°C y se sellaron dentro de un
tubo de microondas. La reaccidén se calentd hasta alcanzar 110
°C durante 1 hora en un reactor de microondas y luego se enfrio
hasta alcanzar TA. El producto bruto se purificd mediante HPLC
preparativa utilizando mezclas cada vez mencs poelares de agua
(que contenian 1% de NH3;) y MeCN comc eluyentes. Las fracciones
gue contenian el compuesto deseado se combinaron y @ se
evaporaron para proporcionar el compuesto del titule (25 mg,
51%); 'H NMR (400 MHz, CDCls) 1,39 (3H, d), 2,02 - 2,05 (1H, m),
2,30 - 2,33 (14, m}, 2,76 (3H, s), 2,91 - 2,97 (2H, m), 3,12 -
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3,19 (2H, m), 3,36 - 3,43 (l1H, m), 2,60 - 3,67 (14, m), 3,76 -

3,85 (2H, m), 4,05 (1H, d}, 4,21 (1H, d), 4,56 (1H, d}, 6,60

(1#, s), 7,29 (1H, t), 7,33 {14, t), 7,49 - 7,51 (1iH, m), 7,50

- 7,54 (1H, m), 8,25 - 8,27 (1H, m), 8,29 (lH, s); m/z: (ESI+)

MHY, 427,19.

La (R)-4-{Z2-cloro-6~-(1-
(metilsulfonil)ciclcobutil)pirimidin-4-il)-3-metilmorfolina
utilizada como material de partida, se prepard como se describe
a continuacion:

Se agregd gota a gota 1,3-dibromopropano (0,267 mL, 2,62
mmcl) durante 1C minutos a (R} -4-(2-clorc-6-
(metilsulfonilmetil)pirimidin-4-il)-3-metilmorfolina (0,4 g,
1,31 mmol), bromure de tetrabutilamonic (0,042 g, 0,13 mmol) vy
50% de NaCH acuoso (0,314 mL, 3,92 mmol) en tolueno (43 mL). La
mezcla de reaccidn se agité a TA durante 4 horas. El1 tolueno se
retirdé bajo presidén reducida y el residuo se disolvidé en DCM y
la sclucién se lavd con agua. La capa orgédnica se secd sobre
MgSC4, se filtrd y luego se evaperd. El residuo se purifico
mediante HPLC preparativa utilizando mezclas cada vez menos
poclares de agua (gue contenian 0,1% de NH;} y MeCN como
eluyentes. Las fracciones que contenian el compuestc deseadoc se
combinaron y Se evaporaron para propercionar (R)-4-(2-cloro-6-
(1- (metilsulfonil)ciclobutil)pirimidin-4-il)-3-metilmorfolina
(0,066 g, 15%); m/z: (ESI+) MH", 346,08.

Ejemplo 3.17

4-{4-[1~- (Ciclopropilsulfonil)ciclopropil] ~6-[ (3R} -3~

metilmorfolin-4-illpirimidin-2-il}-1H-indol
EO
N]\
0 | =N —

WJS N/

NH
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Se agregd diclorcbis(trifenilfosfina)paladic(ll) (4,96 mg,
7,07 amol) en una porcidn a (Ry=-4-(2-cloro-6-{1-
(ciclopropilsulfonil)ciclopropil)pirimidin-4-il)~3-
metilmorfolina (253 mg, 0,71 mmol), soclucién de carbonato de
sodio acuoso 2M {0,424 mL, 0,85 mmol) vy 4&cido 1H-indol-4-
ilbordnico {137 mg, 0,85 mmeol} en DME:agua 4:1 (5 mL) a TA. La
mezcla se calentd hasta alcanzar 90 °C durante 1 hera y luego
se dejdé enfriar hasta alcanzar TA. La mezcla se diluyd con
EtOAc (50 mL) y luego se lavd secuencialmente con agua (50 ml)
Yy salmuera saturada (50 mL). La capa organica se separd y luego
se evapord sobre silice. El residuo se purificd mediante
cromatografia en silice con un gradiente de elucidn de 0 & 100%
de EtOAc en isohexano. Las fracciones puras se combinaron y se
evaporaron. El residuc se purificé mediante HPLC preparativa
utilizandc mezclas cada vez mencs polares de agua {que
contenian 1% de NHz) y MeCN como eluyentes. Las fracciones que

contenian el compuesto deseado se combinaron y se evaporaron

para proporcionar el compuesto del titule {118 mg, 38%); *H NMR

(400 MHz, DMSO-dg) 0,93 - 1,03 (4H, m), 1,28 (3H, d), 1,61 -
1,66 (2H, m), 1,68 - 1,72 (2H, m), 2,98 - 3,04 {l1H, m), 3,23 -
3,32 (1H, m) parcialmente oscurecido por seflal de agua, 3,49 -
3,56 (l1H, m), 3,66 - 3,69 (lH, m), 3,80 (1H, d), 3,99 - 4,03
(1H, m), 4,19 (1H, d), 4,58 (14, d), 6,92 (1H, s), 7,19 (1H,
ty, 7,37 (1H, t), 7,45 (1H, t), 7,54 (1H, d), 8,07 - 8,10 (iH,
m), 11,22 (1H, s); m/z: (ESI+) MH', 439,57.

La (R)-4~-(2-cloro-6-(1-
{ciclopropilsulfonil)ciclopropil)pirimidin-4-il)-3-
metilmorfolina utilizada como material de partida, se prepard
como se describe a continuacidn:

a) Se adgregd ciclopreopanosulfinato de sodio (1,389 g,
10,84 mmol) en una porcidén a {(R)-4-(2-cloro—-6-
(yodometil)pirimidin-4-il)-3-metilmorfolina {3 g, 8,48 mmcl] en

MeCN (85 mL) a TA. La mezcla resultante se agitd bajo nitrdgeno
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a 80 °C durante 18 horas. La mezcla de reaccidn se evapord y el
residuo se disolvid en DCM (125 mL). La sclucidn se lavod
secuencialmente con agua (125 mlL), sclucidén de bisulfito de
sodio 2M (125 mL) y salmuera saturada (125 mL). La capa
crgéanica se secd sobre MgS0O4, se filtré y luego se evapord. EL
residuo se triturd con dietil Et,0 y la mezcla se filtrd. EI
s6lido se lavé con Etz0 (5 mlL) y luege se secd con aire para
proporcicnar (R)-4-(2-cloro-6-
(ciclopropilsulfonilmetil)pirimidin-4-il)}-3-metilmorfolina
(2,350 g, B3%) que se utilizé en la siguiente etapa sin
purificacién adicional; *H NMR (400 MHz, DMSO-dg) 0,95 - 0,99
(2H, m), 1,02 - 1,08 (2H, m), 1,23 (3H, 4}, 2,78 - 2,B4 (1lH,
my, 3,19 - 3,26 (iH, m), 3,43 - 3,49 (1H, m), 3,59 - 3,63 (1H,
m), 3,74 (1H, d), 3,93 - 3,97 (2H, m}), 4,31 (lH, br s), 4,49
(2H, s), 6,93 (1H, s); m/z: (ESI+) MH', 332,42.

L) Una solucidédn acuosa al 50% de NaOH (2 ml) se agregd a
(RY-4-(2-cloro-6-{ciclopropilsulfonilmetil)pirimidin-4-il) -3~
metilmorfolina (650 mg, 1,96 mmol), 1,2-dibromoetanc (0,163 mL,
1,96 mmol) y bromuro de tetrabutilamonic (63,1 mg, 0,20 mmol)
en tolueno (6 mL). La suspensidn resultante se agitdé & 60 °C
durante 1 hora. Se agregé EtOAc (100 mL) y la mezcla se lavd
con agua (100 mL) y salmuera (100 mL). La mezcla se secs sobre

MgS0, y se evapord sobre silice. El residuo se purificod

mediante cromatografia en silice con un gradiente de elucion de
30 a 60% de EtOAc en DCM. Las fracciones puras se combinaron y
se evaporarcn para proporcionar (R} -4-(2-cloro-6-{1-
(ciclopropilsulfonil)ciclopreopil)pirimidin-4-1i1)-3-
metilmorfolina (545 mg, 78%); 'H NMR (400 MHz, DMSO-ds) & 0,89 -
0,92 (2H, m), 1,00 - 1,05 (2, m), 1,21 (3H, 4), 1,50 - 1,33
(2, m), 1,61 - 1,64 (2H, m), 2,90 - 2,96 (1H, m), 3,20 - 3,24
(1H, m), 3,40 - 3,47 (l1H, m), 3,56 - 3,60 (1H, m), 3,72 (1lH,
dy, 3,92 - 3,95 (14, m), 4,03 (1H, br s), 4,39 (lH, br s), &,99
(1H, s); m/z: (ESI+} MH", 358,43.
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Ejemplo 3.18

4-{4-[4-{Ciclopropilsulfonil)piperidin-4-il]-6-[(3R)-3-

metilmorfolin-4-il]lpirimidin-2-il}-1H-indol
O

(AN
e Cw
Ve
N
H

Se agregd diclorobis(trifenilfeosfina)paladic{ll} (3,64 mg,

5,19 pmel) en una porcidén a (R)-terc-butil 4-(2-clorc-6-(3-
metilmorfelino)pirimidin-4-il)-4-

(ciclopreopilsulfonil)piperidina-l-carboxilato {260 mg, 0,52
mmoli), solucidn de carbonato de sodio acucso 2M (0,311 mL, 0,62
mmol) y acido 1H-indol-4-ilborénico (100 mg, 0,62 mmol) en
DME:agua 4:1 (5 mL) a TA. La mezcla se calentdé hasta alcanzar
90 °C durante 1 hora y luego se cargd en una columna SCX. La
columna se eluyé primerc con MeOH y luego con NHy; 7N/MeQH. Las
fracciones que contenian el producto deseado se combinaron y se
evapcraron. El residuo se disolvid en DCM (50 mL), se lavd con
agua (50 mL) y la capa orgdnica se concentrd bajo presion
reducida. El residuc se tratd con 10% de TFA en DCM (5 mL) y se
agitdé a TA durante 1 hora. E1 producto bruto se purificéd
mediante cromatografia de intercambio iénice, utilizando una
columna SCX. El producto deseado se eluyd de la columna
utilizande NHz 7M/MeOH y luego se evapord sobre silice. EL
residuo se purificé mediante cromatografia en silice con un
gradiente de elucién de 0 a 5% de HNH; 7M/MeOH en DCM. Las
fracciones puras se combinaron 3% se evaporaron para
proporcionar el compuesto del titulo (157 mg, 63%); ‘H NMR (500
MHz, DMSO-dg} 0,74 - 0,77 (2H, m), 0,85 (2H, 4}, 1,27 (3H, d),
2,09 - 2,14 {(2H, m}), 2,42 - 2,52 (2H, m), 2,95 - 2,99 (4H, m),
3,24 - 3,27 (1IH, m), 3,54 - 3,58 (1H, m), 3,69 - 3,72 (1H, m),

