WO 2012/ 032334PCT/ GB2011/ 051647 1 - QUI NOLI NE AND QUI NOXALI NE DERI VATI VES
AS KINASE |INH BITORS The present invention relates to a class of

qui nol i newendi2p3e3saxal i ne derivatives, 5and to their useCrGR2hEw@EpA7 MNor e
particularly, the present invention provides quinoline and qui noxaline
derivatives conprising a fluorinated ethyl side-chain. These conpounds are
sel ective inhibitors of phosphoi nositide 3-kinase (PlI3K) enzynes, and are

?CCO{ di n?I Yf COWENESLINESANB' NOXCRLINE BERITIVEIVHS WS KINASE
reatnment o . : ,

neur odegenerative, netabolic, oncol pNEHBITORS cepti ve and 10opht hal m ¢
conditions. The PI3K pathway is inpltcated tn a variety of physiol ogical
and pat hol ogi cal functions that are believed to be operative in a range of

human di seases. Thus, PI.3Ks provide a critical
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366-376). Aberrant upregulation of the PI3K pathway is inplicated in a w de
variety of apiROAC.carbevascyles neuodqgengrative Mstakoligcacalogicrly pegirsrtveend 9o,
2-8). in accordance with the present invention, being
pot ent andogﬁﬁg%ﬁgggggﬁ%% inhibitors, are therefore beneficial in t he
treat ment and/ ofThprPé¥ie rpmhmydsf invdichiedsn hwamety af’ phpidlsgicalled athnilgicle

aut oi nmune and. i nfl a orders such as rheumatoi d ar
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cardi ac hypertrophy, hypertension, and irregular contractility of “the heart

(e.g. duri mgnipwat, ncfrae buﬁg&)wthnmambdmg@m@ln@, Bwr@fléeapmdn@losluacmnas

Al zh di ., styoke,
amyot 1 ophi CoITBTRELN 40T BT SR T Mol cbr T hrhg s ReRie s aan: A
sei zures; mBtahAld G We®BIRIEnAL Chr@fir O, E@%ﬁm mdmaam&g)zmwbenm%@
oncol ogi cal 30 conditions incl ud| ng | eukaeni a, glioblastoma, [ynmphons,

mel anona, and afuiennda e éreled in H@ nathadegy Qfmécersaadrmetbb@wnmﬂ@mma@wnd
NG, e Cas iR Risc T N BN ManR L3 Bk fus I B RS SELVacki, PRl and

noci ceptive disorders I'sor’dersinc ng age re
macul ar degessy78}.i Aﬂerfaﬁ\Rl‘l@)agulatlon of the PI3K pathway is implicated in a wide variety of

20  human cancers (cf. S. Brader & S.A. Eccles, Tumori, 2004, 90, 2-8).

The compounds in accordance with the present invention, being potent and
selective PI3K inhibitors, are therefore beneficial in the treatment and/or prevention of
various human ailments. These include autoimmune and inflammatory disorders such as
rheumatoid arthritis, multiple sclerosis, asthma, inflammatory bowel disease, psoriasis and

25  transplant rejection; cardiovascular disorders including thrombosis, cardiac hypertrophy,
hypertension, and irregular contractility of the heart (e.g. during heart failure);
neurodegenerative disorders such as Alzheimer’s disease, Parkinson’s discase,
Huntington’s disease, stroke, amyotrophic lateral sclerosis, spinal cord injury, head trauma
and seizures; metabolic disorders such as obesity and type 2 diabetes; oncological

30  conditions including leukaemia, glioblastoma, lymphoma, melanoma, and human cancers
of the liver, bone, skin, brain, pancreas, lung, breast, stomach, colon, rectum, prostate,
ovary and cervix; pain and nociceptive disorders; and ophthalmic disorders including age-

related macular degeneration (ARMD).



