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(1) wherein: 20Ring Ais a C3_6cycloal kyl or a saturated 4-6 nenbered

het erocyclic ring containing one heteroatom selected fromO, N and S R
i s sel ectwo 2broontseser phol i n-4-yl, 3-net hyl nor phol i n- 4- yl PCT/GB2009/051755

3, 5-di nmet hyl nor pholin-4-y1l and a 8-oxa- 3-azabicycl o[ 3. 2. 1] octan-3-y1l group;
R2 and R5 are hydrogen; 25le is hydrogen or nethyl; WO

2010/ 073034PCT/ GB2009/ 051755 -4- R4 ispselected from hydrogen, nethyl,
fluoro, chloro, cyano and nethoxy; and R6 is a group selected from nethyl,

ethyl, i-propyl and cyclopropyl; or a pharmaceutically acceptable salt
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accept ad}uénb§aP£%§1 gfptéﬂﬁr(%?ﬁs?scal |y acceptable salts of the invention nay,

for exanpl e, BiBfoideaRedsthedslithe MN1iBAMASTR intGOIRROW WSsiAbe oo MdkRaddo)oras
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addi ti orphsmloth@rapmslhadebtﬁmevaluategosmttlswon qfgdmpur dolis paehpmwtherapeutic agents
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S 5- et hyhcober, d()@x%ez&%-mxzb rtmlllg)dbﬁmaﬁtdn@iﬂﬁa&dé@ey@ammw myabﬁeyﬂweest ers
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2, 2-di mmgm&plmgz (gxyq@;gh%6 )/A selection of in vivo hydrolysable ester

f or ni ng groups for i ncl'ude G -ioal kanoyl, for exanple fornyl,

acetyl, benz o‘ylhqthepmarqphac etll)vﬂy of ﬁﬂﬂ%—spacmﬁceﬁlelnenypeg/ﬂs abgakdphigin theaoatapk pf

a -1 oaI koxycar bonyl (to give al kyl carbonate esters), for 15 exanple

et hoxycar bonyl ; di - Cl1-4al kyl car banoyl and

N- (di - C1- 4al kyl am noet hyl ) - NC1- 4al kyl car banoyl (to gi ve carbamates);
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20 O her interesting in vivo hydrol ysable esters include, for exanple,
RAC(0) OC1_6al kyl -00-, wherein RA is for exanple, benzyl oxy-Cl-4al kyl, or
phenyl . SubtatEes@ubstituents on a phenyl group in suchPesiGB280%03cisade, for
exanpl e, 4-Cl-4pi perazi no- Cl-4al kyl, pi perazino-Cl-4al kyl and

nmor phol i no- C1- 4al kyl . The conmpounds of the fornmula (1) may be al so
be adm nistered in the formof a prode3ig 25 which is broken down in the
human or ani mal body to give a conpound of the formula (1). Various forns
of prodrugs are known in the art. For exanples of such prodrug derivatives,
see:  a)g Q@a@hgmmltﬂ&%egﬁser@ﬁfoh%t BYmér c@HBﬂﬁﬁ@ﬂ’e%ﬁ&lghﬁﬁ‘Gleéhecﬂﬁﬁ@ and
Met hods ©'n Enzynol ogy, Vol. 42, p. 309-396, edited by K dder, ‘et al.
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prefix Cp er terns ere p and q are integers
|nd|cathghmalﬁamg§%®S!ﬁh@b%hQ@ans that are present in the group, for

exanple G 4 i ncl neth C2al k h al kyl
(bropyl a5 nBebpyTand ™ SaoH By e Biarmltene oo Sl o lhigime.
i sobut ylraaagoﬂ &rletAuaaﬂlage ildR it el fx yg&lmwe&ﬁ@ pofenfi 18l & dawd
groups. The term Cp_gal Kanoyl conprises -C(0)al kyl groups. The term hal o

i ncl udessefekcngg wmogh bfd} killingrasreellasdo inphiige Smﬁh@a}rlbfb@lytwluy subsets o4 twaewrcalled,
unsaturat§§ a;tgnhﬁ éﬁng%gurated nonocyclic ring system containing fron13
to 6 r|n g 3 ere £ TR G2 group may be replaced with a C=0 group.
" Car b@@ycl Y 1"[niabEdrigiRs withl d/first asp@;_di@h’@}br@?énkﬁivent@d’iﬂ thetPisGeyadard kaydund
"aryl"™ is an aromatic nonocyclic carbocyclyl ring system
"Cp_ qcyd]é@@%dﬁ@l” is an unsaturated or partially saturated nonocyclic
carbocyclyl ring 20 systemcontaining at leasfy 1 C=C bond and wherein a
ring CH2 group may be repl aced mn&p a C=0 group. "Cp_gcycl oal kyl " is
a saturated nonocyclic carbocyclyl g Sy st and wherein a ring CH2 group
may be replaced with a C=0 group. "He " R% a saturated,
unsaturated or partially saturated gyons Z ring system 25 containing
from3 to 6 ring atons of which 1,R2 or 3r|noatmm are chosen from
nitrogen, sulfur or oxygen, which ring pay be'carbon or nitrogen |inked and
wherein a ring nitrogen or sul&yr tdﬁ\ﬁhydbe oxi di sed and wherein a ring
CH2 group may be replaced with a =0 ¢ . "Heterocyclyl" includes
"heteroaryl", "cycl oheteroal d"e ﬁneroalkenyl". "Heteroaryl" is
an aromatic nDnocycIic heterocyc particularly having 5 or 6 ring 30
atons, of which 1, 2 or 3 ring a are chosen fromnitrogen, sulfur or
oxygen where a ring nitrogen or S may be oxidised. WO
2010/ 073034PCT/ GB2009/ 051755 @

wherein:
20 Ring A is a Csscycloalkyl or a saturated 4-6 membered heterocyclic ring containing
one heteroatom selected from O, N and S;
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? and R® are hydrogen;
25 R? is hydrogen or methyl;



-7- "Cycl oheteroal kenyl" is an unsaturated or partially saturated
nonocyclic heterocyclyl ring system particularly having 5 or 6 ring atons,
of whi ch WwQ 2810007384ri ng atons are chosen from nitrogen, PEUIGR2009051 58y gen,
which ring may be carbon or nitrogen |inked and wherein a ring nitrogen or
sul fur atom may be oxi di sed and wherein a ring CH2 group may be replaced 5
with a CO group. "Cycl oheteroal kyl" is a saturated nonocyclic

het erocyclic ring system particularly having 5 or 6 ring atons, of which
1, 2 or 3 ring atons are chosen fromnitrogen, sulfur or oxygen, which ring

nmay be car borgoi sAictb@98H ﬁya%@@l ARG YWIRLR), Bhidrd, 'cgﬂlo%fdrrﬁ&ﬁ&ﬁ%n&m fur atom
may be oxi dised and wherein a ring CP—IQ group may be replaced With a CO

group. 10Thi sR'sipecirdurceidctad ey nrettke, aily, ispropplmpdsiyeleptopyls to descri be
t han one functionality. Unless otherw se descri bed

%;?EP?\ Cogp&&llaﬁé?‘%gn%ﬁlgaf%epﬁa@??‘ﬁhtﬁ%ﬁﬁ%# ed as is understood in the art. For

exanpl e car bacyteliy ddepaalk yf foe@uRI(1ees c@@h&ajflé)dstlﬁ%lHﬁitér’ébh’%@ﬁetbc\/forms It
car bocycl ¥I het erocycl y1Cp gal kyl conpri ses substituted
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het er ot ywilite ungagstasid dhatphajal tionnrerspasseil &eemea‘rﬁ%@%l@%ltlmrmréaf t&ry 2
Cp_qal ky, r ent | kyl
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contai ning hal o_such as hal oCp_gal koxy may contain 1 nore hal o
subst i t ESBCARBISAEsCRY 18‘&?11“39111%0126’8‘anie ot atle S'HE @b cempound of formula

20Hydr oxyGR_@ak K lésd %Qergl%'hk(%'a 11%1‘?‘1‘19% Lpay n'lo%o ?eﬁé qudpa)f or e

hydr oxy!l substltu parti cul ar or °3 roxy su stltuents
Si m | ar |ty-lyidnete ogamitelrmatltverqusntttp ﬂtemonﬂ i[‘tgartqthhﬂr(axgecwlﬁ:the asestnytdneayiQp thpad koxy

may cont.ai.n, 1, or rmr n articul.arl or dro st ents.
O o kR Rac mants SO B R R Seplisstbsiadions. BYSCOrPIR ey b T oy o
Cp_qal kaystopie feubshditdgptE, ANd)Pakd I that! daylbe 4 204 m%téa@ ﬂﬁhk%mdln 2c,

substituents. Simlarly ot her generic terms ‘contai i ng qal koxy such as
Cp_gal koxy.gndgl; @myrb@yn@@msatomlclfom imoludingp '@ and oLy ag@:ﬁ@t ikeuent s and
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or 4" 1 grRupsalBrth&uers talty edituse it pha?mﬁ@buﬂ@al%ﬂﬂ@bﬁh@ﬁ%ﬂwﬂhﬁépHahh&cedﬁédlBrl tion
i ncludes all substituents 30 being chosen fromone of the specified groups
i .e. al laceemakle saltsebutothss sty mmebeswsefuldp therwodugher pf thersemppaidsgf & f from

sane. B S bybHS AR PREEHBERRE sts® ryb Rt Rkl AR, OBk PRICD
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ver si on
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i nfl a%%@hﬁuﬂéh%&ﬁﬁ&%rat&%%ﬁﬁ% foh&tedh d?@é&ﬁoﬁ’des ﬁﬁﬁ’éﬁmnh&%"éﬁﬁtéaﬂ& miRaES Or

1

cardi ovascul ar di seases. Sul ta%fe vaf for any’ R group or any part or
subst i t sabknand saits $erotedgridup sphmo] cuhd: sul‘fmnc @iid. 3haaddyc[annwhdw bompmhydls of pr opyl
and i so-
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C3_6cycligadnkatkal EmelaPR Oy bxan‘f»p{@ k&&?ﬁﬁﬁdr poﬁyﬁurﬁpﬁﬂélkéluféf’égrtﬁ yedtahexydr for
C3_ 6 cycloal kylG 3 al kyl: cycl opr opyl et hyl , cycl opr opyl et hyl,

cycl obutexkmptegplciuro pe n@gemlynmmganlcamm@y@ﬂt&r thyﬂhylafmme aryl : phenyl ;

for aryl 3. al.k enet hyl rb r
cycl Oh%xeg}l larm & &qua rmn qI‘lFt Shbiamn: e rnorphoPne -me¢ Yplgerlda neY N-

ethylplperldlne dlbenzylarmne or amino acids such as lysine.

The compounds of formula (I) may also be provided as in vivo hydrolysable esters. An
in vivo hydrolysable ester of a compound of formula (I) containing carboxy or hydroxy group
is, for example a pharmaceutically acceptable ester which is cleaved in the human or animal

30 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 animal’s body fluid.



for halo:fluoro, chloro, brono and iodo; for C _3 al koxy: net hoxy, ethoxy,
propoxy and isopropoxy; for C _6al koxy: C _3al koxy, butoxy, tert-butoxy,
pent yl oxywoR2emd1i3pr opoxy and hexyl oxy; 20 for G _3 al kaodydBa@at5yissand
propanoyl; for G _6 al kanoyl :acetyl, propanoyl and 2-nethyl propanoyl; for
het eroaryl : pyridinyl, imdazolyl, pyrimdinyl, thienyl, pyrrolyl,
pyrazolyl, thiazolyl, thiazolyl, triazglyl, oxazolyl, isoxazolyl, furanyl,
pyridazi nyl and pyrazinyl; 25 for heteroaryl G 3al kyl: pyrrol yl net hyl,
pyrrolylethyl, imdazolylnethyl, imdazolylethyl, pyrazolyl nethyl,

pyrazol yl et hygultaﬁlérp%%%ﬁtlf%hly aEéB’p@dP)Yé &kddy bor cﬁﬁio%‘ﬂc’[[ﬁfef(yl 6alk5§ﬁh&}i§13t hyl,
pyridinyl methyl, pyridinylethyl, pyrazinylnethyl,” pyrazinylethyl

pyri mi diasterser hy&mplpthhﬂxdmﬁi%t@mhlkambﬂﬂvmmhtwIeptlemfyt exaBAPY r i mi di nyl butyl ,

oxazol yI TR PRl 664 ik o bisi 8y P Pty B0 or example

het er ocypbydlommamwlbxyd@wlr pBldij(b%Yén,Q Phyedctitil Btkss o bt nyl
azetidinyl, phol i nyl , di hydr o- 2F+8yranyl tetrahydropyrldlne and
tetrahy @ﬁﬁw&rlnﬁrdlowpn@am}rmtbﬂ piet e ke garberdexaisiiy cyigrs fen axgmnla |

PP o RS\ AR PR RBOLLBL b AP ARARY 200,

t he desahmpﬁW£mOﬁre not Ilnltlng Partlcular values of Ring A, n, R,
R2, R3, R4, R5and are as 'l ows. uch val ues e used |d|V|duaIIy or
in conbi nat i onikEhle Ffag 1&@%9613?%1? ?qr.h@fﬁrww Ui/ ngrgaRis esisTs Upk

i nventi r i Ny r
enbodlng§§@8gm$%ﬁ§5&Q§&ﬁ§%%%ﬁ&ﬁﬁﬁ%39%39¥yaﬂx%%§»gﬁg 5%%3%&%%?P% %gﬁ%Qentlon
Ring A islagcdwosiposhdstwiiiell aC3rd3aly of alik ylvo diydev sy afiths ederdredkdbehes gecl i C
ring containing one heteroatom selected fromO and N I n anot her

aspect AinguAn iy deoyaspent obyaplevel eBalyrisliey eitspnripc cesiomtiony 2sd
t t h f H H | . - . d. |
B

cyl opentfygt hydrexy mlayﬂwpygaamnbypformxampledbﬂwl fidengd, banro@ngidnglacaghect R ng A
is a cyclopropgibF cyl opentyl, tetrahydropyranyl or piperidinyl ring, 20In

anot her SHBYHEE Ii»?@mar}dsp@n&&aeq%lp Fopsalkoxygarberi dodys dkyl caﬂqonﬁﬁeﬁéﬁersm fay |

ring. ; example ethoxycarbonyl; di-C,-salkylcarbamoyl and N-(di-C,-salkylaminoethyl)-N-

Ci-salkylcarbamoyl (to give carbamates); di-C;-4alkylaminoacetyl and carboxyacetyl.
Examples of ring substituents on phenylacetyl and benzoyl include aminomethyl, C;
salkylaminomethyl and di-(C;-salkyl)aminomethyl, and morpholino or piperazino linked from
a ring nitrogen atom via a methylene linking group to the 3- or 4- position of the benzoyl ring.

20 Other interesting in vivo hydrolysable esters include, for example, R*C(0)OC alkyl-CO-,
wherein R* is for example, benzyloxy-C-salkyl, or phenyl. Suitable substituents on a phenyl
group in such esters include, for example, 4-C;-spiperazino-C;-salkyl, piperazino-C;-salkyl and
morpholino-C;-salkyl.

The compounds of the formula (I) may be also be administered in the form of a prodrug

25 which is broken down in the human or animal body to give a compound of the formula ().
Various forms of prodrugs are known in the art. For examples of such prodrug derivatives, see:
a) Design of Prodrugs, edited by H. Bundgaard, (Elsevier, 1985) and Methods in
Enzymology, Vol. 42, p. 309-396, edited by K. Widder, et al. (Academic Press, 1985);
b) A Textbook of Drug Design and Development, edited by Krogsgaard-Larsen and H.

30 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);



I n another aspect Ring Ais a piperidinyl ring. In another aspect Ring Ais
a tetrahydropyranyl ring. In another aspect Ring Ais a cyclopropyl ring.
R1 251 n awotzhsro7amspect of the invention R is sel ected PcomaBOOYsOISEN- 4- Yyl ,
3- net hyl nor phol i n-4-yl, 3,5-di nmethyl norpholin-4-yl1 and a

8- oxa- 3-azabicyclo[3.2.1]octan-3-yl. In a further aspect, R is selected
from nor phol in-4-yl, 3-nethyl norpholing4-yl. In a further aspect, R 1is
3-nmet hyl norpholin-4-yl. R2 _ 30R2 is hydrogen. R3 I n one aspect of the

i nvention R3 is hydrogen. WO 2010/073034PCT/ GB2009/ 051755 -10- R4 In

anot her gspedy. Bhdofardedt@e! Rilridl ONPRyHLELRR Al §dlaﬁ&@,770£ﬂsoq51988)cm@d10 et hyl
and net hoxy. In anot her aspect R4 is hydrogen or methyl I n "anot her aspect

R4 is hydrogen. K&gya, dtal. {ﬁi@enagb@deﬂ 3t2hé92 ﬁ@éﬁl ion R5 is hydrogen. R6 _ In
o opyl ana NS by BB lle Tonke fatlhEr PuE e B G bhE TG i B
et hyl . Hrﬁhdh@@-cﬁﬁﬁ@ﬁ{[yl ?!foub;h eHb Wy réferentrab endisidRalovityd eebups swﬁe@t“pm‘pyl”
corrpousn da?re (s)gecfﬁocrfroryth% stralght chain version only (i.e. n-propyl and isopropyl) and references to
individual branched-chain alkyl groups such as “tert-butyl” are specific for the branched chain
version only.
The prefix Cpq in Cp qalkyl and other terms (where p and q are integers) indicates the
range of carbon atoms that are present in the group, for example C;_4alkyl includes C;alkyl

10 (methyl), Cyalkyl (ethyl), Csalkyl (propyl as n-propyl and isopropyl) and Cialkyl (n-butyl, sec-
butyl, isobutyl and terr-butyl).

The term C,_qalkoxy comprises —O-C,, qalkyl groups.
The term Cy_qalkanoyl comprises —C(O)alkyl groups.
The term halo includes fluoro, chloro, bromo and iodo.

15 “Carbocyclyl” is 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”, “C, qcycloalkyl” and “C, 4cycloalkenyl”.

“aryl” is an aromatic monocyclic carbocyclyl ring system.
“Cpqcycloalkenyl” is an unsaturated or partially saturated monocyclic carbocyclyl ring

20 system containing at least 1 C=C bond and wherein a ring CH; group may be replaced with a
C=0 group.

“Cpqcycloalkyl” is a saturated monocyclic carbocyclyl ring system and wherein a ring
CH; group may be replaced with a C=0 group.
“Heterocyclyl” is a saturated, unsaturated or partially saturated monocyclic ring system

25 containing from 3 to 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 CH; 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

30 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.



or a pharmaceutically acceptable salt thereof; Ring Ais a
unsubstituted C3_6cycl oal kyl or a saturated 4-6 heterocyclic ring

cont ai ni nyoi2e100r1803het er oat om sel ected from 0 and N, R iPsTaEE20@bEd7565r om
nmor phol i n-4-yl, 3-net hyl nor phol i n-4-yl, 3, 5-di nmethyl nor pholin-4-y1 and a
8- oxa- 3-azabi cycl o[ 3. 2. 1] octan-3-yl group; R2 is hydrogen; R5 is hydrogen;

20R6 is a group selected fromnethyl, ethyl, i-propyl and cycl opropyl; and
ei t her R3 is hydrogen; and R4 is selected from hydrogen, nethyl,
fluoro, chloro, cyano and nethoxy; O 25R4 is hydrogen, and le is hydrogen
or methyl.  «CyclohBtcRRUMAGP idaP Bkt Rhted BEpirANENEd @Bl RSBl QicicRYdbdRA 1 a

subset of corrpounds of fornmula (1), or a pharnaceutically acceptable salt
t her eof ;ring Systeanw@cwlaﬂs havipg 8los prroygydtomsyod Mdmh L2, Oréyrmg)fpiems wie, chosast anyl ,

tetrahy ofu dropyranyl .. azetidin rrolidin r erldlnyl
g o b G ERP R GRY b nf AEL t5iePbon B ] and iRy R

3, 5-di nﬁiﬂ@ﬁhff@g&m}'smﬁﬂamﬂﬂm i Brs QK @rdSw IReEail aC i @H§§1%u%m@twte§1ayeli
group; R2 is hydrogen; WO 2010/073034PCT/ GB2009/ 05175 i s hydrogen; and

R6 is @ Witlbap=5etreebed from methyl, ethyl, i-propyl and cycl opropyl ; and
th | |
1? : uo(ra(r), chl or oC@% %:dhgtr?gyaarﬁg §nd saﬁﬁﬂe%ob C%ﬁ %846}30%5{:1?)00@& g/ %gﬁ}cgﬁkl%r ogen

or met hylaving 5 or 6 Ihllig abﬁfshﬁrwhislped 0103 rlh@etonfsmthcman frbar Iﬁtrbgenpﬁlﬁﬂirdﬁd a
subset of conpaqunds of formula (1), or a pharmaceutically. acceptable salt
t her eof ;OXYERE NI FiRg Hay %P%TBP%BWMOS% Bla@#tayfi Whegdin 8 FUgmEEREca 9y pulgy

pi peri dlazaarhnlr}]agr& oxjdiscd g Ryl Seii gl t@&%ho S g)%@%lang‘%gﬂlac O group.

3- et hyl nor p 5d|rret | mor
8- oxa4B- azabi ?Ehmlsp@cﬁﬁ@tmhmmayana@qs& of caupositR2erins thylchcoge grouRs comspihging ogen;

:Eg 2':556 Hgi?r% tﬁangorn%%ng‘cl%lngﬁtgr %Iflersg rgthréervtvlgg descrltb th Lere Euc%pgrmsaa?g to Cl opropyl;
interpreted as is understood in the art. For example carbocyclylC,_qalkyl comprises C,qalkyl
substituted by carbocyclyl, heterocyclylC,_qalkyl comprises Cpqalkyl substituted by
heterocyclyl, and bis(C,qalkyl)amino comprises amino substituted by 2 C, qalkyl groups which

15 may be the same or different.

HaloC,, qalkyl is a C,_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 C, qalkyl group that is substituted by 1 or more hydroxyl
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.

Cp-qalkoxyCy_qalkyl is a Cpqalkyl group that is substituted by 1 or more C,_qalkoxy

25 substituents and particularly 1, 2 or 3 C, qalkoxy substituents. Similarly other generic terms
containing C,, qalkoxy such as C,_qalkoxyC,_qalkoxy may contain 1 or more C, qalkoxy
substituents and particularly 1, 2 or 3 Cpqalkoxy substituents.

Where optional substituents are 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.e. 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.



R3 is hydrogen; and R4 is selected from hydrogen, nmethyl, fluoro, chloro,
cyano and nethoxy; O 20R4 is hydrogen, and |le is hydrogen or nethyl.

| n anot hewoaspauso3sf the invention there is provided a ®abga0@foserpounds
of formula (1), or a pharnmaceutically acceptable salt thereof; Ring A
is a cyclopropyl, cyclobutyl, cyclopentyl, oxetanyl, tetrahydrofuryl,
tetrahydropyranyl, azetidinyl, pyrroliglinyl or piperidinyl ring; 25RI - is
sel ected from norpholin-4-yl, 3-nethyl norpholin-4-yl,

3, 5-di net hyl nor pholin-4- yl and a 8-oxa- 3-azabi cycl o[ 3. 2. 1] octan-3-y1
group; RZ iGmyAhag8fithe Brskt iRy GiBR 8Rve BEn namBY WilaRe aidPREmbateP XBFRERN;
and R6 is a group selected fromnethyl, ethyl, i-propyl and cycl opropyl.
WD 2010/(@T3B4PCTeEBRODIN51755 - 12- | n anot her aspect of the

i nvention therge i rovi ded a, subset of coppoun of . formula (I or a
pnar maceut | ooty eRegHsRE T PRI AR Ao o bRt or”
cycl obutptlignaiicdiQasst Vduch beinFlREH G Wi RBYs, SYstrRdRRE iativayd diéa3ek, iffhmuné S
sel ected from norpholin-4-yl, 3-nethyl norpholin-4-yl,

3, 5- di M1WEW|§PI@IQVHS¢4‘1M§¥%¢FS%M a 8- oxa- 3-azabi cycl o[ 3. 2. 1] oct an- 3-y1

SLRUP T2 SRy PR A SR ol fughcoen

| n anot Her Cagjledt of the i nwesltyilonhihsopyl sdpsepiopeld a subset of conpounds
of formula (1), or a pharmaceutijcally acceptable salt thereof; nis 0 or 1;
Ring A i8" S -&llopropyl, cyllopdhrlyPutyl erpehy@rapramPrtybrPBiber i di nyl ring;

15l e is sel ected from norpheli miiWiprods MBI MhMBERNHd Msdryl, R2 is
hydrogen; R3 is hydrogen; R4;%SHHJ¥L?PEY’ yIBl S
10 for Csecycloalkyl: cyclopropyl, cyclobutyl, cyclopentyl and cyclohexyl;
for CsscycloalkylC_salkyl:  cyclopropylmethyl, cyclopropylethyl, cyclobutylmethyl,

cyclopentylmethyl and cyclohexylmethyl;

for aryl: phenyl;
for arylC, salkyl: benzyl and phenethyl;
15 for carbocylyl: aryl, cyclohexenyl and Cs.scycloalkyl;
for halo: fluoro, chloro, bromo and iodo;
for C,.;alkoxy: methoxy, ethoxy, propoxy and isopropoxy;
for C,salkoxy: Ci.salkoxy, butoxy, fert-butoxy, pentyloxy, 1-ethylpropoxy and
hexyloxy;
20 for C;alkanoyl: acetyl and propanoyl;
for Cjsalkanoyl: acetyl, propanoyl and 2-methylpropanoyl;
for heteroaryl: pyridinyl, imidazolyl, pyrimidinyl, thienyl, pyrrolyl, pyrazolyl,

thiazolyl, thiazolyl, triazolyl, oxazolyl, isoxazolyl, furanyl,
pyridazinyl and pyrazinyl;

25 for heteroarylC,_zalkyl: pyrrolylmethyl, pyrrolylethyl, imidazolylmethyl,
imidazolylethyl, pyrazolylmethyl, pyrazolylethyl, furanylmethyl,
furanylethyl, thienylmethyl, theinylethyl, pyridinylmethyl,
pyridinylethyl, pyrazinylmethyl, pyrazinylethyl,
pyrimidinylmethyl, pyrimidinylethyl, pyrimidinylpropyl,

30 pyrimidinylbutyl, imidazolylpropyl, imidazolylbutyl, 1,3,4-
triazolylpropyl and oxazolylmethyl;



R5 is hydrogen; and 20R6 is a group selected fromnmethyl and cycl opropyl.

I n anot her aspect of the invention there is provided a subset of conpounds
of formulwoO@2bjo/078034a phar naceuti cally acceptabl e salt tReraH2p00RSIFSA is a
cycl opropyl, cyclobutyl, cyclopentyl, tetrahydropyranyl or piperidinyl
ring; R - is 3-nethylnorpholin-4-y1; 25R2 is hydrogen; R3 is hydrogen; R4

I s hydrogen; R5 is hydrogen; and R6 is9.a group selected from nethyl, ethyl,
i -propyl and cycl opropyl. 30l n another aspect of the invention there is
provi ded a subset of conpounds of formula (1), or a pharmaceutically

accept abheh&albbydiper eof | R Ngodr§1, ByGYEAiRPI BR¥idin} B blRRYHLPRYERING1, OF
pi per i di nyl rion{:,;pl WO 2010/ 075034P ?’G_Bzoﬂggig@ﬂl&%9 bit o Y
3-net hyl nor phol i n-4-y1; R2 imotphelingdehihydRe-2Hsphydylogenhydrapyrglitgahdogen; R5

is hydrogen; and R6 is a nethyl, gr . 1 n anot her aspect of the invention
there is provided a subset 3?%%Bﬁﬁgﬁﬁﬂghof formula ..,,,/ 0 2.,.... 10

(la) for saturared heterocyclyl:  oxetanyl, pyrrolidinyl, piperidinyl, piperazinyl, azetidinyl,
5 morpholinyl, tetrahydropyranyl and tetrahydrofuranyl.
It should be noted that examples given for terms used in the description are not limiting.
Particular values of Ring A, n, R', R% RY, 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 thercof, and with any of the definitions, claims or embodiments defined
10 herein.
Ring A
In one aspect of the invention Ring A is a unsubstituted Cs ¢scycloalkyl or a saturated 4-
6 heterocyclic ring containing one heteroatom selected from O and N
In another aspect Ring A is a cyclopropyl, cyclobutyl, cyclopentyl, oxetanyl,
15 tetrahydrofuryl, tetrahydropyranyl, azetidinyl, 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.
20 In another aspect Ring A is a cyclopropyl, 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
25 In another aspect of the invention 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.
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.
R2
30 R’ is hydrogen.
R®

In one aspect of the invention R? is hydrogen.



or a pharmaceutically acceptable salt thereof; Ring Ais a cyclopropyl,
tetrahydropyranyl or piperidinyl ring; R2 is hydrogen; R3 is
hydr ogen; wO2R/(7303aydr ogen; R5 is hydrogen; and R6 is aPG@tdBDOYNSOIFS.
I n anot her aspect of the invention provides a conpound, or a conbination of
conpounds, selected fromany one of the Exanples or a pharnmaceutically
acceptabl e salt 20 thereof I n anggher aspect of the invention there
is provided a conpound, or a conbination of compounds, selected from any
one of
4-{4-[1-(Methyi sul fonyl)cycl opropyl] - 6- nor phol i n-4-yl pyrim di n-2-yl1}-1Hind
ol e;
6- Met hyl - 4- {dn[amo@mmsmwté?ulls srlgdtycciyemndpydmgyn) l@renshjsiol dyand mdthylendi di n- 2-y
1}-1H i ndg
2- Met hyl - % ?W[l (et hyl sul fonyl ) cycl opropy1] - 6- nor phol i n- 4-yl pyr| m di n-2-y
1} - 1Hi ndol e;In amhgpgs@é&ZQQﬁﬂﬁgé&BﬁQﬁ&hQSNSS -14- 6-Methoxy-4- {4- [ 1

- (et hyl sul fonyl ) cycl opr 6- mor phol i n-4-yl pyrimdin-2-yl1} - 1H-| ndol e;
4- {4-5] 1 - (penpi Pfs%ﬂpﬁ@r’l&@ YEPSPY: opy 1] - 6- nor phol i n-4-yl pyri ni di n- 2-y1}
-1Hindol e-6-pcarbonitrile; 6-chloro-4- {4-[ 1
- (et hyl sul f orryl ) cycl opropyl] - 6- nor phol i n-4-yl pyri mdin-2-yl1} -1Hindole; 5
6- f | uor o- 4- {I4-onf dspect of the invention R’ is hydrogen.
- (et hyl sul fony!l ) cycl opropyl] - 6- nor phol i n-4-yl pyrim din-2-y1} -1Hindol e;
4- {4-"[4- (MRhyl sul fonyl) pi peri di n- 4-y1] - 6- mor phol i n- 4-yl pyri ni di n- 2-y1}
- 1H i ndol e; 1yl,) vy
- 6- nor phol i nAIH 0%/1? ai}leéfé %ﬂbz(]'ey J}? 1X)Jé.lflll grtqgﬁorf %Mg{dq?%ﬁnﬁxﬁlﬁ’netﬁyl’ Epropyl and

- (et hyd saykcloproply).cycl opr opyl] 6- mor phoI | n-4-yl pyrimdin-2-yl} -1Hindole; 10

4-(4- { 1 - t | f | 1}
Yo mor ool 1 n g ipplet g ot s DR TSBRESL P [
J g &ylc Ing glr gpyzl_ﬁlé)lng Qspekd &fytﬁé ARERIItheR-1§ProR R U IaNuBseY bPYdhpaual o Ltoydbla (1),

[ 4- (cycl@@@p@mhﬁ@ﬂylaycmmwme@%pyr an-4-y1] - 6- nor phol i n-4-yl pyri m din
-2-yl} - 1H|

[4- {cycl opr opSitEdt FonyBITRNFY G roraloyHy o a4 R Sy By

- 1H- i ndame; heﬂa'éoafﬂom{séiectb&lﬁb@mlaa@n\npyl sul fonyl)pi peridin-4-yl]-6-[(3

S) - 3rreth|rmr10holln4yl yr|md|n 2- yl} -1H-indole; 4- {4-

[ 4- (Cycl opr oyl S ¢leeRy FipmenpeahgiR-g-2H Wﬂafrhmratpmm-é yi( 3
9 e ARk B LA L g (392
-1H R? is hydrogen;
R’ is hydrogen;
20 Rfisa group selected from methyl, ethyl, i-propyl and cyclopropyl; and
either
R’ is hydrogen; and R* s selected from hydrogen, methyl, fluoro, chloro, cyano and
methoxys;
or
25 R* is hydrogen, and R? is hydrogen or methyl.
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, oxetanyl, tetrahydrofuryl,
tetrahydropyranyl, azetidinyl, pyrrolidinyl or piperidinyl ring;
30 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;



20 indole; 4- {4- [(39-3
- Met hyl nor phol i n-4-y1] - 644- (et hyl sul f onyl )t et r ahydr o- 2H pyr an- 4-
yl ] pyri mworeRyorigs4- 1H i ndol e; 4- {4-[(3 S)-3 - Met hyl norphatB200905y7BF- 6- [ 1
- (met hyl sul fony1) - cycl opropyl ] pyri m di n-2-y1)- 1Hi ndole; 25 4- {4- [(3R) -3
- Met hyl nor phol i n-4-y1]-6- [1 -(nethyl sul fonyl)cycl opropyl]pyrimdin-2-yl1} -
1Hi ndol e; 6-Methyl-4- {4- [(3R)-3 -netfwyl norpholin-4-yl]-6- [ 1
- (et hyl sul fonyl ) cycl opropyl ] pyri m di n-2- yl1} -1Hindol e; 2- Met hyl -
{4- [(3R)-3 -nethyl norpholin-4-y1]-6- [ 1
- (et hyl sul fq@ls)ﬂg,&q, glpraggyl ]pyrimdin-2- 30 yl} -1Hindole; 4- {4- [(3R-3
- Met hyl nor phol%g - (met hyl sul fonyl ) cycl opr opyl F pyrimdin-2-yl} -
1Hi ndol e- 6- caR lalgmupl ®1ect6d@@n®ﬁ@1m®4mb®md%’%mf®5 ané- 6-chl or o- 4-
{4-[(3R)-3 - hlrmrpholln4y|] - 6- El
- (et hyl sul foﬁ cycI opropyl ] pyri mdin-2- yl1} -1Hindole; 6-fluoro-4- {4-
[ (3R) -3 -net yl D bh;nmd B3 sel&t&i from hydrogen, methyl, fluoro, chloro cyano and
- (et hyl sul fonyl)cyc opropyl ] pyri m di n-2- y]%} -1H1indole; 5 6-net hoxy- 4-
{4- [ (BRyetBoxyiet hyl norpholin-4-yl] -6- [ 1
-(met hyl sul fa C{;yl )cycl opropyl ] pyri m din2-yl1} -1Hindole; 4- {4- [(3R-3
- Met hyl nor phol'i n-4-y1]-6- [4- (et hyl sul fonyl)tetrahydro-2H pyran- 4-
yl 1 pyri i din- wlyh},dmgeh iand ®és hkdedohotimethyl{ 4- [ (3R) -3
- et hyl nor phoI in-4-yl] -644-(nethyl sul fonyl)tetrahydro-2H pyran-4- 10
yl ] pyrim din- In ayq_‘r}ler q_sppqtﬁég}eénvez‘ltwgttlpﬁyp 1s43r0‘{1§e ?é@ﬁyt af compounds of formula
- net hyl yl )t et rahydr o- 2H pyr an- 4-
yl ] pyri mlﬂgghwcmal ndcoCg ; %kék/lzt e(%(bg 4- {4- [(3R) -3
- met hyd nor phdRimg-AdisyeldycBprépdd,(ayiiphytys ubtfaiygttopl emy bdrydpaidi pygan- 4-
yllpyrimdin-2ryl i ndo | or.0- 4-
- et hy! nor ph TR %‘ee}r“?'f O@m?wheﬁ%f‘wg}@ lzyﬂfmp@@ {léwgd%gdfpﬁwwwhn 4-
yl T pyri njigidy Qoxérh azalkicydlél[qlzel]o@taﬁlswg%&}y {4- [(3R)-3
- et hyl ror ph &g n-4-yl] - 4- (et hyl sul fonyl )t et rahydro- 2H pyran- 4-
yl ] pyri mi di n-B-ighydrogep;i ndoI e; 4- {4- [(3R) -3 -nethylnorpholin-4-yl] -6-
[ 4- (et hyl sulﬁeon){ll LeLr rah dro-2H pyran-4- 20 yl]pyrimdin-2-yl}
- 1H i ndol e- 6-¢arbd tg?l’le 4- {4- [(3R)-3 -Methyl norpholin-4-y1]-6-

[ 4- (mei hyl suIRﬁ@)ﬂlg}@mo@ndcwdrﬁcﬂnyde}mrdﬂmylda ProBylabl cyclbpiopdRlagd 4- {4-
[ (3R) -3 - Met hyl nor phol i n-4-y1] - [1
- (et hyl sul fcm@lpl) cycl obut yl ] pyr| m di n-2-yl} - 1Hindole; 25 4- {4- [ 1

I I I
] I(’reqt/ﬁyﬁpnr)(r)g% ]? fhgﬁ% %I%ﬁﬁlh(ring 1% Péf e@ﬁr&&%?&o%ﬁ% Iinethyl ﬂu?rg chloro, cyano and

[ 4- (Cyclaghepy! sul f onyI ) pi peri d| n-4-yl1l]-6-[(3R) -3
- et hyl nor phol i n-4-yl ] pyrimdin-2- yl1} -1Hindole; 4- {4-
[ 4- (Cycl opr o}l sul f onyl )t etrahydro-2H pyran-4-y1]-6-[(3R) -3
- et hy| mor phogd Bndarogfh, Yehd RP1iL B b ferforidthy 1 | ndol e;
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, oxetanyl, tetrahydrofuryl,
tetrahydropyranyl, azetidinyl, pyrrolidinyl or piperidinyl ring;
25 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;
R? is hydrogen;
R*is hydrogen;
30 R’ is hydrogen; and
Rfisa group selected from methyl, ethyl, i-propyl and cyclopropyl.



4- {4- [ 1 -(Ethylsulfonyl)cyclopropyl] -6- [(3R)-3

- et hyl nor phol i n-4-yl ] pyri mdin-2-yl1} - 1Hi ndole; WO

2010/ 073080RCIV0ZBBA09/ 051755 - 16- 4- PCT/GB2009/051755
{4-[4-(Ethyl sul fonyl)tetrahydro-2H pyran-4-yl1]-6-[(3R)-3-nethyl nor phol i n- 4-
yl ] pyri mdin2-yl} -1Hindole; 4-

{4-]4- (Et hyl sul fonyl) pi peridi n-4-yl1]-6td-(3R) - 3-net hyl nor pholin-4-yl]pyrimd
in-2-yl1} -1Hindole; 5 4-(4- { 1 -[( 1 -Methylethyl)sulfonyl]cyclopropyl}
-6-[(3R) -3 -nethyl norpholin-4-yl]pyrimdin-2- yl)- 1Hindole; 4-(4- {4-[( 1
- Met hyl et hyl )iauhb@Bydsht@loT AVl QrdhHRYE &prdviddd a subset of compounds of formula
-6-[(3R) - 3-net hyl nor phol i n-4- yl]pyrimdin-2-yl)-1Hi ndol e; 4-(4- {4-](
1 - Met h)(ﬂ)ephwph%‘maf:@mphl}mil@epﬁaéﬁersa%ﬂyﬁle}of; 6- [(3R) -3

- met hyl nor phal i n- 4- yl rimdinl0 2-y1)-1Hindole; 4- {4- 3.5,8R):3 .5
D ot hy ! mor AbtsEA et SRt Ry R 56 PirsyiH tric -
y1} - 1HindolRis selected from morpholin-4-yl, 3-methylmorpholin-4-yl, 3,5-dimethylmorpholin-4-
4-14-[ (3R, 59) -3, 5-di net hyl nor phol i n-4-y1] - 6- (?— met hyl sul f onyl cycl opr opyl ) py
ri mi di h-y2apd p8-ona3-pepbicaylo[hAd lqcéanad-yl group;

{4-[1-(Met hylgul | Leycl opropyl] - 6- (8- oxa- 3-azabi cycl o[ 3. 2. 1] oct - 3-yl ) pyr
i mdin-2-yll 1&%%@@%&%ﬁor a pharmaceutically acceptable salt thereof.

A conpound ofRYiehgutogerf;! ) may be prepared froma conpound of fornmula (I1),
wherein L2 is_a |l eaving group (such as halo or -SMe, etc.), with a conpound
of fornula (IRII)S,hYQ\%‘?é?Iéi n Xis a suitable group (such as boronic acid or
ester) in thepypi ) a suitable Pd catal yst and 20 phosphine ligand in
a suitable s?q\?lg%?&s%%c ’%glg a m xture of dinethylformam de, di net hoxyet hane,
wat er 1@and et Hisla, gronpdetectdi frab netigd byl Bprepyled casloheayi.ng in a m cr onave
reactor. WD 2010/ 073034PCT/ GB2009/ 051755 -17- It will be reci at ed
that a corrpoJHd‘nﬁé‘erf BPHTHOA thatpyeniiey thige 1 pRest st ROl RBro find of
formul a (@) b) a Barh@EenicABesSccepabledslt ekdat i on, al kyl ation, reductive

am nation etc., either |isted above or otherwi se known in the literature. A
conpound of frosra:(11), may be prepared by the reaction of a conpound of

5 formula (1, ith a conpound, of fornmula erein.Ais.a 2 to 6
menber ed, op?ilil(")lﬁ\g% }Sya ?ﬁgog%?ﬂyﬁtcé’%ﬂpegﬁyﬁ}?qgar%lgd%faﬁw r%ﬁrgﬁnyi "C&t bon may be
optional Iy repliggeldctad FonOmofdhelin-3.ylagrehcili@meipholih-4iyg; a | eavi ng group (such
as halo, tosyl, nesyl etc.), in the presence of a suitable base such as
sodi um hydri d® 8hyg®easi um tert-butoxide in a suitable solvent such as
tetrahydrofurm(ﬂ%dll}j .(di met hyl f ormam de, or by using aqueous sodi um

hydr oxi de solutio ahd"DCM as a i o0 sol vent with a suitable phase transfer

agent such asRtietealiys yl ammoni um bromide. L2 0 ,,0 NN R6;'S1 R
(Iv)00 &-cgg&ound‘ of fornmula (11), may be prepared by the reaction of
a conpound ofR¥ls ogeis with a conpound of formula (V), wherein Ais a

2 to §, menbergd; a%%d nadcl M%{&ﬁﬂfaﬁ c c%ﬁ% ne chain in which 1 carbon
may be optional Fy r epploacede)dvm th 0, "N or % an%’q
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 piperidinyl ring;
R' is 3-methylmorpholin-4-yl;
25 R? is hydrogen;
R? is hydrogen;
R*is hydrogen;
R’ is hydrogen; and
Rfisa group selected from methyl, ethyl, i-propyl and cyclopropyl.
30 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, tetrahydropyranyl or piperidinyl ring;



15 wherein LI is a leaving group (such as halo, tosyl, nesyl etc.), and L3
is a group which can be transfornmed to a suitable |eaving group (such as
hal o, toswD, 208303 at a | ater stage, to give a conpoun@CefGH20093INIES(VI) in
the presence of a suitable base such as sodi um hydri de or potassium
tert-butoxide in a suitable solvent such as tetrahydrofuran or

N, Ndi et hyl f ormam de, or by usi ng agquemis sodi um hydroxi de sol ution and DCM
as a solvent 20 with a suitable phase transfer agent such as

t et rabut yl ammoni um brom de, and subsequently converting L3 to an
appropriate |geyindc@yRMRphallichyps hal o, tosyl, mesyl etc.) and then
exposing to a ;yitable base suc% as sodi um hydri de or potassium

t ert - but oxi deR’iis hgdrogen,abl e sol vent such as tetrahydrofuran or
N,N—dinethyl&g;n%&bdeé_or by usi ng aqueous sodi um hydroxi de sol uti on and
DCM as a sol vent "WP&“% suitabl e phase transfer agent such as 25

t et rabut yl anmhis wgidcedi de. WO 2010/ 073034PCT/ GB2009/ 051755 - 18-

A conmpound of fornula (1V), may be prepared by the reaction of a conpound
of forhula (VK11 hxfiegenlandi s a suitabl e | eaving group such as halo, with a
conpound of fw.mul I in a suitable solvent such as DCM

5(vilh)(1Vv) ﬁnﬂu&&ﬁﬁxé%ﬁ%éund of formula (VII), may be prepared by the
reaction of dnaastpouaspcaloftiarimudmion tBdre BSirogdedaditistostonmpolndssfibrniuia t he
art. L2L2 ). NNNN HORLIL4R1 (1 X) A compound of formula (1X), may
be prepéﬁ@d by the reaction of a conpound of io fornmula (X) using
conditions well known in the art. L2 §N i HORL (IX) A conpound of
formula (X), where Riis a N-linked fet enocycl e such as norpholine, nay be
prepared by the reaction of a conpoEEd f formula (XI) with a cyclic am ne
R ce of aésuitable base such as

R R

such as norpholine optionally in th
triethylamne in a suitable

o_,0O

NS

R%”

10 (Ia)
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

Rfisa methyl 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 thereof.