2
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3,81 (1H, d), 4,01 - 4,04 (1H, m), 4,27 (14, d}, 4,61 {(1H, s),
6,89 (1H, s), 7,20 (1H, t), 7,34 (1H, s), 7,46 (1H, t}, 7,54
(1H, d}, 8,13 (1H, d), 11,24 (1H, s); m/z: (ESI+) MH*, 482,58.
El (R} -terc-butil 4-({2-cloro-6-(3-

metilmorfolino)pirimidin-4-11)-4-

(ciclopropilsulfonil)piperidina-l-carboxilato, utilizado como
material de partida, se prepard como se describe a
continuacién:

a) Una solucidn de (R)-4-{2-cloro-6-

(ciclopropilsulfonilmetil)pirimidin-4-il)-3-metilmorfolina (865
ﬁg, 2,61 mmol) en NMP (10 mL) se tratd con hidrurc de sodio,
dispersién al 60% en aceite mineral (344 mg, 8,60 mmol). La
mezcla se agitd a TA durante 10 minutos antes de tratarse con
bromuro de tetrabutilamonio (1261 mg, 3,9%1 mmol) y N-bencil-2-
cloro-N-(2-cloroetil}etanamina clorhidrate (770 mg, 2,87 mmol).
La mezcla de reaccidén se agitd durante 5 minutos a TA y luego
se calentdé hasta alcanzar 50°C durante 1 hora y luego a 80°C
durante 1 hora; la mezcla luego se dejd repecsar a TA durante
toda la ncche. La mezcla se aplacd mediante la adicidn de
solucién de cloruro de amonio saturado y luego se extrajo con
EtOAc (3 x 50 mL). La solucidn orgédnica se lavd tres veces con
agua (100 mL), salmuera saturada (100 mL), se secd® sobre
sulfato de magnesioc, se filtrdé y luegc se concentrd sobre
silice. El residuc se purificd mediante cromatografia en silice
eluyendo con un gradiente de 10 a 70% de EtOAc en DCM. Las
fracciones puras se combinaron y se evaporaron para
proporcionar (R)~4-(6-(l-bencil-4-
(ciclopropilsulfonil)piperidin-4-il}-2-cloropirimidin-4-1il1)-3-

metilmorfolina (976 mg, 76 %); ‘H NMR (400 MHz, DMSO-dg) 0,70 -
0,77 {2, m), 0,90 - 0,96 (24, m), 1,18 - 1,21 (3H, m}, 1,78 =
i,88 (2H, m), 2,09 - 2,16 {(2H, m), 2,55 (1H, m, parcialmente
oscurecido por pico de DMSO), 2,78 - 2,84 (4H, m), 3,17 - 3,23
(1§, m), 3,36 (2H, s), 3,43 - 3,50 (1H, m), 3,60 - 3,63 (1H,
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my, 3,73 (1H, 4), 3,82 - 3,96 {1H, m), 4,07 - 4,13 (iH, m),

4,43 (1H, br s), 6,%6 (14, s), 7,23 - 7,34 (5H, m); m/z: (ESI+)

MH", 491,51.

b) Se agregd l-cloroetil cloroformiato (0,426 mL, 3,95
mmol) a una solucidn de {R)—-4-{6-(l-bencil-4-
(ciclopropilsulfonil)piperidin-4-il)-2-cloropirimidin~-4-il)-3-
metilmerfolina {970 mg, 1,98 mmol) en DCM (10 mlL). La solucidén
se calentd a reflujo durante 3 horas y luego se dejd enfriar
hasta alcanzar TA. La mezcla se diluyd con MeOH (12 mL} y se
dejdé reposar durante toda la noche. La mezcla se tratd con di-
terc-butil dicarbonato (948 mg, 4,35 ol ) Y N-
etildiisopropilamina (0,684 mL, 3,95 mmol} vy la scluciédn se
agitd a TA durante 3 horas. La solucidn se dividid entre DCM y
agua, la fase orgédnica se separd y luego se secd sobre MgS04 vy
se concentrd bajo presidén reducida sobre silice. E1 residuo se
purificdé mediante cromatografia en silice eluyendo con un
gradiente de 1C a 30% de EtOAc en DCM. Las fracciones puras se
combinarcn y se evaporaron para proporcionar (R)-terc~butil 4-
(2-clorco-6-{3-metilmorfolino)pirimidin-4-il)-4-
(ciclopropilsulfonil)piperidina-l1-carboxilate (629 mg, 64%); iﬁ
NMR (400 MHz, DMSO-dg) 0,72 - 0,79 (2H, m), 0,91 - 0,96 (2H, m),
1,21 (3H, d), 1,4C {(SH, s), 1,92 - 2,00 (2H, m), 2,53 - 2,61
(1H, m), 2,84 (2H, m), 3,17 - 3,23 (1H, m), 3,42 - 3,49 (1H,
m), 3,59 - 3,63 (1H, m), 3,73 (1H, d), 3,93 - 3,97 (3H, m),
4,11 (1H, br d), 4,48 (1H, br s), 6,97 (1lH, s); m/z: (ESI+} MH",
501, 50.

Ejemplo 3.19

4-{4-[4- (Ciclopropilsulfonil) tetrahidro-2H-piran-4-il]-6-

[ (3R) -3-metilmorfolin-4-il]lpirimidin-2-il}-1H-indol
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Se agregd diclorobis(trifenilfosfina)paladic(II) (4,03 mg,
5,75 umol) en una porciodn a (R}y-4-(2-cloro-6~(4-

(ciclopropilsulfonil)tetrahidro-2ZH-piran-4-il)pirimidin-4-il)-
3-metilmorfolina (0,231 g, 0,57 mmol), solucidn de carbonato de
sodio acuoso 2M (0,345 mL, G,69 mmol) y Aacido 1H-indol-4-
ilbordénice (0,111 g, 0,69 mmol) en DME:agua 4:1 (5 mL}) a TA. La
mezcla se calentd hasta alcanzar 90 °C durante 30 minutos y
luege se dejd enfriar hasta alcanzar TA. La mezclia se diluyd
con EtQAc (50 mL) y se lavd secuencialmente con agua (50 mlL) vy
una solucién de salmuera saturada (50 mL). La capa organica se
evapord sobre silice y el residuo se purificd mediante
cromatografia en silice eluyendo con un gradiente de 0 a 100%
de EtOAc en isohexano. Las fraccicnes puras se combilnaron y se
evaporaron. El residuc se purificd mediante HPLC preparativa
utilizando mezclas cada vez menos polares de agua {que
contenian 1% de NH3) y MeCN como eluyentes. Las fracciones gue
contenian el compuestco deseado se combinaron y se evaporaron
para proporcionar el compuestc del titulec (0,108 g, 3%9%); 'H NMR
(400 MHz, DMSO-dg) 0,77 - C,83 (2H, m), 0,84 - 0,88 (2H, m},
1,27 (3H, d}, 2,25 - 2,33 (2H, m), 2,94 - 2,99 (2H, m}), 3,24 -
3,27 (2H, m) parcialmente oscurecido por agua, 3,52 - 3,59 (1lH,
m), 3,69 - 3,72 (14, m), 3,81 (1H, d), 3,94 (2H, =), 4,00 -
4,04 (1H, m), 4,28 (14, d), 4,63 (14, d), 6,94 (1H, s), 7,20
(1H, t), 7,31 (1H, ty, 7,45 (1H, %), 7,54 (1iH, d), 8,11 - 8,13
(1H, m), 11,23 (1H, s); m/z: (ESI+) MH", 483,57.

La (R)-4-{2-cloro-6-(4-(ciclopropilsulfonil)tetrahidrc-2H-

piran-4-il)pirimidin-4-il)-3-metilmorfolina utilizada Come
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material de partida, se prepard COmo se describe a

continuacidn:

Una solucién acuosa al 50% de NaOH (2 mL) se agregd a (R)-
4-(2-cloro-6-(ciclopropilsulfonilmetil)pirimidin-4-i1l)-3-
metilmorfeolina, bromuro de tetrabutilamonio (63,1 mg, 0,20
mmol) y l-bromo-2-(2-brcocmoetoxitetano (0,244 mi, 1,96 mmol} en
tolueno (6 mL) a TA. La mezcla resultante se agitd bajo
nitrégenc a 60 °C durante 3 horas. La mezcla se diluydé con
EtOAc (100 mL) y se lavd secuencialmente con agua (75 mlL) vy
salmuera saturada (75 mL). La capa organica se secd scbre
MgS0O4, se filtrd y se evapord. El residuo se triturd con MeOH y
el sdélido que se formé se recogid mediante filtracidn, se lavd
con MeOH (10 ml) y luegc se secd con alire para proporcionar
(R)-4-(2-cloro-6-(4-(ciclopropilsulfonil)tetrahidro-2H-piran-4-
il)pirimidin-4-il)-3-metilmorfolina (2%6 mg, 37,6 %) gque se

utilizé en la siguiente etapa sin purificacién adicional; 'H NMR

(400 MHz, DMSO-dg) 0,71 - 0,80 (2H, m), 0,93 - 0,98 (28, m),
1,20 (34, d), 2,12 - 2,20 (2H, m), 2,50 - 2,58 (1H, wm)
parcialmente oscurecido por pico de DMSO, 2,71 - 2,76 (3H, m),

3,15 - 3,23 (2H, m), 3,43 - 3,50 (1H, m), 3,59 - 3,63 (lH, m),
3,73 {1H, d), 3,86 - 3,91 (2H, m), 3,92 - 3,96 (1iH, m), 4,12
(1H, br s), 4,46 (lH, br s), 7,00 (1H, s); m/z: (ESI+) MH",
402,45,

Las aguas madre se evaporarcn scbre silice y el residuc se
purificé mediante cromatografia en silice eluyendo con un
gradiente de 20 & 60% de EtOAc en DCM. Las fracciones puras se
combinaron y se evaporarcn para proporclonar una segunda
muestra de (R)-4-(2-cloro-6-{4-{ciclopropilsulfonil)tetrahidro-

il

ZH-piran-4-il)pirimidin-4-il}-3-metilmorfolina (275 mg, 35%):
NMR (400 MHz, DMSO-d¢) & 0,71 - 0,79 (2H, m), 0,20 - 0,99 (2H,
m), 1,20 (3H, d}, 2,12 - 2,20 (2H, m), 2,50 - 2,57 (1H, m,
parcialmente oscurecido por DMSO), 2,69 - 2,76 (2H, m), 3,15 -

3,23 (3H, m), 3,43 - 3,50 (1H, m), 3,39 - 3,63 (1H, m}, 3,73
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(iH, d}, 3,86 - 3,91 (2H, m), 3,%2 ~ 3,96 (1H, m}), 4,11 (1H,
q), 4,48 (lH, s), 7,00 (1H, s); m/z: (ESI+) MH', 402,42.