WO 2012/ 032334PCT/ GB2011/ 051647 2 - I n addi tion, the conpounds in
accordance with the present invention may be beneficial as pharnmacol ogi cal
st andar dswbapi12usessun t he devel opnent of new bi ol ogi cal wPestGB20nd51637t he
search for new pharmacol ogi cal agents. Thus, the conpounds of this
invention may be useful as radioligands in assays for detecting conpounds
capabl e of binding to 5 human Pl 3K enzynes. WO 2008/ 118454, WD
2008/118455 and INQIZOOB/tA Ethifoudlas G dcdosrdvadd wids e eirésest iaterionimuyl tene and
qui noxal i ne derivatives that are structurally related to each other and are
stated to theneficdsgs phaymagpipgicel $%@aﬁi86@blgﬁeé%¥head@V¢19pm9nt&ﬁ ngyrhatlopcaikestand
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from Uni tednd&i begdoful pataeitiligapdl in asdaiyofts d0@EB2&@pcainds dApaREGZ b8)dingebl i shed
on 19 011, g}gcri be separate classes of fused bicyclic heteroaryl

deri vat i ve ugen PLIIE CPEXFRES| nhi bitors of PI 3K enzynes that are of benefit in
the treatnent Ofwé%%ﬁﬁg!ﬂhf 'V@@TE%Q/"IYMS%%Q'WWS/H@M’Q @éé%%e“vaf’i‘fous serics
neur odegener ative, metaboli ¢, onco logical, 15nociceptive and ophthal mc
condi ti ons.of qulnohnd\mmietmlﬁonahee @@rl\@tlvasrthataarasﬂnamhrelly cclded &, cdebwtheennd are

di scl oses or  sugqests i se tru ass i nQ in and

qut noxal + netah P Cub e R i i il firal bitds BRKiHo brAF A
provi ded byrehfigs PI3RSARYiatcd\BAditiORs orldi®re&gpounds of the present invention
are potent and selective PI3K inhibitors 20 having a binding affinity

(1C50) 1Por the HURENOPOSKHS%NHD @O 1 046639 a@d@pmndm&%p A/ &3 108 @ Miv®f or m
of 50 [IiM S [ | | Ss,
Cypical 1y SroiftiRIREEhda pih ikl BliohS RRposto BT MifhugBor
or less, ard iorMherell, YewtibdOepaMiOtlabses st {ubfEbisidliciRereyisduniviivds as
appreci ate that a lower IC50 figure denotes a nore active caonpound). The
conpounds &fleethe inhibipisiod Hl%ynﬁy@wé@ agg ofj hepafiit ip thastraatmeny|od adwqrasct i ve
affinity, t
Teast o b0t Bt dpioy ke Rati il RBGidaRafic, Bietoboric sk ot

sel ect il¥e abticeptivg,anfl ophthhienibuomditidiis3Ka and/ or Pl 3KI 3 and/ or PI 3Ky and/ or

Pl 3K6 isoformrelative to.other huyman ses The co nds of the
i nventi on possei\ionﬁ@ff&tﬂlgl%avéﬁﬁ%%é%t04§a PIEVSs dipRses of Sige 65@&590%d
sel ecti vit ¥y, dGAPRRLS &}Qiu%lo%é 'aﬁ@ﬁﬁ(moé‘ﬂ&e‘d@hb‘ﬁ%@c&ﬁér&' ﬁﬁgﬁ’hh&ﬁﬁdté‘d ahppert ies

30(i ncluding cl earance and bi oavai | abi | he present | nvention
provi des a stlormpounrrd meDVld@irbumhap(dsyntonV@mN- oxi de thereof, or a

phar maceuti cal | M\ acceBB%?Js of%l?l Igreéjelilt ﬁl%er\ﬂ%nearg Bgtent a]:nd selective PI3K inhibitors

20 having a binding affinity (ICso) for the human PI3Ka and/or PI3K 3 and/or PI3Ky and/or
PI3K isoform of 50 uM or less, generally of 20 uM or less, usually of 5 uM or less,
typically of 1 uM or less, suitably of 500 nM or less, ideally of 100 nM or less, and
preferably of 20 nM or less (the skilled person will appreciate that a lower ICs figure
denotes a more active compound). The compounds of the invention may possess at least a

25  10-fold selective affinity, typically at least a 20-fold selective affinity, suitably at least a
50-fold selective affinity, and ideally at least a 100-fold selective affinity, for the human
PI3Ka and/or PI3Kf and/or PI3Ky and/or PI3K? isoform relative to other human kinases.

The compounds of the invention possess notable advantages in terms of their high
potency and selectivity, demonstrable efficacy, and valuable pharmacokinetic properties

30  (including clearance and bioavailability).