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;



15 solvent such as N, N-di net hyl f ormam de. A conpound of fornmula (X), where
Riis a Glinked WO 2010/073034PCT/ GB2009/ 051755 -19- heterocycl e such as
di hydr opywearnpiomggosbe prepared by the reaction of a conpeamaBhoKwBETHI a
(XI') with a suitable organonetallic reagent (such as the boronic acid
RiB(OH)2 or the boronic ester RRB(OR)2 etc.) in the presence of a suitable
nmetal catalyst (such as palladiumor cppper) in a suitable solvent such as
1,4-dioxane. 11 Ra N NRa 1 00 0o 5(Xi) (X Compounds of fornula (XI),
cyclic amnes, boronic acids {RIB(OH) 2} and boronic esters {RIB(OR)2} are

ei ther coRTER{dya- I{N[ﬁ&ﬁéthﬁ‘ll@hl%xﬁﬂ)c\j‘ﬁblbrogﬂ?er OC@)hBh@Aaﬂ%ynmldln z-yl}%lp[qm&and

of formula (I cl e such’ as norpholine, may
be prepat- é‘&[bﬁmcthelsulétacfd)cmomopal]tﬁompmhnhnéfylpmnnﬁula%yk} I H-indela-6a cyclic

am ne suc S 0 nmorpholine optionally in the presence of a suitable base
such as %W‘%HH’ "anmine in a suitable solvent such as N, N-di net hyl f or mani de.

A conpougiehleifo- 4-({4!ﬂﬂ(ﬁe(ll\y'lshlfo?’lﬁiyelo§}dp§l]36 ~frotpHokiad: - ﬁ@&ﬁﬁlﬁﬁﬂizl-ﬁ%—iﬂpﬂlda&

dlhydroe¥ran pr epar e reaction of a conmpound f ormul a

(XI1) i ﬂu@ms‘hd -hb{recthy alrﬁwélcm PP@PVHég@ﬁtpheb@ﬂwlme@l Bof bhHcindeled "
R B
reral ma oA LA E BT R R B o IR RESB IR RoI®, B0 (20

as 1, 4- di-oxpheMethilsQlfdhyl)tetidhylitg- Iﬂﬁiyﬁlﬂ:%ﬂ?ﬂ] (Dﬁlo@ﬂolh)l@l Mpyrimidin-2-yA} -délpound
of formula (X1), may be prepared by the reaction of a conpound of formula

(XI11) URERIF: conditions known in the art. 5 ONI IRGOH O 11 O NN
4-{4-[1-(ethylsulfonyl)cyclopropyl]-6-morpholin-4-ylpyrimidin-2-yl}-1H-indole;

10 4-(4-{1-[(1-methylethyl)sulfonyl]cyclopropyl} -6-morpholin-4-ylpyrimidin-2-yl)-1H-indole;
4-{4-[1-(cyclopropylsulfonyl)cyclopropyl]-6-morpholin-4-ylpyrimidin-2-yl } -1H-indole;
4-{4-[4-(cyclopropylsulfonyl)tetrahydro-2H-pyran-4-yl]-6-morpholin-4-ylpyrimidin-2-yl } -1H-
indole;
4-{4-[4-(cyclopropylsulfonyl)piperidin-4-yl]-6-morpholin-4-ylpyrimidin-2-yl}-1H-indole;

15 4-{4-[4-(Cyclopropylsulfonyl)piperidin-4-yl]-6-[(3S)-3-methylmorpholin-4-yl]pyrimidin-2-
yl}-1H-indole;
4-{4-[4-(Cyclopropylsulfonyl)tetrahydro-2H-pyran-4-yl]-6-[ (3S)-3-methylmorpholin-4-
yl]pyrimidin-2-yl}-1H-indole;
4-{4-[(35)-3-Methylmorpholin-4-y1]-6-[1-(methylsulfonyl)cyclopentyl Jpyrimidin-2-yl } -1 H-

20 indole;
4-{4-[(35)-3-Methylmorpholin-4-yl]-6-[4-(methylsulfonyl)tetrahydro-2 H-pyran-4-
yl]pyrimidin-2-yl}-1H-indole;
4-{4-[(3S)-3-Methylmorpholin-4-y1]-6-[ 1-(methylsulfonyl)-cyclopropyl]pyrimidin-2-yl)-1H-
indole;

25 4-{4-[(3R)-3-Methylmorpholin-4-yl]-6-[ 1-(methylsulfonyl)cyclopropyl]pyrimidin-2-yl}-1H-
indole;
6-Methyl-4-{4-[(3R)-3-methylmorpholin-4-yl]-6-[ I -(methylsulfonyl)cyclopropyl]pyrimidin-2-
yl}-1H-indole;
2-Methyl-4-{4-[(3R)-3-methylmorpholin-4-yl]-6-[ I-(methylsulfonyl)cyclopropyl]pyrimidin-2-

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

indole-6-carbonitrile;



IR6L L5 0 WD 2010/ 073034PCT/ GB2009/ 051755 - 20- A conmpound of
formula (XIIl1), may be prepared by the reaction of a conpound of fornula
(XI'V) w twoaommrpsund of forrmula (VIII). Al t er maTiGB2hgY/058756 onpound
of fornmula (XIl) where R6 is Me, L2 is -SMe and L5 is chloro, may be
prepared by the reaction of a conpound of formula (XIV) with a conpound of
5 formula (XV), followed by decarboxylLgti on under conditions known in the
art. L2 O NN IR6L5 0 A conpound of fornula (1V), nay be prepared by the
reaction of a conpound of io formula (XVI) under suitable oxidation

condi ti %1§hl§f60ﬁ{&§(ﬁ{3%&'éﬁ1yhﬁéa’ﬁgﬁ&l%ﬂ48@}i )fi.@ﬁeﬂhplsallf&lﬂyc%@ﬁ%?gﬁyrﬁﬁgﬁﬂim

tungstate di hydrate in a suitable sol'vent m xture such”as nethanol and 1, 4-
di oxane Ylh-1Hh@dpleesence of water and sulfuric acid. L2 NNO 11 N

| R6' SR11 RGOR1L [ t.. wl ciated that a .conpoynd, of
formia o R meypnrnhdtin b Bl ERRLES B S k S Py IRRRANER D) by
techniqqﬁ§45p@bog§ oxi dation, al kylation, reductive amnation etc., either

| i sted above or otherwi se known in the literature. WO

2010/ 07 Jo3eihory éBFoHdR 8 1rakylnpipholin-4-yl]&-Id dmisshirer lony Dexdhenrepy bovrimidigay  be
PLepar ey fRggget on of 2 compound of (ol 8 (1), herein L5 8
(XV) optd-onaB3RY-3i Methym@phsiand | ob-[4(muhy Bbifebasehy oy taniet hyl ami ne
and a s%hﬁgghﬁgggﬂyl§H$%§%(Qitrile. L2 ) NN
6-Methyl-4-{4-[(3R)-3-methylmorpholin-4-yl]-6-[4-(methylsulfonyl)tetrahydro-2H-pyran-4-

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

15 6-chloro-4-{4-[(3R)-3-methylmorpholin-4-yl]-6-[4-(methylsulfonyl)tetrahydro-2H-pyran-4-
yl]pyrimidin-2-yl}-1H-indole;
6-fluoro-4-{4-[(3R)-3-methylmorpholin-4-yl]-6-[4-(methylsulfonyl)tetrahydro-2H-pyran-4-
yl]pyrimidin-2-yl}-1H-indole;
4-{4-[(3R)-3-methylmorpholin-4-y1]-6-[4-(methylsulfonyl)tetrahydro-2H-pyran-4-

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

25 4-{4-[1-(Cyclopropylsulfonyl)cyclopropyl]-6-[(3R)-3-methylmorpholin-4-yl]pyrimidin-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-yl]-6-[ (3R )-3-methylmorpholin-4-

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

indole;



L4R1 R6, SH NN F16, S?Ri 5(XV) (XVI') Conpounds of fornmula (VI1) are
either comercially available or well known in the art. It will be
appr eci atwo 2otvat73@4conpound of fornula (XVI) may be tramsT@Bree/(5mt56

anot her conpound of fornula (XVlI) by techni ques such as oxidation,

al kyl ati on, reductive 10 amnation etc., either |listed above or otherw se
known in the literature. It willifae appreciated that where Rng A 1is
a heterocyclic ring containing a nitrogen atomthat the nitrogen atom may
be suitably protected (for exanple a t-butoxycarbamate or benzyl group) and
that theypspf ecthl RGP ARG Y roDBT HSFRVAI | 3DE3R §-3 BEGRARR phofin A iRBmidin-
reaction perforned on'the nitrogen (for” éxanple an al kylation,” réeductive
am nat i chylorlBaidede;i on) at any 15 stage in the synthesis. It will be

appr eci rt ain.of..th i ri substituents in.th unds
o "t he o CeLhB T PRy -G 2ah PR EO b i TR
substit yhdsly, reactions or generated by conventional functional group

nodi fications either prior to or imediately follow ng the processes

nent i ofne"d("abb{/(é:Maﬁmleﬁyl)&s}u@WYé]%Clph@PWdeéj[(ﬁé)ﬁﬁéetbyl@@éﬁ@hél gdpyrgnidimeé- 20
inventiqﬁ}lﬁghdgéanple conpounds of formula (1) may be converted into
further ‘conpounds’ of formula (1) by standard aromatic substitution

react i ons(wf4-hy -Methyreiyil Bulddnyf lietedhy drost H-gF cinpd-ni db-f BR}BHaahy InBuplvlineéct | ons
and nodifjcations include, for exanple, introduction of a substituent by
means oﬂﬂkﬁﬂapﬁﬁé%yg4§hE@Pkéution reaction, reduction of substituents,

R SRS S e S e s s e

art. PRari-yldHemdelanpl es of aromatic substitution reactions include the

i ntroducgi f nitr.o grou Ln 0 ntrated nitric aci t he. .

|t r oduck S8 e B T e kg PR 4621 e
acid (sughiasipgbm niumtrichloride) under Friedel Crafts conditions; the
introduction of an al kyl ?roup using WO 2010/ 073034PCT/ GB2009/ 051755 -22-
an al kyl4-Hal(PR&Sadd-diewithylmeipdholisdet |- 1 anathylpultmytayclontopyDoeymigdierdryl]-

Fri edel fﬁjﬂ%&ﬁzpqlditions; and the introduction of a hal ogen group.

Parti cul ar e a%ﬁf s of nodifications include the reduction of a nitro group

to an larzi-l{m[g(M@&yQﬁlfB@ﬂ)aﬁ&;@@f&p@}]-(pe&@iaysJ‘a@aﬂﬂw&mg@nqédt@nyl?wrﬂmainni@lqeI

catalyst or treatnment wwth iron in the presence of hydrochloric acid with
heat i ng; 1H5insdeiaat # oharsracentieplly pecspiableapk ghoseafs i nyl or al kyl sul f onyl .

It wll also i i i i ein
it may bo necscaBPEIEITbaA MR beRReAl HbE GRESLPOP LR PAFAGh
conpounds’.is 7 hevingsiramc@acineiato pr SME teton with aneog®aad yf formdegillg bihercms

sui tabl e nethods for protection are known to those skilled in the art.
Convent i 1®AaYIENGEREP (Wgh gt Besaicrasif Besisodn theprsecass abhhawtaRie i %ﬁtﬁ}sﬁ&% 10

pract i,ceyofHind ﬂi%e\iyﬁ%ltiﬁ AL bIS Sfiveht WenTseaRixu Pt BF 8midibRFmaMRR, | N Organi ¢
Synt hesi's, ‘John | ey and Sons, 1991). Thus, if reactants 1nclude groups
such as damcthoxyatbareowygteoandstbarmtyunider suetpbleeondgpnsadick as beatingtie e mithowvage oup

in sone of the reactions nentioned herein. A suitable protecting
group fdF*4N amino or alkylamino group is, for exanple, an acyl group, for
exanpl e an al nd9bPEPmMS MG Aste BRI EbmnRciall K NaYI6BIc RO M1 KH6RM AR tHOdrt.

exanpl e a 15 nethoxycarbonyl, ethoxycarbonyl or tert-butoxycarbonyl group,
an aryl met hoxycarbonyl group, for exanpl &benzyl oxycarbonyl, or an aroyl
group, for exanple benzoyl. The deprohes
protecting groups necessarily varyxw
Thus, for exanple, an acyl group sud 5 an al kanoyl or al koxycar bonyl
group or an aroyl group may be repb¥ve or exanmi thydrolysis with a
sui tabl e base such 20 as an al kali nefal hydroxide xanpl e [ithiumor
sodi um hydroxi de. Alternatiyely an aqM; group Suwe tert-butoxycarbonyl
group may be renoved, fo | e, by—tweatnent wit+~g Buitable acid as

hydrochl ori c, sulfuriéhpr phgisphoric acid or ﬁEgPI ordacetic acid and an
aryl met hoxycar bonyl dr'oggpN\suchfas a benzyl oxyTapbd gt oup may be renoved,
for exanple, by hydroge ét_ on over a catal yst sas(l)pal | adi um on- car bon,

or by treatnent with a Lemn§m

’-NHe choi ce of protecting group.




25 acid for exanple boron tris(trifluoroacetate). A suitable alternative
protecting group for a primary amno group is, for exanple, a phthal oyl
group whiwb 20ey07BB4r enoved by treatment with an al kyl amPo®/GH2009/8xBap| e
di et hyl am nopr opyl am ne, or w th hydrazi ne. A suitable protecting
group for a hydroxy group is, for exanple, an acyl group, for exanple an
al kanoyl group such as acetyl, an aroyj7-group, for exanple benzoyl, or an
30 aryl methyl group, for exanple benzyl. The deprotection conditions for
t he above protecting groups will necessarily vary with the choice of
protecting QUPHHHbgﬁﬁﬁedﬁ@ﬂtﬁ%%ﬁﬁhﬁmuﬁ@oﬁﬁ%&m&ﬂ%ﬂQnéﬁ&ﬁqﬁﬁﬁﬁﬂméhkéQﬁ¥%ePr
an aroyl group may be renoved, for exanple, by hydrolysis with WO

2010/ 073081PaK @émgl!adm Py sechauesnsushias abidatioya sekydation, wduetrveainkadtionmie.al

hydr oxi de, for anpl e |ithiumor saodi droxide. Alternatively an
aryl met iy §5$Sﬂ§a§ﬁ§ﬁrggwgwgaﬁé llﬂﬁgﬁﬁgﬁﬁ “be renoved, for exanple, by
hydr ogenat i OM@Mﬁ?oﬁldQﬁtfahﬁﬁﬂﬁ (S} ehuyase P&k @gctan BPH corfpsilhidtoabl e

or a carboxy group is, for exanple, an esterifying group,

protecting %EO%P C _exi

5 for exarpilas (B )neithy cogiporrd et feymulgdyhpvhdisia o membeisd, optiepalbianpl e,
by hydral ysi i : ' i de, :

cort butyPo st ARt RGP caB0h WY BLPAEAAR re e FORNRE. And o

aci d, | f Oﬁh%eﬁﬁrtﬁ:iﬁa mavmg%?upﬁ(swi zd;blﬁltﬁ; lhosgs rrfaersirllt étuprim&&q?réseng&biﬁh sdlﬁﬂablfetlfase_
exanpl e a benzyl group which may be rempyed, for exanple, by rogenpati on
over a cithpywdiugbrdude gpotassiiime grburidion. 2 stoFhs spvertalel pytehrbiepiurdy be
renoved at L.en { hesi i ventd

toonn ques el T e g Rl o XD, e O R D0 at e
def i ned sobref withreurablephan tratdfesmear chrotcdedyasmaorfiumtbhenideeat ure of the
i nvention. Biological Ass 15The foll ow ng assays can be used to neasure
the effects of the col nesyof the present invention as ATR ki nase
inhibitors. (a) Enzyne ass -ATR - ATR for use in the in vitro enzyne
assay was obtai ned from Hel nucleag\extract (CIL Biotéch, Mns, Belgium
by i mmunopreci pitation m%gﬂ_rapbthpryclonaf’antiser [ ai sed to 20 am no
aci ds 400-480 of ATR (Ti bbett%;ﬁs/g{)ai# 1999, GoheS eyl 13:152-157)
contained in the follow ng buffer (25 nmM HEPES (7 4) 7 2RV MgC12, 250 nV
NaCl, 0.5 mM EDTA, 0.1 nM Na3VO4, 10% v/ v gl ycerol d 0.01%v/v Tween
20) . ATR-anti body conpl exes were isol@ted from nucl®ar éRtract by

i ncubati ng w i - I 4 urs and
t hen through’%ggﬁﬁg%hégyﬁgﬁﬁggﬁﬁg%'&%&ﬁgﬁggﬁéggg?a¥ﬁ§?éggaéﬁﬁnégqg 96- wel |
pl ate, 2brndlai(V), AiRaconipauid offobaplhdvysehdieiadsiswe) ® 6 membakbpaiohslyl | ug
of substrate gl utathione Stransferase-p53N66 (NH2-term nal 66 am no acids
of p53 fﬁug%-,tautﬁé, diyleng dabna veieh hraben sy hﬁ/&@g@w&w@@é@dﬁ WitheOg B qryS, iaﬂg ATR

assay (9 . ] 2,

0" 3 it MRy 1 s Mt g i uch Slaic T M SBeke ) i KO Cup St MRELS.
or absencmsfoimed it Hitiable [Adviey groupi(suah eshalbt thsydemtdyd) g hdktengageAiPzwas added
to a final 30 copncent jon of 3 |ILLM.and. e reaction continued at 37C for
o G romarnd ShGERL I RaBE pratnchat S S e M6 L L PBS
and the ﬂo@%ﬁhﬁ%rt\l@ﬁoﬁﬁ@ﬁsj KhEEE sbReft Bk E@te&@%ﬂﬂ@fu@dntﬂr@ﬁ,m one coated

96-wel | "plate (NUNC #436033) and incubated overnight at 4C. WO
2010/ 073084hgifoEBRde) Oy 158 1g-g@ueourspdiupl ktdeovides salttem avsldPE asi & 91 \RBS/ 0. 05%

(v/v) Tween 20 | gtted dry, and anal d a standard .ELI SA
(Ensy - Tihg S Ehrisih oA Sud] & EE Rl ERReS i ermhatys psa
(16G8) aphi-hrady L €rdd appreptiakd llégvii[g?fﬁm@'(ﬁlg:ﬁ,asﬂﬁgl%?ﬁ)k 1, TReylded. paid tBen of
phosphoryl ated gl utathi one S-transferase-p53N66 substrate was perforned in
conbi natd*opsing top ilgblgtbasgmuch as sediumdiyHede ef prirssinper okyterside incb ikt ed
secondar ' [ - . chem | um ution
(ren, - poeh B R i B oy o A MY MRRG R G M RES A0 BaRR

det ect | diydvasdecsvlutionthndWCMi a8 azsolepCoitht sifadkpliade trividferdont Uth apl at e

r eader . The resulting cal cul ated % enzyne activity (Activity Base,

| DBS) 2ind8trigranewgiunybrpmidet er mi ne the 1 C50 val ues for the conpounds (1 C50
taken as the concentration at which 50% of the enzyne activity is
inhibited). (b) Cellular assays - ATR (Western bl ot) The ATR western
bl ot assay was used to determne the ability of the ATR inhibitor to
prevent the phosphorylation of Chkl at serine 345 in response to treatnent
with the UV 15 mnetic 4-nitroquiniline N oxide (4NQ)).




HT29 col orectal adenocarcinoma cells (ATCC) were routinely maintained in
RPM (I nvitrogen) supplenented with 10% fetal bovine serum and
peni ci | | iwOgbroaps@ayci n/ gl utam ne at 37C and 5% CQO2 i n ®CHGB2009%G5e1H5
at nosphere. The cells were seeded at 5x105 cells per well in 6-well tissue
culture treated dishes. Cells were left overnight before being treated with
a 20 range of concentrations of ATR injg-bitor (typically 10, 3, 1, 0.3, 0.1
0.03 uM for 1 hour at 37C. Cells were then treated for a further hour with
304 4NQO (Sigma #N8141), controls containing 4NQO al one and equi val ent DVBO
were al sq1inc ed. Whole cell lysates were prepared by scraping cells into
50 ul lysis r (1% NP-40, 5mM NaF, 1nmM NaVO4, in PBS plus EDTA-free
protease inhibjtor tablet (Roche)). Lysates were spun to renpve insoluable
25 material, SQS PACGE | gading buffer added and boiled. The proteing were
separated on 1LO%I%js-Tm' N SDS- PAGE gel s (+wyitrogeny—and trapsfer to
ni trocel | ul o§éusi rggsiél/ﬂ)\rgli Mni Pr ot%g%/gggar atus. Chkl (saf 345y vas
571

detected using anti phosphd Chkl (s®&f D3 Rabbit Mab (G&

Signal ling Technol ogy #2345) at 1:1000~dilution in 5% BSA, and goat | nti
rabbit 1gG HRP conj ugat edvysecondary anti bogy, (Pierce #31460) in 10% Nar vel
foll owed by 30 detection using Enhanc Chem | um escence Sol ution (Perkin
Elmer). WD 20 P WASE TR
ATV and ATR have i CR et Qna ouer) Bporab P asa reuc®r e gyl 3nmsana oficy
nmust parfoimilpavVe) Mdng@tlh“eis aanithblekpang ggoumssth behado-varlda oahpaindBdtftrnpdd hway s
may be ?&H vat ed'bﬁlgi oni si ng raBigﬁi on, however only ATR is activated by
W. Sin 04 e Rlesplvent gk ay ical 5 for use in a high throughput cell
assay, the W mnetic ANQO (Signa) was chosen to activate t ATR DNA
danmage response pat hway. Chkl, a downstream protein kaase of ATR

pl ays a key role inp damage che(gkpoi nt _contgol. Act(ll'l)vaN' of Chkl

i nvol ves phosphng of Ser 3@~ apd 5er 345 (regar QW preferenti al
target for phosphofyD&tieh/activation by ATR). ThisPas$ay io mfasures a
decrease i n phosphoryl ation of Chkl (Ser 345) in HT29 col on adenocarci noma

cells following treatnent with conpound and the UV m netic 4NQ). Conpounds
dose ranges were crédbed by dilutiVig i n 100% DVSO and thefVif urther into
assay nedia (EMEM 109%-CS,. 1% gl utam n usi ng, a Labcyte Echo Acoustic

di spensi ng instf%a%mundgﬁ?@w%ﬁ\zﬁb%ﬁ%nrwaé%dztbxﬂféﬂre S 4 a pprapndAf | x 10
cel I's peprdihiaiiXARthe ENEMond QU Sow ¥0lhutai ne and grown for 15 24hrs.
Fol Il owi ng additi'on of conpound the cells were incubated for 60 m nutes. A
final concentration of 304 4 (prepared in 100% DNMBO) was then added
using the Labcyte Echo and thg.cells incubated for k& further 60mns. The
cells are then fixed by addiig %04, 3TTwVIv for I d yde solution for 20
m nutes. After renoval 6L A ki's were wash s with PBS and
permeabi |l i sed in 404, of PBS containing 0.1% TritonTm X-100. Cells are 20
then washed three tinmes and 15ul primary anti body solution (pChkl 5er 345)
(Cell Signalling Technol ogy #2345) added and the phgtes i ncubated at 4C
overnight. The primary anti body is then washed off, and 20ul secondary
anti body sol utifBohigaald dmbimuli AbY) hapbep@phled OF tHS8Bactlonviftargpoindst 104
Hoechst 33258 (Invitrogen) is added for 90m ns at room tenperature. The

pl at eso dpEmylasReusingpeElitigng wedklnopm indherarbBS, Pl at es were then read on an
ArrayScan Vti 25 instrunent to determne staining intensities, and dose
responses were obtained and us¢d to determine thelLfC50 values for the
conpounds. Specifically, ghenayo of nuclear to,igtoplasnic st ai ni ng was
neasured and used to nonidor lt hgl redoction in stlyony nucl ear phospho- Chk
(S345) staining observed ugpn ATRRA nhi bitiohO dular - SRB assay
30The potentiation factor (®F50) for conpounds is a neasure of the fold
increase in effect of a cheng%herapeutic agent, when used in conbi nation
with an ATR i nhi bitor. Speci |%ally, this is calldllated as a ratio of the

| C50 of control i r n Off: .
2010/ 073034pCT AR Sty LR o RIERE Ottt ¥hocyle such as mppppoline

car bopl ahaybe plicpardédy lhe reixeion@@ compoend offoantilh (Ki) witlea pydremtiee edchtali s
agent and tHe ATR j ng}lbit r of interest. For this purpose, HI29 cells were

seeded dtOPRRIANGD mnetﬁa@%?w B Seihl Rase Rpdrierit Fay lagrRaint PHRYEghout
the timeRfent ihas R@V—d(r%é’tﬁ&l@&ljrﬂahi&@0%'0315%%&%1* S¥mhld (R%Cw%e\ﬂ@k"is Qic-gnQ8- wel |

plate, in a volune of 80 I'’A and I ncubated 5 overnight at 37C. Subsequently,
cells were dosed with either DMSO vehicle, or treated wth test conpounds
at fixed concentrations (typically 1, 0.3 & 0.1iuM. Follow ng a one hour

i ncubation at 37C, the cells were further treated with a 10 point dose

response of the chenotherapeutic agent, based on it's known sensitivity
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concentration of ATR inhibitor alone. Fromthese internally-controlled
curves, |C50 values were cal cul ated and the PF50 was determ ned as the
rati o of wbesw/oralues, as descri bed above. 25 ConpoundsParsB00peElsd usi ng
t he PF50 val ue at concentrations of ATR inhibitor that show m nimal growth
inhibition on their own. The foll owm ng assays can be used to neasure
the effects of the conpounds of the prgeent invention as mlOR ki nase

i nhibitors. Enzyne - mlIOR Ki nase Assay (1) 30nTOR protein was

i mmunopurified fromHeLa cytoplasm c extract (G| biotech, #CC 01-40-50)
usi ng amcadbdycltldbh ‘éﬁg’ilﬁ&@lr@?faﬁmnail B@@@Qﬂéﬂ'b iR AW IR FascohtpRind! 8 Lfrindlad

ki nase assay 'to phosphofylate the mlOR substrate PHAS-1 in the presence of
ATP and @Hewithdistitanc oxaenaodial 0 76031 REIYGBAOBYOBILZEE! R BYOHDS ot ths boronic

cpr ossaater K BB PRE BRSCRRAPCs PhEsalhRrme Gl TSk AL bAMEPS obenns

wer e af fihaishitapekdii et duanasNi Agaxase (Q agen, #30210). Varying
concentrations of conmpounds_or DVMSO were added to a 96 well v-bottoned
assay plate (Greiner, #651201), then 32.5 iut of kinase buffer (10 nM Hepes
5 pH7.5; 50 nM Nad ; JFg Cl2; 10 mM MhCl2; 1nM Dﬁg 0.1 nM

Na- ort hovanadat e) cont, inN|ng 1.2iLi g/iul-oi»Pl—|A§l rotein was added to the
conpounds. Finally 1OiWLﬂ[mnopreci pitated iR ge in kinase buffer
was added to the plate. 5Enzyne and substrate werejncubated for 10 minutes
at 37C before addition of 50l LLM ATP and reactions %re al l owed to proceed
for ong hour at 30C. 10AnCELI SA (Enzymne-Li nked | muHoSor bent Assay) was
enpl oyed to quantify the phosphoryl ated Thr-37/46 on PHAS-1 substrate using
an HRP conj ugatedpaniy ﬂp@aé&ﬁaww&r@ﬁ%@@m%g@e&& B pidizoropiE ch
can be C 1 i p I Boston, MA) was
used torgér%z%L%(gﬁg%ﬁgﬁﬁqﬂgﬁg}%%ﬂ%@lgﬁr%%g}ge:%&%}g{{%% 1(%1wﬁé\/\lv?irst' carried out via
a TopCount ( PackasmdpouiverdfdemulCIV)piteteR fieadelinkctiFkErzyayele-sunil @Rnkiphaise,

As 2 Th Al phaS t G t [ .,
Aoty | ey s R BY T Toks08 o & £oMPOw SAaymls (900 St A c ik &S e g5 of
test gp Fm&‘ﬁﬁgﬁne!r %goﬁmﬂntth@{?&%&ﬁg oy b ik e rs&&loa[mﬁ@ﬁgfanﬁ@_ecﬁ-a Aitsbiker m nal

truncation of m enconpassing am no acid residues 1362 to 25149 of 20 nroR
(EMBL Acobzst swh e NV, N-84036y]favasnsda bi womppumbsfddrmasladVbL AGetcdtygealCtlinkicdn i n

HEK293 cel | d ' by Vilella-Bach.et al., .J | of B istry,
T605, 2 erioRl B su U obYitonsy bE iy S d s piazondaud f BERutce!
l'i ne wasgXiputitheboitabRi dtb@ioRReh1BE red géat\Wuch a5 WecBIoP adi@ RABEOHH,! d+@RENorehic

70-90% i n | becco's nodified Eagle's growth nmedium (DVEM | nvitrogen

Li mi t ed,csRaRsBEYR): 0Kk )aattl prgeracoof a 165 roeta capdy ¢ vich iap paidpdiggor copper)
heat -i pacti v oet.al .calf I (FCS; Sigma, Pool e, Dorset, UK

Cat al 653@3‘@8&5@%%@5%&%% -lgi‘-ﬁﬁ’é%ﬂ@ne (G bco, Catal ogue No. 25030-024) and 2
ng/mM Geneticin (418 sulfatg? Invitrogen Limted, UK Tatal ogue No.
10131-027). Fol |l owi ng expr esgiaon in the mammal i an HEK293 cel | Ii ne,
expressed protein was p§ifiNedNusing the ELAG epPto Mg using standard
purification techni qugs,s\ 3 ﬁpnpounds Ver e sp§ 10 mM st ock

sol utions in DVBO and™dibuted into water as requived to dive a range of
final assay concentrations. Aliquots (2 ill) of each conpound dilution were
placed into a well of a Gejper 384-well |ow volume (AV) white WO

2010/ 073034PCT/ GB2009/ 051755 -28- pol ystyrene plate (G einer Bio-one). A 30
ul bm‘ xture of recempduradf fpiiild (Ded), MO cqirEyaed bylthdMdetion bhy kahpsundent | de
Substrate

(Bi ot i n-Targulp¢XIIDundar gondifipnskpowa in eIt eu- G y- PheThr - Tyr - Val - Al a- Pr o- Ser -
Val - Leu- d u- Ser - Val - Lys-d u- NH2; Bachem UK Ltd), ATP (20 uM and a buffer
solution [conprising Tris-HChpH7.4 buffer (50 mM, EGTA (0.1 mM, 5 bovine
serum al bumn (0.5 mg/ni), DIT (1.25 mV) and mangan exghloride (10 mMV) ]
was agitated at roomtefperittiNe for 90 minutes, g ntrol wells that
produced a maxi mum s%&kﬁ{%ﬁgondi ng to maxk enZynelactivity were
created by using 5% @i nstea df test conpound. Control wells that
produced a m ni mum signal corresponding to fully inhihited enzyne were
created by adding 10 EDTA (&’:‘“ mV) instead of test co(%g)ound. These assay

sol utions were incubated fo % hours at room tenperature. Each
reacti on was stopped by the addition of 10 ill of a m xture of EDTA (50
mV), bovine serum al bumin (BSA; 0.5 ng/nL) and Tris-HCl1 pH7.4 buffer (50
mV) containing p70 S6 Ki nase (T389) 1A5 Mnocl onal Anti body (Cell

Si gnal i ng Technol ogy, Catal ogue



15 No. 9206B) and Al phaScreen Streptavidin donor and Protein A acceptor
beads (200 ng; Perkin Elnmer, Catal ogue No. 6760002B and 6760137R
respect i webypi1oves@4added and the assay pl ates were | eft PCO/GERDEONIS168 hour s
at roomtenperature in the dark. The resultant signals arising fromlaser
i ght excitation at 680 nmwere read using a Packard Envision instrunent.
Phosphoryl ated biotinyl ated peptide ispg.orned in situ as a result of nTOR
medi at ed 20 phosphoryl ati on. The phosphoryl ated bi oti nyl at ed peptide that
is associated with Al phaScreen Streptavidin donor beads forns a conpl ex
with the p70 S& Kbhpsmd(oF3&Puld SoIINDREE b@@@éﬁaéatu[ybﬂéiﬁéa&t!f@;oﬂascmgﬁa ated
with Al phascreen Protein A acceptor beads. Upon laser |ight excitation at
680 nm formulddXbY) bethd conypuepvbforatd VdUpl ex produces a signal that can

be neasured. Acgordin t he pr ce .of Kigwase, acti vi respykts in
an assay sign al&?qnﬁaufgl% ﬁgowgﬁgﬁ%ﬁgﬁulg ﬁxﬂ%eﬁ?i ﬁg g/'ei’ ;frh ilso_isg%? ,an@:lg]r‘?al

st r engt iehigio [ AEYBEEPrepAEDBy itz ARionWTiakboipind 6f fom@la\(RMV} ®$th aGompOURtomas
expressed as an | C50 val ue. Enzyne - mlOR Ki nase Assay ( Echo) The
assay usfetmulp pk¥Scfolevcd by Aergrisyylation apdestcopditionsiigw indlg amBi ocheni stry,
2003, 313: 234-245) to determne the ability of test conpounds to inhibit
phosphoryl ati on by 30 reconbi nant nTOR A Ctermnal truncation of
NMTOR enconpassi ng am no acid residues 1362 to 2549 of mMIfOR (EMBL Accession
No. L34075) was stably expressed asve FLAG tagged fusion in

2010/ 073034PCT/ @320§9/ 051755 -29-,ﬂ§K293 cells as descfib

et al., Journall\;ggggghenistry, 999, 274, ﬁ?ﬁ&"4%%2§ T 93

FLAG t agged nﬁ%ﬁ% 3BM2549) s | line was routi I*ﬁg&i tai ned at
37C with 5% CO2 Up to a confluency of 70-90% i n Dul becco*SMfodi fi ed Eagl e's
growt h medium (DVEM Invitrogen Limted, Paisley, UK Catal ogue No.
41966-029) 5 contai Mg 10% heat -@xwpact i vated foetal calf serum (FCS; Sigma
Pool e, Dorset, UK, Catal ogue No. F0392), 1% L-glutam ne (G|bco, Catal ogue
No. 25030-024) and 2 ng/m GCeneticin (418 sulfate; Invitrggen Limted, UK
Cat al ogue No. 10131-027). Follow ng expression in the ma | i an HEK293 cel

| ine, expressed protein was purified using the FLAG epitope tag using
standard purification techniques. 10Test conpounds were prepalfed as 10 nv
stock solutions in DVSO and diluted in into water DVSO asprequisgd to give a
range of final assay concentrations. Aliquots (120n124%1g\§ﬂ%$92?5conpound
dilution were acoustically dispensed using a Labcyte Etﬁq? 50 ntlo a wel |

of a Greiner 384-well |ow volune (LV) white polystyrene plate (G einer

Bi 0-one). A 1230il1 m xture of reconbinant purified mrOR enzxne, 1i.IM

bi oti nyl ated peptide substrate (Biotin- 15 (XD

Ahx- Lys-Lys- Al a- Asn- @ n- Val - Phe- Leu-d y- Phe- Thr-Tyr - Val - Al a- Pro- Ser-Val - Leu
-d u-SerVal -Lys-d u-NH2; Bachem UK Ltd), ATP (20 ilM and a buffer solution
[ conpri si ng Thicempi@indgHiformiafVor mepdec pigparcB@yAhg Badtian\f a dvoyionad 9€r um

al bum n (0. DTT (1.25 m\V and .manganese chl oride (10 . Was
noubat darmgte PRy T s bl B sgR AR R ey e e i ced a
maxi mumgb@nad omamsﬁﬁgﬁat@ghﬁﬂrﬁ@m AUMBRZYIRN2AIAGkIsMER % Methendtheated by
usi ng 1005% DVBSO i nstead of test conmpound. Control wells that produced a

m ni numdexmalin hemresspesfiwgetandtsulfuge 4ki bi t ed enzyne were created by
addi ng LY294002EDTA (100uL 83 mM conpound. These assay solutions were

i ncubated for 2 hourg at roomtenperature. Each reaction was stopped by the

Vil ell a-Bach

addition of 10i.11 @pf>g m xture of EDTAy(5Q , 25 bovine serum al bum n
(BSA; 0.5 ng/qkb\ggﬁﬁ;ilg-HC}pH¥a4 buf fér (B0 contai ning p70 S6 Kinase
(T389) 1A5 MoRGcIwhal” Amti body (Cel | RSI YhgRTechnol ogy, Cat al ogue No.

9206B) and Al phaScreen Streptavidin donor and Protein A acceptor beads (200
ng; Perkin El nmer, Catal ogue No. 6760002B and 6760137R respectively) were
added and the assayxy)ates were |eft overnight at roomtenperature in the
dark. The resultant signals arising fromlaser 30 |ight excitation at 680
nm wer e read lusilhe aprPacitad thaEmvompamd afSomurte (V) maje transformed into another

2010/ 073034PCT/ 009/ 051755, - 30- Phosphor ted bioti.nylate eptide
o of e IR PLIORE (PRLEY EeRayer e et B SLpte P pa iR
phosphorgt adigdr Rited kbl @chePORE kA®wH fethe liferagRoci ated with Al phaScreen
Streptavidin donor beads fornms a conplex with the p70 S6 Ki nase (T389) 1A5

Monocl onal Antibody that is associated with Al phascreen Protein A acceptor
beads. Upon laser light 5 excitation at 680 nm the donor bead : acceptor
bead conpl ex produces a signal that can be neasured. Accordingly, the
presence of mMIOR ki nase activity results in an assay signal. In the
presence of an nmlOR kinase inhibitor, signal strength is reduced. mrOR
enzynme inhibition for a given test conpound was expressed as an | C50 val ue.
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Serine 473 in Akt as assessed using Acunen Expl orer technol ogy (Acunen

Bi oscience Limted), a plate reader that can be used to rapidly quantitate
f eat ur es WO 201J8B4gener at ed by | aser-scanni ng A MDA- MBPCE&Hro0mens1 55 east
adenocarci nonma cell line (LGC Pronochem is Teddi ngton, M ddlesex, UK,
Cat al ogue No. HTB-132) was routinely maintained at 37C with 5 % CO2 up to a
confluency of 70-90 % in DVEM contai ni?yg 10 % heat-inactivated FCS and 1 %
L- gl utam ne. For the assay, the cells were detached fromthe culture
flask using " Accutase' (Innovative Cell Technologies Inc., San D ego, CA
USA; Cat al ogug cNepovhli &Q@m&ﬁgﬂgl)z%a§tb@@g@ﬁa%dtﬂystﬁé'?ea€ﬂ$ﬂ §f £cdBiaddrand
resuspended in nedia to give .'7x105 cells per 'm. Aliquots (90 pl) were
seeded ifatulea¥H).ofharéie Li i leasing wedups(seth a hisloatdsy Patkalraic)9d1thel dompound

(Perki nElyer, B n,.. USA; Cat al ogue 1.6005182) to .give a density of
15000 cupeyEPRYEPpicHaty e o bbie frearet bt atet sfdlea | n
t he out eplvest dusht9agienient. edge effects. The cells were incubated overni ght
at 37Cwith 5 %C>2 to allow themto adhere. 250n day 2, the cells were

treated with test corrp%éﬁs and incubated for 2 hours at°37C with 5 % CCR.

Test conpounds were pr gd as 10 mM;stock sol utions i,|4§ O and serially
diluted as required,with giowth meda to give a ranmﬁ)ﬁcentrations

that were 10- fold Lt\he)i\eséigi‘pyed final test concepquﬂt/tS f @l iquots (10 pl)
of each conpound dilution were placed in a well (in triplicate) to give the

final required concentrations. As a mninmumreponse 30 control, each plate
contai ned wells having g final concgqgration of 100 ijM LY294002

( Cal bi bchem Beeston, LSK, Cat al ogue No. 440202). As a maxi mum response
control, wel |Gompninds afbrthulo(PVBG@Erd cidice ashnokrddltavabatpoundcll kodwow thg

i ncubation, the contents of the WD 2010/073034PCT/ GB2009/051755 - 31-

pl at es Vgt e fixed by treatnment with a 1.6 % aqueous fornal dehyde sol ution
(Si gma, Pool g¢ wHPhS &prodifted Rt Qlc&ﬂg&ﬂ}ioof ok I x %) PR fr hyhg for 1
hour. All subsequent "aspiration and wash steps were carried out using a
Tecan 96Gnediet corhpaumdwd strerul{ @Y1 rhattedmi@iee edbhkl omidag e )alkyTdtont foductgye

sol ution was.renoved and contents. 5 of the plates were washed with
hospHaCE B e ers LT Ied (EREor egryiss kerwt gt MR dbe No. - 10010015) . The
contents of t&ilPbabGFcMRES tHak %El%q{iBQVA_,lsoaHét&'ékﬁe‘iic%lngrdéﬁféﬁﬂiﬁfgfﬁ)ﬁftﬁ%@ﬁe wi th
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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;

s 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
protection is necessary or desirable and suitable methods for protection are known to those
skilled in the art. Conventional protecting groups may be used in accordance with standard

10 practice (for illustration see 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 example a

15 methoxycarbonyl, ethoxycarbonyl 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

20 as an alkali metal hydroxide, for example lithium or sodium hydroxide. Alternatively an acyl
group such as a tert-butoxycarbonyl group may be removed, for example, by treatment with a
suitable acid as hydrochloric, sulfuric or phosphoric acid or trifluoroacetic acid and an
arylmethoxycarbonyl 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

25 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 example dimethylaminopropylamine, or with hydrazine.