Ejemplo 3.20
4-{4-[1-{Etilsulfonil)ciclopropill]-6-~[ (3R} -3~

metilmorfolin-4-il]lpirimidin-2-il}-~1H-indol
[O
Nj\
e TN =
\\,fS =z NH

’ N
O,

Se agregd diclorobis(trifenilfosfinalpaladio(II} (5,07 mg,
7,23 umol) en una porcidn a {(R)-4-({2-cloro-6-(1-
(etilsulfonil)ciclopropil)pirimidin-4-il}-3-metilmorfelina (250
mg, 0,72 mmol), solucién de carbonato de sodio acuoso 2M (0,434
mL, 0,87 mmol) vy &cido 1H-indol-4-ilbordnico (128 mg, G,80
mmol) en DME:agua 4:1 (10 mL) a 22°C y se sellarcn dentro de un
tubo de microondas. La mezcla se calentd hasta alcanzar 110 °C
durante 1,5 horas en un reactor de microondas y luege se dejd
enfriar hasta alcanzar TA. Se agreqgd
diclorobis (trifenilfosfina)paladic(II) (5,07 mg, 7,23 umol) vy
la mezcla se calentd hasta alcanzar 110 °C en un reactor de
microondas durante otros 30 minutos. La mezcla se purificd
mediante cromatografia de intercambio idnico, wutilizandc una
columna SCX. El1 producto deseado se eluyd de la columna
utilizando NH; 7M/MeOH. Las fracciones que contenian el producto
se combinaron y Se evaporaron scbre silice. El1 residuo se
purificé mediante cromatografia en silice eluyendo con un
gradiente de 0 a 50% de EtOAc en isohexano. Las fracciones
puras se combinaron y se evaporaron para proporcionar el
compuesto del titulo (170 mg, 55%}: H NMR (400 MHz, DMSO-ds)
1,27 - 1,32 {(6H, m}, 1,60 - 1,64 (2H, m), 1,67 - 1,71 (2H, m),
3,23 - 3,33 (1H, m, parcialmente oscurecido por agua), 3,44

(2H, q), 3,49 - 3,56 {(1H, m), 3,65 - 3,69 (1H, wm), 3,81 (1H,
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dy, 3,99 - 4,03 (1H, m), 4,21 {(l1H, d), 4,60 (1H, d), 6,85 (lH,
sy, 7,21 (1H, t), 7,31 (1H, d), 7,46 (1H, t), 7,55 {1H, d),
8,04 - 8,06 (1H, m), 11,25 (1H, s); m/z: (ESI+) MH", 427,52.
La (R)-4-{Z2~cloro-6-(1-

(etilsulfonil)ciclopropil)pirimidin-4-il}-3-metilmorfolina
utilizada como material de partida, se prepard como se describe
a continuaciodon:

a) Se agregd etanosulfinato de sodio (0,854 g, 7,35 nmmol)
en una porcidn a (R}-4-(2-cloro-6-{yodometil)pirimidin-4-il)-3-
metilmorfolina (2 g, 5,66 mmeol) en MeCN ({56,6 mL) a TA. La
mezcla resultante se agitd bajo nitrdégeno a 80 °C durante 18
horas. La mezcla se evaporéd y el residuo se disolvid en DCM
(250 mL) y se lavd secuencialmente con agua (250 mL), solucidn
de bisulfito de sodio 2M (250 mL} y salmuera saturada (250 ml).
La capa orgénica se secd sobre MgS04, se filtrd y luego se
evaporo. El residuo se trituré con Et;0 para proporcionar un
precipitade. El precipitado se recogid mediante filtracidn, se
lavé con Et;0 (5 mL) vy luego se secd con aire para proporcionar
(R)-4-(Z-cloro-6~-(etilsulfonilmetil)pirimidin-4-il)-3-
metilmorfolina (1,520 g, 84%) que se utilizdé en la siguiente
etapa sin purificacién adicional; 'H NMR (400 MHz, CDCls) 1,34
(34, d), 1,44 (3H, t©), 3,14 (2H, )}, 3,27 - 3,34 (1lH, m), 3,51
- 3,57 (18, m), 3,67 - 3,70 (1, m), 3,79 (1H, 4), 3,95 - 4,11
(l1H, m), 3,99 - 4,03 (1H, m), 4,15 (24, s), 4,31 (lH, br s),
6,53 (1H, s); m/z: (ESI+) MH', 320,41.

. b) Una solucién acuosa &l 50% de NaOH {2 ml) se agregd a
(R)-4-{Z2-cloro-6-(etilsulfonilmetil)pirimidin-4-il)-3-

metilmorfolina (645 mg, 2,02 mmol}, i,2-dibromoetano (0,174 mL,
2,02 mmol) vy bromuro de tetrabutilamcnio (65,0 mg, 0,20 mmol)
en tolueno {6 mlL). La suspensidn resultante se agitd a 60 °C
durante 3 horas. Se agregd EtOAc (200 mL) y la mezcla se lavd
con agua (100 mL) vy salmuera (100 mL}. La solucidn organica se

sect sobre MgS0O, vy luego se concentrd al vacio. El residuo se

|2¥
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trituré con MeCOH y luego se secdé &l vacic para propocrcionar
(RYy-4-{2-cloro-6-(1l-(etilsulfonil)ciclopropil)pirimidin—-4-il}-
3-metilmorfolina (395 mg. 57%) que se utilizd en la siguiente
etapa sin purificacidén adicional; 'Y NMR (400 MHz, CDCls} 1,33
(34, d), 1,38 (3H, t), 1,48 (2H, m}, 1,78 - 1,81 (2H, m), 3,16
(24, q), 3,26 - 3,33 (1#, m), 3,50 - 3,57 (iH, m}, 3,66 - 3,70
(14, m), 3,78 (1H, d), 3,98 - 4,02 (2H, m), 4,33 (lH, s), ©,86
(1H, s); m/z: (ESI+) MH', 346,44.

Las aguas madre se evaporaron y el residuoc se triturd con
MeCH para proporcionar una segunda cosecha de so6lido que se
secod al vacio para proporcionar (R} -4-(2~clore-6-(1-
(etilsulfonil}cicloprepil)pirimidin-4-il)-3-metilmorfolina {140
mg, 20%) que se utilizd en la siguiente etapa sin purificaciédn
adicional; 'H NMR (400 MHz, CDCly) 1,33 (3H, d), 1,38 (3H, t),
1,48 (2H, m), 1,78 - 1,81 (2H, m), 3,16 (2H, q), 3,26 - 3,33
(lH, m), 3,50 - 3,57 (lH, m}, 3,66 - 3,70 (iH, m), 3,78 (1H,
dy, 3,98 - 4,02 (2H, m), 4,33 (14, s), 6,86 [(l#, s); Eﬁi:
(ESI+) MH', 346,44.

Ejemplc 3.21

4-{4-[4-(Etilsulfonil) tetrahidro-2H-piran-4-il]-6-[ (3R)-3-

metilmorfolin-4-illpirimidin-2-il}-1H-indecl

[O
Nj\
e rN o~
N8 P NH
o N
0]
Se agregd diclorobis({trifenilfosfina)paladio(II) (4,86 mg,
6,92 umol) en una porcién a (R)-4-{2-cloro-6-(4-

(etilsulfonil)tetrahidrc-2H-piran—4-il)pirimidin-4-11)-3-

metilmorfolina (270 mg, 0,692 mmol), solucidén de carbonato de
sodio acuoso 2ZM (0,415 miL, 0,83 mmol) y A&cido 1H-indol-4-
ilborénico (134 mg, 0,83 mmcl) en DME:agua 4:1 (10 mL) a TA. La
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mezcla se calentd hasta alcanzar 110 °C durante 1 hora. E1
producto bruto se purificd mediante cromatografia de
intercambio 1idénico, utilizando una columna SCX. El producto
deseado se eluyd de la columna utilizando NH; 7M/MeOH y las
fracciones que contenian el producto se combinaron vy se
evaporaron sobre silice. El residuc se purificé mediante
cromatografia en silice eluyendo con un gradiente de 0 a 100%
de EtOAc en 1isohexano. Las fraccicnes puras se combinaron y se
evaporaron para proporcionar el compuesto del titulo (190 mg,
58%); 'H NMR (400 MMz, DMSO-ds) 1,08 (3H, t), 1,28 (3H, d), 2,25
- 2,32 (24, m), 2,88 - 2,93 (2H, m), 3,00 (2H, g), 3,24 - 3,32
{3H, m, parcialmente oscurecido por pico de agqua), 3,53 - 3,59
(1H, m), 3,69 - 3,73 (14, m), 3,81 (1lH, d), 3,93 - 3,99 (2H,
m), 4,01 - 4,05 (iH, m), 4,30 (1H, d), 4,63 (1H, d), 6,93 (1H,
s), 7,21 (1iH, t)y, 7,27 (1H, d&), 7,47 {1H, t), 7,56 (1H, d),
8,10 - 8,13 (1H, m), 11,27 {1H, s); m/z: (EST+) MH', 471,55.

La (R} -4-{2-cloro-6-(4-(etilsulfonil)tetrahidro-2H-piran-
4-il)pirimidin-4-il}-3-metilmorfolina utilizada como material
de partida, se prepard como se describe a continuacidn:

Una solucién acuosa al 50% de NaOH (2 mL) se agregd a [(R)-
4~ (2-cloro-6-(etilsulfonilmetil)pirimidin-4-il)-3-
metilmorfolina (650 mg, 2,03 mmol), bromuro de tetrabutilamonio
(65,5 mg, 0,20 mmol) y l-bromo-2-{2-bromoetoxi)etanc (471 mg,
2,03 mmol) en tolueno (6 mL} a TA. La mezcla resultante se
agitd® bajo nitrdgeno a 60 °C durante 2 horas. La mezcla se
diluyd con EtOAc (100 mL) y se lavd secuencialmente con agua
(75 mL), solucidén de bisulfito de sodioc 1M (75 mlL) y salmuera
saturada (75 mL). La capa organica se secd sobre MyS04, se
filtrd y luego se evapord. El residuo se triturd con MeOH y el
s6lido formado se reccgid mediante filtracidn, se lavd con MeOH
(10 mL) y luegc se secd con aire para proporcionar (R)-4-(2-
cloro-6-(4-{etilsulfonil)tetrahidro-2H-piran-4-il)pirimidin-4-

il)-3-metilmorfolina (516 mg, 65%) que se utilizd sin
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purificacién adicional; *H NMR (400 MHz, CDCls) 1,29 (3H, t},

1,32 (2H, s), 1,34 (2H, s}, 2,46 - 2,58 {(4H, m}, 2,86 (2H, q),

3,27 - 3,38 (3H, m), 3,53 - 3,59 (1H, m), 3,69 - 3,72 (14, m),

3,79 (1H, d), 3,98 - 4,04 (4H, m), 4,31 (2H, s), 6,64 (1H, s);

m/z: (ESI+) MH*, 390,45.