The present invention provides a compound of formula (I) or an N-oxide thereof,

or a pharmaceutically acceptable salt or solvate thereof:



WD 2012/ 032334PCT/ GB2011/ 051647 3 - (I) wherein U represents -CF3, -CHF2
or -CH2F; 5Q represents oxygen, sulfur, N-R4 or a coval ent bond; Z
repr esentwoani2zgseidenal | y substituted bicyclic heteroarylPCrGB2011/050633i St i ng
of two fused six-nmenbered aromatic ringsg.the heteroaryl noiety Z

containing at |east one nitrogen atomand being linked to the renai nder
the nol ecul e through a carbon atom Mrepresents aryl or heteroaryl, e

of which groups nay be optionally_40substitut
substituents; Wrepresents CR5 o N;
repr esent hydrogen, hal ogen, cyano
C3_7 cycl oal kyl (G _6)al kyl, C3_g>
al kyl, heteroaryl (C _6)al kyl, hydr &y, €
trifluoromethoxy, 15C1_6 al kylthio

Zby one or nore

RI| R2 and R3 independently

AN kyl, trifluoronethyl,

al kyl'(C 6)a|ky| aryl (G - 6
| koxy, dlfluoronethoxy,

1 6 Bl kylMulfinyl, G _6 alkylsulfo

anmino, G _6 alkylamno, di(Cl_ 6)3Rkyl am no, C2-6 alkylcarbonylanino,
al koxycar bonyl ani no, C1-6 al kyl sul fonyl am no, fornyl, C2_6 alkyl carbony

car boxy,

C2_6 al koxycar bonyl, am no carbony Cl1_6 al kyl am nocar bonyl ,
di (G _6)al kyl ani nocar bonyl , ami nosul fonyl (D

_6 al kyl ani nosul fonyl or

di (G _6)al kyl am nosul fonyl; 20R4 represents hydrogen or C _6 al kyl; and
represents hydrogen, halogen Cl_6 alkyl or G _6 al koxy. VMere any of
t he groups vlardile compounds of fornula (1) above is stated to be optionally
substituted, this group @ﬁmbe unsubstituted, or substituted by one or

substituents. T}bre@aqsplgﬁs

by one gr two 25?%?5551&989{7&11, sulfur, N-R* or a covalent bond;
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15

20

25

Z represents an optionally substituted bicyclic heteroaryl moiety consisting of two
fused six-membered aromatic rings, the heteroaryl moiety Z containing at least one
nitrogen atom and being linked to the remainder of the molecule through a carbon atom;

M represents aryl or heteroaryl, either of which groups may be optionally
substituted by one or more substituents;

W represents C-R’ or N;

R', R” and R’ independently represent hydrogen, halogen, cyano, nitro, C alkyl,
trifluoromethyl, Cs7 cycloalkyl(C;.6)alkyl, Cs_7 heterocycloalkyl(C, ¢)alkyl, aryl(C,.6)-
alkyl, heteroaryl(C;.)alkyl, hydroxy, C;s alkoxy, difluoromethoxy, trifluoromethoxy,
Ci alkylthio, Cy alkylsulfinyl, C;¢ alkylsulfonyl, amino, C;s alkylamino, di(C,s)alkyl-
amino, C, alkylcarbonylamino, C,¢ alkoxycarbonylamino, C;.s alkylsulfonylamino,
formyl, C,¢ alkylcarbonyl, carboxy, C, alkoxycarbonyl, aminocarbonyl, C; s
alkylaminocarbonyl, di(C,;)alkylaminocarbonyl, aminosulfonyl, C; alkylaminosulfonyl
or di(C;.¢)alkylaminosulfonyl;

R’ represents hydrogen or Cy alkyl; and

R’ represents hydrogen, halogen, Cy alkyl or Cy_s alkoxy.

Where any of the groups in the compounds of formula (I) above is stated to be
optionally substituted, this group may be unsubstituted, or substituted by one or more
substituents. Typically, such groups will be unsubstituted, or substituted by one or two
substituents.