A suitable protecting group for a hydroxy group is, for example, an acyl group, for
example an alkanoyl group such as acetyl, an aroyl group, for example benzoyl, or an

30 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 aroyl 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 arylmethyl 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 tert-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 ez al, 1999, Genes Dev. 13:152-157) contained in
the following buffer (25 mM HEPES (pH7.4), 2 mM MgCl,, 250 mM NaCl, 0.5 mM EDTA,
0.1 mM Naz;VO,, 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 uLL ATR-containing Sepharose beads were incubated with 1 ug of substrate glutathione S-
transferase—pS3N66 (NH,-terminal 66 amino acids of p53 fused to glutathione S-transferase
was expressed in E.coli) in ATR assay buffer (50 mM HEPES (pH 7.4), 150 mM NaCl, 6 mM
MgCl,, 4 mM MnCl,, 0.1 mM Na3zVOy, 0.1 mM DTT, and 10% (v/v) glycerol) at 37°C in the
presence 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 100uL. 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
p353 (16G8) antibody (Cell Signaling Technology, #9286). The detection of phosphorylated
glutathione S-transferase—p53N66 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 1Csy 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 treatment 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 3uM 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, 5SmM NaF, ImM NaVO,, 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 nitrocelluloseusing Biorad Mini
Protean II apparatus. Chk1 (ser 345) was detected using anti phospho Chk1 (ser 345) 133D3
Rabbit Mab (Cell Signalling Technology #2345) at 1:1000 dilution in 5% BSA, and goat anti
rabbit IgG HRP conjugated secondary antibody (Pierce #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

s 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

10 measures a decrease in phosphorylation of Chk1 (Ser 345) in HT29 colon adenocarcinoma
cells following treatment with compound and the UV mimetic 4NQO. Compounds dose ranges
were 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 40uL. EMEM, 10%FCS, 1%glutamine and grown for

15 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 Labcyte
Echo and the cells incubated for a further 60mins. The cells are then fixed by adding 40uL
3.7% v/v formaldehyde solution for 20 minutes. After removal of fix, cells were washed 3
times with PBS and permeabilised in 40uL of PBS containing 0.1% Triton™™ X-100. Cells are

20 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 secondary antibody solution (goat anti —rabbit Alexa Fluor 488,
Invitrogen) and 1uM Hoechst 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 Vti

25 instrument to determine staining intensities, and dose responses were obtained and used to
determine the 1Csy values for the compounds. Specifically, the ratio of nuclear to cytoplasmic
staining was measured and used to monitor the reduction in strong nuclear phospho-Chk1
(S345) staining observed upon ATR inhibition.

(d) Cellular - SRB assay

30 The potentiation factor (PFsy) 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 ICs of cell growth in the
presence of this agent and the ATR inhibitor of interest. For this purpose, HT29 cells were
seeded at the appropriate density to ensure exponential growth throughout the time of the assay
(typically 1000-1500 cells) in each well of a 96-well plate, in a volume of 80 ul and incubated
s overnight at 37°C. Subsequently, cells were dosed with either 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 response of the
chemotherapeutic agent, based on it’s known sensitivity (typically 30-0.001 ug/ml for
carboplatin). Cells were left to grow for 5 days at 37°C, after which time cell growth was

10 assessed using the sulforhodamine B (SRB) assay (Skehan, P et al, 1990 New colorimetric
cytotoxic assay for anticancer-drug screening. J. Natl. Cancer Inst. 82, 1107-1112.).
Specifically, the media was removed and cells fixed with 100 ul 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

15 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 each well. Plates were shaken before measuring optical density at 564 nm (ODsgy).
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 value obtained from cells treated

20 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 internally-controlled curves, IC50 values
were calculated and the PF50 was determined as the ratio of these values, as described above.

25 Compounds are compared using the PF50 value 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.

Enzyme - mMTOR Kinase Assay (1)

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

assay to phosphorylate the 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 MgCl,; 10 mM MnCl,; 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 uM 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 measured. 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 et 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 residues 1362 to 2549 of
mTOR (EMBL Accession No. 1.34075) was stably expressed as a FLAG-tagged fusion in
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)
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.

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
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polystyrene plate (Greiner Bio-one). A 30 ul mixture of recombinant purified mTOR enzyme,
1 uM 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-HCI pH7.4 buffer (50 mM), EGTA (0.1 mM),

5 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 signal corresponding to maximum enzyme
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

10 EDTA (83 mM) instead of test compound. These assay solutions were incubated for 2 hours at
room temperature.

Each reaction was stopped by the addition of 10 pul 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

15 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 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

20 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 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

25 the presence of an mTOR kinase inhibitor, signal strength is reduced.

mTOR enzyme inhibition for a given test compound was expressed as an ICsg value.

Enzyme - mMTOR 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
30 recombinant mTOR.
A C-terminal 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
waterDMSO 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 (LV) white polystyrene plate (Greiner Bio-one). A 1230ul
mixture of recombinant purified mTOR enzyme, 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-NH;; Bachem UK Ltd), ATP (20 uM) and a buffer solution [comprising Tris-HCl
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 corresponding to maximum enzyme

20 activity were created by using 1005% DMSO 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 mg/mL) and Tris-HC1 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. 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 were read using a Packard Envision instrument.
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Phosphorylated biotinylated peptide is formed in situ as a result of mMTOR 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 is associated with Alphascreen Protein A acceptor beads. Upon laser light

5 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 enzyme inhibition for a given test compound was expressed as an ICsg value.

Cellular - phospho-Ser473 Akt assay

10 This assay determines the ability of test compounds to inhibit phosphorylation of
Serine 473 in Akt as assessed using Acumen Explorer technology (Acumen Bioscience
Limited), a plate reader 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,

15 Teddington, Middlesex, UK, Catalogue 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

20 standard tissue culture methods and resuspended in media to give 1.7x10° cells per ml.
Aliquots (90 ul) were seeded into each of the inner 60 wells of a black Packard 96 well plate
(PerkinElmer, Boston, MA, USA; Catalogue 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 edge
effects. The cells were incubated overnight at 37°C with 5 % CO,; to allow them to adhere.

25 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 ul) of each compound dilution were
placed in a well (in triplicate) to give the final required concentrations. As a minimum reponse

30 control, each plate contained wells having a final concentration of 100 uM LY294002
(Calbiochem, Beeston, UK, Catalogue No. 440202). As a maximum response control, wells

contained 1 % DMSO instead 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 ul) 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
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 Alexafluor488 labelled goat anti-rabbit IgG (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 obtained with each compound were analysed and the
degree of inhibition of Serine 473 in Akt was expressed 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 (a) to (d) :-

Test (a):- ICso versus ATR kinase at less than 10 uM, in particular 0.001 - 1 uM

for many compounds.
The following examples were tested in enzyme assay Test (a) and Enzyme — mTOR

Kinase Assay (Echo):



0.12 10.08 0.22 HT29 Carboplatin + 0.1uM Exanple 3.01 2 1.96 0.50 2.02 0.16
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- 37- According to a further aspect of the invention there is provided
a conpound of fornula (I), or a pharmaceutically acceptable salt thereof,
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thereof, as defined herein for use in_34e production of an
anti-proliferative effect in a warm bl ooded ani nal such as man.

According to a further aspect of the invention, there is provided a
conpound of faympdudds Inhy befu@hRRAEERE BH tHCRkls Yo f AGARPbRM Sca3 8l physhar eof , as
defined herein for use in the production of an apoptotic effect" in a

war m bl quoedtiesnvingh meydls negaswed by 1o soedknmyt o the i1y pahwhichenayubeused it he

i nventi there | rovi.ded.a co upd .of for.mul a or a,. ..

phar et PRy e CRRELRT B SufRRRLRE gRrrs Sl PobbheRanfivsionuse i n a
war m bl ooded B dBRipoSH@svfabe pREcr nv@iti@Dire ad tatdgicys MARATthdypdshes

contai nment and/or treatnment of proliferative disease such as cancer

Accor di rijateacglqeigal petiviys fe pertighlar. hee ¢ampawnivef the pegsentjiisvoptiey medylathdTBse
of a co d - Of . I tAC sal

her cof APaie itpicay BlrReish of ebndhol et RERE AR b; ASRERIARIRAE b

ef f ect it};ﬁst@am_thmﬂebh@@dehhraiﬁiaﬁﬂﬁn ﬂie(elﬁpaﬁgélgﬂ.sgction. Ac&?ldﬁfg@i, g ddﬂap&)u?d%’ dther |
aspect of the jnvention, there is provided the use of a compound of farnula
(1), or arpwa(hepayie ussd Pythaér@%tmeagﬁéerémwwﬁ grapgylactia of spndqiBenslisessss i or
use in &kl Ag i6AkGRn ARAECRRINNG Buihu AR et ure of this aspect of
the invention there 1s provided the use o conpound of formula (1), or a
phar maceut i calHeyinmantiepabblpeowddsta phaenaciticasompbsinedcdrepredimg & porhpaind of

manuf acture of a nmedi canent. for use in th roduct Lon of .an .y :
anti - pr dPITF R 4D; Gk rFBRTCFFALY AR SUHD0ah A IEIdireS Mhagsociation with
Accor di ngpHabmacuttdiRelccatpastil@nt bh&digvention, there is provided the use
of a conpound 25 of "formula (1), or a pharmaceutically acceptable salt

t hereof , as dEfciceewpohidipes of the invichigorpmeyibe in o forof sugablaparpiraltuse (of fxaaplen a
war m- bl 0996de @b MRS ASaMMaaics, aaushFoRIah A QB { WELAGE, EaLUGEOf
this aspgc or PHEEFHVERTY SR HYE Iénf?%V?db§> HEHSR™ STV U SN 6t
formulia dowdersr gRari&! KRGS Cialrk)y fareesipllalt HosaldmplOgy @edms, dmtARhisnads,
herein in the manufacture of a nedicanment for use in the production of an
apopt ot | @ agpgass pr pHy soluEenhor 3pspsnyeradon Admestgtien by énhgtaion (for example8s di ng

t f ; t i i t e jS- i 3
compound " ¢ FRUBERAR! o Nt UGB L Rt B s RISl B
def i ned fietedivided pohveler) WOIR GLEMOFA0BARETH BRAER A5hPBS:s 438l eBquebactsily of

a nedi canment for. use in a warm bl ooded ani mal such as nan as an

ant i - i nvR&IHPB falBREVENALY: RROQUGHE S HERPCAIRAFD O HBRUASHET WPINSr%e fer at i ve
diseaggfﬁggghg &AR%E dosine). According to a further feature of this aspect
of the invention there is provided a nmethod for producing an

ant i - prol i f erBtei compefitiens of the envieation inkp bd ebtamei trelconsantihnd prodyres nsinged of
5 such treat nent ich conprises adm njstering t id animal. an effective
Srount GPTRTDTHERESROR ek By Wbk oo i £ RyodHe By SOES sal 1
t her eof , foAgrafigdd MBACIHRLIR) Br example, o6 & FidrNEo1b@in, EWEL RN frRAbIAEG; &id/drhi S
aspect of the invention there is provided a nmethod for producing an

anti - i nyasievatige igads.by t he contai nnment and/or treatnent of solid tunour

di sease in a yarmbloofed anl Bl SHEN TR0 Wi RESH,OF. Sugh. 1y sat ment

whi ch conpriseszfﬂnhdﬂlnlg e 'ngl%o sal an.ﬁEW an Pt BELG V& PARbUNt of a
conpounchréducearsiigl@ddsage foin \aﬂlﬂ{b@és}i&@l?uiafﬁ@dﬂeﬁdiﬁg appi tRlhesttdatedtangrieof , as
defi ned herein. According to a further aspect of the invention there

i s provinseirulaaoyts ef admupistighpouher Rmply Aderaylation itendeddion prvh adminigestipy
accepta i ARt . .
rodt cammar pars HHDEGERy BRHE LRt B | el SR HLar b P fbeduibly e
15 such fasndao2éd nighfa cwampiclftanded 160 g ktompaindad withran appropria®cmdr di ng to
a further feature of Hhis.as?ecégﬁf t he igven%ion th%%e %? prov%ded.

met hod? fEORYEHE BMOVBHRT AIPHNLE VRISE MANtVapt IpmEPPRie} QrabQB! Hi RESE DY Nekhss
cancer idyge Wed Bibogdsd animal, such as man, in need of such treatment

whi ch conprises admnistering to said aninmal an effective anbunt of a
conpound of fIhemideanf(thd doserforathplapeuteae propbaldciic pepets alh b eomabund@ fotreuleof |
as defined herein. According to a further aspect of the invention
there is provided a conmpound of fornula (1), or a pharmaceutically

acceptabl e salt thereof, as defined herein for use in the prevention or
treatment of those tunours which are sensitive to inhibition of ATR ki nase.



According to a further feature of this aspect of the invention there is
provi ded the use of 25 a conmpound of fornula (I), or a pharmaceutically
accept ablwo=alwo7siser eof , as defi ned herein in the manuf CTGB20@F058755

medi cament for use in the prevention or treatnent of those tunmours which
are sensitive to inhibition of ATR ki nase. According to a further
feature of this aspect of the inventiogs-there is provided a nethod for the
prevention or treatnment of those tunmours which are sensitive to inhibition
of ATR 30 ki nase which conprises adm nisteri ng to said animal an effective
amount  ofwill AFPOH W@Ec&&hg% fhelldure 9fd &vBRRIJTRIGEHEdaSakthi ﬁ%g@hﬁb&& otal t
t hereof, as defined herein WD 2010/ 073034P /GB2009/ 051755 -

Accor di rtge romal pupaticet anslshe tqutodf adnanispigtent, renerdihg tewtld kpewy pdedplss ebnpound
of formul a délé’ or a pharmaceutically acceptable salt thereof, as defined
herein fBr"'U8% in providing a ATR kinase inhibitory effect. According to a

further featunegsn atdibhﬁ)oaﬁ@SFforﬁﬁlat(Defot m%%&um@%&;ls@lmc@was@badwﬁme use
of 5 a compound of forrmula (I) pharmaceutically acceptable salt

t her eof ,zcaerallipe ad@imsersd ro het ¢ ﬁ@l mﬁqﬂ@&ﬁfﬁ@ge@fm@xmle@ Amerkg ook00uBRke n
provi di -5 or I er
aspect ;‘?’ d? he-@’ r%véellr%t@ iag%d {émae?éhl% ¥y dflfne(ﬁ%rll(t)i?/d (ciiosgs fﬁr%%ﬁgll rig?w&odo‘;é‘%s{#gf ]peg a ATR
ki nase iaalhilblisﬁewdywlea‘nfmemknabimum@ﬁﬁip&@&dadrhusmf@teﬁampg: ﬁmﬁtiéseﬁcbusve anount
of a compound of fornula | phar ceutl cal pt abl e salt thereof
as def | r?éianw&r@i%aﬁe%leéwaﬁge&%r ARG Hene/ #%aqzé 3?%‘%0%@ weighéaillon t her e
IS provi e aIt
ther eof S a PR B Rl ol By B AL L LB R Iel

di seases], rngbgtto a6 mg/kg bodywagightdvsldasesd. Trpoaéy, dnﬂdewgs famscwitldiootaais cul ar

di seases or din furt her ature of the invention there is provided
a corrpOLﬁl?B to rt‘?rﬁis qompgund o Eﬁ%%ﬁt&m cally acceptable salt thereof,

as defined heA@étE'tea ﬁérehhsﬁlé RndvAetHal RIRNEALsc Bhv S RJIdsdn HABRM RnSHEL WSl as
carci noma and sarcomas and the | eukaem as and |ynphoi d malignanci es.

Accor di mymesous Cfthﬁrtdlwasefseéw mlneefeocourtdqtéah thv emlp@mds € fasmiun @)r eosbabe gotgnt

conpound f farmul a. acc er eof

def i ned HEFBIRUf aC“V“%BV hl‘hhft%l P 1%8% ame bY ml%lg‘tt rAteT:}#s{g Hnase.

col orgect um |AJ¢’tﬁr((1hg1F| the |c61ﬂp§1iﬁii|s lof e ﬂreﬂeﬁﬂﬁv@tﬁf&%”re oﬂ@l‘uésamadnltl ol | ung 20

cancer and bronchi oal veol ar cancer) and prostate. According to a

further 42eafsu P@t“ﬂ@ﬂlaflﬁethﬁ aoEpeynsi of Hermacset igveiogesc af edwarsummé- Rsphﬁe&twm a

(1), or t. or

se' i n (RPSRETREEEH R PERARA N E BRI ER} reBfefle BEY REEEHRLS

neck, Kkitdmeys dllsea\ger Pal’galﬂﬁﬂ‘ljb,ltm eghpaalds df ths pessemdasopiiag as, ex(pvaed/to tprem;eﬁﬂas

skin, testes, thyroid, uterus, cervix a% vul va, and of Ieu,kae;n as 25

(i nci uditAgeArevaiian evryatmisnf of (hese tparreigharesyiyRGtaduhibition of AdRor di ng to

a furthef,featm @onﬂsouw ftﬁggf&élﬁnnéeaﬁsﬁ allesexﬁééfé’d gast B PIP g%veﬁu&p&wl a
), or a pharnmace tlca y acceptable salt thereof, efined herein f

use i n ttieatrhene af fhent tunfourawbieh aod metietedialame dbu at pambmATRbIde@mpohedﬂina}nd

k, ki , i troiptestinal .tj h
endorret 1P yoai &F eied B R TR ERmE vHsFo e B ARgT HSIGR A R IT0L! and
30 of | eykre@pidsn(including ALL and CM.), nultiple nyel oma and | ynphomas.

According to a further feature of the invention there is provided a
compound of ffbﬁrmtleéhelle) indubitprpblad iR denast skouly baetdprapbite waua for Her eof , as

def i ned tpeea rnen ff rolf‘flesrg | 1%6@166” %%nenc;[er QI]; 1nV\Qrt%c% aql 811 340%%”&%2009/ 051755
- 40- ung cahc p prOS et% 5% ﬁEIranO ,povar ar§ ncer, %reagt cancer,

endo rret rdaﬁdm&ﬁaﬂ@xﬁr sardonshi@yd ﬁw‘l@ﬁ{a@n@@sdnauﬁnpma @faligh@ictc@RE in paéiculan@r neck
cancers, tumours of the central nervous system and their netastases, and

al so f ortreaHBent P& fPheximpie Grecckpbihsiticase GRIQE D, lm&ewuﬁgg swalh celfjunger
f eat

formil o Qe St BENLAOL BELE: bt BOAMERLAITARD i BofRTRAUYE iacll of
her ei n ithe bihedmm,rhﬁna,ctblant@r,dfeaaanmbdecﬂ{ahiﬁnéy,fll@er, lgssardnrtesttimel thsrse@,tolafmjﬂlagxis

i S beoVB. PR Oy AL UPaR VEUsaES.corvts spEr b of Foksqiiot RBFWF et ur e
of the id&ﬁ%ﬁ?{ggﬁ&ﬁa%&a'bﬁlaqu(L‘Ls)%Q chﬁb‘ﬁid&ﬁ?el@) esn%3§ RITRAR ( @ML&?W&{{@@( 1), or

a phar maceut y accept ab alt thereof, efined hereinint
myeloma and lymphomas.



i o manufacture of a nedicament for use in the treatnent of of solid tunours
such as carci noma and sarcomas and the | eukaem as and | ynphoid

mal i gnancWe=010/073034 According to a further feature of tIRETiIGB2e0WISOTSSt her e
is provided the use of a conpound of fornula (1), or a pharmaceutically
acceptabl e salt thereof, as defined herein in the manufacture of a

nmedi canent for use in the treatnment ofizgancer of the breast, col orectum

|l ung 15 (including small cell lung cancer, non-snmall cell lung cancer and
bronchi oal veol ar cancer) and prostate. According to a further feature
of the inventAQNciher &fdcts WhieN hfetch At divs 8sc@lil iR t1karRaHAd o@Eaﬁc@fde%ﬁ@hr) , or
a pharmaceutically acceptable salt thereof, as defined herein in the

manuf actineledobubammdt tartedto, fot-tuseuricfifcctisethe responremateghe tiaede disgéset he bil e
duct, baone, bl adder, 20 head, and neck, ki dne | iver, gastrointestinal

1 ssbe, TersHAE g S0 I i Bl ueh RO Y plofi o TR PLAT S B v
and vul vigyentiaf iffludeesik aRMod Sinfifel ¢, UshiBllioAblE sl Ghsyth, fllduk ptRvtAelaga and
| ynphomas. According to a further feature of the invention there is
provi dedegisesiensel tamogr, sbivpwgnaf BImdqusrireicasedtime toregiopHae Byt it gishation
accept ab t eof ' - herejn in. t . of a
nedicané#?ﬁz%%%ﬁggg%ﬁgfﬁgﬁéngkﬁgﬁgmﬁf q%h%hggﬁggf%§%$%%ﬁ%?gﬁ%%ﬁger,

mel anomarca@u@itiagwetlan eestmdat ebsdistibgriéease. endonetri al cancer, ki dney cancer,
gastric cancer, sarcomas,. head and neck cancers, %unnurs of the centra
nervous syst ermdikingss phibien of a gharmageically goceptablerralt theseafray alse b e

nyel o d gtk AfThtreatment patjofts G, InudiHE [P hof IRFELY 8, Rlontdisiobigvent | on
there is provided a mnetho or treating 30 cancer, Inflammtory dfseases,
obst r uctmaleznancier yechdisd edsesja, imultinke mydems.engphooms didvadtadghm’ ddisems.es i n
a warm bl ooded  ani mal such as nth i§,in need of such treatnment WD
3010/ 07 TSR e 0o D 5 S LTE Tl AP REES: Sy dop P an

ef f ecti uen@Ridtan@lalR oAIRGHAEs Bhd felrMtastdsks suchas BrdabiadaliBG Eluh) e dey
acceptable salt thereof, as defined herein. According to a further

f eat ur e (oén-siell icell brgiconcer EPEL), smatleeil ded canerst(BEHCH,Gruamest deH garsanoneh),
tumpur s e%ﬁcﬁ‘le%%l CALSL nonm and,sarcoms and the | eﬂ‘%‘éeﬁi §a gind n!l% ”g;glg’é d
nalignan0|8s R md%ﬁwa80388 ant MEORUSR AL SRS end P SV PR e of° such
treat nr;arﬁeuMpﬁﬁe1@@ﬂmdlﬁ,eg,sio@mﬁdﬂiasﬁl@mﬁmeaﬂnﬁdf%eibtrﬂag,emadmmmas@inaa conpound
of formula (I), or a pharmaceutically acceptable salt thereof, as defined
her ei n. retinoblasporagp mgpieglasenma. gerptipna prdictatempicangsss eifhe gestiomtesiapkirgcs
provi de t i e t, € ectum |ung
(incIudﬁﬁghgﬁggﬁﬂﬁ%@FmT%%gﬁ%gﬁkggg&ﬁ%ﬁg%ﬁ%Fﬁaggﬁ fﬁﬁ%ﬂ%%£cancer and

br onchi adbisagioaircanaercplanchdptasit @i@ndmasacaaery dilticoghed] iarostivd, psgbatas nman
that is in need of such treatnent which conprises adm nisterin n .

ef f ect i VENERTH FARCCET Oﬁiiﬁ% P Stisrsarelpman (Gp pariiculgrmefayiptic lﬁlﬁlééﬂiﬂ%c g}YF‘}ﬂd
acceptz@maﬁcéﬁl éa_n%}@ ro?ﬂf@he aﬁj(?lflécﬂecﬁd Qgﬁcﬁ%srbf the saliva QI{(Q' sttaﬁ%, %stfié'r t her
feature of the invention there is provided a method Tor treating cancer of
t he bi | evdus cervibonerush valdddrladdee dadreydinebeling ehdrvelt caicinpera, clear cell and
gastrointestinal tissue, 15 oesophagus, ovar ncreas, skin, testes,

Lhyr of d, T @PECy Qs FUpemiis G SO, SHrepaiiyE s S EPHIOTt ng ALL and
CM.),  MihbhoSarbdtfh, QB mMSBShréHD ROMBiSs e RaRoMia!l FvHoOHed nd) LiRloifbiinaRS Man
that is in need of such treatnment which conprises adm nistering an

ef f ect i wrommbimmous{ GETOokpirashd satomaramd|pacdiplyic concess pigh psremddomypetargpmas
accepg§gh>l§ak)k%EpQFof, as defined herein. According to a further feature
of thé& iV IO hEPe is provi ded a nethod for treating 20 |ung cancer,
prostate cancHfe cofffloaNy e, thOpkdnd mveanisieind the aasiiods anaedtmeRNERIRIsingathe
cancer, Kkidney cancer, gastric cancer, sarcomas, head and neck cancers,

t unour s aéimltnﬁéﬂa@ At reel of et TR dkénag whiidon iy atrhermaceuticadly aseaptabihenltdbereef,

nyel oi d 11a. | : i 4 t. LS. i d of
such tr &if SORERE bip BN, B RN Rhert UP iR hEbatchr oA
conpounctanéerf melandaa,(dvihriacangep bevasmaacdr) aabytrat capta hidacg abiicet, asteiof , as
defined herein. 25As stated herein, the in vivo effects of a congpound of

f or muP% EPYCTRIYCORES hBH PBG DFTK FRFESHYMORE BBl RAUBEISY HeE AR
forned %étQét&)eE,Q%dm%%r @F 1R opﬁﬂﬁén@fv@}iﬁ{ ac%%?éléfdﬂ@ﬁka@&ié?f a conpound
of formula (I). The invention further relates to tonbi nation therapies
wherein a conmpound of forrmula (1), or a pharnaceutically acceptable salt

t hereof, or a pharmaceutical conposition or 30 fornul ation conprising a
conpound of fornmula (1) is admnistered concurrently or sequentially or as
a conbined preparation with another treatnent of use in the control of
oncol ogy di sease. WD 2010/ 073034PCT/ GB2009/ 051755




-42- In particular, the treatnent defined herein may be applied as a
sol e therapy or may involve, in addition to the conpounds of the invention,
convent i on@l20enn7gBry or radi ot herapy or chenot herapy. AecorGhinglos1755he
conmpounds of the invention can also be used in conmbination with existing

t herapeutic agents for the treatnent of cancer. 5Suitable agents to be used
in conbination include :- (Oantiprolit®rativel/antineoplastic drugs and
conbi nati ons thereof, as used in medical oncol ogy such as al kyl ating agents
(for exanple cis-platin, carboplatin, cyclophosphan de, nitrogen nustard,
nel phal an, chiQLAIRYE 4 furthuSay FE&(’HF iRy aitHoh I|QY 'isel%%de@ﬁ! khBS@RIV At @Sul f or
exanpl e antlfolates such as fluoropyrimdines |i 5-fluorouracil and

t egaf ur,(Ix af 2 pearaxeciitically mseploblessiathereod) wsobﬁn@d hﬁralm favsicde a rgdicameptimea

and gencltablﬁgy' ntitg gr antibiotics (for exanple anthracyclines |ike
adri anyct Wb SHﬁﬁhﬁnw Y%BAUBI*8i n, daunonycin, epirubicin, idarubicin,

m t omyci n- G, &@@td@@fﬂ/@ﬁﬁtb@ﬂ@pe@ﬂdﬂwcmbn @Btel iFhicRided a sind bofor@¥AND €
vinca al kaloids like vincristine, vinblastine, vindesine and vi norel bi ne
and t axdidsr # Phasmgaeuticelixedcepiablosali iceod)as deRacd beindenescds &hd nipdusitios 06

(for ex nd teni posi de,
ansacr|%g%nﬁégggﬁgggggﬁg&q£g¥#Q@H&b&ﬁﬁ%énﬁ%%ﬁg§&g?ggtat|c agents such as

ant i oest r ogenscdofdifig exafipither 4spoepof tleninvémioanihterie providedxi doaipeund o dfodxufaene
and i odoxyfene), oestrogen receptor down rﬁggja ors. (for ex
@%é theprods asi

mple .
f ul vest rl&hPy 2 PRAPREHUICEIGe RS PIRbI S8k BRFFiador Yiedt i Rieduction of
ni | ut améﬂ%g@?@tl&%ﬁ’é Hﬁﬁ%‘f’mﬂﬁ@é&ﬂgﬁlb anhagoni sts or LHRH agoni sts (for
oser el Use

exanple g euprore In an relin 20 progestogens (for exanple
megestr ol aceiaveling tr ofvathaseaiunhofthe mn‘(lcﬁmnhe@aa ppivededs: @ngsund abHfoemula

| etrozol e, vorazol e and. exenest ane i nhj hitors of. 5a-reductase s h as
finast er(Pggt ap %%aye%?lﬁy ioRapl ﬁa%l&@ﬁ@é dsfin e hipdogligrE o Akao

i nhi bi t Ofn$mAligkEh as man as an anti-invasive agent in the containment and/or treatment of

4- (6-chl oro- 2, 3-net hyl enedi oxyani | i no) - 7-[ 2- (4- met hyl pi per azi n-1-yl ) et hoxy]
- 5- tetraﬁy@&vﬁyﬁdnww@5udlyi@quU|nazoI|ne (AZD0530; | nternational Patent

I
N 0o, Gl or 0 eRRHiTE B R asppet of e B aaP SR PO oSSBT A S TPOU ot 1y

N- (2-chl oro-
| pyri g Chfﬁénﬂdlaml)r& gdmﬁﬁweau&rug@ew gt thelasfhi péfhed BMRIBRASRS, J. Med.
Chem , 2004, 47, 665 6661 and netalloprotelnase inhibitors |ike

mar i s tRaedusHan oh R pit- alfOélf@ﬁtlm Jrachisewpinrsleodedjanmatsichas s1anr ecept or
function); 30 1,0 h
i bi tor s i e uhEE RS A B i el e b Clac B AT oSk

ant i bodi@Sorfnivda (I@,)@amqiherrhet&umaﬂhy—aecdp&blmnﬂﬂ thadyf, b asfined bhwsdin fdieseapt i nTM
and the anti-erbBl antibody cetuxi mab [ C225]); such inhibitors WD

2010/ 07 3tP3HPEFINERL009/ 051755 - 43- al so i nclude, for exanple, tyrosine

ki nase, i nhi bi £ Q4,3 c}mé ¥ a ﬁfffﬁ@pfegtu'r@@f Aist a@%@ct B thi he BRbH BBl p%@?l}-‘:(ﬂhg A o
famly (for exa famly tyrosine kinase inhibitors such as

N- ( 3-chl momnm;uhdi uﬁfomplhéir()lr)l))r 4 phahhomywauj 3cagpiapleshit fepead poxdefiged hazwlinn- 4- a
mne (gefltini

N- (3- et ?IWBWEHS‘}&@)OJ% @%@F@?@tﬁ%ﬁtﬁm&e%&%caa? RaZbI PPl dicctina
(erloti nifm-6iebded/himandchagmay! am do- N- (3- chl or o- 4-f | uor opheny1) - 7- ( 3-

mor phol i nopr opoxy) qui nazol i n-4-am ne (Cl 1033) and erbB2 tyrosine kinase

i nhi bitors sut¢roading bppéafurﬁhpb%pewﬂﬁ ithsi inwerdionf theteds hémdeddb@ Eseglf@wpmpﬁa@d or
fam | | h|b|t s of the et-d such as
a0 R e o BRI Sk & pER sl S R

si gnal | |ﬂi§dllcﬁbhbfﬁﬁ)ﬁl§?op$¢t£bfbf&&t ﬁlaamaslyblobdwaﬁmaa@ehlahmabl tors, for exanple
sorafenib u) (BAY 43- 90 ) and inhibitors of cell 8ﬁ3ll|ng t hr ough MEK
and/ or Akt kiMeoeding (o9 Eﬁ&% i%@ﬁﬁh@ aég@hpéth@mwnagn 518 DipHidas the BEdpf
the effec r

ant i - vasiroons 88 filla (7 92h Rkl e lopthl Hoce bl bl Kol R ki in
(Avast i nhidmaantcvECh arme@pﬁmenttﬁwm iimehclirodgEon nﬁarba;taptcﬁlcaﬁfebt 1A% warm-

4- (4-br 2-f 1 uorqanil i no)-6-met hoxy-7-( 1- net hyl pi peri di n- 4-yl met hoxy) qui na
zol i né ( ¢ AnIa SEERAsIPE-2 wi t hi n” WD 01/ 32651),

4- (4-f1 uor o- ZA&%HM%XOV’QR&&@ KLy e HRLRGSY foicls ;ayorvﬁdyd'tﬂé s 6%l BHABAXY) qui
nazol i ne (AzZD2171 le 240 wthin WO 00/ 47212 vatal ani b (PTK787; WO
98/35985ﬁﬁmmmﬂ601k2¢&m@5ummuhmﬂb%wMﬁﬁﬂﬂdﬁ@@hﬂ?ofamddhmdﬁmumMHﬂmhat wor k by
ot her nmechanisns (for exanple linomde, inhibitors of integrin avl33
function and angi ostatin)]; 20 (vi) vascul ar damagi ng agents such as
conbretastatin A4 and conpounds disclosed in International Patent
Applications WD 99/02166, WO 00/40529, WD 00/41669, WO 01/92224, WD
02/04434 and WO 02/08213; (vii) antlsense theraples for exanpl e those

T T T M - . o o 1 N N /™ N\



decrease T-cell anergy, approaches using transfected i nmune cells such as
cytokine-transfected dendritic cells, approaches using cytokine-transfected
t unmour cewD 2bimeso3and approaches using anti-idiotypi c arCrieato@nsiAascor di ng
to a further aspect of the invention there is provided the use of a
conmpound 5 of forrmula (1), or a pharnmaceutically acceptable salt thereof,
in the preparation of a nmedi canent for3zgise as an adjunct in cancer therapy
or for potentiating tunmour cells for treatnment with ionising radiation or
chenot her apeuti ¢ agents. Accordi ng to anot her aspect of the invention
there i sypf@yvisiedsa ntRAIAARsd Rra Wi -blobdePiniRaPiRh AR ERH L GRhAY-
acceptabl e salt thereof, in conbination with ionising radiation or 10
chenot hanegseistagentay dlt eonfaspmerg enilior trhamenteefinrelificragiive disnessrsuch as cancdthe

i nvention w | now be further explained b ference t,0 the follow n
T oot rati ve Asciting® « Rty CalhBSpe o b BraGREEn treProvacdR he
wer e Cconpepdadihy arudi-padtferatin ¢ff@elinveRton-Bbde® BARIAE isadh 408G M Scitegfe Of

| aborat ory grade and were used as received. 15 CGeneral Experinmental The
i nvent i olchrpatmeatvhish cpmpgsgs adudniptaring o ol arapphay Eeshpe eBowH ofii ch,

general | y; ' ien i I r ), i.e.
o the 1SrpebidofRehEK @RS ERESEHHRN Sstadhspe iR R . 2
or Ar unl ess Atdoeding &ea Birthteftaturd of thisiadp@ebethalinvehtien deuw S@rofidédeatitihods
was followed by thin | ayer. chromatography (TLC) 20 and/or analytical high
per f or nreREROARGHE an epti-ghatiyg e HRHPY (RPEY ARERIFALS tigatment 9fa %93964“@6“& 0 a
mass sp t , { td i t &AL WS i ;
necessa?ﬁ%ﬁ t éﬁﬁyﬁ%ﬁgﬁgg%%gﬁﬁégﬁgiSq??%Fgﬁﬁﬁéﬁgﬁécégga%y%ﬂggégﬁ?@%ms

sol ut irorsimigiseridg keshidyemabahyfficctivs aivigB@bfarconp&@of feomktaup), procedur es
were carried out using traditional . .phas parating techni ques or by using
SoX a. ogEechisa Frenahis 19 PEga5 8 G TBALRE e carried out ei ther. by
rotary evaporgidofding i ¥ AEHer KpebtdrahFR0GHRE thile & froFded 1RMusBoPh BERPHHY
(iv) yields, where present, are not necessarily the maxi num attai nable, and
when necddemmyla (I).cactihormacgetiellyapesptable sat thereak, gedefzned ateimin thie reacti on
product was .required; .. (V) | eneral . the.structure f t.ne end;products
of "t he. rOTMETE Py hspicaltbat B RS nokPBish Sd iRl Perol MR AR
and/ ons ngass asaRetiala waENPoodRSnihIBGtE @SPaAy Mass spectral data were
obt ai ned using a Waters ZNMD or Waters ZQ LC/ mass spectronpter.acquiring
bot h positi veA¢eEling ipat fuydcr atugelathisaspech ehdeanyoptiopHicye isdravided ampethgdt o
t he par P 0 - 45- rted;

or ot on' NI ERERCat oy AN O AT, SRR Yt [P v Tl R g
ei t her anBnaikerchBRPX3M0insped bf archtteatroge malichngngirisas ddneihthtcsingen giith anima300
WMHz, a Bruker DRX400 operating at 400 , a Bruker 500 operating at 500
Mz or & te?RTéYe PN 0b p EPRPPHY! %ftfmmd%zqr a«ﬁa@%%@ st asally, NVR
spect La Weksr 9bliaiRggeat, 400 Mz in 5 d6-di met hyl sul f oxi de. The foll ow ng
abbre&iapggné %ave begn]bsed: s, singlet; d, doublet; t, triplet; q,
quartet; m mMidiphetoa Birthebaspadt;of dre, ingeritioneghgre iy ubdyidethh esmpsursit fdformula

ot herwi se co unds cont ai ni ng, an trigc.carpon. d/ or. sul phur .atom
Sere mottDy BOE RO A P B R AT s B RE! P T0CuRlip P ARGBhAMT | oo
but t heitfea&hérﬂ%?ﬂ{o@@tu%%@@@h&ﬁraié %n%b@t@ﬁﬁﬁﬁt%ﬁ%f?ﬂikﬁas@na' ytical ) HPLC,
and/ or NVR anal ysis and/ or mass spectronetry; (viii) unless otherw se

stat ed, fl ashAeordingtachiuihar bgruapbith{sRE®)ct nathepevchoemigron psiddd the esedigel
silica (Art. 9385).0r Silicycle cartridges 0- tmsilica,. 4 1o 330 g
el ghe) o BB os Y raBRichlly SAERsbE Rl udeiRy pshe

aut onmat afle tehiicre dcedioihént Fbragh id heGRERANOOOr B¥:BieMof thds¥ furlks@pamadhi ve
reverse phase HPLC (RP HPLC) was perfornmed on C18 reversed-phase silica,
for exarfi eenstiva t igonpfon TR kigfse.ABr i dge' preparati ve reversed- phase
colum (Sum sjili 9 i : .

“Gemimi® or Pffing i R REBEEGe Ml SpeToE SO S 185 8 pROSRERGheq
21. 1 mmfdi thiepterentidiDOr tieatihentgif hosu sumgur? & hithcare ssisingt yo mbltatiomvxATRes as
el uent, for 389 Ielgéon%finin .1-5%form ¢ acid or 1-5% agueous anmmni um
hydr 0x{ den{s8 20U BB s THEH CTREAR 4214 ABIRM PR CTPENESTBG Bt CBRAUIFOOH
MeCN 33#bnﬁm5¥§!&%iIQEHQQQH&QBMQH&Qmﬁgs£§mE&bf% cfifbd3REYfNt gradi ent over
9.5 mnutes, at 25 %L per mnute, froma 85:15 (or alternative ratio as
appropriate) mxture of solvents A and B respectively to a 5:95 m xture of
solvents A and B;



25 (x) the follow ng analytical HPLC nethods were used; in general,
reverse-phase silica was used with a flowrate of about 1 nL / mnute and
det ect i orwoasidy3@hect rospray Mass Spectronmetry and by BUTABROIMENSS at a
wavel ength of 254 nm Analytical HPLC was performed on C18 reverse-phase
silica, on a Phenonenex "Gem ni" preparative reversed-phase colum (Sum
silica, 110 A, 2 mmdianeter, 50 mm | exyt h) using decreasingly pol ar

m xtures 30 as eluent, for exanple decreasingly polar mxtures of water
(containing 0.1%formc acid or 0.1% anmmoni a) as solvent A and acetonitrile

as solvent B RbcoMaltho a MG é?stpéet oﬁtﬁe%ﬁb&ﬁionaﬁék yd ﬁr@@&ldedl'lﬁ) 'e&nﬁ@ﬁﬂm fyemig be

as follows: a solvent gradient over m nut es, at

2010/ 073(®X34P@:p%m0@@vc@l$ﬂa®sptahlesalaﬁmm& aveitcBhgd hernm fpreuseri praveding p dvhRa
95:5 mxkture K’/\ﬁ ﬁn s A and B respectively to a 5:95 m xture of solvents
A and B;NUSEIIALY 878 t ai n conpounds were obtained as an aci d-addition

salt, for exan@bedidg PNArthYEfaad of thilespeth bf G 1@ve@lhmlﬂ WHEEOR pr@fidlctieths abd of t he
st oi chi onetry of the salt was based on the 5 nunber and nature of the basic

gr oups’ iacanmouadapiumgla @her egbamaseuically é%‘@pﬁapledﬁlt tthfée@aastdeﬂagd Al |y

not det &f, ﬁgfactfup QX fOERLS Blfov?(il NI@ klﬂgs%l i oé}aetf (xii)
eaghqons ree; ef%?(]?'o t%‘é use OP Cé;\'g %{ Pﬁ fO%FO

Where r amecr one o W ng

m cr owave rea@éo@fcang\&faeﬁmtheﬂaspB&tQifalgan{zemtionah@é is ey monilkd Chesthat oy EnTys

Optim zer, Persopal Chemistry S thcreator or CEM Explorer; 10 (xiii)
@%’%%

cOrrpoundgowémé i Rinsge et athi C%ﬁﬁ%%ﬂ@wwg&ﬁﬁéﬁﬁ%w%m
usi ng | sglUhesbfd Bm%uﬁ%ﬁa Q&uﬁb f thﬁ@%l SRIBENS alarhn9ay
i R REE

Limted, M am)rgan nto t e ones nentioned above,
the fod I oW ngAca:thhag/toaet ﬁm1rhsr fe:amee @féthn ivsagon Divfe 1Npidvididrmstomyplobind nfuirchelaDVA

N, v et ) St am e, RO CLehof et ng THE Lt canudtonunan. conc o
fluori deahiNVR, 111ﬂﬂﬁhﬁi’dr?ﬁd[sreé?§e.b,cﬁb@frgctﬁi@%ir@anﬁlsé‘ésgéf kmARAEL 8sBases or
cardiovascular diseases.
According to a further feature of the invention there is provided a compound of formula
15 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
I, 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
20 cancer and bronchioalveolar cancer) and prostate.
According to a further feature of the invention there is provided a compound of formula
(I), or a pharmaceutically acceptable salt thereof, as defined herein for use in the treatment of
cancer of the bile duct, bone, bladder, head and neck, kidney, liver, gastrointestinal tissue,
oesophagus, ovary, pancreas, skin, testes, thyroid, uterus, cervix and vulva, and of leukaemias
25 (including ALL and CML), multiple myeloma and lymphomas.
According to a further feature of the invention there is provided a compound of formula
(I), or a pharmaceutically acceptable salt thereof, as defined herein for use in the treatment of
cancer of the bile duct, bone, bladder, head and neck, kidney, liver, gastrointestinal tissue,
oesophagus, ovary, endometrium, pancreas, skin, testes, thyroid, uterus, cervix and vulva, and
30 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

(I), or a pharmaceutically acceptable salt thereof, as defined herein for use in the treatment of



DI PEA N, N-di i sopropyl et hyl am ne DVE 1, 2-di net hoxyet hane MeOH net hanol MeCN
acetonitrile TBAB tetra n-butyl anmoni um brom de h hour(s) EtOH et hanol WO
2010/ 073080RCIV0ZBBA09/ 051755 -47- Exanple 1.01 PCT/GB2009/051755

4-14-[ 1- (Met hyl sul fonyl ) cycl opropyl ] - 6- nmor phol i n-4-yl pyrim di n-2-y11-1Hi nd
ole 0 (N Bis(triphenyl phosphine)palladiunm11) dichloride (82 ng, 0.12
mml ), 4-(2-chloro-6-(1- 5 -40-

(et hyl sul fonyl ) cycl opropyl ) pyri m di n-4-yl)norpholine (371 ng, 1.17 mol),
2M aqueous sodi um carbonate (3.50 nL, 7.00 mml) and 1Hindol-4-yl boronic
aci d (ZaﬁndgT&ncér ﬂﬂ)sfﬁ‘f@&a)nc&eﬁf%la%%lﬁlﬁe&%?ﬂn e cbB ¥ ddVcanBer! ertiofn M WRdegr - Et OH

(8 mL) an ealed into a mcrowave tube. The m xture was heated to 110 C
for 1 hdudndyrrancari gﬂsmecqre@mm%amdtahénedd ¢aporrd, timouwseif theoceRFal MEimeous

m xt ure was puri i.ed HPLC usi ng decr pol ar m xtures
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the desired C&émmiﬂgitd@f@th@pmum@aftﬁeﬂwteﬁﬁ@h BRI pﬁive&d tHgsel 6T BUPoVaS
purified b preparatlve HPLC usi ng decrea5|ngly pol ar m xtures of water

(cont ai riifigrmmila 6b) fasaraherragcerticadly acaptlasalidherspl 85 demgd thiceswsingBat ai ni ng t he

conpound RS o E b RATRNRESER hoFE AR Ghee MRyl ghPlieh 15°)
1.71 - lobébudtRaiays disdfeq Jimus} dls3asE§0r Sardidv{Bidar ﬂi}seasGs 89 (1H, s) 7 21

(1H, t), 7.31 (1 7.46 (1H, 7.55 (1H, d) 06, (1
11. 25 (1H s)A ccmckng% fyt eatug@ ‘the mV&mﬂ@} thae 1§@W1dqdﬁlée Pftetqfé‘ C@mse%d

can be Bahae (1 g%ﬁ;er gcﬂh' %&F%q%gl&%g%@taﬁbﬁé LG PROFA A PR B mES6- 1 g,

0. 05 nmo ) was
(nethydsnmﬁﬁmymroﬁamuﬂnmpmmpﬁmu&mmuhqhthmmpﬁkﬁmbﬁdnmmnws&mhmphmbhmem(200

0. H- | bor acj d 195 1.21 mmol) and
(thloph ?”BQW%H%L ﬂﬁﬁéﬁn€§’ ]¥E# ngl) in a nix%ure of di oxane

(10 ) and DMRofdingte) a HRASF feafirdb MRS Bh»%ﬁ@orpﬂ‘hef@ it ?Rﬁz‘i"dbd tﬁ@ﬁser&wo&ﬂpegnd
m xture was stirred at 90 C for 18 hours. The m xture was purified by ion

exchangeofdomandaflogragtmrmaesiiepllxncgpreblosalirthereat as mfmdchterwmm tbbuted from

the col Yifhufacture of a medicament for use in the treatment of cancer of the breast, colorectum, lung

15 (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 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 treatment of cancer of the bile duct, bone, bladder,

20 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 the use of a compound
of formula (I), or a pharmaceutically acceptable salt thereof, as defined herein in the

25 manufacture of a medicament for use in the treatment of 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 acute myeloid leukaemia.