Ejemplo 3.22

4-{4-[4-(Etilsulfonil)piperidin-4-il]l-6-[(3R) -3~

metilmorfolin-4-illpirimidin-2-il}-1H-indol

L

el
N
H
Se agreg® diclorobis(trifenilfosfina)paladio(II) (3,73 mg,

5,32 pmol) en una porcidén a (R)-terc-butil 4-(2-cloro-6-{3-
metilmorfolino)pirimidin-4-il)-4-(etilsuifonil}piperidina-1-

carboxilato (260 mg, 0,53 mmol), solucidédn de carbonato de sodio
acuoso 2M (0,319 mL, 0,64 mmecl) y acido 1H-indol-4-ilborédnico
(103 mg, 0,64 mmol) en DME:agua 4:1 (5 mL) a TA. La mezcla se
calenté hasta alcanzar 90 °C durante 1 hora. La mezcla de
reaccién se cargd en una columna SCX y eluyd primero con MeOH y
luego con NH3 7N/MeOH. Las fracciones que contenian el producto
se combinaron y se evaporaron. El residuo se disclvidé en DCM
(50 mL), se lavdé con agua (50 mlL) y la capa organica se
concentrd bajo presidédn reducida. El residuo se tratd con 10% de
TFA en DCM (5 mL) y se agitd a TA durante 1 hora. La mezcla se
purificd mediante cromatografia de intercambio idnico,
utilizando una columna SCX. El1 producto deseadc se eluyd de la
columna utilizando NH; 7M/MeOH y las fracciones gue contenian el
producto se combinaron y se evaporaron sobre silice. El residuo
se purificd mediante cromatografia en silice eluyende con un

gradiente de 0 a 5% de NH3; 7M/MeOH en DCM. Las fracciones puras
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se combinaron y se evaporaron para proporcionar el compuesto
del titulo (154 mg, 62%); 'y NMR {500 MHz, DMSO-ds) 1,06 (3H,
£y, 1,27 (3H, d&), 2,08 - 2,13 {(2H, m), 2,40 - 2,46 (24, m),
2,86 (2H, d), 2,94 - 3,02 {(4H, m), 3,54 - 3,58 (lH, m), 3,71
(14, &), 3,81 {(iH, s), 4,03 (1H, d), 4,28 (iH, d), 4,60 (1H,
s), 6,88 (1H, s), 7,21 (iH, ), 7,3C (lH, s), 7,46 (1lH, s},
7,55 (1H, d), 8,11 (1H, d), 11,26 (1H, s); m/z: (ESI+) MH',
470, 58.

El {R) —terc-butil 4-(2-cloro-6-(3-
metilmorfolino)pirimidin-4-il)-4-(etilsulfeonil)piperidina-1-
carboxilato, wutilizado como material de partida, se prepard
como se describe a continuacidn:

a) Una solucidn de {(RY-4-(2-clocro-6—-
(etilsulfonilmetil)pirimidin-4-il)~3-metilmorfolina (1 g, 3,13
mmol) en NMP (9,5 mL} se tratd con hidruro de sodio, dispersidn
al 60% en aceite mineral (0,413 g, 10,32 mmol). La mezcla se
agitd a TA durante 10 minutos antes de tratarse con bromuro de
tetrabutilamonio {1,512 g, 4,69 mmeol) y N-bencil-Z2-cloro-N-(2-
clorocetil)etanamina clorhidrato (0,924 g, 3,44 mmel). La mezcla
se agitdé durante 5 minutes y luego se calentd hasta alcanzar
50°C durante 1 hora y luego a 80°C durante 1,5 horas. La mezcla
se dejd enfriar hasta alcanzar TA y luego se aplacd mediante la
adicidén de solucidn de cloruro de amonio saturado. La mezcla se
extrajo con EtOAc y la solucidn orgéanica se lavd con agua (x3)
y salmuera saturada, se secd sobre MgS04, se filtrd y luego se
concentrd bajo presién reducida. El residuo se purificd
mediante cromatografia en silice eluyendo con un gradiente de
10 a 70% de ELOAc en DCM. Las fracciones puras se combinaron y
se evaporaron para proporcionar (R)-4-(6-{1l-bencil-4-
(etilsulfonil)piperidin-4-il)-2-cloropirimidin-4-il)-3~
metilmorfolina {1,280 g, 85%): 'y NMR {400 MHz, DMSO-dg) 1,12
(3H, t), 1,21 (3H, d), 1,83 (2H, g}, 2,10 - 2,17 (2H, m), 2,72

2,84 (4H, m), 2,98 (2H, q), 3,19 - 3,24 (1H, m), 3,37 (2H,
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sy, 3,43 - 3,50 (1H, m), 3,60 - 3,64 (lH, wm), 3,73 (1lH, d),

3,92 - 3,96 (1H, m), 4,10 (1H, br d), 4,44 {(1lH, br s), 6,94

(1H, s}, 7,22 - 7,33 (54, m}; m/z: (ESI+) MH", 479,52.

b} Se agregd 1l-cloroetil cloroformiato (0,60 mL, 5,56
mmol) a una solucidn de (R)-4-{6-{l-bencil-4-
(etilsulfonil)piperidin-4-il}-2-cloropirimidin-4-il}-3-
metilmorfelina (1,27 g, 2,65 mmol) en DCM (10 mL). La solucidn
se calenté a reflujo durante 3 horas y luego se dejd enfriar
hasta alcanzar TA. La mezcla se diluyé con MeOH (12 mL) y se
dejé reposar durante toda la noche. La mezcla se tratd con di-
terc-butil dicarbonato (1,273 g, 5,83 mmol ) Y N-
etildiisopropilamina (0,917 mL, 5,30 mmol) y luego se agito a
TA durante 2 horas. Se agregarcn mas di-ferc-—butil dicarbonato
(0,13 g, 0,58 mmol) y N-etildiisopropilamina (0,10 mL, 0,50
mmol) y la solucidn se agitd a TA durante otras 2 horas. La
solucién se dividid entre DCM y agua. La fase organica se
separd, se secd sobre MgS04 y luego se concentrd bajo presidn
reducida sobre silice. El1 residuo se purificé mediante
cromatografia en silice eluyendoe con un gradiente de 10 a 30%
de EtCAc en DCM. Las fracciones puras se combinaron y se
evaporaron para propoercionar (R)-terc-butil 4-(2-cloro-6-(3-
metilmorfolino)pirimidin-4-il)-4-{etilsulfonil)piperidina-i-
carboxilate (1,140 g, 88%); 'H NMR (400 MHz, DMSO-dg) 1,13 (3H,
t), 1,22 (34, d), 1,40 (9H, s), 1,92 - 1,99 (2H, m), 2,62 (2H,
br s}, 2,75 (2H, d), 3,00 (2H, g}, 3,19 - 3,25 (1H, m), 3,43 -
3,50 (1H, m), 3,59 - 3,63 (1H, m)}, 3,73 (iH, d}, 3,93 - 3,97
(3H, m), 4,12 (1H, &), 4,46 {1H, s), 6,95 (1H, s); m/z: (ESI+)
MH", 489,51.

Ejemplo 3.23

4-(4-{1-[(1-Metiletil)sulfonill]ciclopropil}-6-[(3R)-3-

metilmorfeolin~4-illpirimidin-2-~il)-1H-indol
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Se agregd diclorobis(trifenilfosfinalpaladio(II) (2,477
ng, 3,53 umal) en una pocrcidn a (R)~4-{2~cloro-6-(1-

{(isopreopilsulfonil)ciclopropil)pirimidin-4-il)-3-metilmorfolina
(127mg, 0,35 mmol), solucidén de carbonateo de sodio acuoso 2M
(0,212 mi, 0,42 mmeol) y Aacido 1H-indel-4-ilborénico (82,5 mg,
0,39 mmel) en DME:agua 4:1 (10 mL) a 22°C y se sellaron dentro
de un tubo de microondas. La reaccidn se calentd hasta alcanzar
110 °C durante 1 hora en un reactor de microondas y luego se
dejdé enfriar hasta alcanzar TA. La mezcla se purificé mediante
cromatografia de intercambio iénico, utilizando una columna
SCX. El productec deseado se eluyd de la columna utilizando NH;
TM/MeCOH y las fracciones puras se combinaron y se evaporaron.
El residuo se purificd mediante HPLC preparativa utilizando
mezclas cada vez menos polares de agua {que contenian 1% de NHj)
y MeCN como eluyentes. Las fracciones que contenian el
compuesto deseado se combinaron Y se evaporaron para
proporcionar el compuestce del titulo (38,0 mg, 24%); H NMR (400
MHz, DMSC-dg) 1,27 - 1,32 {(9H, m), 1,60 -~ 1,67 (4H, m), 3,23 -
3,27 {(1iH, m), 3,49 - 3,56 (l1H, m), 3,62 - 3,69 (2H, m), 3,80
(1H, &), 3,99 - 4,03 (1H, m), 4,19 (1H, d), 4,57 (1H, d), 6,87
(1H, s), 7,20 (1iH, t), 7,33 {(1H, t), 7,46 (1H, t), 7,54 (1lH,
d), 8,05 - 8,08 (1H, m), 11,24 (1H, s); m/z: (EST+) MH', 441,18.