For use in medicine, the salts of the compounds of formula (I) will be
pharmaceutically acceptable salts. Other salts may, however, be useful in the preparation

of the compounds of the invention or of their pharmaceutically acceptable salts. Suitable

of
t her
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HCHF o Rafl | be unsubstituted, or substituted



For use in nedicine, the salts of the conpounds of fornmula (1) will be
phar maceutically acceptable salts. O her salts may, however, be useful in
t he prepawvetzom3ed34st he conpounds of the invention or of PCa&B2011/051647
pharmaceutically acceptable salts. SuitahlLe WO

2012/ 032334PCT/ (B2011/ 051647 4 - pharnmaceutically acceptable salts of the
conpounds of this invention include acid addition salts which may, for

exanpl e, behheidcestidayly atochi®lBsai®bithc @0mpbuidie FesPBYMGhihclube adid veditiben
with a solution of a pharnmaceutically acceptable acid such as h drochlorlc
aci d, sul philfs whige ey, fEcraRRSUPpRENFEDRETHNE puRkitPR OhtcgompapRd @f thei d,

succinic acfﬁ\%.’n d@l? l% S%ﬁﬁfoq of Q&ﬁéf%a%e %aﬁ% agdeh{a:? fd ?ﬁhtag Bgﬁ%blﬁoﬁg Lugd or

phosphori ¢ aci rt er nor e, ere e Invention carry an
aci di ¢ noi stilphuec geid, qaetbmeyulphmﬁt adat efuptaaic mamlemalemcaddid/ sacasip taedd| ecesal ts

t hereof _may j ncl ude al kal i. ne salts, e. sodi u ot assi u | ts;
al kal i né e&rs{dhb%fbaa%ﬁpw aQiC gtart%%ﬂ 45,08 RJ}OSP%H@& rﬁ%ﬁlﬁfrgoreaw e i s

formed withos gbﬁ@&lo@t@ﬁ%}mn ch#928 ScidR- oicALBILCELABEN, ppN um salts. 10The
present invention includes wthih its scope “$ol’vates "0f the conpounds of

formula (I )phalmweutlc:su;z la.ccsvptasbbﬁt ¥s theycob mayonetedt alkalhmettrsedts, @ggsmdlum or
sol vent s, E 3?@“ sol VentﬁW§UCh as, benzene or.tol yene; Iorlnated

sol vent s 3@8}%5%{2: PRSI BFtRRalS gt ICHEN OF PRgRGSTYTE S B G- such as

met hanol %ﬂﬁ@é&%lﬂ%ulﬂaﬁlémrgﬁﬁ@H%and@té”@rcﬁl@ﬂerrﬁl@ﬂr ¥@eMoniusHedksas di ethyl et her
or tetrahydrofuran or ester solvents such as ethyl acetate. 15

Al terndfively, tlhe psesentaneention ndhedes @fttlsl@uﬁﬁwm s¢lyatanipthe cympeynds et f or med
wi th wat er., %ﬂrﬂ'r}lé%\’ﬂk%gopr gs%glﬁ% Qoﬁlﬁat‘é‘%}%ﬂax IBS fg}yn%r at Cotnﬁnon ogggtlf C. sgf%eﬁts % gyl

groups whi c onpoun s''0 0N I e

st rai ght - chginesbandolbé@n civhdis Genfenabkioludge OeHdSrinat @ soeoeafswueh &d cilomlfdey
groups. Typi cal exaqg]es i ncl ude net hyl and ethyl groups, and
st r ai ght - cRaidisalpremethang, alsebolxniohepia suckhag Wthami ﬁgaﬂ%lpr gﬂpaménolp%fh%r%lm ar

| kyl
o7 9, PRSP TEL  S PRy RSSO Bt

Der i vedsex pilessitonly, tuchlvars 'thheEcoaipbmxds"qf 81616 (1ainday | be Hoarigd + ﬂiw@ter i
alkylsulpho am no" are to be construed accordingly.
Specific C3" db?@?g§VWVﬁqﬁgﬁg%%sare cycl opropyl, cyclobutyl, cyclopentyl,
25cycl ohexyl ands gk AEPLhps %ﬁicm]tealﬁo@grxiengwme%oh@shmeofwﬁbea%m%d
napht hyl , preferably phény ui table aryl (C1_6)al kyl groups incl ude

benzyl , phelmhll@t éﬂnytight-phéangd fplddpyﬂlchadl@mabm gy)hlpstﬁbtydxan@m ¢ abdlieyl groups.
heter OCyCl OIal kc\ﬂ e p'lléasslhcl%el r%gthrTPXn(P ec%ﬂﬁrérosl?psbgnrgizs?ralglﬂ% Ham O orot%anc%ed

20  propyl, butyl and pentyl groups. Particular alkyl groups include methyl, ethyl, #-propyl,
isopropyl, n-butyl, sec-butyl, isobutyl, fert-butyl, 2,2-dimethylpropyl and 3-methylbutyl.
Derived expressions such as “C alkoxy”, “Ci alkylthio”, “C; ¢ alkylsulphonyl” and
“C16 alkylamino” are to be construed accordingly.