According to a further feature of the invention there is provided a method for treating

30 cancer, inflammatory diseases, obstructive airways diseases, immune diseases or

cardiovascular diseases in a warm blooded animal such as man that 1s in need of such treatment



25 using 7M NH3 in MeOH and fractions containing product were conbined and
evaporated. The residue was purified by preparative HPLC usi ng decreasingly
pol ar m xWworew/wBo3wat er (contai ning 1% NH3) and MeCN as PETGBI®/05FISact i ons
contai ning the desired conpound were WD 2010/ 073034PCT/ GB2009/ 051755 - 48-
conbi ned and evaporated to afford the title conpound (58 ng, 24%; 1H NWR
(400 MHz, DVMSO-d6) 1.59 - 1.62 (2H, m41-1.71 - 1.74 (2H, m, 3.25 (3H, s),
3.76 - 3.78 (84 m, 6.89 (1H 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); mz: (ES+) M,

399. 15. BifiBR comprises administering an cffective amount of a compound of forrnula (D, ora

4- (2-chl oro- 6- (‘?L nmet hyl sul fonyl ) cycl opropyl ) pyri m di n- yl)m)rphol i ne,
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The m xtgdrig twasurf e@ihed chRidbdRCarldarcdhas Ahd Bic 160QLINNG ah@ IfRIphdidtallbidndlcs Was
filtered and the filtrate was concentrated io in vacuo. The crude materi al

was wasHBd wirtrblogdedranimgl|spelt gsgman tiehistip peqsk oftseeh Kpatmeniovieh sommmgessol i d

was fil el r r QV
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The m xt.ure n extra d wit.h 1L i nsol ubl e bl ack materi al
noe 11 it mged SRl Hha bl AR E G Mtk s ieng af b AmaRp Rl Bl cr &
ver e COfHFf&%%Ia jd @aﬂn&@ﬁﬁ@awa@&e%@am@sa\mﬁ&@of Qs BEME e rein.

2, 4- di chl or o- 6- ( Net hy Isulfon | mét h pyrlmdlne(51 g), 20 which was used
wi t hout furt h‘é¢00pchng fq %&ﬁhoh uﬁme(motlwkﬂlermmvmﬂ a3ndtBoq &r t@RYing 4. 79
(s, 2H), of he blﬂl l_c%lc'i %1%1&3 5?3 al\(/ll:andonreclg%jfdné;yc Y %asg&n?em[maﬁ tl(s56ue78 m)

was adde&n?er a Ccoo &%h

(met hyd syehdphayhsyet iyl @wfdagnsﬁinneas{emhﬁ@lcghwrﬁb &M 230/ ula), andoSlelikichda Of
nor pholine (3.85 nm) in DCM (30 nL) was then added dropw se whil e keeping
the t enﬂé}catdm%Abéla@WCMIzB 1P1Tﬁé}’ellﬁf§k‘t dyesompe i sy blgoded qrmalyuchp

The sol ygi

concent v 8 1 SRR MM e Bledminico i 4R B of
provi dedch éngloluad of for okt (hy bsmbﬁammbemichw yedoptablephb thaneot; a4l defiyicd herdinne
(6.81g) as a soli MR (400 O.d6) 3.12 3 (4H, s)
3.68-3.70 (4#0%;311%04%%?{ feggure YN H(VEPPO% erenfp frovefgélwetw or t@gtzng 30
d) NaCh s} Edrﬁ@rng%s@@ mncetgﬁrepa?loﬁﬁﬁné)\)arfﬁﬁ%aﬁ%p%(ijeatspca"flcép éﬂdﬂ)'h?etr@?fl cgncpepl Or 0-4-
(rrethylsul onyl 3 6- mor phol' i n>4-yl -pyrimidine (2.80 g,

1, 2- di briodmgytdanere, g%trﬁfﬂancﬂr sat@nd=8, Inqmd lahd apck CEBABS (tﬁmﬁﬂ.ﬁ of thelcegﬁalmﬂD‘iIQum n

t ol uene 120 The, resul ti 73034PCT/ GB2009/ 05175

ol Ut 1 ot NS PrLheT B Rutegy R IS B RS OPHEH PUBRUR Pt e
i N vacugniPthRf QYA A& d3 et QeRmWhY I cNBSm k&S @iMaHstbitn FDAecti¢d ImBlit-of hhe

sol ution was washed with water (200 nlL) and then saturated brine (100 ni)

The sol wonpeupdsl oivanladi) eda phiySaautigalty swwapteblc salt ét@rdqﬁ agaielined Iyeiny e3| due
nas p(léljr |11 ed QQ/ %%ﬁhﬁri Bgr% g{ ah X}Ivef@feﬁﬁslg:f%%gmée)égﬁd Sotthif (ﬁ mayggeaeqile A int part

0-2.5% MeOH in
(et hyl Siylcfﬂéﬂh‘lrﬂcﬁyﬁie%bﬁt@y thapyrdl foirtédwahivl theBERRObl EmERood§ a@tk: 1H NVR (400
MHz, DVBO d6) 1,49-.51 (2H, rQ 1. 62 1.65 (2H, m, 3.19 (3H s), 3.67 (8H,
d), 6. 9gdpupstraiion gffacomppendy ula (B18. The
4- (6- (1- (et bl Sl 46y ) v &aeﬁregwaamb%na(mﬂeég%@g PABL) Db igil) mor phol i n
e, io used as star 1 ng mat er | repar
2- ( mat hytbﬁmhliaQ])yér)aa;dearmhc&u(ﬂaln_;@ogeptaltﬁe 840t uhmnb)“ om$>hd1nme1htmdcompd3M'on(cﬁO

hi s was added sodi um hydr.i 85. 10 nd the m.

was ’ stsq rt%agau lpdon eprpTiNASE CHBRyd of f gnglge‘dl ??S@%nglpstered conc Iﬁ)‘enaly or sequentlaﬁfyur ©

4, 6-dic ) was
0SS RN el 85,05 IR B e v

mmol ), and then the reaction was stirred for 1 hour at 50 C. The reaction
was quenched with 2M HC1 (100 nmL), and then extracted with Et20 (3 x 100
m.). The organic | ayer was separated and then dried over MgSH4, filtered
and then evaporated. The residue was purified by chromatography on silica
eluting with a gradient of 50 to 100% Et OAc in isohexane. Fractions

cont ai ni ng pr oduct wer e conbl ned and evapor at ed The residue was triturated
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WO 2010/ 073034PCT/ GB2009/ 051755 -50- c¢) A 50% aqueous sol uti on of NaOH

(1.846 n., 34.61 mmol) was added to 4-(6-

(et hyl suwbanylareashyl ) - 2- (et hyl t hi o) pyri m di n-4-yl ) nor po®ldBe0%@1G5y, 0. 69

mmol ), 1, 2- di bronoethane (0.179 nL, 2.08 nmol) and TBAB (22.31 ng, 0.07

mml) in toluene (25 nL) at RT. The resulting m xture was stirred at 60 C

for 18 hours. Water (30 nlL) was added_gmd 5 the m xture was extracted with

toluene (50 nL x 2). The toluene |layers were dried over MgsH4, filtered and

then evaporated to afford 4-(6-(1-(nethylsulfonyl)cyclopropyl)- 2-

(EXWEt h|y| t 2' 0) MYl cRliaR the WradtARAPOFnkA BelclBaiBe aSA& as Blsélc th&espytor Yl . 330.
anpl e

6- Met hyl mmlm-ul addifipmetctht soinpamds ot fhel lomn@py,l qoneenmmplmllrgemy 4r pdpyirdragydom- 2-

11- 1+ doI e Ir diib | i denea one chl orpof orm
Ydduor € 05 4 AFSD A PR o e BBE i e s S B G R ro
wer e addeﬂl &ﬁstﬁrghh@ﬁpe&mrﬁgbﬁtyEorkhk tr&dﬁﬂeﬁ‘t df@@nélerrrg 0.31 mmol ), potassium

acetate (46.3 0.47 mol ) and bi s(pi nacol at o) di boron (88 15 ny, 0.35
mol ) §n d| oxsah@bl@ﬁgﬁﬂl_t?t%‘?ﬁj‘éﬁedan?@fﬂblﬁ@@ﬂlaﬁmgphere The resul ting
suspensi r -

4-(2-chl ?Ito 1%&?%61%11&? @ cl:a‘{t%cdy o%?géﬁilb@yﬁlgr}lﬁ eOf aS er%iolP 0 (ia}]e (100

g, I;) 310dnm§9 Sudlﬁisraélbikyle&(ttgra(gbﬁle iifiok pkeasnypb lcfsqjlaai Ica[@bpllraﬁﬁ)cyc[b@hd@)hmgldeo 02
nmo and sodi um car bonate (2M aquequ ution).(0.629 re
added:; t%’éogeé‘sfﬁ‘ilﬁtt?ragm@@g ah<hépambucls isj}lfrlﬁlélﬁmé‘fl Qﬁr@w@ﬁs)wtﬁ%ﬁﬁ%@hteﬁr@r
reacti on,mXtUinBifNasEs fildtas ffﬁg ﬁgrlhﬁﬁlﬁé’s@l&e@h{l&&u Rl ahfeghfif! AHfercteghed with
DCM The |1 quors were purifie y 1on exchange ¢ romato raphy using an SCX
col umme riétbotdewia; egtopnodiabinovids, lgfldtﬂ@drdaraomgbmeltaimﬂm)nmtmmnmg @OYHOTIMG (for

NH3/ MeOH i n and fractio cont ni n duct, .wer conbl ned.a

Sy apor at PR TESnE e Baryr ooy R PR B Femieiry ABK Basi ngl y
pol ar miyinbRe, AfitonRlchi- Cg@&ﬁh&'n?blﬁ%né%lmfﬁ‘)l anfl aMBENb@SaRh g rexampRCt i Ons
contai ning the desired 2 ound were COTT%I ned and evaporated to afford

t he tit eneoiiadeids hl(cqvmcmjme;Lv/glblas_tmewmd@mmamnorabg@aehe)taml@lhk(eq 2H) ,
1.72 (q 3

2010/ 07 sk el nbBr o b isPoBgmt s Moy X@mp?eﬁ%lpv“a?p%l%%mnﬁ%e 7.35
(d 2|T9 ,etopoBific @8d tchiPosidblafiictifie, tdpdtecanland cdlfotheciMeh; , 413.68. Exanple

2 I\/Et hy | (id- { £ylostatic #aeHy Pl b GAYPSEYEING $Fos SyAMPle 1apefrel toremifgncpialexiteas.n- 2-
Il --1H5 | orid
(1 o4 SRR oo SEa AR PG LOR) LSl RES TR AT ALl or
2- met hylanfibhdrogonk(for ykdmplt Ibicatwareide afhetsmi deo niditem{dGint gy pdt3dnanavetals),

bi s( pi nacaol at o) di bor on

84 nmol )., ) ) .
1, 1" - bi SR%RHW@WP%@%%% ﬁ%?&lﬂégfﬁéewlr%lgg@@r% legpeselipand)bussiglidot assi um

acet a ( t nosphere
and ttﬁ(g p(r %S{%mﬁsg(f% Ile) mb%bsgtb ?ﬁ%ﬁe)a%ﬁoma?asyﬁﬂ%m% QOIfJénggl%[b 2- Chl or o- 6-
(1- (et tmhmdzbtmwtrbz(yle mamﬂ)a/d@dp@xemmtdne)-aﬂd yi hibioorp bbb d-neduc b8O suvly,as 0. 31
mol ), tetrakis(triphenyl phosphine)pall adi um(0) (18.18 ng, 0.02 nmol) and
sodi um dHRBEHESe (2M aqueous solution) (0.084 ni, 2 nmmol) were added and

the mi XEI(H{ e hetigdsdin o‘?rex %%I\%Cfﬂ@llﬁrﬁs%gﬂﬁ \R/{ 1ﬁ%§tb1%rhk@4xé6u&ﬁofﬁ/as

filtere throughCelt the r The filtrate was
purified byrlattmiereﬂmlxamghn@)h? -Gvéet- Ulgtlezphye;rammlng)ealnm@q:x-tcm@mpam t he
desired roduct wa e Si n OH in DCM
ot ForbyReHfupRRnS L5 a0 Rlbe S P ARrddn S M ol doe was
purifi e@v@' cl@l"o?cpéfrﬁéthﬁﬁhé'\ﬂ/gg% ?@[4192 ﬁ?&ﬂ’oﬁ?&hﬁﬁhp{erﬁ)ﬁhﬁEylﬂml%hé{hﬁ§yﬁ1fnldﬁﬁl er

(containing 1% N as eluents.” Fractions 20 containing product

wer e cor\%}'lﬁéan%ﬁda@d%é@ﬂélOé@rntd@ (ddshtinid, BNVES-8$4828; b dgrh Ghdm(, PAOhA7, $688-; 1H

NNR (70W »4nd g ?ll%%g_ﬁmasg %tgb%orl_qlﬁ_'%na%%lag%t (f_{)nl_;&ﬁ)%ors.})fgu]dlil?a% 3. 2;1 (33

(d 1H) ,pldsnBhoded, aclithtor kdefdsr fusetiokh) ; m z: (ESI+) MA, 413.63. The
2-nmet hyl - 1H i ndol-4-yltrifl uoromet hanesul f onat e, used as starti ng material,
was 250 gi8pariskibaersiosieratl factor functmng for gxpmpleuglyindgator inclgdg grawibfacternd

L T N M

trastuzumab [Herceptin™] and the anti-erbB1 antibody cetuximab [C225]); such inhibitors



WO 2010/ 073034PCT/ GB2009/ 051755 -52- cooled to OC. The resulting solution
was stirred for 1 hour and the reaction mxture was then diluted wth water
(5 mL). TWe:2niox7803¢ was separated and the organi c | ayer PaTiGEtoevst75MgSO4,
filtered and then evaporated to afford

2-met hyl - 1H-i ndol-4-yl trifl uoronet hanesul fonate which was used directly in
the next step without purification;, mg- (ESI-) MH, 279. 5 Exanple 1.04
6- Met hoxy- 4-14- 1- 1- (et hyl sul f onyl ) cycl opropyl | - 6- nor phol i n-4-yl pyri m di n-2
-yl1l1-1Hi ndole 1,1'-Bis(di phenyl phosphi no)ferrocenedi chl oropal | adi un{11)
(49ng, QQ6ABRAS, W&aﬂﬂ)‘ljﬁe@yrbﬂnélkmlgé 1%1’1%%81’56%?%&5&9&% dtibidld 8F fic(cBidbafia, 0. 55

mmol ), potassi um acetate ( g, 1.40 mml) and bis pi nacol at 0) di bor on
(0. 254 ggrowtloﬁacmnﬁln)ﬂy GforcHX@mtﬁeEGEer&mﬂaﬁsdoslh@klmewnhu Horssuglt 8y e was
stirred 100 C,f

e (- onifBi RO R er RO 7 9m by By RS BYEP R HIREAZO G 818 1 ne
(0.127 g eﬁhrﬁb ol 939 tZ‘@-KJ-@ﬁl?rﬁ{/]{)héﬂymﬁ@m%1%@@@%@@%8§§ﬁhlnﬁﬁolﬁl4ﬁaﬁmné) 04

nmol ) and sodi um car bonat e SO|Utlobé 60 mol ) were added

and t he (edelinibi Q-1 gnd bracey lgmilogy+(3-cblorerf-Tomntery)-748- hours. The
r eac“ O%ﬁpﬁ&ﬂ{o‘z} é\!/@?xe/ dpur | §1§ﬁi ! )}Rg 1%%5}151% &p8 ftﬁ&@?ﬁh@é@%ﬁ@&%& 1h

t he uor n exchange c r‘om usi Nng an SCX

coI um. 1115Ee1ndﬁsimh&>domdfdhmhepmaﬁyel gubeth fhmorrfarrmgz othli i tons uBﬂthlaM%(VeMved
NH3/ MeOH in DCM and fractions contalnlng roduct were conbi ned and
evapor at&evthriagtor @éﬁll&h@%@ ARty TRl b5y SE Zﬁhliee@nﬂﬂsmsws(fq{gexa@eleeas. ngly

pol ar mpiuiRSi falh tuﬂﬁb&ges' A %I%E%@ trhr@NES) 1nﬁMtoP@§3l &%ﬁfe%%fyfénb

Fractions cont nln ound were conbin evapor at ed. The
reS|dwe(ﬁﬁ@fﬁ&@ﬂﬂ@&dm@yﬂuhmwﬁmhhﬁmgmahh@@hﬂug@NﬁﬂﬁynwhﬁAhgﬂmmeSCX col um.

The desired product was el ute mth % 7 n DCM
LT 1 O M e ol e Ly SR A R o
E ldél' e2I(iI) %@gﬂf;ﬁg&ct&{% %fdﬂﬂ:xaré‘i);@the é;dﬁ Wg\ﬂ%g@%r%%ﬂégal @@%@@D faéto@ii_{i)lt{tfé@ly 2H) , 11Z|)2

. - , S,
7.08 (d,beymizurmalovastin™¥pnd YEGF I(et:eptquyrosmeMa(sdmhlb*pors urh 4 4((4; brqmp m z:

d
Simi | e Sy PR i deCepe bl B SOTPBYR R EoRIFRer €0 11 @

4- (2- ¢hl Maarp@e £ Brithire iy b 5806 N YA-| £716boP2- ﬁ&ﬁiylla&dsusrmkga) é'rﬁ’étl)dﬁ?ﬂ’- phol i ne and
the appropriate substituted 4-bronoi ndol e. Nane 1-11 NVR mh
(ESI +) M3 F -pyrrolidin-1-ylpropoxy)quinazoline (AZD2171; Exarnple 240 w1th1n WO 00/47212)

vatalanib (PTK787; WO 98/35985) and SU11248 (sunitinib; WO 01/60814), and compounds

that work by other mechanisms (for example linomide, inhibitors of integrin avf33 function and

angiostatin)];

20 (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)  antisense therapies, for example those which are directed to the targets listed above,
such as ISIS 2503, an anti-ras antisense agent;

25 (viii) gene therapy approaches, including approaches to replace aberrant genes such as
aberrant p53 or aberrant BRCA1 or BRCA2, GDEPT (gene-directed enzyme pro-drug therapy)
approaches such as those 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

30 (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



1.63 (dd, 2H), 1.74 (dd, 2H), 3.26 (s, 3H), 3.71 - 4- {4-[1-
(met hyl sul fonyl ) cycl opropyll- 3.83 (m 8H), 6.98 (s, 1.05 -%=/ 1H), 7.45
(d, 1H, wWo29104230329 6- mor phol i n- 4-yl pyri m di n- 2- PCT/GB2009/051755

-44-

decrease T-cell anergy, approaches using transfected immune cells such as
cytokine-transfected dendritic cells, approaches using cytokine-transfected tumour cell lines
and approaches using anti-idiotypic antibodies.
According to a further aspect of the invention there is provided the use of a compound
s of formula (I), or a pharmaceutically acceptable salt thereof, in the preparation of a
medicament for use as an adjunct in cancer therapy or for potentiating tumour cells for
treatment with ionising radiation or chemotherapeutic agents.
According to another aspect of the invention there is provided a compound of formula
(I), or a pharmaceutically acceptable salt thereof, in combination with ionising radiation or
10 chemotherapeutic agents for use in the treatment of cancer.
The invention will now be further explained by reference to the following illustrative
examples.
Unless stated otherwise, starting materials were commercially available. All solvents
and commercial reagents were of laboratory grade and were used as received.

15 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;

(i1) in general, the course of reactions was followed by thin layer chromatography (TLC)

20 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 attainable;

(1i1) when necessary, organic solutions were dried over anhydrous MgSO4 or Na,SO4, work-up
procedures were carried out using traditional phase separating techniques or by using SCX as

25 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

30 magnetic resonance (NMR) and/or mass spectral techniques; electrospray 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 spectrometer 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 resolved;

(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 pum 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;

(ix) 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 (Sum silica,
19 mm diameter, 100 mm length) or on a Phenomenex “Gemini” or ‘AXIA’ preparative
reversed-phase column (Sum silica, 110A, 21.1 mm diameter, 100 mm length) using
decreasingly polar mixtures as eluent, for example [containing 1-5% formic acid or 1-5%
aqueous 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 (5pm 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;
(xi) 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 based on the

s 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;
(xi1) 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;

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

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

UK);
(xiv) In addition to the ones mentioned above, the following abbreviations have been used:
DMEF N,N- DMA | N,N-dimethylacetamide
dimethylformamide
DCM dichloromethane THF tetrahydrofuran
cong. concentrated m/z mass spectrometry peak(s)
TBAF tetra n-butylammonium | NMP | 1-methylpyrrolidin-2-one
fluoride
EtOAc cthyl acetate DIPEA | N,N-diisopropylethylamine
DME 1,2-dimethoxyethane MeOH | methanol
MeCN acetonitrile TBAB | tetra n-butylammonium
bromide
h hour(s) EtOH | ethanol
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Example 1.01
4-{4-[1-(Methylsulfonyl)cyclopropyl]-6-morpholin-4-ylpyrimidin-2-vl}-1H-indole
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Bis(triphenylphosphine)palladium(ll) dichloride (82 mg, 0.12 mmol), 4-(2-chloro-6-(1-

s (methylsulfonyl)cyclopropyl)pyrimidin-4-yl)morpholine (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 mixture was purified by preparative HPLC using decreasingly polar mixtures

10 of water (containing 1% NH3) and MeCN as eluents. Fractions containing the desired
compound were combined and then evaporated. The residue was purified by preparative HPLC
using decreasingly 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, DMSO-ds) 1.60 - 1.63 (2H,

s m), 1.71-1.74 (2H, m), 3.10 (3H, s), 3.74 — 3.78 (8H, m), 6.89 (1H, s), 7.21 (1H, t), 7.31 (1H,
d), 7.46 (1H, ), 7.55 (1H, d), 8.04 - 8.06 (1H, m), 11.25 (1H, s); m/z: (ES+) MH", 399.13.

—_

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-

20 (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 atmosphere of
nitrogen. The resulting mixture 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

25 using 7M NH3 in 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 eluents. Fractions containing the desired compound were
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xylate, 50?18 was %ltere flen tglturate?{ w1‘31 1sohexanep troe OVISG 6? ethyisu&\é\%llmethyl)-lH-
pyrimidine-2,4-dione (250 g), which was used without further purification.
b) 6-(Methylsulfonylmethyl)-1H-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
15 vacuo, the residue azeotroped with toluene (2 x 500 mL) and residue was dissolved in DCM.
This solution 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) (insoluble black material was filtered off
and discarded) and EtOAc (2 x 1 L). The organic extracts were combined, dried and
concentrated in vacuo to provide 2,4-dichloro-6-(methylsulfonylmethyl)pyrimidine (51 g),
20 which was used without further purification; 'H NMR (400 MHz, DMSO-d°) 3.13 (s, 3H), 4.79
(s, 2H), 7.87 (s, 1H); m/z: (ESI+) MH", 239.
c) 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 -
25 5°C. The mixture was then stirred at RT for 1h. The solution was then washed with water (300
mL), dried (MgSQO4) 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; 'TH 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.
30 d) NaOH 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, 9.60 mmol), 1,2-dibromocthane
(1.654 mL, 19.19 mmol) and TBAB (0.619 g, 1.92 mmol) in toluene (120 mL). The resulting
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and 1Hindol-4- a/l boronic acid. WD 2010/ 073034PCT/ GB2009/ 051755 -56- EX.
No. RI NaveélGla1Q0 pabmk apd thespximachod pwith 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 eluting with a gradient of 50 to 100% EtOAc in isohexane.
Fractions containing product were combined and evaporated. The residue was triturated with

20 Et20 under sonication to afford methyl 2-(methylsulfonyl)-2-(2-(methylthio)-6-
morpholinopyrimidin-4-yl)acetate (8.70 g, 57%) ; "H NMR (400 MHz, CDCI3) 2.46 (3H, s),
3.19 (3H, s), 3.70 - 3.64 (4H, m), 3.78 - 3.75 (4H, m), 3.82 (2H, s), 4.84 (1H, s), 6.49 (1H, s);
m/z: (ESI+) MH', 362.39.
b) Methyl 2-(methylsulfonyl)-2-(2-(methylthio)-6-morpholinopyrimidin-4-yl)acetate

25 (0.568 g, 1.57 mmol) was dissolved in MeOH (20 mL) and water (5 mL), to this was added
NaOH (0.189 g, 4.71 mmol) and the mixture was stirred at 60 °C for 1 hour. The mixture was
cooled and then filtered. The residue was washed with MeOH (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 used in the next step without further purification; 'H NMR (400 MHz,

30 CDCI3) 2.49 (3H, s), 3.01 (3H, s), 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.
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c) A 50% aqueous solution of NaOH (1.846 mL, 34.61 mmol) was added to 4-(6-
(methylsulfonylmethyl)-2-(methylthio)pyrimidin-4-yl)morpholine (210mg, 0.69 mmol), 1,2-
dibromoethane (0.179 mL, 2.08 mmol) and TBAB (22.31 mg, 0.07 mmol) in toluene (25 mL)
at RT. The resulting mixture was stirred at 60 °C for 18 hours. Water (30 mL) was added and
5 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: (ESI+) MH', 330.
Example 1.02
6-Methyl-4-{4-[1-(methylsulfonyl)cyclopropyl]-6-morpholin-4-ylpyrimidin-2-yl}-1H-

10 indole
O
)
P DOw
/ﬁ NZ
O

Tris(dibenzylideneacetone)dipalladium(0)-chloroform adduct (4.89 mg, 4.72 umol) 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

15 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-yl)morpholine (100 mg, 0.31 mmol), tetrakis(triphenylphosphine)palladium(0) (18.18 mg,
0.02 mmol) and sodium carbonate (2M aqueous 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

20 through Celite and the residue washed with DCM. The liquors were purified by ion exchange
chromatography using an SCX column. The desired product was eluted from the column using
20% 7M NH3/MeOH 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

25 compound were combined and evaporated to afford the title compound (1.6 mg, 1%); 'H

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

Example 1.03
2-Methyl-4-{4-[1-(methylsulfonyl)cyclopropyl]-6-morpholin-4-ylpyrimidin-2-yl}-1H-
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1,1'-Bis(diphenylphosphino)ferrocene-palladium dichloride (12.94 mg, 0.02 mmol) was added
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

10 (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 mmol) were added and the mixture heated at 90 °C for 24

15 hours. The reaction mixture was filtered through Celite and the residue washed with DCM. The
filtrate was purified by ion exchange chromatography, using an SCX column and the desired
product was eluted 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 cluents. Fractions

20 containing product were combined and evaporated to afford the title compound (14 mg, 11%);
'H NMR (700 MHz, DMSO-d°) 1.58 (q, 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/z: (ESI+) MH', 413.63.

The 2-methyl-1H-indol-4-yl trifluoromethanesulfonate, used as starting material, was
25 prepared as follows:
2,6-Lutidine (0.036 mL, 0.31 mmol) and trifluoromethanesulfonic anhydride (0.063

mL, 0.37 mmol) were added to 2-methyl-1H-indol-4-ol (0.046 g, 0.31 mmol) in DCM (5 mL)
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cooled to 0°C. The resulting solution was stirred for 1 hour and the reaction mixture was then
diluted with water (5 mL). The mixture was separated and the organic layer dried over MgSO4,
filtered and then evaporated to afford 2-methyl-1H-indol-4-yl trifluoromethanesulfonate which
was used directly in the next step without purification; m/z: (ESI-) M-H', 279.

s Example 1.04
6-Methoxy-4-{4-]1-(methylsulfonyl)cyclopropyl]-6-morpholin-4-vlpyrimidin-2-vl}-1H-
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1,1'-Bis(diphenylphosphino)ferrocenedichloropalladium(ll) (49mg, 0.06mmol) was added to 4-

10 bromo-6-methoxy-1H-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-
yl)morpholine (0.127 g, 0.4 mmol), tetrakis (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

15 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 purified by ion exchange chromatography,
using an SCX column. The desired product was eluted from the column using 50% 7M
NH3/MeOH in DCM and fractions containing product were combined and evaporated. The
residue was purified by preparative HPLC using decreasingly polar mixtures of water

20 (containing 1% NH3) and MeCN as cluents. 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 eluted from the column using 50% 7M NH3/MeOH 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

25 (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.




3.45 (2H, q),

3.74 -

w20 ndoBe4t ) |

4-{4-]1- V (ethyl sul fonyl)cycl opropyl]-6- 3.76
6.90 1.10b \'S norpholin-4-ylpyrimdin-2-yl1}- (1H, s), 7.21 (1H,
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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)cyclopropyl)pyrimidin-4-yl)morpholine

and the appropriate substituted 4-bromoindole.

(J
@ N
/c'? N/)\FH
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-
. (methylsulfonyeyel | 3.83 (m, 8H), 6.98 (s,
methylsultonyl)cyclopro -
1.05 Y Rty .p. Py 1H), 7.45 (d, 1H), 7.79 | 424.29
6-morpholin-4-ylpyrimidin-2-
Il (d, 1H), 8.04 (d, 1H),
N yl}-1H-indole-6-carbonitrile
8.28 (d, 1H), 11.86 (s,
1H)
1.61 (dd, 2H), 1.73 (dd,
— 6-chloro-4-{4-[1- 2H), 3.27 (s, 3H), 3.71 -
1. NH 1 (methylsulfonyleyclopropyl]- | 3.81 (m, 8H), 6.95 (s,
106 (methy yDeyclopropyl] ( ) ( 4333
6-morpholin-4-ylpyrimidin-2- | 1H), 7.32 (s, 1H), 7.52 (t,
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 -
1. NH 1 (methylsulfonyleyclopropyl]- | 3.81 (m, 8H), 6.94 (s,
Lo7 (methy yDeyclopropyl] ( ) ( 41798
6-morpholin-4-ylpyrimidin-2- | 1H), 7.30 - 7.36 (m, 2H),
F yl}-1H-indole 7.47 (t, 1H), 7.82 (dd,
1H), 11.32 (s, 1H)




(1H, m, 7.55 (1H, d, 8.04 (1H, d), 11.23 (1H, s) 4-(4-{1-[(1-
1.32 (6H, d), 1.63 - LIT 00 \\ 0 ),sx nethylethyl)sulfonyl]cycl opropyl}-
1.67 (4H,WORN10A73084427. 12 PCT/GB2009/051755
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Example 1.08
4-{4-[4-(Methylsulfonyl)piperidin-4-yl]-6-morpholin-4-ylpyrimidin-2-vl}-1H-indole

s Dichlorobis(triphenylphosphine)palladium(ll) (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 1H-indol-4-ylboronic acid (0.413 g, 2.57 mmol) in DME:water 4:1 (24 mL) at
22°C. The mixture was sealed into four separate microwave tubes which were then heated to

10 110 °C for 1 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 mL) 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

15 was purified by preparative HPLC using decreasingly polar mixtures of water (containing 1%
NH3) and 3:1 MeOH:MeCN as eluents. 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 (2H, m), 2.41 (2H, t), 2.82 (3H, s), 2.86 (2H, s), 2.97 (2H, d), 3.78 (8H, s), 6.93 (1H, s),
7.20 (1H, t), 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: (ESI+) MH', 442.15.

The tert-butyl 4-(2-chloro-6-morpholinopyrimidin-4-yl)-4-(methylsulfonyl)piperidine-
1-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-chloroethyl)ethanamine

hydrochloride (3.04 g, 11.31 mmol). The reaction mixture was stirred for 5 minutes at RT and



6- nor pholin-4-ylpyrimdin-2-y1)- - 3.76 (8H m, 1Hindole 6.91 (1H, s),
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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 purified
by chromotography on silica using a gradient elution of 10% EtOAc / DCM to 70% EtOAc /
DCM to afford 4-(6-(1-benzyl-4-(methylsulfonyl)piperidin-4-yl)-2-chloropyrimidin-4-
yl)morpholine (2.000 g, 43%); m/z: (ESI+) MH', 451.03.

b) 1-Chloroethyl 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 stirred overnight. The mixture
was treated with di-ferr-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 (50 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 tert-
butyl 4-(2-chloro-6-morpholinopyrimidin-4-yl)-4-(methylsulfonyl)piperidine-1-carboxylate
(1.075 g, 53%); m/z: (ESI+) 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-indol-4-

@

ylboronic acid.



(1H,
(1H,

m,
s)

7.46 -7.47 (1H, m, 7.55 (1H, d), 8.06 (1H, d), 11. 23
0.95 - 1.00 (4H,
WO 2010/073034 PCT/GB2009/051755
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m/z
Ex. 1
R1 Name H NMR (ESI+)
No.
MH*
2.21-2.27 (2H,
m), 2.85 (3H, s),
2.87-2.90 (2H,
m), 3.24 - 3.28
(2H, m), 3.72 -
0 0 4-{4-[4-
\Y; 3.80 (8H, m), 3.92
S (Methylsulfonyl)tetrahydro-2H-
1.09* -3.97 (2H, m), 443.14
pyran-4-yl]-6-morpholin-4-
') o _ 6.98 (1H, s), 7.20
ylpyrimidin-2-yl}-1H-indole
(1H,t), 7.26 - 7.27
(1H, m), 7.45 -
7.46 (1H, m), 7.55
(1H, d), 8.09 (1H,
d)
1.30 (3H, t), 1.60 -
1.61 (2H, m), 1.68
- 1.69 (2H, m),
3.45(2H, q), 3.74 -
4o (a1 (CH, q@)
00 (cthylsulfonyDeycl 16 3.76 (8H, m), 6.90
\Yj ethylsultonyl)cyclopro -6-
1.10" \/SK] yh ) 4y1 y_ I_Dd‘ py2 ' (1H,s), 7.21 (1H, |413.12
morpholin-4-ylpyrimidin-2-yl} -
P Py Y 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 (1H, s)
4-(4-{1-[(1- 1.32 (6H, d), 1.63 -
O
W7 methylethyl)sulfonyl]cyclopropyl}- | 1.67 (4H, m), 3.74
L11¢ < y y? y]‘y- P pyl} (4H, m) 12712
A 6-morpholin-4-ylpyrimidin-2-yl)- | - 3.76 (§8H, m),
1H-indole 6.91 (1H, s), 7.21
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3.03
3.76 (8H,

00 "I
s),

4-{4-]1-
6. 96

7. 20 ( PHI/GE28091051755v, SX

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 (1H,
d), 8.06 (1H, d),
11.23 (1H, s)

1.12¢

RV,

VK

4-{4-[1-
(cyclopropylsulfonyl)cyclopropyl]-
6-morpholin-4-ylpyrimidin-2-yl}-
1H-indole

0.95 - 1.00 (41,
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, s), 7.20 (1H,
1), 7.35 - 7.37 (14,
m), 7.45 - 7.47
(1H, m), 7.54 (1H,
d), 8.07 - 8.10 (1H,
m), 11.23 (1H, s)

425.15

1.13°

\W\//

g

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, 5), 7.44 -
7.46 (14, m), 7.55

469.16




1Hindole t), 7.35 - 7.37 (1H, m, 7.45 - 7.47 (1H ), 7.54 (1H,
d), 8.07- 8.10 (1H, m, 11.23 (1H s) 0.78 - 0.81 (2H,
WO 2010/073034 PCT/GB2009/051755
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m/z
R1 Name "H NMR (ESI+)
MH*

Ex.
No.

(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 afae 2.87-2.93 (4H,
W m), 3.22 - 3.25

{ cyclopropylsulfonyl)piperidin-4-
114" |V fj (1]y6 P pi . yl)pp, dinn (1H, m), 3.76 - 468.19
y - -l’IlOI'p olin- -y pyrlrnl m-2L-
3.78 (8H, m), 6.90

(1H, s), 7.17 (1H,
1), 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-yl)morpholine (880 mg, 3.02 mmol), tetrabutylammonium
5 bromide (97 mg, 0.30 mmol) and 1-bromo-2-(2-bromoethoxy)cthane (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, filtered and evaporated. The residue was purified
by chromatography on silica with an elution gradient of 0 to 40% EtOAc in DCM. Fractions
10 containing product were combined and evaporated to afford 4-(2-chloro-6-(4-
(methylsulfonyl)tetrahydro-2H-pyran-4-yl)pyrimidin-4-yl)morpholine (698 mg, 64%); 'H
NMR (400 MHz, DMSO-d°) 2.00 - 2.14 (2H, m), 2.44 - 2.47 (2H, m), 2.64 - 2.67 (2H, m),
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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.

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

a) Sodium ethanesulfinate (1.026 g, 8.83 mmol) was added in one portion to 4-(2-chloro-
6-(iodomethyl)pyrimidin-4-yl)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), aqueous 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-yl)morpholine (1.310 g, 49%); "H NMR (400 MHz, DMSO-
d®) 128 (3H, 1), 3.25 (2H, q), 3.63 - 3.71 (8H, m), 4.43 (2H, s), 6.96 (1H, s); m/z: (ESI+) MH",
305.98.

b) A 50% aqueous solution of NaOH (7 mL) was added to 4-(2-chloro-6-
(ethylsulfonylmethyl)pyrimidin-4-yl)morpholine (0.5 g, 1.81 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 slurry was stirred at 30 °C for 18 hours and then evaporated. The residue was
dissolved in EtOAc (30 mL) and washed with water (2 x 20 mL) and brine (20 mL), dried over

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

with an elution gradient of 20-60% EtOAc:DCM. Fractions containing product were combined
and evaporated to afford 4-(2-chloro-6-(1-(ethylsulfonyl)cyclopropyl)pyrimidin-4-
yl)morpholine (0.309 g. 57%); "H NMR (400 MHz, DMSO-d°) 1.26 (3H, t), 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: (ESI+) MH',
332.02.

¢ The 4-(2-chloro-6-(1-(isopropylsulfonyl)cyclopropyl)pyrimidin-4-yl)morpholine, used as
starting material, 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-dibromoecthane
(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



ylpyrimdin-2-yl1}-1Hindole nm), 3.92 - 3.97 (2H, m, 7.00 (1H, s),
7.20 (1H, t), 7.31 (1H, s), 7.44 - 7.46 (1H, m, 7.55
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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% MeOH in DCM. Fractions
containing product were combined and evaporated to afford 4-(2-chloro-6-(1-
(isopropylsulfonyl)cyclopropyl)pyrimidin-4-yl)morpholine (486 mg, 90%); 'H NMR (400

s MHz, DMSO-d% 1.28 (6H, d), 1.51 - 1.60 (4H, m), 3.57 - 3.69 (9H, m), 6.98 (1H, s); m/z:
(ESI+) MH', 346.01.
4-(2-Chloro-6-(isopropylsulfonylmethyl)pyrimidin-4-yl)morpholine used 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,

10 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 are useful in the treatment of diseases mediated by

15 mTOR and/or PI3K enzyme and their preparation. PCT Int. Appl. W0O2009007748).
¢ The 4-(2-chloro-6-(4-(cyclopropylsulfonyl)tetrahydro-2H-pyran-4-yl)pyrimidin-4-
yl)morpholine, used as starting material, was prepared as follows:

a) A 50% aqueous solution of NaOH (6.67 mL) was added to 4-(2-chloro-6-
(cyclopropylsulfonylmethyl)pyrimidin-4-yl)morpholine (700 mg, 2.20 mmol),

20 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 residue was purified by chromatography on silica with an elution gradient of 0

25 to 20% EtOAc in DCM. Fractions containing product were combined and evaporated to afford
4-(2-chloro-6-(4-(cyclopropylsulfonyl)tetrahydro-2H-pyran-4-yl)pyrimidin-4-yl)morpholine
(557 mg, 65%); '"HNMR (400 MHz, DMSO-d°) 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 (8H, m), 3.83 - 3.87 (2H,
m), 7.04 (1H, s); m/z: (ESI+) MH", 388.08.