La (RYy-4-(2-cloro-6-(1-
{(isopropilsulfonil)ciclopropil)pirimidin-4-il)-3-metilmorfolina
utilizada como material de partida, se prepard como se describe
a continuacidn:

a) Se aqregd propano-Z-sulfinate de sodio {1,270 g, 9,76

mmol) en una porcidén a (R)-4-({2-cloro-6~{yodometil)pirimidin-4-
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ily=3-metilmorfolina (3,45 g, 9,76 mmol) en DMEF (70 mlL). La

mezcla resultante se agitd a 25 °C durante 18 horas y luego se

diluydé con DCM. La mezcla se lavd con agua (2 x 300 mL),

tiosulfate de sodio acuoso (200mL), salmuera (200mL}, se

secaron sobre MgSO4 y luego se concentrd al vacio. El residuo

se trituré con MeOH para proporcionar un so6lido que se recogid
mediante filtracidén y se secéd al vaclo para proporcionar (R)-4-
(2-cloro-6-(isopropilsulfonilmetil)pirimidin-4-il}-3-
metilmorfolina (2,400 g, 74%); m/z: (ESI+) MH', 334,11.

b} Una solucidén acuosa al 50% de NaOH (14 mL) se agrego a
(R}-4-(2-cloro-6- (isopropilsulfonilmetil)pirimidin-4-1il)-3-
metilmorfolina (550mg, 1,65 mmol), 1,2-dibromoetanoc (0,142 mL,
1,65 mmol) y bromuro de tetrabutilamonio (53,1 mg, 0,1¢ mmol)
en tolueno (40 mL). La suspensidén resultante se agitd a 60 °C
durante 3 horas. Se agregd EtCAc (150 mL) y la mezcla se lavo

con agua (100 mL), salmuera (100 mL}, se secd sobre MgSO, vy

luego se concentré al vacio. El residuo se purificd mediante
cromatografia en silice eluyendo con un gradiente de 10 a 90%
de EtOAc en ischexano. Las fracciones puras se combinaron y se
evaporaron para proporcionar (RY-4-{Z-cloro-6-(1-
(isopropilsulfonil)ciclopropil}pirimidin-4-il)-3-metilmorfolina
(425 mg, 72%); m/z: (ESI+) MH', 360,09.

Ejemplo 3.24

4-(4-{4-[(1-Metiletil)sulfonil]tetrahidro-2H-piran-4-il}-

6-[(3R)-3-metilmorfolin-4-illpirimidin-2-il)-1H-indol
Q

BN
73%@16%

Se agregd diclorobis{trifenilfosfina)paladio(II) (3,70 mg,

5,27 umol) en una porcién a (R)-4-(2-cloro-6-(4-
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(isopropilisulfonil)tetrahidro-2H-piran-4-il)pirimidin-4-il)-3-
metilmorfolina (213 mg, 0,53 mmol), solucidén de carbonato de
sodio acueoso 2M {0,316 mL, ©,63 mmocl) y &cido 1H-indol-4-
ilberdnico (93 mg, 0,58 mmol) en DME:agua 4:1 (10 mL} a 22°C y
se sellaron dentro de un tubo de micrcondas. La reaccidn se
calentdé hasta alcanzar 110 °C durante 1 hcra en un reactor de
microondas y luegce se dejd enfriar hasta alcanzar TA. La mezcla
se purificé mediante HPLC preparativa utilizando mezclas cada
vez menos polares de agua {(gue contenian 1% de NH3) y MeCN como
eluyentes. Las fracciones que contenian el compuesto deseado se
combinaron y se evaporaron para proporcionar e1 compuesto del
titulo (131 mg, 51%); 'H NMR (400 MHz, DMSO-ds) 1,03 - 1,07 (6H,
my, 1,26 (3H, 4), 2,26 - 2,34 (Z2H, m), 2,91 (2H, t), 3,23 -
3,41 (4H, m), 3,53 - 3,59 (iH, m), 3,69 - 3,73 (iH, m), 3,81
(18, 4), 3,91 - 3,97 {(2H, m), 4,01 - 4,05 (1H, m), 4,29 (1H,
d), 4,60 (1H, d), 6,95 (1H, s}, 7,21 (iH, t), 7,28 (1H, t),
7,47 (1H, t), 7,56 (1H, d), 8,11 - 8,14 (1H, m), 11,27 {(1lH, s};

m/z: (ESI+) MH", 485,20.

La (R)-4-(2-cloro-6-{4-(isopropilsulfonil)tetrahidro-2H-
piran-4-il)pirimidin-4-il)-3-metilmorfolina utilizada Como
material de partids, se prepard como se describe a
continuacién:

Una solucién acucsa al 50% de NaOH {2 mL) se agregd a (R)-
4-(2-cloro-6-{isopropilsulfonilmetil)pirimidin-4-i1)-3-
metilmorfolina (550 mg, 1,65 mmol), bromurc de tetrabutilamonio
(53,1 mg, 0,16 mmol) y l-bromo-2-(2-bromoetoxi)etano {955 mg,
4,12 mmol) en tolueno (6 mL) a 22°C. La mezcla resultante se
agitdé a 20 °C durante toda la noche. Se agregd DCM (50 mL) vy la
mezcla se secd scbre sulfato de sodio, se f£filtrd y luego se
evapord. El residuo se purificé mediante cromatografia en
silice eluyendoc con un gradiente de 0 a 40% de EtOAc en
isohexano. Las fracciones puras se combinaron y Se evaporaron

para proporcionar (R)-4-{2-cloro-6-(4-
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(isopropilsulfonil)tetrahidro-2H-piran-4-il)pirimidin-4-il)-3-
metilmorfolina (450 mg, 68%); m/z: (ESI+) MH', 404,16.

Ejemplo 3.25

4-(4-{4-[(1-Metiletil)sulfonil]piperidin-4-il}-6-[(3R)-3-
metilmorfolin-4-il]lpirimidin-2-il)-1H-indol
0

BS
2N D
N
N
H

Se agregd diclorobis{trifenilfosfina)paladio(II) (3,54 mg,
5,05 pmol) en una porcidén a (R)-terc-butil 4-{2-cloro-6-(3-
metilmorfolinc)pirimidin-4-il)-4-(isopropilsulfonil)piperidina-
l-carbexilato (254 mg, 0,50 mmol), solucidn de carbonatoc de
sodio acuocso 2M (0,303 mL, 0,61 mmol) y acide 1lH-indol-4-
ilborénico (98 mg, 0,61 mmol) en DME:agua 4:1 (5 mL) a TA. La
mezcla se calentd hasta alcanzar 80 °C durante 1 hora y luego
se evapord. El residuo se tratd con 10% de TFA en DCM (5 mL) y
se agitdé a TA durante 1 hora. La mezcla se purificod mediante
cromatografia de intercambio idénico, wutilizando una columna
SCX. El preoducto deseado se eluydé de la columna utilizando NHj3
7TM/MeOH y las fracciones gue contenian el producto se
combinaron y se evaporaron. El residuo se purificd mediante
HPLC preparativa utilizando mezclas cada vez menos polares de
agua {(gque contenian 1% de NH3) y MeCN comc eluyentes. Las
fracciones que contenian el compuesto deseado se combinaron y
se evaporarcn para proporcionar el compuesto del titulo (42,0
mg, 17%); *H NMR (400 MHz, DMSO-ds) 1,03 (6H, t), 1,26 (3H, d),
2,08 - 2,16 (2H, mwm), 2,46 -2,50 (24, m), 2,86 (2H, t), 2,96
(2H, t), 3,20 -3,22 (1H, m), 3,39 - 3,41 (1H, m), 3,53 - 3,56
(1H, m), 3,69 - 3,73 (lH, m), 3,81 (iH, d), 4,01 - 4,04 (1H,
m), 4,27 (1H, d), 4,58 (1H, d), 6,89 (1H, s), 7,21 (1H, t),

‘




10

15

20

25

30

WO 2010/073034 PCT/GB2009/051755
137

7,30 (1H, t), 7,47 ({(i#, t©}, 7,55 {1H, d), 8,12 - 8,14 (1H, m),

11,26 (1H, s); m/z: (ESI+) MH', 484,22,

El (R) —terc-butil 4-{2-cloro-6-{3-
metilmorfolino)pirimidin-4-il)-4-(isopropilsulfonil)piperidina-
l-carboxilato, utilizade como material de partida, se prepard
como se describe a continuacidn:

ajl Una solucidn de (R)-4-(2-cloro-6-
(isopropilsulfonilmetil)pirimidin-4-il)-3-metilmoxrfolina (0,800
g, 2,40 mmol) en NMP (92,5 mL) se tratd con hidruro de sodio,
dispersidén al 60% en aceite mineral (0,316 g, 7,91 mmol}. La
mezcla se agité a TA durante 10 minutos antes de tratarse con
bromuro de tetrakbutilamonic (1,159 g, 3,59 mmol) y N-bencil-2-
cloro-N-(2-cloroetil)etanamina clorhidrato (0,708 g, 2,64
mmol). La mezcla se agitd durante 5 minutos a TA y luego se
calentd hasta alcanzar 50°C durante 1 hora y luego a 80°C
durante 1,5 horas. La mezcla se dejd enfriar hasta alcanzar TA
y luego se aplacd mediante la adicidén de solucidn de cloruro de
amonio saturado. La mezcla se extrajo con EtQAc (1G0 mL) y la
solucidn organica se lavd conn agua {3 x ©0 mlL), salmuera
saturada, se secd sobre MgS04, se filtrd vy luego se concentrd
bajo presidédn reducida. El residuo se purificé mediante
cromatografia en silice eluyendo con un gradiente de 10 a 70%
de EtOAc en DCM. Las fracciones puras se combinaron y se
evaporaron para proporcionar (R)=-4-(6-(1l-bencil-4-
(isopropilsulfonil)piperidin-4-il)-2-cleropirimidin-4-il)-3-
metilmorfolina (0,600 g, 51%); m/z: (ESI+) MH", 493.

b) Se agregd 1l-cloroetil cloroformiato (0,272 wmL, 2,52
mmol) a una solucién de {R)y=-4-{6~({1l-bencil-4-
(isopropilsulfonil)piperidin-4-il}-2-cloropirimidin-~4-il)-3~-
metilmorfolina (600 mg, 1,22 mmol}) en DCM (10 mL). La sclucién
se calentd a reflujc durante 3 horas y luego se dejd enfriar
hasta alcanzar TA. La mezcla se diluyd con MeOH (10 mL) y luego

se dejd reposar durante toda la noche. La mezcla se tratd con

/22
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di-terc-butil dicarbonato {0,615 . mlL, 2,68 mmol) VY N-
etildiisopropilamina (0,421 mL, 2,43 mmol) y esta solucidn se
agité a TA durante 1,5 horas. La solucién se dividid entre DCM
y agua y la fase organica se separd y luego se evapord. EL
residuo se purificd mediante cromatografia en silice utilizando
un gradiente de elucién de 100% DCM a 30% de EtOAc / DCM. Las
fracciones que contenian el producto deseado se combinaron y se
evaporaron para proporcionar (R)-terc-butil 4-(2-cloro-6-(3-
metilmorfolino)pirimidin-4-il)-4-{isopropiisulfonil)piperidina-
l-carboxilatc (608 mg, 99%).