Specific Cs_7 cycloalkyl groups are cyclopropyl, cyclobutyl, cyclopentyl,
25  cyclohexyl and cycloheptyl.
Suitable aryl groups include phenyl and naphthyl, preferably phenyl.
Suitable aryl(C;)alkyl groups include benzyl, phenylethyl, phenylpropyl and
naphthylmethyl.
Suitable heterocycloalkyl groups, which may comprise benzo-fused analogues

30  thereof, include azetidinyl, tetrahydrofuranyl, dihydrobenzofuranyl, pyrrolidinyl,
indolinyl, thiazolidinyl, imidazolidinyl, tetrahydropyranyl, chromanyl, piperidinyl, 1,2,3,4-
tetrahydroquinolinyl, 1,2,3,4-tetrahydroisoquinolinyl, piperazinyl, 1,2,3,4-tetrahydro-

quinoxalinyl, homopiperazinyl, morpholinyl, benzoxazinyl and thiomorpholinyl.



30t hereof, include azetidinyl, tetrahydrofuranyl, dihydrobenzofuranyl,
pyrrolidinyl, indolinyl, thiazolidinyl, imdazolidinyl, tetrahydropyranyl,
chr omanylwopopaseaiunyl , 1,2, 3,4- tetrahydroqui nolinyl, PCT/GB2011/051647

1, 2, 3, 4-tetrahydroi soqui nol i nyl, piperazgnyl,

1, 2, 3, 4-t et rahydr oqui noxal i nyl , honopi perazi nyl, norpholinyl, benzoxazinyl
and thionorpholinyl. WO 2012/032334PCT/ GB2011/051647 5 - Suitable

heteroaryl groupsithble Ihat@ﬁ)amrgydupsbmlzdbffuml bend@ﬂaeylmbeﬁzmhryg Hieny)
benzot hi enyl, di benzot hi enyl, rolyl | o[ 2, 3- b]%ﬁrldlnyl

pyrrol o 3, Bn@]tlgiywldqhhwot%fgnryémrrwyl Wllah@mplpl%gyrroﬂwmrr

Chi arol yi . BRI, pyrl BRGTH 2y O Bkl CPRABR ARSIy, dhBppE LY

i mdazo[ 1, ZmﬂinyrbdunmhphﬂmmﬂQZ@MQtﬁmhﬂprmdbnm&pbmumnhmhﬂylmhdhzﬂ&n 2-

1 Azl 91, Dberimep R Qo et t kS OR Y . imepoli VG HbPRAg, miazo[1.2-

i soqui nol i Yy | azi nyl ,
pyri m di nyl%ﬁg qgl:ﬁﬁgg’})h%ﬁ%da%ﬂ 2. aéﬁ&’ arnzg/IH?ng](g?ﬁhéoxlg] Pﬁéﬁl#&g}%letg i|aE'(|g12§/ll triazinyl

and chr onerghzogrianopd. te&&'ﬁﬂl}d pmdm?lh@,hm@imyl igsuueddylh aaléltlrryrlchnylmﬂrdd@dyh o

i ncl ude quorlg 0 ]%h r|n bro 3ﬁ and |gd|ne ato £ L %:flu rine,
chlorine ofBPEM nR! alazinyt e AR dgwgpn¥ HWH PHAGYSne or
nor e asynn@ﬁ&mgﬂgﬁ@gm@ﬁmnyhgymﬁay accordingly exist as enantloners Wher e

t he conBounds of the invention possess two or nore asymetric centres, they
may addPtional | Yhex¢rst “hadoegiass evcd bagsinsis inthedadrio érpludsrlupsing, ehdprie,

under st ood b&rorm taﬁ&'?odn?e aEH)llns %yﬁl@eﬂ? nﬁuor %ng{lgrl&noqr bqbl% fereomers, and to

m Xt ures thereo n, nel ng racenma 8. Fornula (1) and

the fornul ae deWﬁér@%d’@ﬁ@oﬂﬁﬂi @ﬂfoﬁmﬁa i(hthendest drandsre ps@aBiricalchtrésndicyi dual
stereoi soners and all paossible m xtures thereof, unless stated or shown
ot her wi se. M4Y 3EHHNEBNCXIFGHSBURECHT- W@PWh%lC‘(mB’OI}%?OEBbﬁé@VG&gO@ BOSETHEPS,