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

material, can be prepared as described in the literature (Morris, Jeffrey James; Pike, Kurt
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(1H, d), 8.12 (1H, d), 11.24 (1H, s) 0.75 - 0.77 (2H,
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Gordon. Pyrimidine derivatives that are useful in the treatment of diseases mediated by mTOR
and/or PI3K enzyme and their preparation. PCT Int. Appl. W0O2009007748).

" The rert-butyl 4-(2-chloro-6-morpholinopyrimidin-4-y1)-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 sodium hydride (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 sulfate. 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)morpholine (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 (2H, 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); m/z:
(ESI+) MH', 477.13.

b) 1-Chloroethyl carbonochloridate (0.260 mL, 2.41 mmol) was added dropwise to a
solution of 4-(6-(1-benzyl-4-(cyclopropylsulfonyl)piperidin-4-yl)-2-chloropyrimidin-4-
yl)morpholine (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 MeOH (10 mL). The mixture was
allowed to stand for three days and then treated with di-zert-butyl dicarbonate (578 mg, 2.65
mmol) and N-ethyl-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 rert-butyl 4-(2-chloro-6-

morpholinopyrimidin-4-yl)-4-(cyclopropylsulfonyl)piperidine-1-carboxylate (267 mg, 46%);



m, 0.93 - 0.95 (2H, m, 2.11 - 2.19 (2H, m), 2.43 -2.51 (2H,
m, O\\:) 2.87 - 2.93 (4H, nm), 3.22 - 3.25
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'H NMR (400 MHz, DMSO-d°) 0.77 - 0.78 (2H, m), 0.94 - 0.97 (2H, m), 1.40 (9H, s), 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: (ESI+) MH', 487.09.
Example 2.01

5 4-{4-[4-(Cyclopropylsulfonyl)piperidin-4-yl]-6-[(3S)-3-methylmorpholin-4-yl]pyrimidin-
2-yl}-1H-indole

0]

[Nj"/,,
e TN F
NH
Ty
O
N
H

A mixture of bis(triphenylphosphine)palladium(II) dichloride (42.1 mg, 0.06 mmol), rert-butyl
4-[2-chloro-6-[(35)-3-methylmorpholin-4-yl]pyrimidin-4-yl]-4-cyclopropylsulfonylpiperidine-

10 1-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 purified using an SCX
column, eluting with 7M NH3 in MeOH. Appropriate fractions were combined and
concentrated in vacuo. The residue was dissolved in 4M HCI in dioxane, and the solution was

15 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 (1H, s), 7.21 (1H, t), 7.29 (1H, t), 7.47 (1H, t), 7.56 (1H, d),

20 8.12-8.15 (1H, m), 11.29 (1H, s); m/z: (ESI+) MH', 482.82.

The tert-butyl 4-[2-chloro-6-[(3.5)-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-
25 chloro-4-(iodomethyl)-6-[(3.5)-3-methylmorpholin-4-yl]pyrimidine (700 mg, 1.98 mmol) in
acetonitrile (20 mL). The resulting suspension was heated to 90°C for 3h. The mixture was

then concentrated in vacuo and the residue was dissolved in DCM (50 mL). Water (50 mL)



(cycl opropyl sul fonyl ) pi peri di n- 4- 1.14f NH

y1] - 6- nor phol i n-4-yl pyri mdin-2- yl}-1Hindole (1H m, 3.76 - 3.78 (8H,

m, 6.90 weHN73034(1H, s), 7.17 (1H, t), 7.30 - 7.3BCT(GHA09/051758), 7.43
- 7.45

-63-

was added and the phases were separated. The organic portion was dried (MgS0O,4) and
concentrated in vacuo. Purification by FCC, using a gradient of 0-40% EtOAc in DCM
provided 2-chloro-4-(cyclopropylsulfonylmethyl)-6-[(3.5)-3-methylmorpholin-4-yl]pyrimidine
(458 mg); "THNMR: 0.95-0.98 (2H, m), 1.02-1.06 (2H, m), 1.18-1.23 (3H, m), 2.77-2.83 (1H,
5 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),
430 (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-ylJpyrimidine (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-

10 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 solution
was washed three times with water and was then dried (MgSO,), and concentrated in vacuo.

15 Purification by FCC using a gradient of 10-70% EtOAc in DCM provided 4-(1-benzyl-4-
cyclopropylsulfonyl-piperidin-4-yl)-2-chloro-6-[(35)-3-methylmorpholin-4-ylJpyrimidine (2.23
g); 'JHNMR: (CDCl3) 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

20 (1H,s), 7.21-7.33 (5H, m); m/z: (ESI+) 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-

25 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 tert-butyl 4-[2-
chloro-6-[(35)-3-methylmorpholin-4-yl]pyrimidin-4-yl]-4-cyclopropylsulfonylpiperidine-1-

30 carboxylate (1.9 g); '"H 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 (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: (ESI+) MH", 501 and 503.



(1H, m, 7.53 (1H, d), 8.11 (1H, d), 10.98 (1H, s) a The
4-(2-chl oro-6-(4- (et hyl sul fonyl)tetrahydro-2H pyran-4-yl)pyrimdin-4-yl)no
r phol i ne,wo=eth/@3038t arti ng material, was prepared as folPCOXEB2009/051755A 50%
aqueous NaCOH solution (6.67 nm.) was added to 4-(2-chl oro-6-

(et hyl sul fonyl net hyl ) pyri m di n- 4-yl ) nor pholine (880 ng, 3.02 mmuol),
tetrabutyl anmonium 5 brom de (97 ng, G40 mmol) and

1- br ono- 2- ( 2- br onoet hoxy) et hane (2099 ng, 9.05 mMmml) in DCM (20 nlL) at 22C
The resulting mxture was stirred at 20 C for 6 hours. The m xture was
diluted with water (50 nlL) and the phases separated. The organi c phase was
washed twice with water (25 nlL) and then dried over MgSO4, filtered and
evapor atlxamiled.%si due was purl fied by chromat ography on silica with an

el ution gradl B0l of e a2 08 Kb B inPA. 00t
(met hyl sy ﬁly'ld)ﬁ et mp[cihgogl—l- pyran 4- yI )pyrim d| n- 4 yI ) nor phol i ne (698 ny,
64%; 1 dé) 2.00 - 2.14 (2H, m, 2.44 - 2.47 (2H, m,
2.64 - 2.67 (2H, m, VD 2010/ 073034P 2009/ 051755 -59- 2.85 (3H, s),

3.15 - 3.18 (2H, n), 3.65 - 3.72 (8H, M J 3 89 - 3.92 (2H, m, 7.02 (1H,

s); mz: (ESI+) MH', 362.04. b The N

4-(2-chl oro-6-(1- (ethylsulfonyl)cgglop Vo I)p ri mdin-4-yl)norpholine, used
as starting naterial, was preparedtas|f ol -3 ‘Ha)Sodlun1ethanesqu|nate
(1.026 g, 8.83 mmol ) was added 4 4-(2-chl oro-

6- (i odonet hyl ) pyri m di n-4-yl) no 8 83 mmol) in DMF (58.9 nL).
18 hours. The reaction

m xture was diluted with DCM and mashed with water (2 x 300 nlL), aqueous
sodi um tpregsed PRALiMIledRRy MthatdidcitaToPEdanpid 200 stiking Fhie o ~§3DicKloRNEYE- Vas

dried over My504 and then concentrated in vacuo. The residue i0 was

pur i fi ederslormpyefanybiasihy&r-2i-pyea-AwhryranderdtDohmgtadmeipholite G0p e150%

Et OAC i ont r ct0 % raated to
afford Ep%ﬁ ot?jgatf%%]?l %C% ony@6q‘?gf4 mtny S(??Q r}gr@flﬁr%% (1.310
g, 49% o&sr(zlﬂl\/&)( 400 (MHde) mscn@z (2&&)(3% (X1, dd3,. 257 { 2BR (4P, mB.363 (H3. 71
(84, m, 4. 43 (2H, s), 6.96 (HlH, S): mz: gESI +]21 VH ', 305.98.
10 'd), 3.53 (TH ,td), 3°69 - 3.73 (1H, m), 3/81 (1H, 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-(cyclopropylsulfonyl)tetrahydro-2H-pyran-4-yl)pyrimidin-4-
yl)-3-methylmorpholine, used as starting material, can be prepared as described in the literature
15 (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), W0O2009007748).

Example 2.03
4-14-1(3S)-3-Methylmorpholin-4-v1]-6-[ 1-(methylsulfonyDcyclopentvlpvrimidin-2-v1}-1H-

@
N

20 indole

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



15 b) A 50% aqueous solution of NaOH (7 nL) was added to 4-(2-chl oro-6-

(et hyl sul fonyl net hyl ) pyri m di n-4-yl)norpholine (0.5 g, 1.81 mol),

1, 2- di br owoebtuzn1e03¢0. 156 nmi, 1.81 mmol) and tetrabutyl aredrdgBzOdNSOTSSde
(0.058 g, 0.18 mol) in DCM (21 nmL). The resulting slurry was stirred at 30
C for 18 hours and then evaporated. The residue was dissolved in Et0Ac (30
m.) and washed with water (2 x 20 nm.) .gsmd brine (20 nm.), dried over 20
My504 and then concentrated in vacuo. The residue was purified by

chromat ography on silica with an elution gradient of 20-60% Et 0OAc: DCM
Fracti ongmefNifd I"PI-H‘&idP—'ZlO;%&Tonl\é@"cﬁi ogkigNed2aRdo B VR PSY.ab e it 9.3 Danel
4-(2-chloro-6-(1-(ethyl sul fon )cyclopropyl)p rimdin-4- yl)norpholine
(0.309 gvatg7BAOH (19 Slb@t@d{@ 1 10&@@@61 m:@ rmm(v%re redctor1Ager cooling o RZH,
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C for 24 hours and t hen evglporat ed. The rgS| due was dissolved in Et0Ac (30

m) and & hedd8I(LH Bk MeSHd L o 2 BB NB »44305n1) and then WO

2010/ 073034P ( Jij_and then dried over MySO4
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The resultin ur at
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Jeffrey Janes
(150 mL). The resulting mixture was heated to 40°C for 6h. The mixture was then diluted with




WO 2010/ 073034PCT/ GB2009/ 051755 -61- Gordon. Pyrim dine derivatives that
are useful in the treatnent of diseases nediated by nifOR and/or Pl 3K enzyne
and t hei rwprepar7aisson. PCT Int. Appl. W2009007748). f TPhe/GB2ney/d3utsyl

4- (2- chl or o- 6- nor phol i nopyri m di n-4-y1)-4-(cycl opropyl sul fonyl ) pi peri di ne-|
carboxyl ate, used as starting material, was prepared as follows: 5 a)A

sol uti on of -66-

4- (2-chl oro-6-(cycl opropyl sul fonyl net hyl ) pyri m di n-4-yl ) norpholine (1 g,
3.15 mmol) in NW (9 nL) was treated with sodi um hydride (0.415 g, 10.38
nmol ) . M”%z’(\)b WIS), ¥RPwadhed Wt \%teﬁg 0d Q{L)Wh@br%b!ﬁl@ %ollﬂﬁBﬁ’ has Retdavikseat ed
wth tetr y| anmoni um brom de (1 g, 2 mmol )

N- benzy land-coh¢antrateiin Paahl erd?ectahyn }oefﬁéjw@mguegmwnb@ﬁﬂ ée%cFetO@@ i93@hgxang. 46

mol ). The .re s St i red m nutes at RT and 10 then
heat ed tR° ‘518?5??8bf)010'%1&@ Pﬂ%rﬂ LRt ﬁo Cfor 1.5 hours. The nixture
was al |l %aﬂylkmfmmycmeﬁyl)gyﬁnim @wg;rﬁimmchg@l(m dHhesed®otRANYf a
saturated agueous sol ution of amoni um chl oride. The m xture was extracted

with Et 0AE2-Afd @Hemdrigih? 41&8Humi bﬁ Mt AL ERH Rk 8- 818|(ﬁHsS)vxj5 tzﬂ (Mét@r) 38 then

dried oy i Sl The A ced
pressur e(?félhgﬁi)gﬁ%6 (esi%ﬁégé}ﬁﬁll_f]l(g J(r:i%r 3rlg) o 4:% |ca€ gg‘(){%dﬁ‘ii}l
gradl ents);La/ze{HS1+ PRIED{ 3619’.)% Et OAc / DCI\/I to 70% Et OAc / DCM Fractions

cont ai ni ng product were conbi ned and evaporated to afford

4- (6- (1- benzyhh e4fot leymessresyndsay ?%ﬁgﬂpﬁﬁﬁﬁéﬁlsamﬂarzwaﬂt? {he method described for

chl or op b@/g{z @gﬁzq )
0.75 - yE)la p?ié f04 "\%/sllﬂ%mé Qﬁﬁbgﬂzﬁe Q%h@ozél R?nm%ﬁt@ dertVati d #9%n, gl%%c-dlg
(2H, m, acﬂi53 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, mM; mz: 20 (ESI+) MH ', 477.13.

b) 1- Chl oroet hyl carbonochl oridate (.20 nm., 2.41 mmol) was added dropw se
to a solution of L.,

4- (6-(1-benzyl-4-(cycl opropyl sul fonyl'\} pi peri di n-4-y1)-2-chl oropyri mi di n- 4-
yl ) norpholine (574 ng, 1.20 mmol) i (L0, m) at RT. The solution was
heated at reflux for 3 hours and th n g o cool and diluted with MeOH
(10 mL). The m xture was 25 al |l owe f or three days and then
treated with di-tert-butyl dicarbonate (% ng, 2.65 nmmol) and

N- et hyl - N-i sopropyl propan-2-am ne (0.419 nL, 2.41 mmol) and the sol ution
was stired jfor 2 hours. The m Xture was| di tuted w tiT DCM (20 T1L), EH]E[ e
m xtureg wgshed with water (|50 nL) and then with a saturated aqueoys
solutign of brine @0 nlL). [The oNega@ei c |jayer was difH BMRver MySO4,| (ESItef ed
and thgnNevaporated. The rdsidue was purjfied by 30 chronmatography on .
silicawth |an elution gradient of 10 to| 50% Et OAc i n DCM Fracti gn¥H
cont ai Ning product wWere cofnbi ned and eva orlg%tge(g'Htg) ahhor gl Ezeﬁt[ﬁ)butyi
4-(2-chl or o-16- 4-{4-[(38)-3- T T
mor phol|i nopyri m di n-4-y1)-4- q1¥10| opr opyI sm 6Dyl ) pH pal,i2dB A2l (44 hoxyl at

(267 g, 46%: WO 2010/ o7h % 55%?3%13%@?‘%4%39 M—%,? _

DVSO-dg) 0. 77 - 0.48 (2H M., 9. 94674

2.00 (2H, m|, 2.54,02.57 (3H r#]dE %IHHH) 2o_3h3 (181,69, §8 |s). 3.93
- 3.97|(2H, M), Z-9L (1H, S)(me[Hstulf()EﬁDtlr 1, 7487.09. Exanple 2.01 5
4-14-[ 4-3.@/cl opr opy!’su] f onyl ) pi g}gn di n 4 yaH 6),[3(BS)4.85 (. ), Ao photSi7i-74t yl
] pyrimidi n2-lyl | --1H i ngdol e

bi s(tri|phenyli phosphto@) pal I|adi %gnl_g_ d| ch ?I)IFH Yot 0251H: D698 (B $hry
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1),
Ele{tz_bﬁfyl 6-[ ( 3S) - 3- et hyll whppiioldin24 |7]20(lH Vg G T Ser | sul
-[ 2-chl or o-|6- - 3- et hy{l wiip i -y yrimdin cycl apropyl su
85é(hﬂn¢))glﬁl332 Fauti on (1] 8

f onyl pi|peri di ne- 10 1-car baxyl gtlzl Q@Oé
m., 2M| 3.60 mmol) and 1Hijn oronlc aci q (236](%1”@' 0. 72 nTDI) in
18% DVH in 7:3:2 DVE-water-EtOH (10 nlL) Mmas heated C for in a
m crowave reactor. The m xture was part purified using an SCX coI um,
eluting with 7M NH3 in MeOH. Appropriate fractions were conbi ned and
concentrated in vacuo. The residue was dissolved in 4M HC1 in di oxane, and
the solution was 15 stirred at RT for | h. The m xture was concentrated in
vacuo and the residue was purified by preparative HPLC to provide the title
compound; (27.0 nmy, 9% ; 1H NVR 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, 4.30 (1H, d), 4.65 (1H, d), 6.97 (1H, s), 7.21 (1H, t),
7.29 (1H, t), 7.47 (1H, t), 7.56 (1H, d), 20 8.12-8.15 (1H, m, 11.29 (1H,
s); mz: (ESI+) M-1', 482.82. The tert-butyl

4 [2 chI or o- 6 [(38) 3 rrethyl rmrpholln 4 yI]pyrlmdln 4- yl] 4-

o, o, T e 1 o




WO 2010/ 073034PCT/ GB2009/ 051755 -63- was added and the phases were
separated. The organic portion was dried (MJSO4) and concentrated in vacuo

. Puri fi csoizorn/itigo3#CC, using a gradi ent of 0-40% Et OAc PRTOEBE@rGSYISded

2-chl oro- 4- (cycl opropyl sul fonyl met hyl ) -6-[(3S) - 3- net hyl nor phol i n-4-yl ] pyrim
idine (458 ng); 1F1 NVR 0.95-0.98 (2H, m, 1.02-1.06 (2H, m, 1.18-1.23
(3H, m, 2.77-2.83 (1H, 5 M, 3.19-3.2-(1H, m, 3.42-3.49 (1H, :
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); mz: (ESI+) MF1l', 332. b) NaH (0.796 g, 19.89 mmpl) was
added t[o a splution of Z-cHhloro-4- m/z
(cycl ogr epy! |sul f onyl et hyl )[- 6-[ (3S) - 3- net hyl m)rphol in-4-yl]pyrimdine (2 g,
6.03 rmnll\g iin NVP RU8 L) dnd tMNammé xturle was stir#ENMBr 10 ni nut|dESINHBAB
(2.91 ¢, ™®:04 mmol ) and N |10 benzyl- 2-chl oro- N-(2-chl oroet hyl)etka‘ﬂ@g\ne
hydrochloride (1.781 g, 6.3 mmol) were then added and the m xture

stirred for b mnutes. The [m xture was t en 2Rgatied), 1 19063 291, v then to
80C for| 1.5h. After cooling to RT the reacti on was quenched by the additjon

of saturated NHACL sol ution. FHé-[ARNt3re vla%l i Aéf2xmy, 330256&130\/1(4% Et OAc. [The
organi d sol uti on was washeg th e ti ) dri ed
(MgS™)|, and concentrated | QX @IHP |3\é\?(i?gﬁ?g‘3 l\é@@hﬁﬁb a gradient

of 10-70% Et|0Ac i ng DCM prow ded- y4} 641benzya)4 79 3 82 (lH m), 4.02-4.05
cycl opr g&)&ésul fony % | perl di n- 4- - 2-ch] or o- 6- - et hyl nor photlidn-24t yl

] pyri ni (2 23/ TiF1 M((Feeﬂ(y stl)ﬂ s@H@HQ 8_>|4122r6H 9475& 02 (2H,
> 1.92 (3H, /90-2. 0( 1 2H, ),
? 68- 2. 74((2H m 2 88- 2. ¢ ‘(’%giﬁrépr%”pg% (%ﬁ,lﬁdﬁ?’,&gé S@iéglﬁ s),(3. 55m

(1H, dtf), 3.{70 (1H dd), 3.|7&idid3-ylohl H-3| 961—HJ;.t;)9.2(92H$1 MH, ), 284¢ 1H, bs),
6.63 20 (1H,|s), 7.21-7.33|(5H .m  ,mz:| (ESI+) M-1', 491 and 493. c)
1- Chl orfoet hy|l chl orof ormate (O. 91?1916?&, 9| 6-%@%7 5%{ ? d)1%0% dol uti op

of 441- (1H, d), 1125 (1H, §)
benzy1-l4- cycl opropyl sul f onyl pi peri din-4-y1)-2- chl oro- 6- [(33% 3- net/hyl nor pho

|in-4- yIQtpyal iFALA: GEP { R002System 4, 50n Ginirkpak A SDENR §Arbmnd 3 6miheokmhutlutng was
heatedtorefl x fo n diluted with MeOH (15 nl)
and heatVitly! eX@B?‘{[Ef(#ﬂa%%g$/ﬁ9ﬁ|l)§¥?b§@f>é¥?butyI di carbonate (2.16 g,

9. 90 mmolppeanghi&lob Bndibyl ARS8 EmE R GRu RS Ask sy | ure was
stirred at eRT&h ?ro LEﬁ@Sﬂf%e %?ﬁ?@o\/\as %%\gﬁ(qpaétt ﬂgllloned bet w}ét()aﬁr}%D%{ui/lﬁg

wat er anged h@stmgwtm,evwwamcb@s foltres:or gani ¢ portion was concentrat ed
:OP ovidod tg‘[éog:}}f@“ 9QT1tQ¥1de((:P3§| PP a Rl pb BTN ple Mo

chl or 0- Gnin(&S)o Sco@ENYI MY Hpk@td &ﬂcmbﬂowLasm Qirﬁbtﬂylml)}plfbhﬁ;mm%t opyl sul fonyl

pi peridi ne-1- 30 carboxyl ate . 1 NVR (CDC13) 0.93- é
1.32 (3mmed)ylsuifonﬂln(69lwl)py)‘1ml@n992 60 306 f8mmah andzble@ bzomget{mlmEt%@ (28599 (1H

(i o) 1 B3 oy mae i 9otne daditnd it wrdo Boishilbrbdd ol vl

- 64- EXéBminieé f& 2 Further sodium zert-butoxide (629 mg, 6.54 mmol) was added portionwise and
4-14-[4- (Cycl opropyl sul fonyl )t etrahydro- 2H—,E$/ran 4-y1] - 6- R3S) - 3- net hyl nor ph
ol i n-42 th¢ ﬁqiywr}ﬁ%ﬁ W@@stg,nrfr At/ fos@diugherdsh. Hephaiteg Was theneGoRrerFat ey t o

that d
(c;a/lcl ogf‘%yfff)?ﬂq (ﬁlgﬁ% ? ‘ﬁgf@%o @E?Q;Hregﬁl-“&? f a%))?%alsﬁr%d((j\lglrtﬁg)a% ?Z 22()6%%)' nor ph
ol i ne (30Q i saﬁ;thEdBﬁﬁé Ql()()onla)‘ frhé éoltlh@n s ﬂﬁn@ﬁﬁ@@M@SOﬁ)Ja@ldrmnceﬁ%lteder NVR:

0.77 - 0.82 (2H, m ), 2.25 - 2.32 (2H,
td), 2.99q% url@aatlonsmeCC ugmgz g(ramentr?f 40310@%‘0 FtDAc ingsppxang and (14 |t d) .

g) 694' 63 s:%alflyg&onrl%mé%t ;\c,(aﬁh'lqso‘ﬂ ? ée%"%-cﬁll;ro A4 [%%‘?_'@ ]rlé%thﬁﬂ)or%ﬁb 1%1&4 ( 3';_'
7h55 (L H;1]-6%4- n&tliyllsulﬂmjzl@x@ﬂ%—yl)mrlm‘idmé41 42E); 'E)INMR: #CDCESI8) (BH, d), 253. 37.
The

(S) - 4- ( F2EnRr 03B ey PdpHOoDY P S 3R B e L Bh § o3 L P dh: 230 (3EDi ni di

n-4- yl)4@r 781 pha! b)es c2EQ4 sn/%’f SiHHTE &Y 4l 378can be prepared as
descri bed |(hm%@ Iltgrat us?e Is§ 59 @\r]ef)pfqey Janmes; Pike, Kurt Gordon.

Pyri ni di néedeellomt4-4@8)- 3hmth5dn®ml®é1htﬂ-yh]16 ety lsalforsmey clifprefiyepwesidine,
nmedi at ed MIOR and/ or . Pl 3K enz d their preparation. PCT Int. Appl.
(2000) ¢ gbE0UT07E Ny Hal Bes Arary TR g

4-14- R3S) - 3- Met hyl nor phol i n-4-y11-6-[ 1- (et hyl sul fonyl ) cycl opentyl ] pyri m di
n-2-yll--1H20 indole WD 2010/ 073034PCT/ GB2009/ 051755 -65- mmol ), and

1H i ndol-4-yl boronic acid (116 ng, 0.72 mmol) in 18% DVF in 7:3:2
DVEwat er - EtOH (10 nlL) was heated to 110C for Ih in a mcrowave reactor.
After cooling to RT, the mxture was part purified using an SCX col um,

eI ut| ng vvlth ™ NH3 in NEOH Further puri f| catl on by preparatl ve HPLC

- b g o ~NANA a NS a ~r~N oA ~ -




The 2-chl oro-4-[(3S)-3-nethyl norpholin-4-y1]-6-(1- 10

nmet hyl sul f onyl cycl opentyl ) pyri m di ne, used as starting material, was
prepared wo 2hw/d7e08d: a) Triethylamne (17.4 ni, 0.13 nmpCY/GERs%Hdd=d to a
cool ed (-5C) DCM sol ution of 2,4-

di chl or o- 6- (et hyl sul f onyl et hyl ) pyrimdine (30 g, 0.13 nol). A DCM
solution of (3S)-3- nethylnorpholine vwg then added dropw se, whil e keeping
the tenperature bel ow -5C. The cooling bath was then renoved and the
mxture stirred for Ih. The mixture was then heated to 15 reflux for 2h.
The m xtj ?'r e VABhiR&a-[YExs e iy irforpREIBI-4- yg]'l(‘j B BPHLuIFONERBHE B S HinliBin¥ 2E.00.
Purification by preparative HPLC pI’OVI

2-chl or &4 qmggj).\gasrfmmWdeM(mmL Hodaun tert-butoxide (755 rng,785 mmol) was

(5, oy e GBYhIRER PR ey fSoiide Rl Tapipl " el ghe by Hined (g
1H), 3 F3r 3a "zvﬁ@ théttheatéd %7604C?01'el(1ﬂght Idrtheft sathurh Serr-Btboxide- (9% g, 3.9H) ; n1 Z
(ESI+) MF1', 306. 20 Alternative

2- chi or gnmop)(gs)thar aededhy o How prhby ﬂ%rmn@ql}aneiééﬁbmgyl 8 (PR pRGrECHYIKIUrR YD i di n
& can b%&&%@%g%%é’%q §o|:1]% fﬁ%éég‘ﬁh ”ISCNPQ’(B L) was then ¥ FRHUTY RS QAdeRW S nate

(11.75 ¢ was a in o

2-chl or o;aasﬁed)dzamﬂ\mwp)eoﬁs H@@(} ﬁLmEIH’exdrgrmmtﬂhmanﬂasydﬂqMMgﬁ(d‘) haed (37 g,
104.64 mmol ), in and the resultin oI ution was stirred at

85C for OEHPP%EthlHéﬂ”@ogP%@C?{USnﬂ?T Chhsinga g Bh0nl %t Bt P eMapor at ed

bt e TE8BRE2 cRREGA UG A B Ad b RARTEA 1) o ﬁ?%nzwﬁ'%ﬁ?%?‘@ Sopropytoom). and
;’ur |h}‘ g@rzgtyzmndiny (4F(ICCmgs3]r$@) éHd Mai 20 (df3H), 3(5%(51; QHg, li.6v @CNHyr dMBdedH),
Iy o st i 33 (e 1 3 e FDOR R AL HD! 333 (mrd 1 405 @218} 4 & sol i o

b) TBAB ({9, 493 ( lH]) Pk ) Mi@s3;pdded to a mixture of 2-chloro-4- [ (39)-3-
30 net hyl m)rpholln- -y1]-6-" (methyl sul fonyl nethyl )pyrimdine (4.7 g, 15.37

mol ), JAIA:arn@tn@bo &cﬁ@i&raﬂe[(%ﬂ) %methylmthelm fro]-§-(hmectiadsrdougl-NaOH (30 ni,
368.9 n CP ro BCI\{I,l&(ﬁ %‘1 Trhear tllRB% m xture was heated to 40C for
6h. The T XPUPE RASHNER © P%Pe?B 2010/ 073034PCT/ GB2009/ 051755 - 66-

DCM ( 20 ON 4P (56 av/wWassh@idn 1hg, \aemrmél;t%s Alided tdRechMrBaNf(8S)SP! uti on was
dried (MgSH) and concentrated in vacuo. Purification bg/ FCC using a
gr adi entmehylmospjeglmeburd-G-angthy pe foaytmeshwhmaweidine (16 g, 52.33 mmol), 1,2-

2-chl

ot hy ool PoRs R L B PR R ki 57 & Sppmmiotyip tlygpe (8

1. 50- 1. GALY. AHe rdSE)Jltn@ shspesibn 82is (2 d for 4h2Wakker 2vad than2iddedrangd the Znidr@wbO ( 2H,
, 2.88 (3H, 3.45 (1H, dd 3. 60 H,  dd) 1H,

:B 3. 9#x{ragied &HI)CG WAt%GOWG% T?‘i EplugHe, exzfaaté WelHirieg) (M%S@éaﬁciwncgwat 2%(

(ESt ), Mabuo. PFification by Fedliginbal 4t &%fwm%@%c%‘@]er MEHAE&MD LRof-81 M | ar

way to the nethod anple 2.03, using t approprlate

2- chl or d(3W+3- m‘dhlyheorphmlmfé{yil]v@(hn@t@&ﬁﬂﬁodpﬂe%lqplrdquﬂ)pmlmldme 63i g).as aBgrlid.No.
RL Nane 1-11 NNR nh (ESI+) Mt 2.0e O.-7/ \0 oc/)/ \/ \
xample 3.01

4-{4-[(3R)-3-Methylmorpholin-4-y1]-6-] 1-(methylsulfonyl)cvclopropyllpyrimidin-2-yl}-

1H-indole
[O
Nj\

25
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-



4- {4-[(3S)-3- Methylnorpholin -4-y1]-6-[4- (nethylsulfonyl)t etrahydro-2H
pyran-4- yl]pyrimdin-2- yl}-1Hindole 1.28 (3H, d), 2.23-2.34 (2H, m,
2. 68- 2. 7IWOD2bBH0/0TH0342. 86- 2. 91 (4H, m), 3.20-3.25 (3H, m PCIEBRO®/BYS61H, ),
3.69-3.73 (1H, m, 3.81 (1H, d), 3.94 - 4.05 (3H, m, 4.31 (1H, d), 4.64
(1H, d), 6.93 (1H, s), 7.20 (1H, t), 7.28 (1H, t), 7.46 (1H, t), 7.55 (1H,
d, 8.10-8.12 (1H m, 11.26 (1H, s) 4. 77 WO
2010/ 073034PCT/ GB2009/ 051755 -67- Ex. No. R1 Nane 1-11 NVR mh (ESI+) Mt
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
s 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 residue was purified by chromatography on silica eluting with a gradient
of 0-25% EtOAc in DCM. Fractions containing product were combined and evaporated onto
reverse phase C18 silica. The crude product was purified by reverse phase using a 415g HP
10 C18 column using decreasingly polar mixtures of water (containing 1% NH3) and MeCN as
cluents. 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
15 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, 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. Chiral HPLC: (HP1100
20 System 4, Sum Chiralpak AS-H (250mm x 4.6mm) column eluting with iso-
Hexane/EtOH/TEA 60/40/0.1) Rf, 8.815 >99%.
The (R)-4-(2-chloro-6-(1-(methylsulfonyl)cyclopropyl)pyrimidin-4-yl)-3-
methylmorpholine, used as starting material, was prepared as follows:
a) (R)-3-methylmorpholine (7.18 g, 71.01 mmol) and tricthylamine (12.87 mL, 92.31
25 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 MgSO4, concentrated in vacuo and the residue triturated with Et20 to yield (R)-
methyl 2-chloro-6-(3-methylmorpholino)pyrimidine-4-carboxylate (14.77 g, 77%); 'H NMR
30 (400 MHz, CDCls) 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.



o, ou) 1.28 (3H, d), 1.61-1.63 (2H, m, 4-{4-1(3S)-3- 1.71-1.73 (2H,
m, 3.25-3.30 (4H, Met hyl morpholin m, 3.50-3.54 (1H, m, 3.69 (1H,
-4-y1] - 6440 2d)0/0730379- 3. 82 (1H, m), 4.02-4.05 413. 1PCZ/AH009/051755
(et hyl sul fony1l) -

-70-

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, CDCl3) 1.33 - 1.37 (3H, d), 3.31 - 3.38 (1H,
s 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, brs), 437 (1H, br s), 7.16 (1H, s); 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
10 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 MgSO4 and then
evaporated 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, CDCl5) 1.32
15 (3H, d), 2.65 (1H, brs), 3.25 - 3.32 (1H, 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: (ESI+) MH",
244.40.
c) Methanesulfonyl chloride (4.62 mL, 59.67 mmol) was added dropwise to (R)-(2-
chloro-6-(3-methylmorpholino)pyrimidin-4-yl)MeOH (14.54 g, 59.67 mmol) and tricthylamine
20 (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 MgSO4, filtered and evaporated to afford (R)-(2-chloro-6-(3-
methylmorpholino)pyrimidin-4-yl)methyl methanesulfonate (20.14 g, 105%) which was used
25 in the next step without further purification; 'H NMR (400 MHz, CDCl:) 1.33 (3H, d), 3.13
(3H, s),3.27 -3.34 (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, br s), 5.09 (2H, d), 6.52 (1H, s); m/z: (ESI+) MH", 322.39.
d) Lithium iodide (17.57 g, 131.27 mmol) was added to (R)-(2-chloro-6-(3-

methylmorpholino)pyrimidin-4-yl)methyl methanesulfonate (19.2 g, 59.67 mmol) in dioxane
30 (300 mL) and heated to 100 °C for 2 hours under nitrogen. The reaction mixture was quenched

with water (200 mL) and extracted with EtOAc (3 x 200 mL). The organic layers were

combined and washed with 2M sodium bisulfite solution (400 mL), water (400 mL), brine (400



(1H, m, 4.18-4.22 (1H, m, 4.57- cycl opropyl ] pyri 4.59 (1H, m, 6.85
(1H, s), 7.21 mdin-2-y1)-1H (1H t), 7.29-7.31 (1H, ), 7.44-

i ndol e# WoO@o0(0lH303) , 7.55 (1H, d), 8.04 (1H, d), 1PC2ER2004/05%)55
Chiral HPLC. (HP1100 System 4, 5ium Chiral pak AS-H (250nm x 4. 6mm) col um
eluting with iso-Hexane/ Et OH TEA 60/40/0.1) Rf, 11.817 >99%

-71-

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-methylmorpholine (13.89 g, 66%); 'H NMR
(400 MHz, CDCls) 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"

5 354.31.
The mother liquors were concentrated down and triturated with Et20 to afford a further crop of
(R)-4-(2-chloro-6-(iodomethyl)pyrimidin-4-yl)-3-methylmorpholine (2.46 g, 12%); "H NMR
(400 MHz, CDCls) 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), 421 (2H, s), 4.29 (1H, 5), 6.41 (1H, s); m/z: (ESI+) MH",

10 354.31.
e) Sodium methanesulfinate (4.64 g, 45.48 mmol) was added in one portion to (R)-4-(2-
chloro-6-(iodomethyl)pyrimidin-4-yl)-3-methylmorpholine (13.4 g, 37.90 mmol) in 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

15 MgSO4 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-yl)-3-methylmorpholine (7.3 g, 63%); "H NMR (400 MHz, DMSO-ds) 1.21 (3H, d), 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.

20 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-

25 (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
additional 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

30 (100 mL). The reaction mixture was dried over MgSO,4 and concentrated in vacuo. The residue

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

vacuum to afford (R)-4-(2-chloro-6-(1-(methylsulfonyl)cyclopropyl)pyrimidin-4-yl)-3-



a The

2-chl oro-4-[(3S)-3-net hyl nor phol i n-4-y1] - 6- (4- net hyl sul f onyl oxan-4-yl ) pyrim
i di ne, uswOar/Es@Ati ng material, was prepared as fol | oReT/GBR0aV0INISS
tert-butoxide (1.38 g, 14.39 mvol) was added portionw se overa period of 10
mnutes to a cooled (0C) m xture of

2-chl oro-4-[(3S) - 3-net hyl nor phol i n- 4- yi)-- 6-

(et hyl sul fonyl met hyl ) pyrim dine (2.00 g, 6.54 nmmol) and bi s(2-bronoet hyl)
Et20 (2.055 nL, 16.35 nmmol) in DWMF (75 nmL). The resulting solution was

al | oned 48h R , -Siqi : n. HUM. t eygt_-bsy oxi de
(626 g, T B e S ot oo A D e T Lo e
stirred @H, R, ¥.6} - &6 (2ilhey, 3B 3.ThelHritd), drid@ (WHssk hdA (Hldndd it ¥&G1&d ddh vacuo

200 nt) “bifhah SH LR 2 UG TRk Bop T OT Wl Bl

(Myg504) mndigconcentrated in vacuo . Purification by FCC using a gradi ent of
40- 100% Et OAc i n isohexane and crystallisation using EtQAc and i sohexane
provi dedThe ¥MeQdt srother ligw)rs sueretey¢adon yREN andghe nosidue purified by chromatography

y1] - 6- (4 et hyl ; -4 rdnol di o ;- 1.34
(ahy -y orra B! OREbOERRICAL I IEKS0F) ELRs fypESt Hhaodhy BfRinkle itk 1
d;jd)m&ﬂeilre@&ﬂﬂbindd)mdava‘b@ra(téd;p adﬁordg{)&ﬂ.-r(}-éllﬂorm—,(lﬂf. 31 (1H, bs), 6.62 (1H,
s); z: (ESI+) MF1', 376 and .378. The . o 1

2-chl or c{mﬂ[y(lss%f)m@)%{qmmappsﬁml iR=Aaylypymethyimagphalipe 42116 gnit ey c HOWMEpy 1) - py
rimdin i t@yi r a oWs:

oo, 0734%%%@3,%393%%@ égﬁ,_%)é'_lﬂb Wesy RHERD £90 2 6RALLONS3.198H, 5), 3.16

i) 2- Chd orlo2X¢lH, 38) 3 34itetlhid), Boy§ i ol, idd)y, 4- AU HE ), 3eBHyHs dd )i é:10%(hds bsy) 4.4 pyri m d
ine (1.2 g,,3. ) was disso I (20 mL). Sodiumtert-butoxide
(755 ng,(lgzgé’ Wvﬂs’"—%d&ﬁ%%égﬁ ture, followed by dibronpet hane
(738 ng,Exm®ple@2) - The mixture was stirred for 4h and was then heated to
60C overnight. Further sodiumtert-butoxide (378 ng, 3.9 5 mmvol) was then
added, f )z [ (@RD-Bemedrvhmorphiobigd-pd-6-f1-9 ol ) and the mi xture was

mai nt ai | ) was then added and the

sol ut i on—was—warstred -t 2N S treots BUAYE . The organi ¢ sol uti on was
dried (My504) and concentrated in vac Purification by FCC using a

gradi ent of 0-50% Et OAc i n DCM provi dged

2-chl oro-4-[(3S)-3-net hyl nor phol i n- 4-yd3>6- (1- net hyl sul f onyl cycl opr opy1l) -
10 pyrimdine (400 nmg, 31%; 1H NWVR 1|22 (d, 3H), 1.51 (m 2H), 1.64 (m

2H), 3.18 (s, 3H), 3.22 (m 1H), @.4% (N 1k 3.58 (m 1H), 3.72 (d, 1H),
3.93 (m 1H), 4.05 (d, 1H), 4.4L; »ﬁw& 1H; mz: (ESI+) M-I
ot

332. Alternatively, o)
2-chl oro-4-[(3S)-3-net hyl nor phol i n-4-y1] - met hyl sul f onyl cycl opropyl) pyr
i mdine, can be prepared as follows: (50% w w sol ution, 115 g,

2.878'tml ) was added to 2-chl oro-4-[(3S)-3-

met hy| noFnidibemeytidsritheBor{enipalyddsurh 0o (6 b4reteh V113 pywal padi tniey (ldlGexg ] phb&hhdde
mrol ), 1,2- _di bronoet hane (1 3 , 156.98 ). and , TBAB (1,687 5. 23
ol ) 1665 G PirmmoRyert it dairomag BB bR sl ha O e datirab.an

Vat er wWaptdshiam added7andnghe7 ﬁhffﬁdlg SdBpENESIBLIEBOWI(F MbId5E finktte:  The
tol uene extracts were dried (My504) and concentrated in 20 vacuo.

Puri fi catipxme by mEQOndei mgogeng T heliesnlting Superios FroRorddrt OEVC oy hoes.

2- chl or 0+,4- Py .