Ejemplc 4.01

4-{4-[(35,5R)-3,5-Dimetilmorfolin-4-i11]-6-[1-

(metilsulfonil)ciclopropillpirimidin-2-il}-1H-indol (y también

puede denominarse: 4-[4-[(3R,58)-3,5-dimetilmorfolin-4-il}-6-

(l1-metilsulfonilciclopropil)pirimidin-2-il]-1H-indecl)

L

2 “\n
TR
Se disolvid (38, 5R) -3, 5-dimetil-4- (6-(1-

(metilsulfonil)ciclopropil}-2-{metiltio)pirimidin-4-

il)ymorfolina {176 mg, 0,49 mmol) en una mezcla de dioxano (5
mL) y DMA (1 mlL) vy la mezcla se desgasificé burbujeando
nitrégenc a través de la misma durante 5 minutos. Se agregaron
dcido 1H-indol-4-ilbordénico (174 mg, 1,08 mmol), (tiofeno-2-
carboniloxi) cobre (244 mg, 1,28 mmol) y tetrakis
(trifenilfosfina)Pd(0) (45,5 mg, 0,04 mmol) y la mezcla
resultante se agitd bajo nitrégeno a 80 °C durante 16 horas. La
mezcla se dejd enfriar hasta alcanzar TA y se purificd mediante
cromatografia de intercambio idnico, utilizando una columna
SCX. El1 productc deseado se eluydo de la éolumna utilizando NHj;

TM/MeOH; las fracciones del producto se combinaron y se
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evaporaron. El residuo se purificd mediante HPLC preparativa
utilizando mezclas cada vez menos polares de agua (gue
contenian 1% de NH3;) y MeCN como eluyentes. Las fracciones gue
contenian el compuesto deseado se combinaron y se evaporaron
para proporcionar el compuesto del titulo (23 mg, 11%); 'H NMR
(400 MHz, DMSO) 1,26 (6H, d), 1,53 (2H, dd), 1,63 (2H, dd),
3,17 (3H, s), 3,57 (2H, dd), 3,76 (2H, d)}, 4,37 (2H, s}, 6,70
(d, s}, 7,11 (iH, t), 7,23 {1H, d), 7,32 - 7,39 (1H, m), 7,45
(1H, d), 7,98 (1H, dd), 11,14 (1H, s); m/z: (ESI+] MH®, 427,60.

La {35,5R)-3,5-dimetil-4-{6-(1-
{(metilsulfonil)ciclopropil)-2-{metiltic)pirimidin-4-
il)morfolina utilizada como material de partida, se prepard
como se describe a continuacidn:

a) Se agregaron DBU (3,57 mL, 25,87 wmmol} y 1,1,1-
trifluoro-N-fenil-N- (trifluorometilsulfonil)metanosulfonamida
(9,28 g, 25,97 mmol) a 6- (metilsulfonilmetil)-2-
(metiltio)pirimidin-4-cl (5,07 g, 21,64 momol) en DCM (80 mLj.
La mezcla resultante se agitdé a TA durante 72 horas. La mezcla
se lavé con agua (100 mL) y la fase orgénica se separd y luego
se purificé mediante cromatografia en silice eluyendo con DCM.
Las fracciones puras se combinaron y se evaporaron para
proporcionar 6-{metilsulfonilmetil}-2-(metilticlpirimidin-4-1il
trifluorometanosulfonato (1,98 g, 25%); 'H NMR (400 MHz, DMSO-
dg) 2,58 (3H, s), 3,16 (3H, s), 4,80 (2H, s), 7,47 (1H, s); m/z:
(ESI+) MH, 366,93.

b) Se suspendieron 6- {metilsulfonilmetil)-2-
{metiltio)pirimidin-4-il trifluorometanosulfconateo (1,9 g, 5,18
mmel), (3S8,5R)-3,5-dimetilmorfeolina clorhidrato (1,180 g, 7,78
mmol) y N,N-diiscpreopiletilamina (3,61 mL, 20,74 mmecl) en
dioxano (20 mL) y se sellaron dentrc de un tubo de microondas.
La mezcla se calentd haste alcanzar 100 °C durante 2 horas y
luego se concentrd bajo presién reducida. El residuo se

disolvid en DCM y se purificé mediante cromatografia en silice
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eluyendo con un gradiente de 20 a 40% de EtOAc en isohexano.
Las fracciones que contenian el producto se combinaron y se
evapord para proporcionar (35,BR) -3, 5-dimetil-4-(6-
(metilsulfonilmetil)-2-(metiltio)pirimidin-4-il}morfolina
(0,579 g, 34%); 'H NMR (400 MHz, DMSO-df) 1,26 (6H, d), 2,45
(34, d), 3,11 (3H, s}, 3,60 {(2H, dd), 3,78 (2H, m), 4,22 {(ZH,
s), 4,33 - 4,43 (2H, m), 6,58 (1H, s); m/z: (ESI+) MH*, 332,14.
c) Una sclucidn acuosa al 50% de NaOH (1,3 mlL) se agregd a
{35,5R)-3,5-dimetil-4-(6-{metilsulfonilmetil}) -2~
(metiltio)pirimidin-4-il)morfolina (541 mg, 1,63 mmeol), 1,2-
dibromoetano (0,141 mlL, 1,63 mmol ) y bromuro de
tetrabutilamonic (52,6 mg, 0,16 mmol) en toluenc {4 mi}. La
suspensidén resultante se agitd a 40 °C durante 2 horas y luego
se calentd hasta alcanzar 60°C durante 1 hora. Una porcién
adicional de 1,2-dibromoetano (0,070 mL} se agregd y la mezcla
de reaccién se calentdé a 60°C durante 2 horas. Se agregd una
porcién adicional de 1,2-dibromoetanc (0,070 mL) y la mezcla de
reaccién se calentd a 60°C durante 2 horas. Se agregd EtOAc (20
mL) y la mezcla se lavd con agua (20 mL}) y salmuera (20 mL). La

fase organica se secd sobre MgS0, y luego se concentréd al

vacio. El residuc se purificd mediante cromatografia en silice
eluyendo con un gradiente de 10 a 50% de EtOAc en isohexano.
Las fracciones puras se ccmbinaron y sSe evaporaron para
proporcionar {38,5R} -3, 5-dimetil-4-(6-(1~-
(metilsulfonil)ciclopropil)-2-(metiltio)pirimidin-4-
il)morfolina (350 mg, 60%); m/z: (ESI+) MH", 358,13.

El 6-(metilsulfonilmetil)-2-{metiltio)pirimidin-4-0l,
utilizado como material de partida, puede prepararse como Sse
describe en la bibliografia (Pike, Kurt Gordon; Finlay, Maurice
Raymond Verschoyle; Fillery, Shaun Michael; ©Dishington, Allan
Paul. Preparation of morpholinopyrimidine derivatives for
treatment of proliferative disease. Sol. Int. PCT (2007),
W0z2007080382) .
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La (35,5R}-3,5~dimetilmorfolina, utilizada como material
de partida, puede prepararse como se describe en la
bibliografia {Morris, Jeffrey James; Pike, Kurt Gordon.
Pyrimidine derivatives that are useful 1in the treatment of
diseases mediated by mTOR and/or PI3K enzyme and their
preparation. Sol. Int. PCT (2009), WO2008007748)

Ejemplo 5.01

4-{4-[1-(Metilsulfonil)ciclopropil] -6- (8-oxa-3-

azabiciclo[3.2.1]loct-3-il)pirimidin-2-il}-1H-indecl

N
e TN =
NH
/;/S N/

Se suspendiercon Adcido 1lH-Indol-4-ilbordnico {149 mg, 0,93
mmol) , 3-(6-(l-{metilsulfonil)ciclopropil)-2-
(metiltio)pirimidin-4-il)-8-oxa-3-azabicicle[3,2,1]octanc {15C
mg, 0,42 mmol), tetrakis{trifenilfosfina)paladio(0) (39,0 mg,
0,03 mmol) y (tiofeno-Z-carboniloxi)ccocbre (209 mg, 1,10 mmol)
en dioxano {5 mL) y la mezcla se desgasificd con nitrdgeno. La
mezcla se calentd hasta alcanzar 80 °C durante 18 horas (con
agitacidn vigorosa). La mezcla se enfrid y se purificé mediante
cromatografia de intercambio idénico, utilizando una columna
SCX. El producto deseado se eluyd de la columna utilizando NH;
0,35M/MeCH; las fracciones puras se combinaron y se evaporaron.
El residuc se purificd mediante HPLC preparativa utilizandc
mezclas cada vez mencos polares de agua (gue contenlan 1% de NWH;)
y MeOH/MeCN (3/1} como eluyentes. Las fracciones gque contenian
el producto se combinaron y se evaporarcn para proporcionar el
compuesto del titulo (65 mg, 36%); *H NMR (400 MHz, DMSO-dg)
1,60 - 1,63 (dd, 2H), 1,70 - 1,78 (m, 4H), 1,85 - 1,91 (m, 2H),
3,17 - 3,20 (m, 2H), 3,31 (s, 3H), 4,05 - 4,25 (m, 2H), 4,49 -

|35
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4,54 (m, 2H), 6,81 {s, 1H), 7,20 (t, 1H), 7,30 (t, 1H), 7,46

(t, 1H), 7,55 {(d, 1H), 8,04 (4, 1H), 11,25 (s, 1lH); m/z: (ESI+)

MH*, 425,11.

El 3-(6-(1l-(metilsulfonil)ciclopropil)-2-
(metiltio)pirimidin-4-1il)-8-oxa-3-azabiciclo[3,2,1]octano,
utilizado como material de partida, se prepard como se describe
a continuacidn:

a) Se agregd B-oxa-3-azabiciclo[3,2,1l]octano (627 mg, 5,54
mmol) a 4d-cloro-6-(metilsulfonilmetil)-2-(metiltio)pirimidina
(700 mg, 2,77 mmol) y DIPEA (1,447 mL, 8,31 mmol) en DCM (10
mL). La mezcla resultante se agité a TA durante 3 dias. La
mezcla de reaccidén se lavd secuencialmente con HC1 1M (2 =z 10C
mL), agua (10 mL) y salmuera saturada {10 mL). La capa organica
se secéd sobre MgSC4, se filtrd y luege se evapord. ELl residuo
se purificdé mediante cromatografia en silice eluyendo con un
gradiente de 0 a 10% de MeCH en DCM. Las fracciones puras se
combinaron 3% se evaporaron para propeorcionar 3-(6-
(metilsulfonilmetil)~-2-(metiltio)pirimidin-4-1l1)-8-oxa-3-
azabicicle[3,2,1loctano (400 mg, 44%); m/z: (ESI+) MH', 330,06.

b) Se agregd hidrdxido de sodio (soclucidn acuosa al 50%)
{1,781 mL, 66,78 mmol) a  3-(6-(metilsulfonilmetil)-2-
{metiltio)pirimidin-4-il)-8~oxa-3-azabiciclec[3,2,1]octano (400
mg, 1,21 mmol}, 1,2-dibromcetano (0,314 mlL, 3,64 mmol) vy
bromuro de tetrabutilamcnic (39,1 mg, 0,12 mmol) en tolueno (20
mL). La mezcla resultante se agitd a €0 °C durante 2 horas. Se
agregd agua (50 mL} y la mezcla se extrajo con tolueno (20 mL X
2). Las capas de tolueno se secaron sobre MgS04, se filtraron y

se evaporaron. El residuo se purificd mediante cromatografia en

silice eluyendo con un gradiente de 0 a 10% de MeCH en BCM. Las

fracciones puras se combinarcn Y se evaporaron para
proporcicnar 3-(6-{1-(metilsulfoniljciclopropil)-2-
(metiltio)pirimidin-4-il)-8-ocxa-3-azabicicle(3,2,1ljoctano {351

mg, 81%); m/z: (ESI+) MH', 356,009.
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La 4-cloro-6-(metilsulfonilmetil)-2-(metiltio)pirimidina,
utilizada como material de partida, puede prepararse como se
describe en la bibliografia {Finlay, Maurice Raymond
Verschoyle. Morpholinopyrimidine derivatives, processes for
preparing them, pharmaceutical compositions containing them,
and their use for treating proliferative discrders. Sol. Int.
PCT (2008), W0z2008023180) .