for exanpl %@&5

(NHC;O)<-*E§EEB§§§%$%éh? é%%fEQ%%g% ners. % rnﬁ#g????gﬁm ﬂenﬁﬁ?ﬂ%twn

depi ct éd hes @ilrafriderstoad eo exitedtbed! fuoh leezmtresmm amil diasterdormerd ald to aikionsr s and
all possible

i Xt ures thereof nl ess stat S er e. .
Advant ageoﬂi]%qr?/o,fxl? ABY HW@BFISPPel%{“g}%&Wé?ﬁt%I wBHks Mﬁﬁ%ﬂ Wia@ Ksricpounds
of formul aptleln2RPY%E iNfchdedd réstedaPAICTAL i HAl §RFBHbRCt andall possible mixtures

thereof, unless stated or shown otherwise. In addition, compounds of formula (I) may

exist as tautomers, for example keto (CH,C=0)«—enol (CH=CHOH) tautomers or amide
20  (NHC=0)<hydroxyimine (N=COH) tautomers. Formula (I) and the formulae depicted
hereinafter are intended to represent all individual tautomers and all possible mixtures
thereof, unless stated or shown otherwise.
Advantageously, the absolute stereochemical configuration of the compounds of

formula (I) above will be as depicted in formula (I-1):

RS -7
W
2 ~ U
R
~
N M
R

(I-1)

25

wherein U, Q, Z, M, W, R!, R? and R’ are as defined above.



25 wherein U Q Z M W R, R2 and R3 are as defined above. WO

2012/ 032334PCT/ GB2011/ 051647 6 - In a selected enbodi nent, where U
repr esentwo-20R233233ar t i cul ar conmpounds of fornula (1) asPdefdBred/&bave

i ncl ude those wherein the carbon atomtogwhich the -Q Z and -CF3 noi eties
are directly attached is in the (R) configuration. It is to be understood
that each individual atompresent in formula (1), or in the 5fornul ae
depi ct ed her ei nah beélectb@ymboditi@at, WiRrdU es@bientsn CFh&attuiar @bmpsyndsfofi ts
naturally occurrl ng i sotopes, with the npst abundant isotope(s) bein

preferred. famda (hgs defined rbeveainplude these Whetsin Wi qurApn AP @g\élwclaﬁ&rgol @gé nt

in formula t fter, may be present as
a 1H, 2H (dgilj% er %le e d rﬂ%ﬂfl %tr%%l %mﬁ?ﬁﬁi{e‘iﬁ%{@u@t&%y 1H Sinilarl y, by way
of exanpl e, eachtEmdbwuﬁﬂwdto@zmhbmachﬁmjmpuadmmpre@eﬂtcnn fajhmldal) orarthen the
10f or mul_ae depi ct her ei naf present s a 12C, C or C atom
pref er abl y farpetlac picts ersinpds frakf facfelmafa%%mt o1 ?,fraéléf s Pately |
anot her em&@&ﬂrﬁﬁ fsot £%ﬂ?§1@%o%t albdagne iddlof(§)Wet RILLITARN by wdy of
represents - Fgl mdﬂe I n one errb?) |m31}11 %%(g reeds%?rl;%s C R5. Inyan(}),toher
enbodi ment exmplepﬂraehmgldwl hSgegich atons prtgsarit as@emubf(l)c onpcba @smutrcalepotadance
with the presen |nve ion a lhre sent.ed ounds .of . faymul a
(8 and (bEeaehdua g T By aHERGR Kot H GiGR) Rptperiably P and R
are as def igngfardp Fz{eway ofexamﬁQV@d’&h@ﬁ(ﬁ%ﬁh%arﬁdﬂ%t&ﬁ%@ésb‘ﬁﬁn %Iﬁm@gm@m&ﬁﬂe
configuration of the conpounds of fornula (I gbove will be as depicted in
f or mul 40( | Aermulac depicted heremaﬂer may be present as a “C, -C or "*C atom, preferably '“C.

In a particular embodiment, U represents -CFz. In another embodiment, U

represents -CHF,. In a further embodiment, U represents -CH,F.
In one embodiment, W represents C-R’. In another embodiment, W represents N.