[ (39) P TR iSRG sy ey R EY RGPy DR B4t B pPSRIgHPR e
(13 9) afigd®.FPhintdl), RtARB{tEpBerIphosphine palladiurnﬁO) (27.5 mg, 0.02 mmol) and sodium
4-14- R3R) - 3- Met h]}d/ll nor phol i n- 4-2/I | -6-[1- (et hyl sul fonyl ) cycl opropyl ] pyri m di
n- 2- y11-carbppaierd gl aqueopsssoBitiop) Q. | pRO sprelherpaddad pudiheeattinge (1. 692
g, 2.41 | ).: -A4-(2- - - : . . :

et i SUPRgH Yy b aCl o T ndin. Th pctipn iy s BHAFEADY (9 00 g,

24. 11 mmakhangt dhrom#d @83/ 0sis 34 BCX/ (SBAQ0.97 {Rptddhixt wad elutedddm 4heyddd@rioni C
acid (4.27 ggiﬁ)s‘V%'Sz nmol ). and. 2M ?queous sodi um carbonate (36.2 ni, 72.33
mol ) 2netiesfsp MBS MePlien 2 M; fractions sompaining pipdudh aereepralynegpand

overnig 3 i i i j: t OAc
(100 o) R g B AR O W e g DO M
separ at ed,wdtérl (t@ertadinghl’o 0gIB ) ang MY aCelutite Faadiobs conrfaienigrpabddt werevacuo on
to silica. The residue was purified by chromatography on silica with an
elution gradient of 0 to 10% Et0OAc in DCM Fractions contai ni ng product
wer e conbi ned and evaporated. The residue was purified by chromatography on
silica eluting with a gradient of 0-25% EtOAc in DCM Fractions cont ai ni ng
product were conbined and evaporated onto reverse phase C18 silica. The

S o o A o - ~NA N o



20 System 4, 5ium Chiral pak AS-H (250mm x 4. 6mm) columm eluting with

i soHexane/ Et OH TEA 60/40/0.1) Rf, 8.815 >99% The

(R) - 4- (2-wbl20r0007803¢ 1- ( et hyl sul f onyl ) cycl opropyl ) pyri m @#Cm/GB29®)058755

met hyl nor phol i ne, used as starting material, was prepared as foll ows:

a) (R -3-nethyl norpholine (7.18 g, 71.01 mmol ) and triethylamne (12.87 ni,
92.31 25 mmol ) were added to nethyl 2.#-di chl oropyri m di ne-6-carboxyl ate
(14.70 g, 71.01 nmol) in DCM (100 nlL). The resulting m xture was stirred at
RT for 18 hours. Water (100 nL) was added, the |ayers separated and

extract e@mWitdd RN AR rkd to dHBess %’fbff&%Glh@ﬁﬂ@Bérﬁﬁodfﬁr(go PHg' QQ‘%‘)”VI?I NM‘!@%@O

concentrated i n vacuo and thé residue triturated with Et20 to yreld (R)-
met hyl 2MHIzl EMS(Mé)Sl Het3 idpolr Phdior hablpg.i 1nd G ﬁé(ﬂicta}ticfk 38k, e) BL2-377 g,

77% ; 1 ) 1 3 m,
A e e e Sl A R U %07( £ 9 ?@%’6?&% ),
4.02 - 4mpa 614365 (TDH ), §R4((1H, $)o7.2$)7. 24¢18i{ nd) 1133413 %1*68? i, $9)11.06 Z:
(ESI+) M-1", 272 WO 2010/ 073034P / GB2009/ 0517 5 0- The liquors
were cordBntk %&E%HT)(M@ #2%8-and purified by chromatography on silica

el uting ])&azg lg;qbadl ent of 20 to 40% Et OAc in isohexane. Fractions

cont ai ni wer e conbi ned and evaporated to afford (R)-nethyl

2- chl orc2-Me(tBylnE-{hﬁBRmeheihyhﬁ))mrdhmdyl]i&H- carboxylate (1.659 g, 9% ; 1H
NVR (400 ))2 - 3.31 -3.38 (1H, 5 nm, 3.52 - 3.59
(1H n, (nseﬂ@ésulf@y# yilﬁpromlpygnv in- 2‘31}813[{'("141?1‘*@ 3.98 (3H, s), 4.02 -
4.05 (1H, m, 4.12 (1H, br s), 4.37 (14|, br s), 7.16 (1H, s); nmz: (ESI+)
M-1", 272.43. b) Lithium borohydri{ 2Min THF (18 ni, 36.00 mmol) was
added dropwi se to (R)-nethyl

2- chl or 0- 6- ( 3- net hyl rmrphollno)pyrlmdNne 4-capboxylate (16.28 g, 59.92
nmmol) in THF (200 nL) at OC over @ p of =80 m nut es under nitrogen. The
resul ting solution was io stirredgat ll0 & faol 38HM nutes and then allowed to
warmto RT and stirred for a furth 18 hg . Water (200 nmL) was added and
the THF evaporated. The aqueous [fayer was ex¥racted with EtOAc (2 x 100 ni)
and the organi c phases conbi ned, dried over MgSO4 and then evaporated to

af f or do (I’ -Elg(dqh]le@ylph&phamm@ﬁhydnﬂmaHMhmrmodedﬂ1d 168 -rdg, Y010 2Ma Bid ] )(vidb. doded),
100% whi ch was n the next_ st ut purjficagion; 1H N 400
MHz, CDC28)d dogasged wi t(oswf Zopethyl- é@-l(l%h 4 ﬁlrtrlgkyor@@z@ne%%osigte((i%@ mgy 0.4

3.57 (1 4 32
(1H br "1'131 EQ) b1§@§{acola§2€1@oﬁoﬁ%ll§%§ @4% %mflﬁ-lgj l,p)bls(éspﬁély‘l%_lfbsﬂ%né)%&roc%e

Met hanes(dllz Démlyg 0diRl romoben( Ho6Gsind,ac&9te@T2hmgl ).2%@asmaldl dediodmp(\ﬁnnsle) ll;mier

R -(2- chl hy! nor phol Ldin-4: y1) NeOH 59. 67
A S e e et i Atk RS AT R TR o o TR PR
over 3s QefctiBgsudonPl) sk &SA)p hﬁlldlﬁ%mr}getﬁ%wrpmlnwmﬁl 10 89l n@ﬁol?S C for

90 mi nutes. The reaction mX was quenched with water (100 ni) and
extract etdtra/kls(tnnb@]wlplzoSzohmelpaﬂtc}lumﬂ(}ie(%ﬁ@;afrg 0.03ameb ane sedivmrasiheaste (@M ed

SOt fil d 3.
eyl earirsisb G A 2 PR EF b hafed Riheblibs EuBReREE bl Thgo,
whi ch wasadiinaanizfuré Wat hen paxficd by pnvxthaigt chtomdiasn ra];ihyr uimg‘.aﬁ RO colimMIVR

(400 MHz, CDC13) 1.33 (3H, d), 3.13 (3H, s), 3.27 - 3 Qé ., 3.51 -
3.57 (1Hhedesirgl gduct avapglytadfromythe eolmn using 2850 719 NIg3/M IdsnPEM , 4.34

1H, I
Lt hi o f?%s o Oyl gy 82 by DT Gron bR Ml o i olrf%?gy(
met Ih§/| _nqrrgﬂ_mdttmdi%%@ ugﬁgg ldaniréasmig)lyrﬁblla%dnéxr?ﬁeh afiesuet ]gamnaat;&ng 1% ]ﬂHgéarﬁﬁMﬁ@N
i n di oxane a eat e or u nder
mr ogerf:S CTEaLsy E@e&@wom%&lw @rq%a%t e ek @egﬂ?‘ﬁe‘O@P@FeJFtQGéfs Fi?leé]ﬁ]&
extract g ohﬁ'd izf% » "B )100 e, PNggoL d%) h%‘%ﬁﬁ (ge!i %30105%2@13%83“

washed w t odi Gm bi s‘l‘f“t_ solution (400 miL rine
(400 WO. "2491(70(1221301&91,90114’ (GBQ@I)Q/ZYSS.ZSBIH m} 3rﬁ9)(3Hg s)eal 58y e, WQ;S% (dhi;l ddhen

(eé?pirz{" B0 R AR AT LI P s S Eest) §isad B 08 g

062 ThNYR o400y ag (GG 0B c(d?"il@?ﬁ_lH? sfiusy @583 itttaomyo, 3. 51 -
358(1H - 3.98 - 4.02 (2H, rr) 4.21
(2H, s), 4.29 (1H, s), 6.41 (1H, s); mz: (ESI+) WH 5 354.31. The not her
|l i quors were concentrated down and triturated with Et20 to afford a further
crop of (R)-4-(2-chloro-6-(iodonethyl)pyrimdin-4-yl)-3-nethyl norpholine
(2.46 g, 129%; 1H NWR (400 MHz, CDC13) 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, s), 6.41 (1H, s); mz: (ESI+) MH, 10 354.31.




e) Sodi um net hanesul finate (4.64 g, 45.48 mvol) was added in one portion to
(R)-4-(2- chloro-6-(iodonethyl)pyrimdin-4-y1)-3-nethyl norpholine (13.4 g,
37.90 mowd 2010/@BMB4( 100 nL). The resulting m xture was PCIrMBRM%ABS125 C for
2 hours. The reaction mxture was diluted with DCM and washed with water (2
x 100 nlL), Ag sodiumthiosul phate (50 nL), dried over is M504 and
concentrated in vacuo. The residue wasy4riturated with MeOH to give a solid
whi ch was dried under vacuumto afford

(R) -4-(2-chl oro-6-(met hyl sul fonyl met hyl ) pyri m di n4-y1) - 3- et hyl nor phol i ne
(7.3 9, Pe¥ple BgNVR (400 MHz, DMSO-d6) 1.21 (3H, d), 3.12 (3H s), 3.24
(1H, t)f‘?‘ﬂ%“‘3'49 (1H, td), 3 58 - 3.62 (1H m, 3.74 (1H d), 3.93

-4. 40 (3H4-IPR)-3-MethyhHorp; S glopropgl Ivwanigin-2x4

not her If uer Sepere, pu i.fi ed by chronatography on S|I|ca mnth an elutlon
grad|enblg¥4§§—£§—§@&¥E¥§Ac i n isohexane. Fractions containing product were
conbi ned and evaporated to afford a %?b her crop of

(R)-4-(2-chl oro-6- (et hyl sul fonyl nmet )pyri m di n-4-y1)-3- rmethyl nor phol i ne
(2.0 g, 17%9; mz: (ESI+) VH 306. 12. A 50% aqueous sol ution of NaCH

mmol ), 1,2- di bronoethane (3. 41 .HQ @l NHand t et rabutyl ammoni um
brom de (1.277 g, 3.96 mml) in tb nL). The resulting slurry was
stirred at 60 C for 3 hours and then an add&ti onal portion of

1, 2-di bronpet hane (1 nL) was added and the xture stirred for a further 1
hour. EtO0Ac (200 nL) was added and the nixt”re washed with water (100 nlL)
and brine 30 (100 nL). The reaction m xture was dried over My504 and
conceni raf- Qﬁs(:dibh\éﬁﬂidﬁospi{%gf"eﬁr@&éi’l'é&cﬁ‘l%%o fsamahuﬁm@qlcm&amé{%% é&n;qemsal solid

whi ch was col |l ect ed by f ration and dried undér vacuumto af

(R) - 4- ( mgH).&r mn®l) Waq adeieth jd 4brdroeny Hyingele dpeasharitriby ¢ li0fina, rﬁl%mm)ol);a- WD

2010/ 073054 CRROMTRLIRS o, TERIMIRCAIARS | o &ty W

3.16 - Highnt %fknﬂ)dlhder%&&geﬁﬁ%e febultidg 4ds ﬂd’rbn IVQQ stu’?ed5ﬁ 9024, foﬂ@hour@ (n? (1H,
d), 3.93 (1H, dd), 3.98 - 4.10 (1H, 1 (1H s). 6.93 (1H, s

(ESI +) ME -Ch@526z(11 (nﬁthmélf%ﬂwymm )pyﬂmwfl@-%vé) é-m@@ﬂa@aphqlﬂnvé 3fomand
of 1077 R b R AT RIAARIN.d i ®h 147E2ll 8 At A AREET 20

evapor ateatbdnated? Modqaic§iR) sodkitiod) (828 @k 61.63 mmol) were added and the resulting
(nethylsulfonyl)cycloprop | ) pyrimdin-4-yl)-3-methyl norphaline (2.16 g,
1699 ;  1HUNMRSIOR OGS piF Eﬁ\%oc%r 13 hoyrs( Bh§ reggtiongmiggyire was purified py n, 1. 59 -
1.68 (2 ) 58
(1H d d;%xcﬁgn%? %?%&a&%‘r‘?p@: 553}?% %—Ig ,Ség d%Ohﬁﬂg gﬂ I{eéldfﬂré Srodfl)’ct%v%s %?:J_Ed frg\%)the?‘G 93
(1H, s) ;coldmn ugigSLe% TMEN HS/M%Q)Hliﬁh DeNbipkeos. c@;ﬁtammg product were combined and

6-|\/Eth 3- th lin-4-y1]1-6-[1-.. . . .
Ot bt it TS oY p iR omatsitenRy b Ailige plutingpyith ayggadient of 5
Tri s(di hgnay] E/RQERGSIRR& Fﬁ@hémomﬁﬁhg fn%dﬁét Wke cgrnﬂafh'eﬂ Iaﬁdi SvadBthted to

tricycl ohexyl phosphi ne (10.68 ny, nmol ) were added

4- br ono- aéfométhwnlelqelmmdml élZQm@G?@ﬁ) bﬂm&m Mﬂzopaé&wm hee(H.aD( 611 ny,

undier i ¢ Q@Pm%?]gl?rgz()ﬁ@?ﬁ%? gbggen*s o it BEBT ey D P et ™

20 3 81 (1H, d), 4.02 (lH dd) 4.23 ﬁlH d), 4.57-4.65 (1H, m), 6.93 (1H, s), 7.44-7.47 (1H, m),
(R-4 - Chl or o- 6- éS t hyl su foné cl opropyl ) pyrim i n- 42¥1 - 3- et hyl no
Dol 71 (L6815 00-5405 At Bt Ukad 56 BHAr! BASET hidTh i eakis ur 0y

27.5 , 0. : m.,
( g Oﬁl@%ﬁl&‘)ﬂ/g& H@Bﬁh&%&@ﬁaf%@%% G2ILRAYEIYS 1R \{ﬂb‘&lb&@lsg%gggﬁ% o

1.90 mml) were e e resu suspensi on-was Irre

18 hour sExafilpée B.64aisimn (Rj-44( 2HcRlovaS- (Nmbﬂiyisdlfbtyylb@nlo@m;ﬂya)pgtemﬁim-érgﬁ)-egr aphy,
using an SCX col u The product was el ute fron1t e colum 25 using 20% 7M
NH3/ MeOHP$tRY Wﬁ@??gﬁémégﬁF%WﬁWEﬂnwﬁgéﬂEPmﬂEW8econblned and evapor at ed.
The resi due was purlfled by preparative HPLC using decreasingly polar

m xtures of water (containing 1% NH3) and MeCN as el uents. Fractions
contai ni ng product were WD 2010/ 073034PCT/ GB2009/ 051755 -73- conbi ned and
evaporated to dryness to afford the title compound (50 nmg, 25%; 1H NWR
(400 MHz, DVMBO-d6) 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 (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 5 (1H,
s); mz: (ESI+) M-11 427.19. Exanple 3.03

2 thhyl 4 14 [(3R) 3 nethyInDrpholln 4 yl] 6 [1-




10 1, 1' - Bi s(di phenyl phosphi no) f errocene-pal | adi um di chl ori de (17.68 nyg,
0.02 mmol ) was added to a degassed sol ution of
2- met hyl -wek2010d03634-yl tri f | uor omet hanesul fonate (120 ngPCO/GRROWNSIL)SS

bi s( pi nacol at o) di boron (115 ng,

0.45 mmol ),

1,1' - bi s(di phenyl phosphi no)ferrocene (12.04 ng,

acetate (127 ng,
resulting mxture was stirred at 90 C for 5 hours.
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(R -4-(2-Chloro-6-(1- 15

0.02 mmol)
n)]1(1.000 m., 2 mmol) were added
ion mxture was then purified
usi ng an |SCX col um. The desired product
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ted. The residue was purified
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|l z1 a, .. 1.29 (3H d), 1.60-1.64 (2H, m, 1.71-1.75 (2H, nm), 3.26

(3H, s), 3.27-3.30 (1H, m, 6-chl oro-4-14-[(3R)-3- 3.53 (1H, td), 3.67
(1H, dd),wo0 2010/073034 PCT/GB2009/051755
-76-
m/z
Ex. L
N R1 Name H NMR (ESI+)
0.
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 (1H, td),
= 3.67 (1H, dd), 3.80 (1H, d),
3.83 BH, s), 4.02 (1H, dd), | 443.14
4.20 (1H, d), 4.57-4.64 (1H,
_0 -methoxy-4- (4-[GR)3- m), 6.85 (1H, s), 7.08 (1H,

d), 7.20 (1H, 1), 7.31 (1H, 1),

7.70 (1H, d), 11.04 (1H, s)

3.07

methylmorpholin-4-y1]-6-[1-
(methylsulfonyl)cyclopropyl]pyrimidin-
2-yl}-1H-indole

Example 3.08
4-{4-[(3R)-3-Methylmorpholin-4-yl]-6-[4-(methylsulfonyDtetrahyvdro-2H-pyran-4-

.

vllpyrimidin-2-vyl}-1H-indole

9 | N —
NH
g/s N/
@]

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-yl)-3-
methylmorpholine (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 hour in a
microwave reactor and then cooled to 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 dissolved in DMF (2 mL) and then purified by preparative HPLC using decreasingly polar



met hyl nor phol i n-4-y1]-6[1- 3.81 (1H, d), 4.01 (1H, dd), 3.05 447. 13
(met hyl sul fonyl ) cycl opropyl ] pyrimdin- 4.20 (1H, d), 4.55-4.64 (1H,

2-y1l}- 1HwWodoloan78934 6. 90 (1H, s), 7.32 (1H, t), 7.5PCTAHE200905173559 (1H,
dd), 8.00 (1H, d), 11.40

-77-

mixtures of water (containing 1% ammonia) and 3:1 MeOH:MeCN as eluents. Fractions
containing the desired compound were combined and purified by ion exchange
chromatography, using an SCX column. The desired product was eluted from the column using
7M NH3/MeOH. Fractions containing the desired compound were combined and evaporated to
s afford the title compound (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 (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-(methylsulfonyl)tetrahydro-2H-pyran-4-yl)pyrimidin-4-yl)-3-
10 methylmorpholine, used as starting material, 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-bromocthoxy)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 cluted from the
column using 7M NH3/MeOH. Fractions containing product were combined and evaporated to
afford (R)-4-(2-chloro-6-(4-(methylsulfonyl)tetrahydro-2H-pyran-4-yl)pyrimidin-4-y1)-3-

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

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

L

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

T
— ~
O// N

0

25 Tris(Dibenzylideneacetone)dipalladium(0) (7.32 mg, 8.00 umol) and tricyclohexylphosphine
(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



(1H, s) 1.28 (3H, d), 1.60-1.65 (2H, m, 1.71-1.76 (2H, m, 3.24-
3.29 (4H, m, 3.53 (1H td), 3.67 (1H, dd), 3.81 (1H d), 4.01 (1H,
dd), 4.22v02D2bio/ad}3034 PCT/GB2009/051755

78-

dioxane (8 mL) under nitrogen. The resulting suspension was stirred at 90 °C for 6 hours. (R)-
4-(2-Chloro-6-(4-(methylsulfonyl)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
s 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 MeCN as eluents. Fractions containing the desired compound were
combined and evaporated to afford the title compound (65 mg, 26%); "H NMR (400 MHz,

10 DMSO-dg) 6 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 (1H, s), 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 (1H, s); m/z: (ESI+) MH", 471.20.

Example 3.10
15 2-Methyl-4-{4-[(3R)-3-methylmorpholin-4-yl]-6-[4-(methylsulfonyl)tetrahydro-2H-pyran-

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

[o

Nj\

e 0N F
///S N/ A

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 trifluoromethanesulfonate (80 mg, 0.29

20 mmol), bis(pinacolato)diboron (76 mg, 0.30 mmol), 1,1'-bis(diphenylphosphino)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-
(methylsulfonyl)tetrahydro-2H-pyran-4-yl)pyrimidin-4-yl)-3-methylmorpholine (108 mg, 0.29
mmol), tetrakis(triphenylphosphine)palladium(0) (16.55 mg, 0.01 mmol) and sodium carbonate

25 (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 purified by preparative HPLC

using decreasingly polar mixtures of water (containing 1% NH3) and MeCN as eluents.



4.55-4.65 (1H, m, 6.89 (1H, s), 7.31-7.34 (1H, m,
6-fluoro-4-14-[(3R)-3- 7.34-7.37 (1H, m, 7.47 . NH 3.06 , O

met hyl nrorwbabiomn7desyl] - 641-[ 1 (et hyl sul f onyl ) cycl opr opyIPLpyGB2009di5m?s55
2-yl}-1Hindole (1H, t), 7.83 (1H, dd)11.32 , (1H, s)

10

15

20

25

79

Fractions containing the desired compound were combined and evaporated to afford the title
compound (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, d), 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 (1H, m), 6.68 (1H, s), 7.06 (1H, s),
7.19 (1H, t), 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-yl]-6-[4-(methylsulfonyl)tetrahydro-2H-

L

pvran-4-vllpyrimidin-2-vl}-1H-indole

9 | N —
NH
g/s N/
@]
_0O

1,1'-Bis(diphenylphosphino)ferrocenedichloro palladium(Il) 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-(methylsulfonyl)tetrahydro-2H-pyran-4-yl)pyrimidin-4-yl)-3-
methylmorpholine (139 mg, 0.37 mmol), tetrakis(triphenylphosphine)palladium(0) (21.38 mg,
0.02 mmol) 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 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 (26 mg, 14%); "H NMR (400 MHz,
CDCls) 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 (1H, m), 3.78 - 3.88 (2H, m), 3.91 (3H, s), 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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PCT/GB2009/051755

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

Example 3.11, using (R)-4-(2-chloro-6-(4-(methylsulfonyl)tetrahydro-2H-pyran-4-

yl)pyrimidin-4-yl)-3-methylmorpholine and the appropriate substituted 4-bromoindole.

Ex.
No.

R1

Name

'H NMR

m/z
(ESI+)
MH*

3.12

NH

Cl

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

(methylsulfonyl)tetrahydro-2H-
pyran-4-yl]pyrimidin-2-yl}-1H-

indole

1.41 (3H, d), 2.54 - 2.60 (2H,
m), 2.71 (3H, s), 2.77 (2H, d),
3.36 - 3.50 (3H, m), 3.61 (1H,
1), 3.75 - 3.89 (2H, m), 3.99 -

4.10 (3H, m), 4.22 (1H, d),

4.49-4.53 (1H, m), 6.71 (1H, s),

7.26 (1H, s), 7.34 - 7.36 (2H,
m), 7.50 (1H, s), 8.13 (1H, s),
8.31 (1H, s)

491.15

3.13

6-fluoro-4-{4-[(3R)-3-
methylmorpholin-4-yl]-6-[4-
(methylsulfonyl)tetrahydro-2H-
pyran-4-yl]pyrimidin-2-yl}-1H-

indole

1.40 (34, s), 2.55 - 2.64 (2H,
m), 2.72 (3H, 5), 2.78 (2H, d),
3.38-3.51 (3H, m), 3.62 - 3.69
(1H, m), 3.78 - 3.82 (1H, m),
3.88 (1H, d), 4.05 - 4.12 (3H,
m), 4.21 (1H, d), 4.50 (1H, s),
6.71 (1H, 5), 7.22 - 7.25 (1H,
m), 7.32 - 7.37 (2H, m), 7.95 -
7.99 (1H, m), 8.32 (1H, s)

475.19

NVR m z



m,
dd),

d),

1.70-1.75 (2H, m,
3.80 (1H, d), 3.
4. 57-WO0ad10(0b)34

3. 23- 3.29 (4H,

m,

3.52 (1H, td),

07 3.83 (3H, s), 4.02 (1H, dd), 443.14

6- net hoxy-4-14-[(3R)-3- m,

3.67 (1H
4.20 (1H

6. 85 PCHGHEYP(9/081138 ( 1H,

_81-
m/z
Ex. 1
R1 Name H NMR (ESI+)
No. .
MH
1.41 (3H, d), 2.57 - 2.64 (2H,
m), 2.72 3H, s), 2.74 - 2.79
(2H, m), 3.39 - 3.50 (3H, m),
— 4-{4-[(3R)-3-methylmorpholin-4-
1 NH 1614 3.63-3.71 (1H, m), 3.79 - 3.82
Y (1H, m), 3.89 (1H, d), 4.07 -
3.14 (methylsulfonyl)tetrahydro-2H- 482.19
4.14 (3H, m), 4.21 (1H, d), 4.50
pyran-4-yl]pyrimidin-2-yl}-1H-
Il (1H, s), 6.75 (1H, ), 7.45 - 7.50
N 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-vl]-6-[4-(methylsulfonvl)piperidin-4-yl]pyrimidin-2-vyl}-

1H-indole

.

@ N
g/s N/
N
H

NH

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

methylmorpholino)pyrimidin-4-yl)-4-(methylsulfonyl)piperidine-1-carboxylate (150 mg, 0.32

mmol), 2M aqueous sodium carbonate (125 ul, 0.25 mmol) and

dichlorobis(triphenylphosphine)palladium(ll) (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 mixture was applied to a SCX2

column and eluted first with MeOH (2 x 25 mL) followed by 10% 7N ammonia in MeOH/90%

MeOH (2 x 25 mL). Fractions containing product were combined and evaporated. The residue

was dissolved in MeOH (5 mL) and 4N HCl in dioxane (1.5 mL) added. The mixture was

15 stirred at RT overnight. The mixture was evaporated and the residue dissolved in a mixture of



met hyl nor phol i n-4-y1]-6[1- d), 7.20 (1H, t), 7.31 (1H, t), 7.70 (1H,

d), 11.04 (1H, s) (met hyl sul fonyl ) cycl opropyl ] pyri m di n-

2-y1} - 1H-Wwoadolow73034 Exanpl e 3. 08 PCT/GB2009/051755
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in one portion to
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chr omat a@haphed, anbl%lvﬁ![ﬂ)r@ted &fo&@ heitle ddhepodiag (3PP EHCH NWIR NHR @botvedzfrom
t he col urm usi n OH and fracti ons contai ni Fﬂﬁ)ro oroduct were combi ned

and evapdMaCe q‘ﬂ?e@ﬁeé) G vhE Bt g0 ¢dd (1 H, DV-81 & %%t 3R 2Epunk.f i ed
% D 89%%%@ @%g?@%@g?@%ﬁ% PRIMAPS!I AT 1 HYRY), 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, 5), 7.20 (1H, t), 7.28 - 7.31
(1H, m), 7.47 (1H, 1), 7.55 (1H, d), 8.11 (1H, d), 11.29 (1H, s); m/z: (ESI+) MH", 456.61.

Example 3.16
10 4-{4-[(3R)-3-Methylmorpholin-4-yl]-6-] 1-(methylsulfonyl)cyclobutyvl]pyrimidin-2-yl}-1H-

.

indole

07N F
NH

///S N/

0O

Dichlorobis(triphenylphosphine)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-methylmorpholine (40

15 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 a 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

20 compound were combined and evaporated to afford the title compound (25 mg, 51%); 'H
NMR (400 MHz, CDCls) 1.39 (3H, d), 2.02 - 2.05 (1H, m), 2.30 - 2.33 (1H, m), 2.76 (3H, s),
291-2.97(2H, m), 3.12-3.19 (2H, m), 3.36 - 3.43 (1H, m), 3.60 - 3.67 (1H, 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, t), 7.33 (1H, t), 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.

25 The (R)-4-(2-chloro-6-(1-(methylsulfonyl)cyclobutyl)pyrimidin-4-yl)-3-

methylmorpholine, used as starting material, was prepared as follows:
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6- Met hyIMliI {%6[({83R) 3- net hyl nor phol i n-4-y1]-6-[ 4- (et hyl sul fonyl )tetrahydro
-2H pyrquém,y#]kgylrm mdin-2-yll--1Hindole 25

Tri s(Di benzylT deneacet one) di pal | adi um(0) (7.32 ng, 8.00iunol) and

tri cycl chidid-(Exctoprionslsulfonyl)cyclopropyl]-6-[(3R)-3-methylmorpholin-4-yl]pyrimidin-2-

yl}-1H-indole
[O
Nj\

NH

15

Dichlorobis(triphenylphosphine)palladium(ll) (4.96 mg, 7.07 umol) was added in one portion
to (R)-4-(2-chloro-6-(1-(cyclopropylsulfonyl)cyclopropyl)pyrimidin-4-yl)-3-methylmorpholine
(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
20 heated to 90 °C for 1 hour and then allowed to cool to RT. The mixture was diluted with
EtOAc (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 elution gradient of 0 to 100% EtOAc in isohexane. Pure
fractions were combined and evaporated. The residue was purified by preparative HPLC using
25 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

(118 mg, 38%); "H NMR (400 MHz, DMSO-d) 0.93 - 1.03 (4H, m), 1.28 (3H, d), 1.61 - 1.66



(11.96 ng, 0.04 nmmol) were added to 4-brono-6-nethyl-1Hindole (112ng, 0.53
nmmol ), potassium acetate (78 ng, 0.80 mmol) and bi s(pi nacol at o) di boron (149
ng, 0.59 worbjo/a7s034\WO 2010/ 073034PCT/ GB2009/ 051755 - 78- PATwE20@/0(587581)

under nitrogen. The resulting suspension was stirred at 90 C for 6 hours.
(R)-

4-(2-Chl oro-6-(4-(nmethyl sul fonyl)tetragydro-2H pyran-4-yl)pyrimdin-4-yl)-3
- met hyl nor pholine (200 ng, 0.53 mmol),

tetraki s(tri phenyl phosphi ne) pal | adi um(0) (30.8 ng, 0.03 nmol) and sodi um

car bonat@ep( &l pasiepys (§H|1‘ﬂ? 209y - { 84 PAY %32% B33, Wk §sehred Bd the

resul ting suspension was stirred at 90 18 hours.” The reaction mxture

was fil tvestecsigiial.cutth- A500HTmah 30645060 GTEEN) 8180 ¢ HH atkd3 Q9 p4.A3n[1Bl, mipt.$He

Gacr oasi gt 9 Aordd infk BURaA0D aaP el Sont 46 156 T8k iy EraMPsg -

el uent s.8. Fr ad, In(iJ)n$]QQ)I(IIH.I§)iM (Ergﬁ pﬁrr 8gh. gpnpound were conbi ned and
evaporated to afford the title corrpound éf , 26% 1H NMR (400 MHz,

| c) DI\/SO d6) elhe (Ry-4¢@rhleyy-6-0-@yclopmpylyu l)cwybp@ps pyrapiding$-ylp3-87 (3H,

52 - 3.59 (1H,
2 6o g“‘(fﬁﬁzlﬂ?h%%e Gegy® t%%n%wte@%% pgfgp%é‘ha %" wE 401 - AT ( ?H,
m, 4. 3Ja)( 1H saﬂi)um éy@&pmpdhe@vﬂﬁﬁétbi(l 889 g 61O (nixtcu) \sas adﬂedan «61ie|-port1()n to(R34
(1H, s), 91 (1 m, 11.12 (1 S); (ESI+) MF1',
471. 20. %%pr@ @(19@0mq_t§yl)pyrlm1dln -4-yl)- 3 -methylmorpholine (3 g, 8.48 rnrnol) m MeC

2- Met hyl g4 n>{/[[‘5 ak RIS ¥k glnﬁq?{uﬁ)é"%é %rfledylﬁﬂdeﬁn&régéﬂ@tz%@ﬁtsﬁé!rﬁ@ﬂb{ﬁr)stﬂ{er ahydro

- 2H pyran4-yl'] pyri m di n- 2- 1H1n
1,1 -B sreahtqohelmytup@waphvapoya&@imah@mspiab desdolued o REMb1i2Genl()1 Thd Solntgon 0. 01
mml)wasadddtoad ed so

et hy S A Y TSP SR AReS A Sie Disstitaplutong 25 iae

bi s( pi n%ﬁl&@f&@%ﬁh@ﬂ&@@nﬁ 7@h@grgaﬁlc?t£)ye@mkhned over MgSO04, filtered and then
1, 1" - bi s(di phenyl phosphi' no)ferrocene (8.03 0.01 mml) and potassi um

acet at e qvaporagd. Hle%smln@vv)ls iriudiedwelffe @@yhﬁﬁmﬁd@he mlxmtﬁgféltﬁr@shd" hetyelid

| t - Chl 6- (4-
E(ranse'tjhy: guefs %aﬁyle(;?v ﬁ%@g rr@ﬁngyreélna}r%n A yr| r?f@négR%}_ﬂL -3- et h;lr?mr pl(’10| i ne
( 108 ny, (cgae181&oﬁ5ar@lh1}“onyhﬁéth§15pﬁﬁﬁlmrp 9 ﬁféﬂ@mhb@ﬁbm@é (2850w Ys) WhchSPasy,

01 nmol ) and sodi um carbonat e 25 M aqueous sol ut | on}?3 1. 000 nL

|
were addsed ahféieﬁ@srtsmgwéw fHthea pyid ca@@nh&hHM_W@ Mikt Qvdls) G?ﬁtw%mné
th T f

toor cas, by BhoCp2 TROS (B, Y9 JEGIRU 265 BY (RESRA S 2T i s 30

el uent s. (lH\/ﬁ),ZDi@l 863084 AGY,/3GRRA0DHNBINES53. 97 @2H, Fnpdtsil (e, bios)f 44M{2H, hhe

desired conmpound wer conbl ned_and evaporated to afford the title conpound
(40 g, 63%5 1H, $)4 WI% Milz 33¢H813) 1.40 (3H, d), 2.52 (3H, s), 2.54 -

(2122 (z@%) A%()O?laqgé&hs s%)ur‘gr})oﬁ o??{ab%szllﬂiﬂw%s Aticd t§(}§)2416§[4h12@2 & (133 i 3 69

4.53 - é(cﬁﬂomrﬂ)pylsutfqnyﬁnﬁﬁylomfﬂ;mlﬁ)nA le)%n(eﬂhy,lmsmhoﬁnﬂ(@g n{gl H,96tthmolp, B2- ( 1H

d. 8. 04 rornoeﬁl)ahe a) 116A9 rnL 1 &g rn(mol) arrlg tetrn{)uz[ylaglmomam [\t{rFomlde %6731 1 mg, 8%' ©
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

25 dried over MgSOy, and evaporated onto silica. The residue was purified by chromatography on

silica with an elution gradient of 30 to 60% EtOAc in DCM. Pure fractions were combined and
evaporated to afford (R)-4-(2-chloro-6-(1-(cyclopropylsulfonyl)cyclopropyl)pyrimidin-4-yl)-3-
methylmorpholine (545 mg, 78%); 'H NMR (400 MHz, DMSO-d;) 5 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

30 -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, br s), 4.39 (1H, br s), 6.99 (1H, s); m/z: (ESI+) MH", 358.43.



6- Met hoxy- 4- 14-[ (3R) - 3- net hyl nor phol i n- 4-y1] - 6-[ 4- (et hyl sul fonyl ) t et rahydr
0- 2Hpyran-4-yl ] pyri mdi n-2-y11- 1H i ndol e io

1, 1' - Bi s(wophsmysqshosphi no) f errocenedi chl oro pal | adi un{ PCY/GH206W 51 38€t hane
conplex (40.6 ng, 0.06 nmol) was added to a degassed sol ution of

4- br ono- 6- net hoxy- 1Hindole (84 ng, 0.37 mmol), potassium acetate (54.5 ny,
0.56 mmol ) and bi s(pi nacol at o) di boron_gs103 ng, 0.41 nmmol) in dioxane (5 nl)
under nitrogen. The resulting suspension was stirred at 90 C for 3 hours.
(R) -4-(2-Chl oro-6-(4-(met hyl sul fonyl)tetrahydro-2H pyran-4-yl)pyrimdin-4-y
1) -3- 15uwbisl3ng pholine (139 ng, 0.37 mmol),

t et raki s(tri phenyl phosphi ne) pal | adi un{0) (21.38 ng, 0.02 mmol) and sodi um
car bonat4e{4-P Grolennopvisulfemylipiperidinzi ol 16 [ (3R)-38nethy 0 pvrimitlinh e

resul ti rg @gigngi!on was stirred at 90 C for 18 hours. The reactin m Xt ure

was fil terda—tHegh a what man 0. 45um PTFE filter and a pl thiol np spe
cartridge. The crude product was purifi by preparative HPLC using
decreasingly polar m xtures of water 20 (¢ontaining 1% NH3) and MeCN as
el uents. Fractions containing the desi npound were conbi ned and

evaporated to afford the title conpound ](26 ng,
CDC13) 1.40 (3H, d), 2.54 - 2.62 (§H,
- 3.52 (3H, m), 3.62 - 3.68 (1%, &
4.04 - 4.11 (3H, m, 4.22 (1H )¢’ . 1H, m, 6.70 (1H s), 7.05 -
7.06 (1H, n), 7.23 - 7.24 (1H, n), (7.28 - 78 (1H, m, 7.89 (1H 25 d),
8.23 (1H, s); mz: (ESI+) M-I", 487H20. - 80- The foll ow ng
conmpounds were prepared in a simlar way to the nmethod described for
Exanpl & Sichibrotisir Iphosphine)palladium(1l) (3.64 mg, 5.19 umol dded i rti
(R -0~ (2 SRS s phosphineinelfadivan(1h, 364 3L%5pnal) s added in one portion
yl) pyri rodRjreseYityt 84 Irehloyd-6ro3-pieshylmerphiednepgriapdbndpyl)-dt e substituted
4-br Om)l(Q}galo&bpﬁgﬂfon%piplygdin@l -cl\all?r'bnoexy}ajfé d%"?{'?né? OZSZ(rIIEHSnIoT)Z 2M a{queous sod{un% I a,
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 heated to 90 °C for 1 hour and then loaded

10 onto an SCX column. The column was eluted first with MeOH and then with 7N NH3/MeOH.

149 : 1H NMR (400 Mz,
3H, s), 2.79 (2H, d), 3.37
8NH2H, m), 3.91 (3H, s),

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 layer 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 ion exchange chromatography, using an SCX
15 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-ds) 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 -
20 3.27 (1H, m), 3.54 - 3.58 (1H, m), 3.69 - 3.72 (1H, m), 3.81 (1H, d), 4.01 - 4.04 (1H, m), 4.27
(1H, 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.
The (R)-tert-butyl 4-(2-chloro-6-(3-methylmorpholino)pyrimidin-4-yl)-4-
(cyclopropylsulfonyl)piperidine-1-carboxylate, used as starting material, was prepared as
25 follows:
a) A solution of (R)-4-(2-chloro-6-(cyclopropylsulfonylmethyl)pyrimidin-4-yl)-3-
methylmorpholine (865 mg, 2.61 mmol) in NMP (10 mL) was treated with sodium hydride,



.. 1.41 (3H, d), 2.54 - 2.60 (2H, m, 2.71 (3H, s), 2.77 (2H, d),
6-chl oro-4-14-[(3R)-3- 3.36 - 3.50 (3H, m, 3.61 (1H,
met hyl norwbabion7de3yl] -6[4- t), 3.75 - 3.89 (2H, ), 3.9PCIT/GRRIWA51755
(et hyl sul fonyl )tetrahydro-2H 4.10 (3H m, 4.22 (1H d), 491.15
pyran-4-yl]pyrimdin-2-y1}-1H 4.49- 4.53 (1H, m, 6.71 (1H, s),

-86-

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-chloroethyl)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

s 80°C for 1 hour; the mixture was then allowed to stand at RT 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, filtered, and then concentrated onto
silica. The residue was purified by chromatography on silica eluting with a gradient of 10 to

10 70% EtOAc in DCM. Pure fractions were combined and evaporated to afford (R)-4-(6-(1-
benzyl-4-(cyclopropylsulfonyl)piperidin-4-yl)-2-chloropyrimidin-4-yl)-3-methylmorpholine
(976 mg, 76 %); "H NMR (400 MHz, DMSO-ds) 0.70 - 0.77 (2H, m), 0.90 - 0.96 (2H, m), 1.18
-1.21 (3H, m), 1.78 - 1.88 (2H, m), 2.09 - 2.16 (2H, m), 2.55 (1H, m, partially obscured by
DMSO peak), 2.78 - 2.84 (4H, m), 3.17 - 3.23 (1H, m), 3.36 (2H, s), 3.43 - 3.50 (1H, m), 3.60 -

15 3.63 (1H, m), 3.73 (1H, d), 3.92 - 3.96 (1H, m), 4.07 - 4.13 (1H, m), 4.43 (1H, br s), 6.96 (1H,
s), 7.23 - 7.34 (5H, m); m/z: (ESI+) MH', 491.51.
b) 1-Chloroethyl 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-yl)-3-
methylmorpholine (970 mg, 1.98 mmol) in DCM (10 mL). The solution was heated at reflux

20 for 3 hours and then allowed to cool to RT. The mixture was diluted with MeOH (12 mL) and
allowed to stand overnight. The mixture was treated with di-tert-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 water, the organic phase separated
and then dried over MgSO4 and concentrated under reduced pressure onto silica. The residue

25 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-butyl 4-(2-chloro-6-(3-
methylmorpholino)pyrimidin-4-yl)-4-(cyclopropylsulfonyl)piperidine-1-carboxylate (629 mg,
64%); '"H NMR (400 MHz, DMSO-ds) 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 -

30 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,
brs), 6.97 (1H, s); m/: (ESI+) MH", 501.50.




indole 7.26 (1H, s), 7.34 - 7.36 (2H, m, 7.50 (1H, s), 8.13 (1H, s),
8.31 (1H, s) 1.40 (3H, s), 2.55 - 2.64 (2H, m, 2.72 (3H, s), 2.78
(2H, d), wo208/8834 3.51 (3H, m, 3.62 - 3.69 PCT/GB2009/051755

-87-

Example 3.19
4-{4-[4-(CyclopropylsulfonyDtetrahydro-2H-pvran-4-vl]-6-[ (3R)-3-methylmorpholin-4-

vllpyrimidin-2-vyl}-1H-indole

s Dichlorobis(triphenylphosphine)palladium(Il) (4.03 mg, 5.75 umol) was added in one portion
to (R)-4-(2-chloro-6-(4-(cyclopropylsulfonyl)tetrahydro-2H-pyran-4-yl)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

10 mixture was diluted with EtOAc (50 mL) and washed sequentially 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

15 as eluents. Fractions containing the desired compound were combined and evaporated to afford
the title compound (0.108 g, 39%); 'H NMR (400 MHz, DMSO-ds) 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 (2H, m)
partially obscured by water, 3.52 - 3.59 (1H, m), 3.69 - 3.72 (1H, m), 3.81 (1H, d), 3.94 (2H, t),
4.00 - 4.04 (1H, m), 4.28 (1H, d), 4.63 (1H, d), 6.94 (1H, s), 7.20 (1H, t), 7.31 (1H, t), 7.45

20 (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-(cyclopropylsulfonyl)tetrahydro-2H-pyran-4-yl)pyrimidin-4-
yl)-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-yl)-3-methylmorpholine, tetrabutylammonium

25 bromide (63.1 mg, 0.20 mmol) and 1-bromo-2-(2-bromoethoxy)ethane (0.244 mL, 1.96 mmol)
in toluene (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)



6-fluoro-4-14-[(3R)-3- (1H, m, 3.78 - 3.82 (1H m, NH ' [-
nmet hyl nor phol i n-4-y1]-6[4- 3.88 (1H, d), 4.05 - 4.12 (3H, 3.13 0
(et hyl suwbang7sestr ahydro-2H ), 4.21 (1H, d), 4.50 (PHI/GB200908575%9
pyran-4-yl]pyrimdin-2-y1}-14H 6.71 (1H, s), 7.22 - 7.25 (1H, i ndole m,
7.32 - 7.37 (2H, m, 7.95 -
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and saturated brine (75 mL). The organic layer was dried over MgSO4, filtered and evaporated.
The residue was triturated with MeOH and the formed solid collected by filtration, washed
with MeOH (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,

5 37.6 %) which was used in the next step without further purification; 'H NMR (400 MHz,
DMSO-ds) 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 DMSO 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/z: (ESI+) MH', 402.45.

10 The mother liquors were evaporated onto silica and the residue purified by chromatography on
silica eluting with a gradient 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-(cyclopropylsulfonyl)tetrahydro-
2H-pyran-4-yl)pyrimidin-4-yl)-3-methylmorpholine (275 mg, 35%); '"H NMR (400 MHz,
DMSO-de) 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 -

15 2.57 (1H, m, partially obscured by DMSO), 2.69 - 2.76 (2H, m), 3.15 - 3.23 (3H, 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), 4.11
(1H, q), 4.46 (1H, s), 7.00 (1H, s); m/z: (ESI+) MH", 402.42.

Example 3.20
4-14-]11-(EthylsulfonyDcyclopropyl]-6-[(3R)-3-methvlmorpholin-4-yl]pyrimidin-2-vl}-1H-

.

20 indole

\/(IS? | h _ NH
P
O// N

Dichlorobis(triphenylphosphine)palladium(II) (5.07 mg, 7.23 umol) was added in one portion
to (R)-4-(2-chloro-6-(1-(ethylsulfonyl)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-
25 4-ylboronic acid (128 mg, 0.80 mmol) in DME:water 4:1 (10 mL) at 22°C and sealed 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(II) (5.07 mg, 7.23



7.99 (1H, m, 8.32 (1H, s) WD 2010/ 073034PCT/ GB2009/ 051755 -81- Ex. No.
RL Nane 111 NMR mz (ESI+) Mr 3.14 ii NHO N 4- 14-[(3R) -3

- met hyl nrowplholoatses4 yl] - 644- (nethyl sul fonyl)tetrahydr oPRIHGB2009/051755
pyran-4-yl]pyrimdin-2-yl1l}-1H

-89-

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

5 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 - 1.71 (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, s), 7.21 (1H, t), 7.31

10 (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.