El 8-oxa-3-azabiciclo[3,2,1l)octano, utilizado COmo
materiai de partida, puede prepararse como se describe en la
bibliografia (Feurer, Achim; Luithle, Joachim; Wirtz, Stephan-
nicholas; Koenig, Gerhard; Stasch, Johannes-peter; Stahl, Elke;
Schreiber, Rudy; Wunder, Frank; Lang, Dieter. Preparation of
pyrazolopyridinylpyrimidines as inhibitors of c¢GMP degradation
for the treatment of central nervous system diseases. Scl. Int.
PCT (2004), W0OZ004009589) .

Se hace constar que con relacidédn a esta fecha, el mejor
método conocido por la solicitante para llevar a la préactica la
citada invencidén, es el que resulta claro de la presente

descripcién de la invencidn.
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REIVINDICACICNES

Habiéndose descrito la invencidn como antecede, se reclama

como propiedad lc contenido en las siguientes reivindicaciones:

1. Un compuesto de férmula (I):
A
R* N
3
5 / i
R 2
R
AN
Oo oo N N
R&/S = R’
5
(1)
en donde:

el Anillo A es un cicloalquiloCs;_g o un anillo

heterociclico de 4-6 miembros saturado gue contiene un
10 heterocadtomo que se selecciona de C, N y 5;

R' se selecciona de morfolin-4-ilc, 3-metilmorfelin-4-ilo,
3,5-dimetilmorfolin-4-ilo y un grupo 8-oxa-3-
azabiciclo(3,2,1]octan-3-ilo;

R? yv R® son hidrégeno;

15 R’ es hidrégeno o metilo;

4

R* se selecciona de hidrdgeno, metile, fluoro, cloro, ciano

y metoxi; vy
R® es un grupo que se selecciona de metilo, etilo, i-
propilo y ciclopropile;
20 o una sal farmacéuticamente aceptable del mismo.
2. Un compueste de acuerdo con la reivindicacidén 1 en
donde el Anillo A es un cicloalquiloCi-g insustituide o un
anillo heterociclico de 4-6 miembros saturado gue contiene un

heterodtomo gue se seleccicona de O y N.
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3. Un compuesto de acuerdo con la reivindicacidn 1 o 2
en donde el Anillo A es un anille de <ciclopropilo,
tetrahidropiranilo o piperidinilo.

4. Un compuesto de acuerdo con cualquiera de las
reivindicaciones 1 a 3 en donde
R® es hidréogeno; y R! se selecciona de hidrdgeno, metilo,
fluore, cloro, cianc y metoxi;

o]
R? es hidrégeno y R® es hidrégenc o metilo.

5. Un compuesto de acuerdc con cualguiera de las
reivindicaciones 1 a 4 en donde R’ es hidrégeno y R' es
hidrdgeno.

G. Un compuesto de acuerdo con cualguiera de las
reivindicaciones 1 a 5 en donde R' es 3-metilmorfolin-4-ilo.

7. Un compuesto de acuerdo con cualquiera de las
reivindicaciones 1 a 6 en donde R® es un grupo que se selecciona
de metilo, etilo, i-propilc y ciclopropiloc.

8. Un compuesto de acuerde c¢on cualquiera de las
reivindicaciones 1 a2 7 en donde R® es metilo.

9. Un compuestc de acuerdo con cualquiera de las
reivindicaciones 1 a 8 en donde el compuestc de férmula (I) es

un compuesto de férmula (Ia),

{Ia)

© una sal farmacéuticamente aceptable del mismo.

|
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10. Un compuesto de acuerdo con la reivindicacidn 9, o©
una sal farmacéuticamente aceptable del mismo en donde:

el Anillo A es un anillo de ciclopropilo,
tetrahidropiranilo o piperidinilo;

R? es hidrégeno;

R® es hidrégeno;

R” es hidrégeno;

R®> es hidrégeno; vy

R® es un grupo metilo.

11. Un compuesto de acuerdo con la reivindicacidén 1 en
donde el compuesto de férmula (I) se selecciona de cualquiera
de
4-{4-[1-(Metilsulfonil)ciclopropil]-6-morfolin-4-ilpirimidin-2-
il}=1H-indol;
6-Metil-4-{4-[1-{metilsulfonil)ciclopropil]-6-morfolin-4-
ilpirimidin-2-il}-1H-indol;
2-Metil-4-{4-[{1-(metilsulfonil)cicloprepil]-6-morfelin-4-
ilpirimidin-2-il}-1H-indol;
6-Metoxi-4-{4-[1- (metilsulfonil)ciclopropil]-6-morfolin-4-
ilpirimidin-2-il}-1H-indol:
4-{4-[1-(metilsulfonil)ciclopropil]-6-mcrfolin-4~-ilpirimidin-2-
il}=-1H-indel-6-carbonitrilo;
6-cloro-4~-{4-[1-(metilsulfonil)ciclopropil]-6-mcrfoiin-4-
ilpirimidin-2-il1l}-1H-indol;
6-flucro-4-{4-[1-(metilsulfonil)ciclopropil]-6-morfolin-4-
ilpirimidin-2-il}-1H-indol;

4-{4-[4- (Metilsulfonil)piperidin-4-il]-6-morfolin-4-
ilpirimidin-2-11}-1H-indol;

4-{4-[{4- (Metilsulfonil)tetrahidre-2H-piran-4-il]-6-morfolin-4-
ilpirimidin-2-il}-1H-indol;
4-{4-[1-(etilsulfonil)ciclopropil]-6-morfolin-4-ilpirimidin-2-

il}-1H-indol;
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4-(4-{1-[(1l-metiletil)sulfeonil]ciclopropil}-6-morfolin-4-
ilpirimidin-2-il)-1H-indol;
4-{4-[1-(ciclopropilsulfonil)ciclopropil]-6-morfolin-4-
lipirimidin-2-il}~1H-indol;
4-{4-[4-(ciclopropilsulfonil)tetrahidro-2H-piran-4-i1j-6-
morfolin-4-ilpirimidin-2-il}-1H-indol;
4-{4-[4-(ciclopropilsulfonil)piperidin-4-il]-6-morfolin-4-
llpirimidin-2-il}-1H-indol;
4-{4-{4-(Cicloprecpilsulfonil)piperidin-4-il]-6-[(35)-3~
metilmorfolin-4-il]pirimidin-2-il}-1H-indel;
4-{4~(4-(Ciclopropilsulfonil)tetrahidro-2H-piran-4-i1]-6-[(3S)-
3-metilmorfolin-4-il]lpirimidin-2-il}-1H-indol;
4-{4-{(38)-3-Metilmorfolin-4-i1]-6-[1-
(metilsulfonil)ciclopentil]pirimidin-2-il}~1H-indol;
4-{4-[{(38)-3-Metilmorfclin-4-il]-6-(4-
(metilsulfonil)tetrahidro-2H-piran-4-il)pirimidin-2-i1}-1H-
indol;
4-{4-[(38)-3-Metilmorfolin-4-il]-6-{1-{metilsulfonil}-
ciclopropil]pirimidin-2-il}-1H-indol;
4-{4-[ (3R} -3-Metilmorfolin-4-ill-6-[1~-
(metilsulfonil)ciclopropillpirimidin~2-il}-1H-indol;
6-Metil-4-{4-[ (3R)-3-metilmorfelin-4-11]1-6-[1-
{metilsulfonil)ciclopropillipirimidin-2-il}-1H-indol;
2-Metil-4-{4- [ (3R)-3-metilmorfolin-4-il1-6-[1-
(metilsulfonil)ciclopropil]pirimidin-2-il}-1H-indol;
4-14-1(3R)-3-Metilmorfolin-4-il]-6-[1~
(metilsulfonil)ciclopropii]lpirimidin-2-il}-1H-indcl-6-
carbonitrilo;
6-cloro-4-{4-[ (3R)-3-metilmorfolin-4-ill-6-[1-
{metilsulfonil)ciclopropil]pirimidin-2-il}-1H-indol;
o-fluoro-4-{4-[(3R)-3-metilmorfolin-4-i11-6-[1-

{metilsulfonil)ciclepreopil]pirimidin-2-i1}-1H-indol;

(27
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6-metoxi-4-{4-{ (3R)-3-metilmorfclin-4-11]1-6-[1~-

(metilsulfonil)ciclopropil]pirimidin-2-il}-1H-indol;

4-{4-[(3R)-3-Metilmorfolin-4-il]-6-[4-

(metilsulfonil)tetrahidro-2H-piran-4-il]lpirimidin-2-il}-1H-

indol;

6-Metil-4-{4-[(3R)-3-metilmorfolin-4-il]-6-[4-

(metilsulfonil)tetrahidro~2H-piran-4-il]lpirimidin-2-il}-1H-

indol;

2-Metil-4-{4-[(3R)-3-metilmorfolin-4-il]-6-[4-

(metilsulfonil)tetrahidro-2H-piran-4-il]pirimidin-2-il}-1H-

indol; ‘

6-Metoxi-4-{4~-[(3R)-3-metilmorfolin-4-il)]l-6~[4-

(metilsulfonil)tetrahidro-2H-piran-4-il]jpirimidin-2-i1}-1H-

indol;

6-cloro-4-{4-[ (3R)~-3-metilmorfelin-4-il1lj-6-[4-

(metilsulfonil)tetrahidro-2H-piran-4-iljpirimidin-2-il}-1H-

indol;