Specific sub-classes of compounds in accordance with the present invention are

15  represented by the compounds of formula (IA) and (IB), especially (IA):

(IA)
RS -7
N
2 ~ U
R (IB)
—~
N M
R

20  wherein U, Q, Z, M, R', R?, R and R’ are as defined above.
Advantageously, the absolute stereochemical configuration of the compounds of

formula (IA) above will be as depicted in formula (IA-1):



WO 2012/ 032334PCT/ GB2011/ 051647 7 - (1A-1) wherein U, Q Z M R, R, R3
and R5 are as defined above. Advant ageousl y, the absol ute

st er eochewDcal2/6e33fi gur ati on of the conpounds of 5fornuPeT(@Ep115064¢ W | |
be as depicted in formula (IB-1): (IB-1y_-wherein U Q Z M R, R2 and R3
are as defined above. 10l n a sel ected enbodi nent, where U represents -CF3,
particul ar conpounds of formula (1A and (1B) as defined above i ncl ude
those wherein the carbon atomto which thgs-Qa&and -CF3 noieties are
directly attached is in the (R) cpfiguration.]In one aspect of the
invention, Q represents oxygen, sul¥ g 0 ~NSui table values of Q

i ncl ude oxygen and N-R4. 15In ogze Bbbod| me\nt, Qpepresents oxygen. In
anot her enbodi nent, Q represent’s s{ Inla particul ar enbodi ment, Q
represents NNR4. In a further enbodiwént NQ reyresents a coval ent bond.
Ceneral ly, the bicyclic heteroary! noiety Z contains one, two, three or
four nitrogen atons and no other heteroatons. Typically, Z contains
two, three or four 20 nitrogen atons. Suitably, Z contains two or three
nitrogen atoms. WO 2012/ 032334PCT/ GB2011A0H51647

wherein U, Q, Z, M, R', R% R” and R’ are as defined above.
Advantageously, the absolute stereochemical configuration of the compounds of

5  formula (IB) above will be as depicted in formula (IB-1):

RS -7
N
2 ~ U
R
~
N M
R
(IB-1)

wherein U, Q, Z, M, R, R? and R? are as defined above.

10 In a selected embodiment, where U represents -CFs, particular compounds of
formula (IA) and (IB) as defined above include those wherein the carbon atom to which
the -Q-Z and -CF; moieties are directly attached is in the (R) configuration.

In one aspect of the invention, Q represents oxygen, sulfur or N-R*.
Suitable values of Q include oxygen and N-R*.

15 In one embodiment, Q represents oxygen. In another embodiment, Q represents
sulfur. In a particular embodiment, Q represents N-R*. In a further embodiment, Q
represents a covalent bond.

Generally, the bicyclic heteroaryl moiety Z contains one, two, three or four
nitrogen atoms and no other heteroatoms. Typically, Z contains two, three or four

20  nitrogen atoms. Suitably, Z contains two or three nitrogen atoms.



8 - In one enbodinent, Z contains one nitrogen atom |n another enbodi nent,
Z contains two nitrogen atons. In a particular enbodi nent, Z contains three
ni t r ogen woane/032334a furt her enbodi nent, Z contai ns fouPCRIGB200&31@&7O0NS.
Typi cal values for the heteroaryl nvoietygZ include quinolinyl,

i soqui nolinyl, 5cinnolinyl, quinazolinyl, quinoxalinyl, phthalazinyl,
napht hyri di nyl, pyrido-pyrimdinyl and pteridinyl, any of which groups may
be optionally suhshé tmbedimeit, INBnOilinsroRE &itsden Sitdrh. UBNM®ther embodihiengre

enbodi nent, Z represents oPtlonaIIy substitut ed Fyrldo pyrimdinyl. In one
aspect of @ﬁa&améﬁ%mtmﬁtla dpreseiulr spOPdiment.Z euns thireautrogen

pyridopyri i di %hﬁmgﬂﬁ%ﬂgza?ﬁgﬁghnﬂ J&ﬂﬁfa% odi nent, Z represents

optionally su st|tu pyri rim n'a nore precise aspect
of that enbodi nﬂiyplcazvarl@q:srfeseleﬂ]steﬁmylmbﬂyﬂ shslt iquinoéidyl, isoquinolinyl

pyrido[ 3, 2-c/]pyrim.din-A4- par ti cul mbodi e
het er oaryl CH%‘PE%IBQI @JIP%ZO&ﬁgﬁ uippxalingly phﬂﬁlaamﬁ htg}%@avhﬁm o- zyrﬂ@ldmyl