The (R)-4-(2-chloro-6-(1-(cthylsulfonyl)cyclopropyl)pyrimidin-4-yl)-3-
methylmorpholine, used as starting material, was prepared as follows:
a) Sodium ethanesulfinate (0.854 g, 7.35 mmol) was added in one portion to (R)-4-(2-

15 chloro-6-(iodomethyl)pyrimidin-4-yl)-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

20 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-(ethylsulfonylmethyl)pyrimidin-4-yl)-3-
methylmorpholine (1.520 g, 84%) which was used in the next step without further purification;
'H NMR (400 MHz, CDCls) 1.34 (3H, d), 1.44 (3H, t), 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

25 (2H, s), 4.31 (1H, brs), 6.53 (1H, s); m/z: (ESI+) MH", 320.41.

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-
dibromoethane (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

30 mL) as added and the mixture washed with water (100 mL) and brine (100 mL). The organic

solution was dried over MgSO4 and then concentrated in vacuo. The residue was triturated

with MeOH and then dried under vacuum to afford (R)-4-(2-chloro-6-(1-



i ndol e-6-carbonitrile 1.41 (3H, d), 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 (1H, m, 3.79 - 3.82 (1H,
m, 3.89 woHptod)73034. 07 - 4.14 (3H, m, 4.21 (1H, d), 4. POT(GHIN09)51756. 75
(1H, s), 7.45 - 7.50 (1H, m, 7.52 - 7.59 (1H, m, 7.84 (1H, s), 8.44 (1H,
d, 8.78 (1H, s) 482.19 Exanple 3.15

4-{4-[ (3R) - 3- Met hyl nor phol i n- 4-y1] - 6- [¢p-( net hyl sul f onyl ) pi peri di n-4-yl ] pyri
mdin-2-yll-- 1Hindole 5 1H |1 ndol-4-yl boronic acid (55.9 ng, 0.35
mml), (R -te rt-butyl 4-(2-chloro-6-(3-
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) F?d@ﬁ‘@ﬁﬁHbdﬁ% 4ni ng product were conbi ned and evaporated. The residue
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e oSSy, L ABRLCR Ol A0 A ECLAD SBraRS kil ittt
reS| dtjg ﬁ%ﬁbﬂo‘hﬁd’vhldﬁh @agﬁﬂrﬁjﬁrﬁiegﬁacu\fﬁ taaﬂgfcﬁ(l?ggﬂaﬂﬂblﬁﬁg—gﬂw ?ﬁl;§5N HgZ-
an adj usted to - Wi in

VeOH - THETHRNond cospism ey prsparainy v mietics (4Prge GO asrhdry pol ar

Xt sl i G (R A A R HREM eiodentpcimaniaang),

contal ning the eS|r nmpoun re conbine evaporated to a

titl e conPo@iy tx,3418r@H ﬁf}.% 78 1 HSNKEEL( 4D 0. MHRH, §), Bmma (1H,2), 830- 337 2. 04
3. o1 Lotk oD 3665500 i 32l ) 30s .00 @dny 433 <3H§ AT RN

4.03 (1|'dES IMEA, P 44.4.31 (1H, m, 4.57 - 4.67 (1H, n), 6.87 (1H, s), 6.87
(1H, s), 0 (1H t), 7.28 - 7.31 (1H, m), 7.47 (1H, t) 755(1H d),
8. 11 (1@@91_@;@_29 (1H, s); mz: (ESI+) M1, 456.61. Exarrple .16 o0
?213]53 tﬁ '.'."c Ol- u.Ai_ -0+ Jd _n '11 onfc '|T182¥“ng1,dl n

1.16i umlnpv\t\aﬁldaddad} 1H- mﬂeleportl on to
(R -4-(2-chloro-6-(1- (nethylsulfonyl)cyclobutyl)pyrln1d|n 4-y1) - 3- met hyl nor

phol i ne (40

Dichlorobis(triphenylphosphine)palladium(II) (4.86 mg, 6.92 umol) was added in one portion
to (R)-4-(2-chloro-6-(4-(ethylsulfonyl)tetrahydro-2H-pyran-4-yl)pyrimidin-4-yl)-3-
methylmorpholine (270 mg, 0.69 mmol), 2M aqueous sodium carbonate solution (0.415 mL,

20 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 1 hour. 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
onto silica. The residue was purified by chromatography on silica eluting with a gradient of 0

25 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



15 ng, 0.12 mol ), 2M aqueous sodi um carbonate solution (0.069 nL, 0.14
nmmol ) and 1Hindol- 4-ylboronic acid (20.48 ng, 0.13 mmol) in DVE water 4:1
(10 nmL) awo2R/Es4seal ed into a m crowave tube. The re&cTiGBMAS1IT56at ed t o
110 C for 1 hour in a mcrowave reactor and then cooled to RT. The crude
product was purified by preparative HPLC using decreasingly polar mxtures
of water (containing 1% NH3) and MeCN_.ggs el uents. Fractions containing the
desired 20 conmpound were conbi ned and evaporated to afford the title
conmpound (25 ng, 51%; 1H NWR (400 MHz, CDC13) 1.39 (3H, d), 2.02 - 2.05
(1H, m, 3 3 -
(i Zﬁegkﬁ@ 53 -2, 5?93(1@11%32 %9 - @%@QIH Jﬂ& 31 (121 %? 3.9%- %9%2{'1* m?M3018541?52H

n, 4 oalﬂlm) 4:130 (4.2, 4.4 lfﬂ)d) %956 H, _BIH7H)(1H@t)6@ 2(71FH @) 7.47.(28, .16 t ) ,

R g R

(R) 4-(2-chl 011@'(@)(41(2(&@&6}6 @udeﬁ@rfeahfbﬁylgﬂeeawd )ZHYﬁyrﬁﬂ diyn Jpg’rlﬁﬁ-dln&' ~y1)-3-
met hyl nor phol i ne, used as starting materi al, repared as follows: WO
2010/ ovsoehﬁelp/m@émee;seéﬂsr%ﬁmgsnateﬂal waSJprsp@Pcba PWeépane (0.267 nL, 2.62

?E;l) ?gscﬁ?gggognghgéﬁﬁ? o%&iaﬁ?ﬁgﬁ§b§§?%$idﬁg -bi§2§hb“%ﬁylnnrphollne

(0.4 g, (&th&usur(ﬁm}1mthtyepy@lnmlfy44aﬂ?x)ennamlb{ommﬁee (50042, 2303hﬁmﬂo3) mml ) and 50%
aqueous 0.314 nL, 3.92 mmpD in toluene 3 The reaction m xture
was stirt Ffég%x larpgpopm Brogigle €5-STRE. 629 ginelhan mr“é%éxﬂ%d’“ﬁﬁ% howagihsy
pressur 4?‘11 Ig[ h93 rn%fbl‘? Herofilchs gé Mﬁg at RTDFM ?e@ﬁ'lnhg ?rfn?t%é‘\‘%vhsoﬁ Su'ﬂﬁgr Wrbfen

wat er . he organic layer was dried over tered an en
evaponata g0 °¢rfer 2 beurduBhevastypamiab |dddtebyw1mrl"et§maﬂ()0 enlhiPd \ueshn@ saipentealyi ngl y

ol ar m xt.ures cont ai. ni 0. 1% nd MeCN
e et i ot BRRArt fi e SEB0 Rt B sl et ORI oA api ol B o
afford (cﬁ"%atﬂc fa eIC\k}Jlsod[I‘Pe‘dQTV%ﬂ-Mg:S@4 ﬁltered and then evaporated. The residue was triturated
(et hyl sul'fonyl') cycl obutyl)p grlnl di n-4-y1)-3-net hyl nor phol i ne (0.066 g,

159 ; miwith (\ZEQH-W(MHB forgrpd. soBd \x@xgﬁlﬂﬁc@edjo}qﬁltratlon washed with MeOH (ld mL) and

¢ i ai oo g SRR LA B R SR B TBI BT | i ar 11

(4.96 1Ml)p§r1ﬁﬁdilﬁfm&])) wasthaleePhdlhedpES mgr 635%9nwhith was used Wlthout further
(R -4-(2- chloro- - %ﬁy opr op Isulfonéﬂi ﬁ0|0prfﬁ pyrimdin-4-y %% 3- et
hyl mor prmllrlu lﬁ'etl((IQ g0g wchm dud o ééﬂdéﬁa@)& 461-4t3%n

(0.424 ) 1 | bor 37

DVE: wat er ARRS%§@§¥§(Q$92& E#ﬁggé éiﬁ%%nggégggq%ggQ% ﬂ%gkgnﬁ Lohr
and t herd)a3 bowad4t(eHemd) 4.3 (2RI s), Breeh (X b gz \(ESIerlMHféB@OWSth Et 0Ac (50 L)
and then washed sequentially with water (50 mL) and saturated brine (50
m.). The ayer was separated and then evaporated onto silica. The
resi dyg i x 4 g '

of O0to ) X ' ' '
evapor atdtrinddle resi due was purlfled by preparatlve HPLC usi ng 25
decreasingly polar m xtures of water (08ntaln|ng 1% NH3) and MeCN as

el uents. Fractions containing the desHE conpound were conbi ned and
evaporated to afford the title conpou Eh&8 ny, 389@ 1H NWVR (400 MHz,
DVSO-d6) 0.93 - 1.03 (4H n), 1.28 (3HNd) 1.61 - 1.66 WD

2010/ 073034PCT/ GB2009/ 051755 -84- (2H, 1. - 1 72 (2H, m, 2.98 - 3.04
(1H, m, 3.23 - 3.32 (1H m p 'gll |op cuged\py water signal, 3.49 -
3.56 (1H m, 3.66 - 3.69 (1H, <SON , 3.99 - 4.03 (1H m, 4.19
(1H, d), 4.58 (1H, d) 6.92 (1H, C% , 1.19 ( t), 7.37 (1H, t), 7.45 (1H,
t), 7.54 (1H, d), 8.07 - 8.10 (1H, 11.227°(1H, s); mz: (ESI+) M
439.57. 5The

ot hy] P RBT R TRISBo R OR RE] L@iﬁ'@habé HHEABe BROpARbaddt poie sugion
2) Sodi U S ELIPEQAPRESLAILINGL S, {ehe3ArholidGoBaipliypgs added in one

portion t or o- ypp 1) - 3- et hyl nor phol i ne
(3 g, 28.(@8yhisbnyl)pipdviiN- [-8&rbokylatat(2E0mg Thée3 mesael), 2iMi gquuons sodumasrbehater ed

and t he wheraqadle adofisddnma o Hrisdolity Horaral it one e T wilug P ™ ©
sequent I@M'Eywweltmlgehm) o R%Tﬁbhnxtaw wadidimihh sgkEithel aoluThopabdsd M) and

saturated brine The organic |ayer was dried over My504, filtered
and t hen evaporated The residue was triturated with diethyl Et20 and the
m xture filtered. The solid was washed with Et20 (5 nL) and then air dried
to afford (R)-4-(2-chloro-6- 15

(cyclopropylsulfonylnethyl)pyrln1d|n 4 yl) 3 nethyInDrphollne (2 350 g,

NN A A n . T =9




(3H, d), 2.78 - 2.84 (1H, m, 3.19 - 3.26 (1H, 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 (1H, br s),
4.49 (2HwWe2010/6333 (1H, s); mz: (ESI+) MAd, 332.42. 20Ch)IB260%safaeous
solution of NaOH (2 nL) was added to (R)-4-(2-chloro-6-

(cycl opropyl sul fonyl net hyl ) pyri m di n-4-y1) - 3-net hyl nor pholine (650 ng, 1.96
nmmol ), 1,2- dibronoethane (0.169 nL, 1926 mmol) and tetrabutyl anmoni um
brom de (63.1 ng, 0.20 nmmol ) in toluene (6 nm.). The resulting slurry was
stirred at 60 C for 1 hour. EtOAc (100 nL) was added and the m xture washed
wi t h vatgfxnfrd Qs Mabe@Bitoni JTeX cI3RANTd oIR8 Mt Xk B etBBandah el vRH 7&ver M504
and evaporated onto silica. The residue was purified by chronatography on
silica vNHWl\éfrOIél Eractoms gpatdingrg proflu@gvere c@obined ankeviapo@EM Thurasidue a@si ons
were co d an [

(R < a5 (TR aR BP PREDED SErbiRy Fubieinyo myra sk ko samseniraed 5.
met hy! nﬂinld@@ﬂedﬂ@d(p"f)é’s@uﬂ&”gThJ&%’ﬁdue s WVRo4 408 19 TF EVBOCOGY 5 610289 stirrfd 82

(2H, m, 1.00 - 1.05 (2H, m, 1.21 (3H, d), 1.50 - 1.53 (2H, m, 1.61 -

1. 64 (SerT fgr,1 ouggThe mixgge prpipurijicd By mop cxghangg chupmategraplyy, ugngan SCX 47 (1H,
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was tnegeeeswifbiy | fdderitnd- 1-6aﬂB§Mlét5 el a@ﬂdnmtglrﬁdta@hlawafgrefmeaas fodigtvs: The

crude product was purified by ion exchang hr omat ogr ap

usi ng an SCX 15
col um. @he dbselatien pf Gautt2-Hrleroed-(atldsyl mﬁbylmrmfﬁmu%wﬁg? 7M NH3/ MeOH

ey AT 111, G 05,085 Ul o

fracti onlispsesien maninera dil :ﬁ(mdl}ag,ammmnt @habdionct wiestirictlae REdHP DUmih(tdsS5 7
my, 63%.; .1H NWR (50Q 0.74 - Q.77_(2H, 0.85 (2H, d), 1.27
(3H, d) b@ﬁore@emgzreit&d(wzm tembut 31211210“11?“ Bromige(1.542 2.4 f@smm@z) a9 N-Bepzyiy:

g) 244'2(6 ]2_&_1032-%(7) Sli %llﬂordahyl)%ﬂéﬂamlng h?gr(?@ﬁlldndgz() 93 I-?% 44 Iﬁm@ (Fﬂlymlf'alre \§as‘.81 (1H,

(1H, t ) ,stifred for( Slidinugds, and thch Hchtdd to )50°C7f054 I(ojllt—lancﬁt}l;:n 8t RBC (fdJHl, 5 di))urs:ﬂ[heQ4 (1H,
tert

Z ( 2. C hi ralﬁcgur% vv)(a§ %\E/%“ormpb‘wg@f[ ﬁl&(} B&e/‘p Iqm:rmh%ﬂ adgt%lon of saturated ammonium

(cycl oprpy b fueioy! TKE rﬁ&"tﬁr@! WIS ekrEAEPRIN IFRD B ¢ aH&ﬁfé Afanid {1 btidHOw AREE kil
was prepared as 25 foll a) A sol ution of

(R) - 4- ( 2va&hi (38 bargl S(a@y@tle@ brl@fp @du ot erylehet hijitgred: rhdithdinreoncanirpted-under
E?([:i hyésrmrreﬁ) hc%ld Iplrr]eess e Glaneq%Sldue Was purt 19d by chrornatggrapﬁd‘))n Wiza eluﬁ%& gvciithvé{' gtrgdlg Q[dl um
of 10 to 70% EtOAc in DCM. Pure fractions were combined and evaporated to afford (R)-4-(6-
(1-benzyl-4-(ethylsulfonyl)piperidin-4-yl)-2-chloropyrimidin-4-yl)-3-methylmorpholine (1.280
g, 85%); "H NMR (400 MHz, DMSO-ds) 1.12 (3H, t), 1.21 (3H, d), 1.83 (2H, q), 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, s), 3.43 - 3.50 (1H,
30 m), 3.60 - 3.64 (1H, m), 3.73 (1H, d), 3.92 - 3.96 (1H, m), 4.10 (1H, br d), 4.44 (1H, br s), 6.94

(1H, s), 7.22 - 7.33 (5H, m); m/z: (ESI+) MH", 479.52.




WO 2010/ 073034PCT/ GB2009/ 051755 -86- 60% di spersion in mneral oil (344 ny,
8.60 mmol ). The m xture was stirred at RT for 10 m nutes before being

treat ed wohotoat7s@but yl amoni um brom de (1261 ng, 3.91 modIGB280¥D51755
Nbenzy1- 2-chl oro- N- (2- chl or oet hyl ) et hanam ne hydrochl oride (770 nmg, 2.87
mmol ). The reaction mxture was stirred for 5 mnutes at RT and then heated
to 50C for 1 hour and then at 5 80C fo93.1 hour; the m xture was then
allowed to stand at RT overnight. The m xture was quenched by the addition
of saturated ammoni um chl oride solution and then extracted with Et 0Ac (3 X

50 m). phhe of gﬁwraeﬂ%qlcﬁtdr@fenﬂ@f@ 086 bt d stIarRRohi R dWeEd a%rlﬁron(owﬁ i),
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4-{4-1-4- (Q/clopropylsulfonyl)tetrahy H-pyran 4-y11-6-[ (3R) - 3- met hyl nor

pholin-4- yl]pyrimdin-2-yll--1Hi ndol
Di chlorobls(trlphenylphosphlne)palIadlu II) (4 03 ng, 5.75 iitnmol) was
added in one portion to
|f|N
5

(R)-4-(2-chloro-6-(4-(cyclopro ter hlyrdro 2H pyran-4-yl ) pyrim di
n-4-yl1)-3- nethyl norpholine (0 7 2M aqueous sodi um
carbonate solution (0.345 L, O. 69 nmol ) |nd01 4-yl boroni c acid
(0.11% g, 0.69 nmol) in DVE:water 4:1 (5 rrL) at RT. The nmixture was heat ed
to 90 C Dmhlo&ﬂns(trmhbmdpmhmb)mll@dlhmmxtztﬁ7cnmg;I3 330ukdl) whkadd®l inonx purtenwas

di | d h d d | | 50 d
Sat b at 48 (bFfrie-<EBrorfTlar oBD PO sy dogi Dpyy Bin-ed-SRRgHOBHOT 0
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with a gradiént of O to 100% Et OAc 1 n i sohexane. ure fractions were
conbi nedndaldt-plbaporcatced(62Thagr @39 dwlwwmueed 1Yy 0 prlopa 2210 ael sl usi ng

ol uonto. AR <Ot Ao oha cabet ¥R Domsofed it B a&%‘wﬁ%”%%' P

evapor ataﬁad th&h aafof\xeﬁdo E&ﬂ té Rt @hé aiRarNdag r;r@a 19108 &bhan éﬁ@h%/Hz
DVBO- d6) 0. 77 - 3 (2H m, 0.84 - 0.88 (2H, m, 1.27 HW)
2. 33 (2Hisingan Sz@ézrohmm Qbe dodited pyodugt was eluedimmﬁﬁcownp@ﬁmg INHoBéeRied

by water, 3.52 - 3.59 (1H m, 3.69 - 3.72 (1H, m, 3.81 (1H d) 3.94 (2H,
t), 4.00 - 4.04 (1H, m, 4.28 (1H d), 4.63 (1H, d), 6.94 (1H s), 7.20
(1H, t), 7.31 (1H, t), 7.45 20 (1H t), 7.54 (1H, d), 8.11 -8.13 (1H m,
11.23 (1H, s); mz: (ESI+) MAH, 483.57. The

(R -4-(2-chl oro-6-(4-(cyclopropyl sul fonyl)tetrahydro-2H pyran-4-yl)pyrim di
n- 4- yl) 3- met hyI rmrphol | ne, used as startr ng mat erral was prepared as
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WO 2010/ 073034PCT/ GB2009/ 051755 -88- and saturated brine (75 nL). The
organic |l ayer was dried over MgSO4, filtered and evaporated. The residue
was trituweted/omsish MeOH and the formed solid coll ect edPoy/dB20av&1756N,
washed with MeOH (10 nL) and then air dried to afford (R)-4-(2-chloro-6-(4-
(cycl opropyl sul fonyl ) tetrahydro-2H pyran-4-yl)pyri m di n-4-y1)-3-net hyl nor ph
oline (296 ngy, 5 37.6 %9 which was usegif.in the next step w thout further
purification; 1H NWVR (400 MHz, DMSO-d6) 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
obscur eqm@)f)umtﬂ%ﬁ@&zerezcozﬂblﬁedzanafévgpﬂ?‘ateH) Thesfegiéué was &élﬁe%ﬂ'ﬂ) ok ar§t1v%3
3.50 (1H, , 3.59 - 3.63 (1 73 d), 3.86 - f’ZIID—|
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d
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ng t odGQ%@oQﬁ@ (38no iﬁ@'\M‘P}JFIH NMRCU0O NSHAED I SO 1 mgd. 1a3m(9el &Rl abed .g70
a or Seco

of
(R -4-{ 2(4th@;3)2% @47 ((blglcmb&%y} SQ(Fbry): Préet-riaiR/db 2n. p$P 4HH Ay B PRy Ak di n

6.4751% 23@?&5%@9%%6 4 @fﬁ) :?87 @iﬁ?) (7%(& &%Q of g%%ng, P%@@ﬂ@ 7654027\%0_
s 55t e iy e g e a2 1 (2, 3
- 3.91 (2H, rﬁhe @>«§2<2 C@Ofgé (l’ﬂiﬁopiﬁpﬂw?fmyleéfﬂlopaqpﬂ)@m@i%ﬁﬁ;yl $:°7.00 (1H,

s); mz: .
4-14-11 '?Efﬁh’f&%ﬁl%%ylfs)eé% té%?l oyl -6 ik )egge%%stﬁ?ﬂfﬁ%r phol i n-4-yI | pyri mi di
n- 2- yhd -a) 1H2Bddndo peopae-Esufmatsi 3 (A70igp AE0hipold spkiaddddpalona douivhitd YRX-4-(D-7

, 7.23 added t to . .
(% b B o e S gt Qo S S P aedine) 3.t e 6 oY) 15 DR Gy 1 o
phol i ne P Orﬁwres&nﬂ mtmﬁlle)was%mg WepssC FRdisHHuEAAGRA @mﬁ@d Mth @CMOTH§4
m., 0.87 mmol) and 1H-i ndol - | boronic acid (128 : mml) in
DVE: wat enixturg was Waﬁltt_e)d waith p2Er é\?h@l 3§émlédaqun@1¢s wdivint thoosa ateL(BQOmIrh drine xt ur e
heat t d. t.h | 1.owed
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WO 2019/ M@@ﬂ&é%@&a&%@&%&'ﬁ%é&ﬁe@&d byiRhtlonvas diddeeldandctiig tévhfféidI(R)-
heated to 110 n a mcrowave reactor for a further 30 mi nutes. The

m xture %?scl}:lamr@ (@Qpragylﬁlafpwmmwrwﬁd@rfhvBg%@sﬂylmw@hwea@ 448, ¢bYodinm.
The deS| yas el uted fromthe colum using 7M NH3/ MeOH. Fracti ons
cont ai nl‘ng i/vere conmbi ned and evaporated onto silica. The residue
was puritf)i ed AWO% aqlnemmbhg]bapﬁwamﬂ SidlhCpwed atded g (1R)t41(:aclgbmal6ent of 0 to
50% EtO cini xan ure actions were cQ and evaporated to
afford t F?@P’Eqpb’ se %ﬁ%@ﬁgpm iyl 3opsthylmorpie 1(@3?? Og |- 6@»9@@0@65 21.27 -
1.32 (z(ﬁl_éhbt'g}noeﬂiaﬁg 0' 14> ﬁﬂ (8'5'm1ﬂ31) anjd Rtrab t}laﬁﬂnc(t%'ﬁln bf@mld?igﬁ.l rng?O?i% (1H m
partially obscured by water) .44 (2H, q%, 3.49 - 3.56 H m, 3.65 -

3 69 ( 1Hpme)),in ml&sne((amnﬂd) Tha r@gmngzsm@z wahtirrgd, at 40 2@ f¢r1Hhow}. Et@mlmH

6. 85 1 10 7.4 1 7.5
D) 6 oant T gooideq nd ity e hof ter g oy G Hoghn B o™ 1
(R)-4-( %wg@d)? Rd Breh koh&hilca wh {any! TRy ekRRE QRY biiiiéd B9 SirBmito glga(}))hfbn sﬂlca

met hyl nor phol'i ne, used as starting material, was prepared as

?% ;;n z m( g&ﬂﬁtﬁ@&ﬁiﬂﬂ b icnaiat 601 R, EI0ARS 1B dxaHE PuATERHiohE weREcikd Ot o
25 evaporated to to afford (R)-4-(2-chloro-6-(1-(isopropylsulfonyl)cyclopropyl)pyrimidin-4-yl)-3-

methylmorpholine (425 mg, 72%); m/z: (ESI+) MH', 360.09.
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Example 3.24
4-(4-14-[(1-Methylethyl)sulfonyl]tetrahyvdro-2H-pvran-4-vl}-6-[ (3R)-3-methylmorpholin-

4-yllpyrimidin-2-yl)-1H-indole




"5 chl oro-6-(iodonet hyl ) pyrim di n-4-y1)-3-nethyl norpholine (2 g, 5.66 nmol)
in MeCN (56.6 nmL) at RT. The resulting m xture was stirred under nitrogen
at 80 C fwo2a8/srs. The m xture was evaporated and theCrasduwasdisssol ved
in DCM (250 nm.) and washed sequentially with water (250 nlL), 2M sodi um
bisulfite solution (250 nL), and saturated brine (250 nL). The organic

| ayer was dried over Mg504, filtered a9l t hen evaporated. The residue was
triturated 20 with Et20 to afford a precipitate. The precipitate was
collected by filtration, washed with Et20 (5 nL) and then air dried to
afford (R) -4-(2-chloro-6-(ethyl sul fonylget hyl)pyrim din-4-y1l)-3-

nmet hyl nor phol ine (1.520 g, 84% which [was] used in the next step w thout
further purification; 1H NVR (400 MHz, 3) 1.34 (3H, d), 1.44 (3H, t),
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(|)n') . A 03 (1H, m, 4.15 25 (2H,
s), 4.31 (1H, br s), 6.53 (1H, NR1', 320.41. b) A 50%
aqueous sol ution of NaCOH (2 m) v@ R) - 4- (2- chl or o- 6-

(et hyl sul fonyl met hyl ) pyri m di n-4-y wWA0r phol i ne (645 ng, 2.02
mol ), 1,2- dibronoethane (0.174 m_,o 2.02 mmol) and tetrabutyl ammoni um

brom de 20 mmo in. tolu 6 mL The resulting slurry. was
stirred hl@ﬁﬁgs%rag IHWPLH)HG)@@B g‘@&ﬁ%& %35 %\%u@a[)&%éﬁee lﬁémﬁ]p;e%/tmne
washed W n was
dried o%?ﬁ%@ﬁ%ﬁhgﬁgt e gﬁﬁggﬁ{ﬂ? )eéﬂt I %dl\rlgé%% The&gg@%b%&méﬁ ?ri turated
Wi th I\/bOhbthyllmqrpimhndr(Iléidmgr(Méis mngad Y Al bqueafis mddur(llé)r-bén:(tesmihtlm @B b, WO
2010/ 073034PCT/.GB20Q9/. 0 -90- . )

(et hyl %31?30 w@ a%@r‘)ﬁwwm @3 1 08 mpRD imbMErsiarsd | 9@anat 5794
whi ch V\@"@Sﬁfé sefled o BNEroMa®P titet T'l?é%aétlﬁnt\b@srheﬁtéﬁltéil@@%%} 1 HddrWVR (400
MHz, CDC13) 1.33 (3H d), 1.38 (3H t), 1.48 (2H m, 1. - 1.81 (2H, m,
3 16 (2Hmcc9wav3 r%tor a@dﬁ@n(ailﬂwe Q c®! 5PRT. Bhemixtuse wsw)punﬁeé@ypr@amwm

) )
( ESI +) ﬁ’%ﬂgw’“ﬁ% dﬁzf eas}‘%?éy R%'?Fle(‘xz‘}lfea% ateﬁgcongaél%}% Eﬁ’a]flﬁégsanw %Seeslu%lﬁse
tritur ati@activng bodeidimhgt the aéﬁ@a@ompsm&e%ﬁmmﬁ 280l ghordit o apassd elid titk under
vacuumto afford hl or o- 6-

( et hy 'S flopweyng (:v(élre@ﬁd;{gm (W%MﬂZyW%OT@ h0? mbOgHeH; e (A%GThy). 20%
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3. 18§ PHH.q). 3.3l 2697 (F38), GIH, - 493 (131,56), 4.29.(5, (1460 H, &), 685418, 9D
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4 {4 [ 4- (3 jim/[ﬁﬁllzfggnzd)tetrahydro 2H pyran-4-y1]-6-[(3R) - 3- net hyl nor phol i n-
4- 15 y pyrimdin-2-yll--1Hindole 0
Di chl or obi s( tTher(lRMyqucﬂwp#ﬁ efi pprdppdiiulfiony ) etrg iy d86 2 Hepyrdn-9 Dipariolidinviagl)-

added | ort

(R < - (- BRfaREoEhEThe Brod s starinmpretisk Mangispeicds S 4. y1 ) pyr i mi di n-4-y1
) - 3- et RgbapigRBals safitio] 69 NAIDH fz Iﬁﬁ)ﬂ}ﬁph&dedzb/g ePidRlofdl um carbonat e

sol ution (O. 41(]5 nm., 20 0.83 mmo and 1H i ndol-4-yl boronic acid (134 ng,
0.83 mrc(lspprqpyl:swﬁomémﬁlykbpm@mnﬁb)l) étmﬂlylnmném#n&(iﬁ%n&als%@m@h to 110 C
st ng_an- e tIgm TN RGRERE] s ebmr ot b e | SRl e e e e ey
7M NH3{ I\(BS)ﬁm@nd 1fz rrﬁﬁbll) Qﬂﬁahfe@@i(@hﬂl) ragmcou‘u@ teswihg neiefip wedstarud £eapaor at ed
onto silica. The residue was g rified by chromatography on silica eluting

with a givasighit DEM (FOmLy yay zpo e mﬁturﬁéﬁéd@ﬁ@ sogigpresuf fatee fiteied apgdr e

conbi ne

(400 o DR ARRY Thefbsldle Vo pugtdfy bighlicRIFR0 SRSl yfigy i raad, 1T

2. 93 ( 2Hhf Onp 403 PO AL, isdhexari. Pdre-fradtids i, combnmdrahdabzippralb&wfﬁ:dd oR)-dat er

WO 2010/ Q73034PCT/ GB2009 - , 3. 69 -

3. 73 (1HZ-yoro$-@1(iepigpy iﬂ’?fl%‘ﬁ@%“a §“§§ﬁ(32’|‘ﬂil W?)Pﬁﬂmds - 421YJ'25§ (1H, ), 4.30

(1H d) 1mé‘thg%dr%}%hn@%45%%?65(/3;}4W§)(ESI7+)MH6 Uga ) 7-27 (1H d), 7. 47 (1H,

t), 7.56 (1H, d), 8.10 - 8 13 (IR m, 11 (1H, s); mz: (ESI+) M-1",

471. 55. The

(R) 4-(2-chl oro-6-(4-(ethyl sul fonyl)tetrahydro-2H pyran-4-yl)pyrimdin-4-yl
- 5 nmethyl norpholine, used as starting material, was prepared as

Ilows A 50% aqueous solution of NaOH (2 nL) was added to

R) - 4- (2-chl oro-6- (ethylsul fonyl nmethyl)pyrimdin-4-y1)-3-nethyl norphol i ne

650 nmg, 2.03 mmol), tetrabutylanmoni um bronide (65.5 ng, 0.20 mml) and

br ono- 2- ( 2- br onoet hoxy) et hane (471 ng, 2.03 mmol) in toluene (6 nlL) at
The resultlng mxture was stlrred under nltrogen 10 at 60 C for 2
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Di chl orobi s(tri phenyl phosphi ne)pal l adiun(11) (3.73 ng, 5.32 ianol) was
added in one portion to (R -te rt-butyl

4- ( 2- chl owo-2610(@3303et hyl mor phol i no) pyri m di n-4-y1)-4- 25PCT/GB2009/051755

(et hyl sul fonyl ) pi peridi ne-I-carboxylate (260 ng, 0.53 mmol), 2M aqueous
sodi um car bonate solution (0.319 nL, 0.64 mol) and 1H-indol-4-yl boronic
acid (103 ng, 0.64 mol) in DVE water dg-1 (5 nL) at RT. The m xture was
heated to 90 C for 1 hour. The reaction W) 2010/ 073034PCT/ GB2009/ 051755
-92- mxture was | oaded onto an SCX columm, and eluted first wth MeOH and
then w tikaphhI0E3sMEOH.  Fractions cont ai ni ng product were combi ned and
evapor ated. € resi due was dissolved in DCM (50 nlL), washed with water (50
m.) and 4—€4e{43E(gé\iethyleilysdbSUHonElémeaded4dh}d61[(3fBédiumthmmesmnlm -4-The resi due
was treaxtxﬁ)d wi &b %Oyg Ainl DCM (5 nL) and stirred at 5 RT for 1 hour. The
mi xt ur e SWRTIRIR-PR- é'lflgﬂeexchange chr omat ogr aphy, using an SCX col um.
The desired product was el uted from umm usi ng 7M NH3/ MeOH and
fractions containing product were co %&and evaporated onto silica. The
resi due was purified by chromatography ilica eluting with a gradi ent of
0O to 5% 7M NH3/MeOH in DCM Pure fracti Qns were conbi ned and evaporated to
afford the title conpound (154 ng (?620 H 10 (500 MHz, DMSO-d6) 1.06
(3H, t), 1.27 (3H, d) 2.09 - OH- 2.46 (2H, n), 2.86 (2H,
d), 2.94 - 3.02 (4H, : 354- .71 (1H, d), 3.81 (1H, s),
4.03 (1H, d), 4.28 (1H d), H, s (1H, s), 7.21 (1H, t), 7.30
(1H, s), 7.46 (1H, s), 7.55 (1H d)N8 11 (1H d) 11 26 (1H, s); mz:
(ESI +) MF1', 470.58. The (R)-tert-butyl

4- (2- chlgf Hl'o@o‘tﬁs’% Eﬁ%bﬁﬂ%{)ﬁlj‘ﬁg gaﬂﬁ’dl I'I)”@SC!M%% 945 pﬁo Ias added in one portion

(ethylsulfonyl eridine-l-c rboxy used as sta ting material, was
pr epar edo &B)-fel- butvds4 (%cyh!lomaﬁm{Imhhﬁmorphollno)pynmldm -4-yl)-4-

7 AL D AL R

di sper si @RoonBteoREB6AL0.903 ml00413ndlol) h8d IR-RBBILI-51bbRMidThotd Wﬁn@%ﬁhﬁﬁd’l}?d at
RT for 10 m nutes before bei ng treated with tetrabutyl anmoni um br om de

(1.512 gnDMEBovaierot: ) (and.) B REnFhamxturgovasticeied (NPQ 2C €011 lohweeng theat hanami ne

hydr ochl or| d 3,44 tir mnut es
o DD bRl Ay e RadeflTP b 1EOCTEN s Y83l Sied AR Pl

m Xt ur e has mielmi\mde thas p@@iﬁedl@y idh cacithnizb elivogHaeiped1he, tying fieSe@ddiotunom Tk

sat urated ammoni um chl oride solution. The m xture was extracted with Et0OAc

and the c@ﬁl@%dwr@dwthslebﬁe%@méae eRlEmn wang M R/ Me@Hsand fragtiens smit#Bingdr i ed
Th
Post dug Hgducs ek EichipBhd AERERACAIN o BUBEHP BRIy SR IPEE i TG,

10 to 70BcichdAglyipolaDciktuRisrof Watadtomasingd’e Néthyland dtb@ds duaparfaie@nt o
fford (R)-4-.(6- } ) .

?1 bers ffnﬁmtlé% Hv1dsdiradorprnonned sreras Habingrhndevanprated 59 pifaddhntite gampetinde hy |
hol 1 21
ETgFHD S)I(E!@ 0§ 213%)9HM£066MW§@_ Iy ZHdéﬁzm gﬂ‘@@; d6)e (-’év,H azi(z?dsl; 2,16(231g -
q) 3. 19m} 234624 SOJ@H m), 2.8 @H, (tBBI%s()ZH 8, 2430 3326101@1)43 39@ 3rdl(131 80, 3. 53 64

S o br TIH R 388, 373 e ity or Fdid g 2Py dudsd gl
2010/ 073({)361891@’}@%3%21’ 03159 .3093H, B) i4€gf@rtpezts“5yd1}phb @ of of MRt e, (R), 60.268L,

5.56 mol Sol uti on of

e
(6- (12beh yﬂ)aﬂi(éEfﬂW)Mﬂl?&Sﬁ}lz?pl peri di n- 4 y1) - 2- chl oropyr| m di n- 4-y1) - 3- met
hyl hol heat ed
o Fotfux t oty (Re 2ouly R Gt btuPrho iR bR e o' ot e

with Ivbq&gobﬁo@ymh)fo@nﬁ)qadridmedcmos_x)tlatedu@d ay aaﬂinghﬁater'ﬂl ewm pﬁep@rred waklibveat ed
with di-tert-butyl dicarbonate (1,2

Net hy| d|q)soprf%a|§9/1r15% ak(R)gt-grhlpio-6- stowml)Onamethﬂmr@ﬂlﬂmr%al)a% RT for 2

hour s. l»

ot hyl i ESrdi 0.0 & 2 8 ERAERIAR. Sl SnalrRed R ol bygride o,
stirred (ﬁl% BiEpérsionan frumdrileril (:0 Xow, 8 91‘HmaoboThﬁmoanumm&15panbd at I(ﬂﬁéa‘nd I9et ween
DCM and wat er he or ani c separ at ed ver SHA. an hen
70 concahis barornbd rrs%ta%@&%ﬁ?t ShEmBan paorids (ke aaipeonasd N-
purifi ed,chy I@EMMNQQ%BWo&Hyl%tMn%ﬁn&' Wd'r('ikﬁhldﬁﬁdef'(o@ogr aQB@Mm&? T to 30%
EtOAC in DC?IM Pure fractions were conbi ned and evaporated to afford

(R -tert-butyl 4-(2-chloro-6-(3-nethyl norpholino)pyrimdin-4-yl)-4-

(et hyl sul fonyl ) pi peridi ne-1-carboxylate (1.140 g, 88%; 1H NVR (400 MHz,
DMSO-d6) 1.13 (3H, t), 1.22 (3H, d), 1.40 (9H, s), 1.92 - 1.99 (2H, m,
262(2H br s) 275(2H d) 300(2H 15q) 319- 325(1H n) 3.43 -

~ N "~ NS ~ o~ P P —

//



Di chl orobi s(tri phenyl phosphi ne)pal l adiun(11) (2.477 ng, 3.53 ianol) was
added in one portion to

(R) - 4- (2-wbl20r0007803¢ 1- (i sopr opyl sul fonyl ) cycl opropyl ) pyr PeiTaiB2oeeb/051)55 3- met hy
| ror phol i ne (127nmg, 0.35 mmol), 2M aqueous sodi um carbonate sol ution (0.212
m., 0.42 mmol) and 1H ndol-4-yl boronic acid (62.5 ng, 0.39 mmol) in
DVE:water 4:1 (10 nL) at 22C and seal egf-25 into a m crowave tube. The
reaction was heated to 110 C for 1 hour in a mcrowave reactor and then
allowed to cool to RT. The mixture was purified by ion exchange

chromat QgfxaRbYvas YSirOPfoR B miftcs 8l RMnd e HeRH (& S0r! BHY GbuMaRl tBédiki&ded @M
the columm using 7M NH3/ MeOH WO 2010/ 073034PCT/ GB2009/ 051755 -94- and pure
fracti onlsS heyrs. Henbixted wa@llewqbt@r@pbw RThed thesiquenchad by pherddditea diy

t LC t t 1%
oy - and g Eanin B e5REs G A nE B i R e B ii0 R \nlP e
conbi nedhapthagiéapritioh Ssha with Gatkr (he 6b lrﬁL)esaﬁ@ﬁfé@.lwﬁle (EdbveBMgRe) ; 1H NVR

(400 MHz, DVMSO-d6) 1.27 - 1.32 (9H, n), 1.60 - 1.67 5 (4H, r‘r) 323- 3. 27
(1H, m ,flgrehand eggopaeprateyl undergpduced peysyreiTherpside: wes puriicddy, 3. 99 -

Cin 4 oo B but Shicfyiy RlintbhbqiGorfodd 6@4?‘%9@0@ b3 b hlony” 5
rﬂRz 4( Egi/drﬁ chﬂ'bmgdé%d dporated tola'ﬂf@ed (R)-4-(6-(1-benzyl-4- (1sopropylsul£onyl)p1per1d1n34-
) 58 St S A e e P A UARY A R T
2) Sodi UrRyPr OPANoRsct hRRS Brike £ 97 8mL92.86 B xwa%ad&ﬁg%dsoi AP ABAYL T o

to (R -4-(2- ch or o- I odonet rem |n 4-y1) - 3- yl mor p oI| 3.45
g, 9.76 (mﬁblrb)enxyi %p@mlsuﬂi)myl‘}mpemhsﬂl-yl) ag:hmrupylmdm‘ﬂ;-yt)ﬂ rrre&dfhabrp%h@ for
18 hours d|| i The, m xture was washe th wate 2 X
300 ) (OB Tsone? soapihit DaNb b Bha S bRt s Ber Rt S tetremdbet
My504 angiolagRo EQNESRIT 2h@hidthreudssUBlutciNgitl SRICIUEI0VRE) bdd thik aﬂ&ﬂedmotskan%

MeOH to give a solid which was collected by filtration and dried under
vacuum tayenfighgr Bhq Rixture was treated with di-tert-butyl dicarbonate (0.615 mL, 2.68 mmol) and

£ 2y KRR RS HrN NV LB M SO TS 25,
(14 my hass. Fddeslution ¢ pAtifidncecBl@nCM and water and the organic phase separated

(1 sopropyl sul fonyl net hyppyri m di n- 4- 3- met nmor phol i ne (550ng, 1.65
nmol ), 1anﬂ-th€2t}3"ép<kﬁa’@ﬁoﬁt1%@ﬁléu? waqmﬂ%@? bnclagmﬁ%arapha Q8 stlise pabaeEradierini um

brom de 0 was
otirred S e M B LD AT ebora b MERKSiL i e 123
washed wontbinveaitaard e@aplﬁatmﬂ.)q aﬂfn’rerR) {kOButhl J-(2-dhlosdo-g-er NgSO4 and then
concentrated i n vacuo. res was purified by chro rap on silica
el ut i ng Rt ﬁﬂ@fﬁk%\@PMﬂ’m& mbebzf‘ S OGN onRDRREHER Al esyl@ter@%mgons

wer e ed and 25 evaporated to to afford

(R - 4 (2 c | or 0- 6- (1- (i sopropyl sul fonyl)cycl opropyl ) pyri m di n-4-y1)-3-

met hy| ndixsmopledddl( 425 ng, 72%; mz: (ESI+) MH, 360.09. Exanple 3.24
4-(4-{4-]¢(, Ty [ * | ) sul fonyl 1t ef r ahydr o- % pyr.an-4-yi1-6- [ 3R) - 3. met hyl
rmrpholl' -.\. apd = et ! .'q.!' ..I' A\ Aa=‘4l‘AJ;;..4LL"AL|‘na4."..VJ.