6-fluoro-4-{4-[ (3R} -3-metilmorfolin-4-i11]-6-[4-

(metilsulfonil)tetrahidro-2H-piran-4-iljpirimidin-2-il1}-1H-

indol;
4-{4-[(3R)-3-metilmorfolin-4-il)-6-[4-
(metilsulfonil)tetrahidro-2H~piran-4-il]pirimidin-2-i1)-1H- ‘

indol-6-carbonitrilo;

4-{4-[(3R)-3-Metilmorfolin-4-i1j-6-[4- (metilsulfonil}piperidin-
4-11)}pirimidin-2-il}-1H-indol;
4-{4-[{(3R)-3-Metilmorfolin-4-il]-6-[1-
(metilsulfonil)ciclobutil]pirimidin-2-1il}-1H-indol;
4-{4~[1-(Ciclopropilsulfonil)ciclopropil]-6-{ (3R)-3-
metilmorfolin-4-il]pirimidin-2-i1}-1H-indol;
4-{4-[4-(Ciclopropilsulfonil)piperidin-4~il}-6-[{3R}-3-
metilmorfolin-4-1]1]pirimidin-2-il}-1H-indol;
4-{4-[4-(Ciclopropilsulfonil)tetrahidrec-2H-piran-4-il]-6-[ (3R} -

3-metilmorfolin-4-ilipirimidin-2-il}-1H-indol;
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4-{4-[1-(Etilsulfonil)ciclopropil]-6-[(3R)-3-metilmorfolin-4-
iljpirimidin-2-i1}-1H-indel;
4-{4-[4-(Etilsulfonil) tetrahidro-2H-piran-4-i1]-6-[ (3R)-3-
metilmorfolin-4-illipirimidin-2-il}-1H-indol;
4-{4-[4-{Etilsulfonil)piperidin-4-i1]1-6-[(3R)-3-metilmorfolin-
4-il]lpirimidin-2-il}-1H-indol;
4-(4-{1-[(1-Metiletil)sulfonil]ciclopropil}-6-[{3R)-3-
metilmorfolin-4-il]pirimidin-2-il)-1H-indol;
4-{4-{4-1(1-Metiletil)sulfonil]tetrahidro-2H-piran-4-il}-6-
[ (3R} -3-metilmorfolin-4-il]pirimidin-2-il)-1H-indol;
4-{4-{4-[(1-Metiletil)sulfonil]lpiperidin-4-il}-6-[(3R)-3-
metilmorfolin-4-illpirimidin-2-11)-1H-indol;
4-{4-{(35,5R)-3,5-Dimetilmorfolin-4-11]-6-[1~
{metilsulfonil)ciclopropillpirimidin-2-il}—-1H-indocl;
A-[4-T(3R,58)-3,5-dimetilmorfolin-4-il1ji-6-{1-
metilsulfonilciclopropil)pirimidin-2-il]-1H-indol); vy
4-{4-[1-{Metilsulfonil)ciclopropil]-6-(8-oxa-3-
azabiciclo[3,2,1]oct-3~il)pirimidin-2-il}-1H-indol, o una sal
farmacéuticamente aceptable del mismo.

12. Un compuesto de férmula (1), o] una sal
farmacéuticamente aceptable del misme, de acuerdo con una
cualgquiera o mas de las reivindicaciones 1 a 11 para su uso en
el tratamiento de cancer.

13. Una composicidn farmacéutica que comprende un
compueste de férmula (I), o una sal farmacéuticamente aceptable
del mismo, de acuerdo con una cualquiera o mas de las
reivindicaciones 1 a 11 en asociacidn con un adyuvante,
diluyente o portador farmacéuticamente aceptable.

14. Un método para el tratamiento de céancer que comprende
administrar a un paciente gue 1lo necesite una cantidad
terapéuticamente efectiva de un compuesto de férmula {I}, © una
sal farmacéuticamente aceptable del mismo, de acuerdo con

cualgquiera de las reivindicaciones 1 a 11.

139
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RESUMEN

Se proporcionan compuestos de pirimidinil indol de Férmula

(1),
) H
R N
3
5 / R
R
R2
o o N N
\\S/I | P
RG/ R1

(T}

o sales farmacéuticamente aceptables de los mismos, procesos
para su preparacién, composiciones farmacéuticas gue los
contienen y su uso en terapia, particularmente ©para el

tratamiento de céncer.

s
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Escha: 2011-06-29 17:09:50 Dap. 2020 DIR.NUEVASCR
Tra. 11 PATENTEIYIl Eve: 378 FASENACIONALI

’ Act. 411 PRESENTACION Folios: 143
PATENTE DE INVENCION D MUUELU DE UIILIDAD | |

Art 33 Decision 486/00

Indicacién que se solicita una patente.
Datos de identificacion del solicitante o de la persona que presenta la soficitud
Deseripcién de la invencién

Dibujos de ser estos pertinentes
Comprobante de pago de las tasas establecidas (De ser el caso formato de descuento)

Incompleta D

REENR

Complsta -

PATENTE DE INVENCION PCT IXT MODELO DE UTILIDAD PCT D Art.33 Decision 486/00, Circular Unica

B E Indicacién que se solicita una PCT

Copia de Ia solicitud en espafiol, tai como fue presentada iniciaimente (capitulo descriptivo,

reivindicatorio, resumen}

‘@ Dibujos de ser estos pertinentes
g Comprobante da pago de las fasas establecidas (de ser el caso formato de descuento)
| Completa X Incompleta D

DISENO INDUSTRIAL [ | (Art. 119 Decision 486/00)

[:I Indicacién que se solicita Disefo industrial
D Datos de identificacién del solicitante o de la persona que presenta fa soticitud
Representacion grafica y fotografica del Disefio industrial o muestra del material que incorpora el

D disefio

D Comprobante de pago de las tasas establecidas

Completa D : Incompleta D

ESQUEWA DE TRAZADO | ] (Art. 92 Decision 486/00)

Indicacién que se solicita un esquema de trazado

Datos de identificacién del solicitante o de la persona que presenta la solicitud
Representacidn grafica de un esquema de trazado

Comprobante de pago de las tasas establecidas -

Completa D Incompleta D

U000

PI02-FOB (2009-11-18)



Industria y Comercio
SUPERINTENDEMCIA
Bogota D.C.,
2020

Doctor(a)

OLARTE GARCIA CARLOS REINALDO
Apoderado(a} y/o Representante de
ASTRAZENECA AB

REFERENCIA Radicacion No. 11 081450
Solicitud internacional pct/gb2009/051755
Fecha inicio fase nacional 22/07/2011

Tramite 11
Evento 378
Actuacion 430
Oficio No.

212082

Como resultade del examen de forma, realizado con fundamento en el articulo 38 de la Decision 486 de la
Comision de la Comunidad Andina, articulo 27 del Tratado de Cooperacion en Materia de Patentes (PCT), regla
51 bis del Reglamento y Circular Unica de la Superintendencia de Industria y Comercio, se le comunica que:

1. La solicitud no contiene la copia del documento en que consta la cesidn del derecho a la patente del inventor al
solicitante 0 & su causante, conforme a lo establecido por el articulo 26 literal k) de la Decisién 486 de Ila
Comisién de la Comunidad Andina. Cuando se trate de documentos otorgados en el extranjero, estos deberan
legalizarse de conformidad con lo dispuestc por los articulos 259 y 260 del Codigo de Procedimiento Civil.
Cuando se trate de las declaraciones a que hace referencia la Regla 4.17 ii) del Tratado de Cooperacién en
Materia de Patentes PCT., el alcance de las tales declaraciones se determinara segin indiquen claramente una
cesién de derechos del inventor al solicitante o su causante, de conformidad con lo dispuesto en el numeral
5.2.15 del Capitulo Quinto, Titulo X de la Circular Unica de Superintendencia de Industria y Comercio.

En cumplimiento de lo dispuesto por el articulo 39 de la Decisién 486, se le requiere para que dentro del término
de dos meses siguientes a la fecha de notificacion del presente oficio, complete los requisitos anteriormente
enunciados. En caso de no dar cumplimiento al presente requerimignto, la solicitud se considerard abandonada y
perdera su prelacion.

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

JOSE LUIS SALAZAR LOPEZ

Director de Nuevas Creaciones (C)% 55 46'0 2, UT
. ) r

El anterior requerimiento fue notificado por fijacidn en lista de fecha

adpaii
Al conlestar fevor indique el ndmero de Sade Centro: Carrerp 13 No. 27-00 Pises 2, 5., 7 y 10 PBX: 5870000
radicacitén qua se ancuentra a eantinuacidn . Sede CAN: Av, Cra 50 No, 26-55 int. 2 Te!: 5830070

Call Center 5920400. Linea 01800910165
Web: www.sic.gov.co e-mall: info@sic.gov.co
Bopgota 0.C. - Colombia



Industria y Comercio
SUPERINTENDENCIA
Bogota D.C.,

2020

Doctior(a)

OLARTE GARCIA CARLOS REINALDO
Apoderado({a) y/o Representante de
ASTRAZENECA AB

REFERENCIA Radicacion No. 11 081450
Solicitud internacional pct/gb2009/051755
Fecha inicio fase nacional 22/07/2011

Tramite 11
Evento 378
Actuacion 430

Oficio No. | 3.12 08_3_

Teniendo en cuenta que el capitulo reivindicatorio presentado excede de diez reivindicaciones, es necesario que
cancele la tasa establecida por cada reivindicacion adicional presentada, de conformidad con lo dispuesto en la
resolucion de tasas vigente para la fecha de presentacion de la solicitud, so pena de que no sean tenidas en
cuenta dentro del presente tramite administrativo.

£n consecuencia, con fundamento en lo previsto por el articulo 12 del Cddigo Contencioso Administrativo, se le
requiere para que dentro del término de dos (2) meses siguientes a la fecha de notificacion del presente oficio
atienda el requerimiento aqui sefalado. Lo anterior, con el alcance que para tal efecto establece el articulo 13 de
la misma codificacion, respecto de las reivindicaciones adicionales.

Notifiquese el presente oficio conforme a lo dispuesto en el numeral 5.2, literal &), del capitulo quinto del fitulo
primero de la Circular Unica N° 10 de 2001.

il —

JOSE LUIS SALAZAR LOPEZ
Director de Nuevas Creaciones (C)

05200 7

El anterior requerimiento fue notificado por fijacion en lista de fecfta

adpa1li
Al conlesiar favor indiqua el atimerce de Sede Centro: Carrera 13 No. 27-00 Pises 2, 5, 7 y 10 PEX: 5870000
radicacion que se encuentra o continuacion Sede CAN: Av, Cra 50 No. 26-55% int. 2 Tel: 5880070

Call Center 5920400. Linea 01800-910165
Web: www.sic.gov.co e-mail: info@sic.gov.co
Bogola D.C. - Colombia