-95- 0 pvl‘}thﬁinl@ (zﬁfdl daReing wﬂzﬁﬂm A€) 4 'r@qh 3853, 5 Mit3th¢$nEpholinZ4 vAR| )

was added In one portron to

(R) - 4- ( A1anethylsuonvicydley idlig d-indole)r 0- 2H- pyr an- 4-yl ) pyri mi di n-
4-y1) - 3- nethylnnrphollne (213 ny, 0 5% mol ), 2M aqueous sodi um carbonat e
solution (0.316 n., 5 0.63 mmol) and IHY ndol-4-yl boronic acid (93 ny, 0.58
nmmol) in DVE:water 4:1 (10 nL) at 2 ﬁ sealed into a mcrowave tube. The
reacti on was heated to 110 C for 1 houff in a mcrowave reactor and then
allowed to cool to RT. The m xturg i fiLed by preparative HPLC using
decreasingly polar mxtures of watier i \@g 1% NH3) and MeCN as

el uents. Fractions containing t pound were conbi ned and
evaporated to afford the title i 281 ng, 519%; 1H NWR (400 MHz,
DMSO-d@6) 1.03 - 1.07 (6H, nm, 1.26 (3H, d), 2.26 - 2.34 (2H, nm), 2.91 (2H,
t), 3.2338,5R)415-dimethyl-4-(6-(1-(methylsulfonyl)cyclopropyl)-2-(methylthio)pyrimidin-4-

yl)morpholine (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 minutes. 1H-indol-



(4H, m, 3.53 - 3.59 (1H, m), 3.69 - 3.73 (1H, ), 3.81 (1H d), 3.91 -
3.
s), 7.21 WOHO1ig73037. 28 (1H, t), 7.47 (1H, t), 7.56 (1H, PAXGRI®SIB514 (1H,

H
97 (2H, M), 4.01 - 4.05 (1H, n), 4.29 (1H d), 4.60 (1H d), 6.95 (1H,
ol

m, 11.27 (1H, s); mz: (ESI+) MH', 485.20. 15The

(R -4-(2-chl oro-6-(4-(isopropyl sul fonyl)tetrahydro-2H pyran-4-yl)pyrimdin-
4-y1)- 3-nethyl norpholine, used as stagg.ing nmaterial, was prepared as

foll ows: A 50% aqueous solution of NaOH (2 nL) was added to

(R) -4-(2-chl oro- 6-

(i sopr OW%II%H%JHWQ&(U@WQWMW%@IOD gkhﬁbibmn% %&rh&?@iﬁb@ﬁef‘@ﬁ%@ 1M moHo
nmol ) , r abut yl ammoni um brom d

1- br onm-ad tetrakisoitichpioydshimiRd(@D(46 958204 M) wes! a)ddizdmartd)ﬂhuefrsglt(n@ m_) at

dded ol TR e RearLO b g R AL T ot LR Pt Aot Reefrlo "

evapor atfef and p@ifi RISt ylide c¥etfin EhrBhﬁd)gh%sph hisiRd YT B RBYnGN Thi ldegrdgireduchd
with a gradi ent of to 40% OAc i n I sohexane. Pure fractions were

conbi nedvariduted pay the eelupy %fqgo}l\g NHR)/MgOH; product fractions were combined and
(2-chl oro-6-(4-(isopropyl sul fonyl)tetrahydro-2H pyran-4-yl)pyrimdin-4-yl)-
3- 25 neVARRTASH PR ieHdug wappyRficddrogrepaiptive ey uyingrdegreasingdy pelgr mixgpyes

e ?Z%ﬁ%ﬁﬂéﬁ@@?‘% B PP Ma AR e Rciope polping Bedesedor pinol i -4

-yl ] pyrdompdund ﬁlegelc)onﬂldthedrmhdl o®apdrated to afford the title compound (23 mg, 11%); 'H

addod | MR BbRITE RS Ry By fhusay e ol 1163 oA & s 7 Bl sy 81 Laf™e

4- (2- 9@'&3?05%(2%{ tmi(mmyw(m}pxy chtm-é Véé(ﬂq 4),7.32-7.39 (lH m).
(i sopropylsul fonyl)pi'peridine-1-carboxy 2M aqueous
sodi um catboithtde B (itH,dld),(10. mqunw,m GESIrh)rMI)I aﬂrﬁa 6§DH-| ndol 4 yl bor oni ¢

d (98 .6 t
heated to 90 eSO ey HEH et bR e M@ EST due vt eat ed
Wit h 10%mbkfy1th i) pelvhidn- myl)nﬁﬂﬁhcﬂin'erlﬁs%ﬂ a@gtaR{Bgfr@aterlal NQW prefdid B MlleKE: was

purified by ion exchange chromat ograp usi ng an SCX col urm. The desired

product a\)/as dPBtdd. 5f7rf@1m2c5l"%7 I@mOiDrﬁﬂddsl drifraaraii ey Nand fract i ons

cont ai n| r n ra [ purified
by pr epap%thlpv%%ﬁﬁ%]é u5| glga{élrgglggo?lng’f& (g%% E%@Zt urgglg “%?é 9&{@ ?cont ai ni ng
1% NH3) mdlyﬂ@ﬂ?f&n@lsn&ﬁylpm(ﬁlethE[ta@pﬁﬂﬁldhmJ@D(ﬂ;(m i1t mmotias iD@A (S@Hﬂgund
wer e conbi ned and evaporated to afford the title conpound (42.0

1F1 NVR (heoosuiiies mBiW@%P@)SUlf cpat REpr 13 hougs. Fe mjpfur fdyvas Vza@gd with ‘I@el( (290 m,
2.46 -2 , , 39 -
3. 41 ( 1|_r‘§9)"%1ﬁﬁge an% éﬁﬁg%e( &?ﬂa{e)d and %@egg&%{ﬂgd% c?%ﬁ?aq?ﬁr%@zoéﬁ& al_{nltg;g:g 101
- 4. 04 (vuth DEM. thé fratids vd:)re; c@knﬁﬁec( artd evaporatd80 affitd, 6-hethyls@lfor(yldaethiyD);
Zli,o g ! I_& (ﬂl%thyl §1m&ﬁ1n-l4) yl t;tgﬁgr?%eﬁiangs)u’lfogét%%l 98 %, 21543 0)(; 1H’Nl\% (4?5(} T\/%?z,zo
DMSO-ds) 2.58 (3H, s), 3.16 (3H, s), 4.80 (2H, s), 7.47 (1H, s); m/z: (ESI+) MH', 366.93.
b) 6-(Methylsulfonylmethyl)-2-(methylthio)pyrimidin-4-yl trifluoromethanesulfonate (1.9

g, 5.19 mmol), (3S,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 sealed

25 into a microwave tube. The mixture was heated to 100 °C for 2 hours and then concentrated
under reduced pressure. The residue 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 evaporated to afford (3S,5R)-3,5-dimethyl-4-(6-(methylsulfonylmethyl)-2-
(methylthio)pyrimidin-4-yl)morpholine (0.579 g, 34%); "H NMR (400 MHz, DMSO-d°) 1.26

30 (6H, d), 2.45 (3H, d), 3.11 (3H, s), 3.60 (2H, dd), 3.78 (2H, m), 4.22 (2H, s), 4.33 - 4.43 (2H,
m), 6.58 (1H, s); m/z: (ESI+) MH', 332.14.




The (R)-tert-butyl 4-(2-chloro-6-(3-nethyl norpholino)pyrimdin-4-yl)-4-

(i sopropyl sul fonyl) pi peri di ne-I-carboxyl ate, used as starting material, was
prepar ed W 2hwld7e083: a) A sol ution of PCT/GB2009/051755

(R -4-(2-chl oro-6-(isopropyl sul fonyl net hyl ) pyrim di n-4-y1)-3-

met hyl mor pholine (0.800 g, 2.40 mmol) in NWP (9.5 nL) was treated with
sodi um hydri de, 25 60% di spersion in mqeral oil (0.316 g, 7.91 mmol). The
m xture was stirred at RT for 10 m nutes before being treated with

t et rabut yl ammoni um brom de (1.159 g, 3.59 mmol) and

Nbenzy1-a3- chl 0500 NuosbRiRR I WaDEE NaDAT) Reis RYEEE B 9KRIS, (OmEAR14.(62. 64
nmmol ). The WO 2010/ 073034PCT/ GB2009/ 051755 -97- m xture was sti rred for 5
m nut es (atetiyisudfody intethy hedmethyitbiofg@ntidin-4-yhowrphahide {Hermadt 1. @I)mrmb) 1;12 5

hour s. al | d ta,.co t and.th e

addi ti orf ({]%P {hﬂ d,\%ﬁatﬁ'kmﬁ%ﬁ ﬂﬁga@gy Hnb%luf%ﬁ”éo % ?@ é xt racted
wi th Et GAGo()iR@lkdak (@ mL)t 1y stQl@ﬁg Glu &?| wilsi sBfrcWasEeC Yt hovad aid tﬁ@n Kedold L) ,
saturated brine, dried over MgpSO4, 5 filtered, and then concentrated under

r educed tpIOBYS forel. homkeA fdhcy @ertmsﬁ duirdibrasepasiane 0987 md g reps g daskanglithe ca
el uting &\éﬁ&%n%&{u@g{vgygea{?%d %%Pg? gc?roz/ Ak 9A¢ ﬂhrﬂlell:)l%\éltlo!1D UF ?,2t({1§1%¥110%91%n¥\ﬁf@7 0

conbi ne evapor ate

(R) - 4- (&nL)waemaaﬂd (heaeqwhepyﬂusuﬂré wasyhe)apédwnsbdt flor® hours. EtOAc (20 rnL) was
yl)-2- chI or yrlmdln 4-y1) - 3- et hyl mor phol i ne, (0, 600 51% (ESI +)
MH @y& R MY wwheém@rwerrﬁ%ﬁt@mdmeﬁ%o m3) S5 ic %Seéid’ded to

a soI uti ( I
eri din- 4&%%“@1(@@?%%@;1@@ %en?faf/éa ¥ yadid TEQFEHDR{I?%@Q Pﬁg&?a 0 ng, 1.22

mol ) |4 rbh%té)éigpmdn sf%’@elﬁﬁ%%%tﬁ'l %@(ﬁeﬁ}%q@% %%r]:ﬁt)lAlé)‘inﬁs%'heénEOP{[@ and
then allowed to cool e mxture was luted wth 0 m) and
t hen al lfowsdny westcambipdendicyinoratFheo afford (3%5Ras, 5td1matlerd4wbt(h- d| -tert-butyl

o N L T R TEL M SR

sol uti or‘(Ewas)Mﬂrt3§g|gned bet ween DCM and wat er and the organi c phase
separated and then evafor ated. The residue was purified by chromatography

on si | i ceheus{meghelsyfantiraethyle2omashyldio) ppovadoetal oussd9s seging mateyey can be
Fracti 021%153 %‘&{F‘s d%u@%ehjﬁ @%ﬁ%&ﬁﬁie éi%%’g&}rt UELEn SRR RALARIREYRRRY ated to

af ford’ I"'or o

met hyl rrwamoym)?mery rSlhdmﬂMficlyaéD DisHihgo il Pl fPospakdtiondr | di ne- | - car boxyl
ate (608 ng, 20 99% . Exanple 4,01 4-14-

R3S, 5R) goghﬁlmﬁml%e B%Yq’uﬁeszlfoy freatmgnt c{)flprohferatlve disease. PCT Int. Appl.

(et hyl n yl1pyrimdin2-yll-1Hindole (and can al so be naned
as : 4- i@g@ﬂ g}g%%%ﬁ%%dl nmet hyl nor phol i n-4-y1] - 6-

(1- et hyT@t(BSﬁRychdianh}dmi@myne rased @5 Qaryihd nibkériahdoh b¢ prepated (a8 BeschiRpd 31 5

- di net hy 6- rrethl Ifon cl opr lthio rim

yl') morh bt Pﬁ%atw%%éﬂ RN A e S A R LA AU 8y

ni) and 1% fedatigbat o@'&fke&&@rﬂ@dﬁfté&rtﬁz ¥R RISQAST TR OK RY-RHOBL ] ﬂﬁglrgké aRgieh.
through it for 5 mnutes. 1Hindol- WD 2010/ 073034PCT/ GB2009/ 051755 -98-
4-y| bor AL IcAppl( 12’(109059\2\’0200%)071%33)) (t hi ophene- 2- car bonyl oxy) copper (244
ng, 1. 2% rrrmI!! Siﬂd tetrakis (triphenyl phosphine)Pd(0) (45.5 ng, 0.04 mmol)

were ad resulting mxture was stirred under nitrogen at 80 C for
16 hour y.{4Lhe(VdhylufondSeydidprvB el 6Q 85Xl 3-hambidy chil 8.2006 dtf 3-e10p i midi-2-
exchange chromatography, using an SCX colum. The desired product 5 was

el ut eds flhiHrindoleo] urm usi ng 7M NH3/ MeOH;, product fractions were comnbi ned
and evaporated. The residue was purifi by preparative HPLC using
decreasingly polar mxtures of water [(©aptaining 1% NH3) and MeCN as

el uents. Fractions containing the desjired conpound were conbi ned and
evaporated to afford the title conmpound”™(23 ng, 11%; 1H NVR (400 MHz,
DMSO 1.26 (6H, d), 1.53 (2H, dd), 1.6 2H, dd), 3.17 (3H, s), 3.57 (2H,
10 dd), 3.76 (2H, d), 4.37 (2H s}, §|7 ’ 7.11 (1H, t), 7.23 (1H
d, 7.32 - 7.39 (1H, m, 7.45 (43 Hdd), 11.14 (1H, s); n z:
(ESI+) MF1', 427.60. The O
(3S,5R) -3, 5-di net hyl-4-(6-(1-(methyl sul fon cycl opropyl) - 2-

(et hyl t hi o) pyri m di n-4-yl)norpholine, used as starting material, was
prepared as follows: a) DBU (3.57 nL, 25.97 mml) and
1,1,1-trifluoro-Nphenyl-N- is (trifluoronethylsulfonyl)nethanesul fonam de
(9.28 g, 25.97 mol) were added to 6-

(et hyl sul fonyl met hyl ) -2- (et hyl t hi o) pyri m din-4-ol (5.07 g, 21.64 mol) in
DCM (80 mL). The resulting m xture was stirred at RT for 72 hours. The
nlxture was mashed mnth mater (100 nL) and the organlc phase separated and

o e .




b
6- (Met hyl sul f onyl net hyl ) - 2- (nmet hyl t hi o) pyri m di n-4-yl trifl uoronmet hanesul f on
ate (1.9 wp 2810103010l ), (35, 5R)- 3, 5-di net hyl nor phol i ne RgaGR2MSITSE (1. 180
g, 7.78 mml) and N, Ndii sopropyl ethylam ne (3.61 nL, 20.74 mmvl) were
suspended in dioxane (20 nL) and sealed 25 into a m crowave tube. The

m xture was heated to 100 C for 2 hourgygand t hen concentrated under reduced
pressure. The residue was dissolved in DCM and purified by chromatography
on silica eluting with a gradient of 20 to 40% Et OAc in isohexane.

Fracti ongq-gQii-al r -

(35, SR - e O T oou ot Py ARGy 12

( et hyl t(med)y;btyrQ)mrdmdlm4ﬂ);&=owﬁcﬂzabieyc(@??«mogtan@@%) mg 4. 4NRMENO0 VHz,

050 99, 4,020, i ity 0, Moty 28 30 70

332. 14. cal@n3RAOIOFRITARGHLOB20GRAOFH LRSS Ml )rAiEAMCAT UOUS I irtoR Of
Na CH (1C:.§>1 rT1I_1 Wg.js g&ggd tog(3S 5R) - 5 5- dluﬁlgﬁtgrﬁel 4-1 - e

(met hyi sdfgﬂ&ﬁﬁ@'Wh‘BtHHWQGHZTIQWMWM‘ﬁS@)?Wd T far-lﬁllmbsr(m@l Vigeuresv1 ny,
b on ae gy Fae SRARTREORE ah P pdddodby o el AR Lo B A0 LPSTRT U

stirred @lurd@ TCBefdaslréﬂ producs wasldluttdfaiemorhelad @durbn tein@ 0GSMONHB/MeOH,; paref ur t her
portion of 1,2-dibr ormet hane (0.07 added and the reaction mxture
was heatfEastighs wexe copybinediigd cxdpopate rﬁhﬁé?m@&wwr# Py prepagtysd St fandng
(0.070 Xl

hour s. %%rﬁ\(%ﬁ%lgw na/gglréasgﬁ V&(ﬁ Edlﬁﬂeﬁ% ﬁﬁ?@%ﬁ%@ ??I:I/vgg% ésoerlu&lts

and bni nga¢ts cb)tainittpeprodgamiccs @naseedvasl drpadtedve pffofy o tita domjmmd (65

ST ca dnting! wLAME gl Ern B0 b F B sauitart h o cdBlan et AfRL- "
2520135:?;3“159%\6%?%)& zn?ifizoa@? 2eMaP9l af 8 1902f £ 05 ¢, 2H), 4.49 - 4.54 (m, 2H), 6.81
(et hyl g lffb)nwzp&yﬁrbp% HDGLVHR 7(Aeet. YDt RS oY pylH)n$ .64 6d.4H)! ) hdF (sh dH):mz( 350
my, 60%, %ZMH@@ ', 358.13. The

¢F§ fonyl r’rét

6- (nmeth yI) 2-(nmethylthio)pyrimdin-4-ol, used as starting
mat er i,al TheCR(®- ae(rﬂ&hﬁsﬁm@gdya?rdﬁﬁmL(hﬁqultﬁld) ithidiren 318 0x4Bi ke, Kurt
Gordon; Finlay, Maurice Ra Verschoyl e; Fillery, Shaun M chael;
Di shi ngt®AbICYGIp[Er- Haﬁﬂane,Pﬁ@b@r%ﬁtﬁl@&n@ferwbm@r@mtﬁﬁwlf%lwsﬁe derivatives for
treat me of f | 7080382) .
The (BSnagR) 380@943 ag{lﬁ%}’d@%gh |ne usecgI §t54s 8 .Wnaé%?r% etrol a (Qrgaérjl be
pr epar ec(n&ﬂlydt&ﬁbnyllﬁ&ﬂlyl)q2zﬁhethlyﬁhio)p3&rrmtimre<{7(qmlgr 287 n;}ecﬁlj m&yD]][angI 491 ke,
Kurt Gordon, Pyrlrpdl ne riv | es that are useful dp gtreat nt of

b at 5

di seases™hedi? hinseplhip I IQﬁHlb PISRIBEIYFRITG HES BUTES ardarsy dme

I nt. H%actl(oa%g‘)u’r Y0<R99RE ¢4 ﬁi%? hQMSH@:l- (2.x 10 mL), waterflO rnL?L nd

4-{4-| Met hyl sul onyI )cycl o 8- oxa- 3 azabi'tyclo[3.2. 1] oct-3-yl)p
yr| m d| reafuate@® Brigd (11011'1]:} TlhdotgmcLlayer wmdmdommgsawmummeﬁﬂ% - 100-

éHi lesn((j(ile‘(vﬁ% rﬁggsﬁ?elf r% ﬁﬁl)‘ g@ %@gﬁ%l%r%%at%&)kw on silica eluting with a gradient of 0
(et hyl tBi10)PycDM &iDe¥t. Pl Bac@idas weRZ RS a‘ﬁ[i%v%p&lt@& tPdTord 335(@ ng, 0.42
mol ), tetrakis(triphenyl phosphi ne)pall adiu and

(t hi ophdmetiydsuttenporeyiydiyYeehykhiodRognidy,; 4-y1)1830m@1a)zabm>rcé0[§@51d@¢m@840
di 5 d t d d with nit Th t
i oxane 1£ 8@%2 ?’2% (fi@@*ﬁ%ﬁ %%Sogh egassed with nitrogen. e mxture was

heat ed’ t'6 ours vigourous stirring). The m xture was

cool ed and pLB'ddﬁdrﬁdy&thid@'@S@’)SQhﬁélﬂl@ s@llﬂflﬁ'vﬁbﬁﬁﬂ@@fl apny66. 185hAgl)aresSddcd @l 340
The desired product was el uted fromthe col unm using Q.35M NH3/ MeOH; 8ure

f ract i orf&ciipielioaymatied)- Aﬁ@eﬁvab@amtr@@dmf%l)r%@W%r@za/ta%wbﬂ%12fh]@@afﬁy(
P ng 1%
Rra) and o) Rt | SR PRERARLDE X1 PR 6T bl 8 R Rl GO HANDE, ¢

conbi ned3an dng\ﬂam)nnﬁtoda)dntt@iuafef @0 anlt)h®h¢ rdstileing anipundag Ghraaat 666€for AH NVR
(400 DI\/[%% 1.70 1.78.(m 4H), 1.85 - 1.91
(m ZM_'Zhogrsl? ateg( SébngWa%g_ﬁdegg&g%e(rglxugpbwas 3x1{§:§:ted \ﬁltég)h(lqﬂe (%Qljnl‘ )ﬂ2}lg"llh
?d541|(_i)mtol%|épie la?eéjwﬁdrlétﬁ)ver K/ig%(bé( E})lteljéd)and% %Q)r&t%d "liﬂé)resﬂue‘l\@as(ﬁunﬁ]eh')bg 7.35
3- (6- ( 1-dhnehdtygrsplhyf anylhya;ylutlmg,)wapytjg)racﬁer(mﬂ)hq 1% Mp@iflrlnrﬁ(aMnPur;eﬂa)cUBn&)xa 3-
azabi cycl o[ 3. 2. 1] octane, used as starting material, was prepared as
follows: a) 8-oxa-3-azabicyclo[3.2.1]octane (627 ng, 5.54 nmmol) was added
to 4-chloro-6- (methylsul fonyl nethyl)-2-(nethylthio)pyrimdine (700 ny,
2.77 mmol ) and DI PEA (1.447 m_., 8.31 nmol) in DCM (10 nmL). The resulting
mxture was stirred at rt for 3 days. The 20 reaction m xture was washed

A N 2\ oy 7 A PN 3\ N 1 T Y I T AN



toluene | ayers were dried over My504, filtered and evaporated. The residue
was purified by chromatography on silica eluting with a gradient of 0 to
10% MeOH wo 2DOM73Bur e fracti ons WD 2010/ 073034PCT/ GB2000r@RLI®H51761- wer e
conbi ned and evaporated to afford 3-(6-(1-(nethylsulfonyl)cycl opropyl)-2-
(et hyl t hi o) pyri m di n-4-y1)-8-o0xa- 3-azabi cycl o[ 3. 2. 1] octane (351 ng, 81%;
mz: (ESI+) WMH, 356.09. The -101-

4- chl or 0- 6- (et hyl sul f onyl net hyl ) - 2- (net hyl t hi o) pyri m di ne, used as
starting material, 5 can be prepared as described in the literature

(Fi Nl Y,y R UpinbMRANIBIGONRE SO0 E3- (W[%@h&ﬁﬁﬁbfﬂﬂ)@g@l’oﬁﬁ pdpri.vati ves,

processes for preparing them pharnmaceutical i ons cont ai ni ng them

and t hei(metiydthfogpyrimilat- HW@ Post-Braapkicyalel 3. 1s]o¢tde¢ S5 1PaF 8Il i), mbgpESI+ 2008) ,
V‘DZOOBOZﬁiLﬁH%; wa 8- oxa- 3-azabicycl o[ 3. 2. 1] oct ane, used as starting
mat eri al 6b prepared as described 10 in the literature (Feurer, Achim

Lui t hl e, ThEkoRER1b#B-6 Vihéﬂlil,su&@mamymz:bﬂétaﬂthldﬁpgﬂhﬁdm&rsmmarﬁhgﬁﬁlfenal

Johannes-peter; Stahl, El ke; Schreibe Rudy; Winder, Frank; Lang, Dieter.
Pr epar atda8 ke prengyadzs seesmped in thy lisgaturg @mﬁ@s Magrjcg i aymopd & csfche

pool - ( 28O R BB AT S iRt RS Y B R Emn

-102- Cl.oﬁhfdliilﬂ.g\théﬁﬂaﬁdhﬂﬂlrﬁfse fartreating pro)iferative disordhel@T hit. Appl. 2R&MY A is a
C3_6¢cycl oal k é or a saturated 4-6 nmenbered heterocyclic ring containing one
het er oat WH288PECHEY-from 0, N and S; 10R is selected from mor phol i n-4-yl ,

3- et hylﬂ@%&ﬁl B'&z?:né-/}lzciojl_?o o0 ARE ﬂé’édrggrsﬁm%gaérl 1@9%e§r ared as described

8- oxa- 3-azabi cycl o . an3y1 group; ydrogen; R3 is
hydr ogenndlre Iitetatye (Feurer, AchiRd Livithkelechied Wtrtymﬂtwmmgleholamwmg, Getrhaot;0,

chl or o, SC,%%E,O .@glgtggg)tg%gﬁahlaﬁ&elgchrelber ﬁugy,cwgng %t edLant;g,O B}er‘;re?t hyl,ethyl,

i -propyl
Preparation of pyrazolopyridinylpyrimidines as inhibitors of cGMP degradation for the

treatment of central nervous system diseases. PCT Int. Appl. (2004), W02004009589).
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or a pharmaceutically acceptable salt thereof 2. A conpound according to
Caiml wherein Ring Ais a unsubstituted C3 _6¢cycl oal kyl or a saturated 4-6
het er ocycwocorwatgo3gont ai ni ng one het eroat om sel ect ed fr @cT@GEO@/ANI7520 3. A
conmpound according to Claim1l1l or 2 wherein Ring Ais a cyclopropyl,
tetrahydropyranyl or piperidinyl ring. 4. A conmpound according to any one
of Claims 1 to 3 wherein 25either WO-gQ10/073034PCT/ GB2009/ 051755 -103-

R3 is hydrogen; and R4 is selected from hydrogen, nmethyl, fluoro, chloro,
cyano and nethoxy; Or R4 is hydrogen, and R3 is hydrogen or methyl. 5 5. A
conmpoundcpa§wrdi ng to any one of Clains 1 to 4 wherein R3 is hydrogen and
R4 i s hydrogen. 6. A conpound according to any one of Cains 1 to 5
wherein R is 3-nethyl m)rphol inl0 4-yl. 7. A conpound according to any one
of d ai 1 t 6 wher ei a group selected fromnethyl, ethyl,
|-propyFPand 8@8%P5H§anTga§DA conpound according to any one of O aims 1
to 7 wherein R6 is nmethyl. 9. A conpound according to any one of Clains 1 to
8 where the conpound of formula (1) is a conpound of fornula (la),

..... A0, 20 (la) or a pharmaceuticglly acceptable salt thereof
10. A corrpound according to Claim @3 r haymaceutical | y acceptable salt,
t her eof 3

/ R

RS
R2
N| SN
Re/\s = R’
5
@D
wherein:

Ring A is a Csscycloalkyl or a saturated 4-6 membered heterocyclic ring containing
one heteroatom selected from O, N and S;
10 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? and R® are hydrogen;
R? is hydrogen or methy;
R* is selected from hydrogen, methyl, fluoro, chloro, cyano and methoxy; and
15 R® is a group selected from methyl, ethyl, i-propyl and cyclopropyl;

or a pharmaceutically acceptable salt thereof.

2. A compound according to Claim 1 wherein Ring A is a unsubstituted Cs scycloalkyl
or a saturated 4-6 heterocyclic ring containing one heteroatom selected from O and N.

20
3. A compound according to Claim 1 or 2 wherein Ring A is a cyclopropyl,

tetrahydropyranyl or piperidinyl ring.

4. A compound according to any one of Claims 1 to 3 wherein

25 either



wherein: 25Ring Ais a cyclopropyl, tetrahydropyranyl or piperidinyl ring;
WO 2010/ 073034PCT/ GB2009/ 051755 -104- R2 is hydrogen; R3 is hydrogen; R4 is
hydr ogen;wB20i00780sdr ogen; and 5R6 is a nethyl group. 11PAT&GHIPEUISHTSS
according to Caim1 wherein the compound of fornula (1) is selected from
any one of

4-{4-[1- (Met hyl sul fonyl ) cycl opropyl] - 6tggor phol i n-4-yl pyri mdin-2-y1}-1Hind
ole; 10

6- Met hyl - 4- {4- [1 (nethylsulfonyl)cyclopropyl] 6- nor phol i n-4-yl pyrimdin-2-y
1} - 1H-i ndol &;Rr? js hydrogen; and R? is selected from hydrogen, rneth 1, fluoro, chloro, cyanp and

2-Met hyl -4-{4-[1-{ne hylsulfonyl)cyclopropy ]- nnrpholln yipyrlnldln 2-y
1} - 1H i rmdethexy;

6- Met hoxy- 4- {4 [ 1- (et hyl sul fonyl ) cycl opropyl] - 6- nor phol i n- 4-yl pyri m di n- 2-
y1}- 1Hi ndol €F

4-{4-[1- (et |’B(4|1§H?rih@@é’ﬂ,)aﬁ&9\|3M}Q@Ug"eh-o@nﬁwﬁﬂhm in-4-ylpyrimdin-2-yl}-1Hind
ol e-6- carbonitrile; 15

6- chl or 0- 4- {4-[ 1- (net hyl sul fonyl ) cycl opr opy1] - 6- nor phol i n-4-yl pyri m di n-2-y
1}- 1H i ndol e; -

51l uor 04 {ffim{’ undacrardinedasny eue phGlaims o g vhercin k) ishydrogenand RYjs 5 o
1} - 1H i noakse
4-{4-[4-(N®thy|sulfonyl)piperidin-4-y1]-6-nnrpho|in-4-y|pyrinidin-2-y1}-1H—
i ndol e;

4 L4 LA Vet s plamidobahiABYHY 8n@bt OHEAN ¥ HhefsTRY RNl fhyfindpRyid.m o 1
- 2-y1}- 1Hi ndol e;

4-{4- d-4-et hyl sul f onyl ) cycl opr opy1] - 6- nor phol i n-4-yl pyri m di n-2-y1}-1Hi ndo
le; 4-(4- { 1 -[( 1 -nethylethyl)sulfonyl]cyclopropyl}

- 6- nor phol i n-4-yl pyri mdi n-2-y1)-1Hi ndol e;

ﬂp { 4d[ I1 1.cycl Qs RpYhRidctaaA )6 ¥al 8RE BPY RIS 6 RibetdiNR A1 Ryt SIskidt o1} - 1
i ndol e;

4-{ 4- [4lﬁﬁyﬂL@bybpyhguiﬁm&@qumwm@hydro-ZFLpyran-4-y1]-6-nDrphoIin-4-y|pyr
m di n-2-y1}- 1H ndol e; 25

4-{4-[4-(cycl opropyl sul fonyl) pi peri di n-4-y1]-6- nDrpholln 4-yl pyrimdin-2-yl
}-1Hindole; A compound according to any one of Claims 1 to 7 wherein R® is methyl.

4-{4-[4-(Cycl opropyl sul fonyl) pi peri din-4-y1]-6-[(3S)-3-net hyl norphol i n-4-yl
] pyrimdin-2- yl1}-1Hi ndol e;

4-{4-[4-4 Cycl ) nor p
A d. i ng QEI%B%J@%E@@%’A%&EB% gﬁ? gF é@ﬁh@ PYS @0t cSnpdutdordotihiy)

4- { 4- [ ( ISr-cBmbbdrlydfiformpliekian- 4- y1] - 6- [1 (et hyl sul fonyl ) cycl opentyl ] pyrimd
in-2-yl}-1H ndole; W) 2010/ 073034PCT/(GB2009/ 051755 -105- 4- {4-

[ (3S)-3-Met hyl nor phol i n-4-y1] -644-( | sul fonyl)tetrahydro-2H pyran- 4-

yl ] pyrimdin-2-y1} -1Hindole; 4- {#-[(3S)-3-Mthyl norpholin-4-yl]-6-

[ 1- (et hyl sul fonyl) - cycl opr opyl ] pyr <2-yl)- 1H ndole; 5 4- {4-

[ (3R) - 3- Met hyl nor phol i n-4-y1] - 6- 5 R
[1-(nethy|su|fony|)cyc|opropyl]pyrininin-2R~1} - }Fi ndol e; 6-Met hyl -4- {4-

[ (3R) - 3- et hyl nor phol i n-4-y1}).- —

[ 1- (nethylsulfonyl)cycloprop b 1} -M¢#Jndole; 2- Met hyl -

{4- [(3R)-3- mﬂhylmnphM|

[ 1- (nethylsulfonyl)cyclopropyl yl} -1Hindole; 4- {4-

[ (3R) - 3- Met hyl nor phol i n-4-y1] -

[ 1- (et hyl sul f onyl ) cycl opr opyl ]¥ - 1Hi ndol e-6-carbonitrile;
6-chloro-4- {4-[(3R)-3-nethyl norpholin-4-yl] Rg*6-

[ 1- (et hyl sul f onyl ) cycl opropyl ] pyri m di n- 2- yl} -1Hi ndol e;

20 (Ta)

or a pharmaceutically acceptable salt thereof.

10. A compound according to Claim 9, or a pharmaceutically acceptable salt, thereof
wherein:

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



6-fluoro-4- {4- [(3R)-3-nethylnorpholin-4-yl] -6-
(rret hyl sul fonyl') cycl opropyl ] pyrimdin-2- yl} -1Hindole; 6-nmethoxy-4-

[ (SRWO-2nsit1gd3a0r phol i n-4-yl] - 6- PCT/GB2009/051755
(rret hyl sul fonyl ') cycl opr opyl ] pyri mdi n2-yl1l} -1Hindole; 4- {4-
R) - 3- Met hyl nor phol i n-4-y1] -6- [4- (et hyl sul fonyl)tetrahydro-2H pyran- 4-
yl] pyr| m di n-2-yl} -1Hi ndoI e; 6-Metgayl -4- {4-

- met hyl nor phol i n-4-y1] - 644- (et hyl sul f onyl ) t et rahydr o- 2H pyr an- 4-
md|n 2-y1l} -1Hindole; 2-Methyl-4- {4-

[
3- met hygphg) H&%bﬂﬂ 4-y1] - 644- (et hyl sul fonyl ) t et rahydr o- 2H pyr an- 4-
i mdin- 23y1? H’i ndol e; 25 6- Met hoxy-4- {4-

3- met hyRmohpiogem- 4- y1] - 6- [ 4- (met hyl sul f onyl )t et r ahydr o- 2H- pyr an- 4-
i mdin- Jh%r 1H-i ndol e; 6-chloro-4- {4-[(3R)-3-nethyl norpholin-4-yl]
[4- (nmeth s% 8rr?§|3 Yt et r ahydr o- 2H pyran-4- yl]pyri mi di n-2-y1}

i ndol e; ERYin ?ﬂl@gén and- [ (3R)-3-net hyl norpholin-4-yl] -6-

met hyl sul f ony )tetrahydro 2H pyran-4- 30 yl]pyrimdin-2-yl1l} -1H i ndol e;

4- [(3R)1§1ﬁ@tmg; Yol i n-4-yl] -6-
i

;U'O

R) -
py
R) -
y
) -

AEAT AP T T T YOI ARG
"_'00'_'00‘_'00 w !

©

r
;

yr
4-
Hind
t
5
met hyl sul fonyl )t etrahydro- 2H pyran-4- yl]pyrimdin-2-yl}
ndol e- 6-carbonitrile; WD 2010/ 073034PCT/ GB2009/ 051755 -106- 4-
( 3R) 13- MeA byinpounahuekonding-ty Llaier [ hersat thy lcsnnpbaiyd ) foirmels (Diidsedecydd pyri m
n-2-yl} -1H ndol e; 4-

[ ( 3R)IBLKRY AV %or phol i n-4-y1]-6-[ 1- (et hyl sul f onyl ) cycl obut yl ] pyri mi di n-

di
{4-
2-y1} Rlfethyisifonyleycl []-6-morpholin-4-ylpyrimidin-2-yl}-1H-ind
{4-[1- (q«ﬁlg kog;l?s ?I(%WC 0{/3 Olpgdro Om %E?}/{lm}r#% ?m)r%lhOII I n-4-yl]pyri
m di n1@-6Methyl-BH4- ﬁd@h@hyl&hlfonyl)cyclopropyl] 6 rnorphohn 4 ylpynrmdln 2-yl}-1H-indole;

fl_ %4;“( %/g(, ?l&rl p{YJIa% ﬁ%éﬁlpoﬁ cyc Iopr}ogylil-%-morp[lcg y?pynmlg%-gt})r }pﬁ_oll (?014 yllp
. [ 4- (@Me@fmxgmu 4191 trﬁém&mﬁlﬁﬂﬂjayaaﬁroqumﬁla@hénﬂlly1@&&%&) 234 eHbybser pho

4-
n-4- 10 yrimdi n-2- -1

4-11- (H- Iﬁ‘if[]'s'(mﬁbm}wlfwé)cmipwpﬁl] 66111P1(1$R§m3 yieyriwidin 2 pthill Heindolpt6t pyr i mi di n-

4-

r-“—.ll—|_h|—||

- (
-
-
H-
-

-1H|nd F
(IftFl ei”onyl)tetrahydro 2H pyran-4-y1] - 6-[ (3R) - 3- net hyl nor phol i n- 4-

}

4-

yhi na- éiilﬂl%‘lj/ Th- [15(ﬁfe!h@@91f6mylﬂc§clﬂaprop%ll] -6- rnorphohn 4- %lp?lrlrmdln -2-yl}-1H-indole;
4(Ethy|su|fonly pi peridin-4-yl (3R) - 3- net rmrpholln4y|]pyr|md
1)0-flaggorft &f-&F (met{lwsul{fqny[lxcxclmonyll]érmmhghnﬁosdwr}regﬂen épil opiirndole;

4-
y
3R I e;
41 ( 1 Ve T CESRLEDAL e o Sk RS Y0l i ok
met hyl rm{QD@(MBM}suEGn}y)taztmhydm ﬁﬁlﬂ)y?&tyél)y}]lddfﬂor;d@ﬂiﬁ%-ﬂlpyﬂmldln 2-yl}-1H-
4-[(1- Nbﬁéqr]yl et hyl ) sul fonyl ] pi peri di n-4-y1} -6-
3R) - 3-1HE By | nor phol i n-4-yl ] pyri m di n2-y1) - 1H-|ndole 4-

> 43@‘: 1 BB TR LR REN - B-forpdiifa sk mbyd Sl fienyddigycl opropyl ] py

4 (4-{1-[(1-methylethyl)sulfonyl]cyclopropyl}-6-morpholin-4-ylpyrimidin-2-yl)-1H-indole;

[
1
[
P
[
2
[
[
t
[

4- [

{
y
{

I

{
2-
{
yl]
{

i

{

{

[
{4-[(
rimdin

n-
6-
(
i

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

25 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-(Cyclopropylsulfonyl)tetrahydro-2H-pyran-4-yl]-6-[ (3S)-3-methylmorpholin-4-
yl]pyrimidin-2-yl}-1H-indole;

30 4-{4-[(3S)-3-Methylmorpholin-4-yl]-6-[1-(methylsulfonyl)cyclopentyl Jpyrimidin-2-yl }-1H-

indole;



yl} -1Hindole; 25

4-[4-[ (3R 5S) - 3, 5-di net hyl nor phol i n-4-y1] - 6- (1- net hyl sul f onyl cycl opr opyl ) py
ri m di n- 27Q2pro/bbsiendol e); and 4- PCT/GB2009/051755

{4-[1- (Met hyl sul fonyl)cycl opropyl] - 6-(8-oxa-3-azabi cycl o[ 3. 2. 1] oct - 3-yl ) pyr
I mdin-2-yll1Hindol e, or a pharmaceutically acceptable salt thereof. WO
2010/ 073034PCT/ GB2009/ 051755 -107- 13_fpspharmaceuti cal conposition
conprising a conmpound of forrmula (1), or a pharnaceutically acceptable salt
t hereof, according to any one or nore of clains 1 to 11 in association with

a phar mw{dssphlmetﬁ%ﬂ%@i@@gwma@ﬁethﬂgdlﬂﬁm)te@[rahy@farz'fﬁPyraﬁ-ztl_4- A net hod
for treating cancer Wwhich conpfises admistering to a patient in need
t her eof lpyheridipeliyl}cldiHindoés;f ecti ve anount of a conpound of formula (1), or

a phar ' I cceptahl e |t .t hereaof, .according to any.on ai ns
RIS (EN o R e L e e B R O St
accept alghgolsal t thereof, 10 according to any one of clainms 1 to 11 in the
manuf acture of a medi cament for use in the prevention or treatnent of those

t unours 4nid-6i RadeMsdiinernphelin-g-yil hérl bimebrlssifontry/lppreel Ipyrimidin-2-yl}-1H-

indole;

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

2-Methyl-4-{4-[(3R)-3-methylmorpholin-4-yl]-6-[ I-(methylsulfonyl)cyclopropyl]pyrimidin-2-

10 yl}-1H-indole;
4-{4-[(3R)-3-Methylmorpholin-4-yl]-6-[ 1 -(methylsulfonyl)cyclopropyl|pyrimidin-2-yl } -1H-
indole-6-carbonitrile;
6-chloro-4-{4-[(3R)-3-methylmorpholin-4-yl]-6-[ 1-(methylsulfonyl)cyclopropylpyrimidin-2-
yl}-1H-indole;

15 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-yl]-6-[4-(methylsulfonyl)tetrahydro-2H-pyran-4-

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

25 6-Methoxy-4-{4-[(3R)-3-methylmorpholin-4-yl]-6-[4-(methylsulfonyl)tetrahydro-2H-pyran-4-
yl]pyrimidin-2-yl}-1H-indole;
6-chloro-4-{4-[(3R)-3-methylmorpholin-4-yl]-6-[4-(methylsulfonyl)tetrahydro-2H-pyran-4-
yl]pyrimidin-2-yl}-1H-indole;
6-fluoro-4-{4-[(3R)-3-methylmorpholin-4-yl]-6-[4-(methylsulfonyl)tetrahydro-2H-pyran-4-

30 yl]pyrimidin-2-yl}-1H-indole;
4-{4-[(3R)-3-methylmorpholin-4-y1]-6-[4-(methylsulfonyl)tetrahydro-2H-pyran-4-
yl]pyrimidin-2-yl}-1H-indole-6-carbonitrile;
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4-{4-[(3R)-3-Methylmorpholin-4-yl]-6-[4-(methylsulfonyl)piperidin-4-yl]pyrimidin-2-yl } -1H-
indole;

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

4-{4-[4-(Ethylsulfonyl)piperidin-4-yl]-6-[ (3R )-3-methylmorpholin-4-yl]pyrimidin-2-yl }-1H-
indole;

4-(4-{1-[(1-Methylethyl)sulfonyl]cyclopropyl }-6-[(3R)-3-methylmorpholin-4-ylJpyrimidin-2-
yl)-1H-indole;

4-(4-{4-[(1-Methylethyl)sulfonyl]tetrahydro-2H-pyran-4-yl } -6-[ (3R )-3-methylmorpholin-4-
yl]pyrimidin-2-yl)-1H-indole;

4-(4-{4-[(1-Methylethyl)sulfonyl]piperidin-4-yl } -6-[ (3R )-3-methylmorpholin-4-yl|pyrimidin-
2-yl)-1H-indole;

4-{4-[(3S,5R)-3,5-Dimethylmorpholin-4-yl]-6-[ 1 -(methylsulfonyl)cyclopropyl]pyrimidin-2-
yl}-1H-indole;
4-[4-[(3R,55)-3,5-dimethylmorpholin-4-yl]-6-(1-methylsulfonylcyclopropyl)pyrimidin-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 pharmaceutically 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 (I), 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 (I), or a pharmaceutically

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

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

prevention or treatment of those tumours which are sensitive to inhibition of ATR kinase.