subst i t ut SR Y PR TanJRF & HRBRSbhAURAY B opoaP bR 18] orkttmore

15enbodi nent, " Z 1 s nonosubstituted. I'n another” subset of that enbodi nent, Z
IS dlsubstmumnmdmw Typi cal exanpl es of optlonal substituents on the

het eroaryl noie de one or re su s, 1 nhdependent | el ected
Tom hal gen cubafi CRBdHERnRY Sebaratty ShpReR e RIS RTRE ylyo‘fz Cl 6
al koxy, di fohba§Rees hRxYembodirhdid oz %ﬁéseﬂtwpn&ﬂaﬂﬁj saQ@iulﬂdi 1&)

al kyl'sul finyl, ‘G _6 al kyl sul fonyl, "am no, Cl Ianlno 51 C1 6 a kyI

ami no, 18r yllagnather aspecs othebsybadime Zaylalewtsmﬁmal mlbstltatqd;ny@é@l ¢l-ani no,

Cl-6 al kyl |
el oat 11 SABRNE Tl ok B s oSy AU ARRIRON - cafsfy ondoraty
aIkoxycarb@ﬁmﬁumﬁ@pﬂﬂﬁﬁsQaﬂyhunﬁhlﬁyalkylanlnocarbonyl

di (G _6)al kyl am nocar bonyl, am nosul fonyl, C 6 alkylanlnosulfonyl 25and
di (G _6)al kyl amlms)amcahy pmbogsient. éliif‘ahlet@%mbm@sety A} viepubgtputgd. In another

al koxycar bapyl,aifidae, 2R%ubGHhadd 8l kL 6o NBLRLARY Chail kb &REPADY ! -

15 embodiment, Z is monosubstituted. In another subset of that embodiment, Z is
disubstituted.

Typical examples of optional substituents on the heteroaryl moiety Z include one
or more substituents independently selected from halogen, cyano, nitro, C; alkyl,
trifluoromethyl, hydroxy, oxo, Ci.s alkoxy, difluoromethoxy, trifluoromethoxy, C,

20  alkylthio, C; 5 alkylsulfinyl, C; alkylsulfonyl, amino, C; alkylamino, di(C,)alkyl-
amino, arylamino, C; alkoxyaryl(C,.¢)alkylamino, C, alkylcarbonylamino, C;
alkylsulfonylamino, formyl, C, alkylcarbonyl, Cs cycloalkylcarbonyl, Cs.6
heterocycloalkylcarbonyl, carboxy, C, alkoxycarbonyl, aminocarbonyl, C;6
alkylaminocarbonyl, di(C,;s)alkylaminocarbonyl, aminosulfonyl, C;s alkylaminosulfonyl

25  and di(Cie)alkylaminosulfonyl. Additional examples include C, alkoxycarbonylamino
and (C;.)alkyl(Cs.¢)heterocycloalkylcarbonyl.

Typical examples of specific substituents on Z include fluoro, chloro, bromo,
cyano, nitro, methyl, isopropyl, trifluoromethyl, hydroxy, oxo, methoxy,
difluoromethoxy, trifluoromethoxy, methylthio, methylsulfinyl, methylsulfonyl, amino,

30  methylamino, tert-butylamino, dimethylamino, phenylamino, methoxybenzylamino,
acetylamino, methoxycarbonylamino, methylsulfonylamino, formyl, acetyl,
cyclopropylcarbonyl, azetidinylcarbonyl, N-methylazetidinylcarbonyl,
pyrrolidinylcarbonyl, N-methylpyrrolidinylcarbonyl, piperidinylcarbonyl, N-



Typi cal exanpl es of specific substituents on Z include fluoro, chloro,
bronmo, cyano, nitro, nmethyl, isopropyl, trifluoronethyl, hydroxy, oxo,
met hoxy, woOfRbixn3esset hoxy, trifl uoronethoxy, methylthio, PeEidBOBWISIG4nyY]
met hyl sul fonyl, am no, 30 nethylam no, tert-butylam no, dinethylam no,
phenyl am no, nethoxybenzyl am no, acetyl am no, nethoxycarbonyl am no,
nmet hyl sul f onyl am no, fornyl, acetyl, cyclopropyl carbonyl,

azeti di nyl easthaplp Enlleylﬁ%bﬁillap@bﬂaﬁinS}Lébﬂ)@hbpMﬂnethf?bpﬁ]gfe@zizhﬂlwb&@ﬂ bonyl ,
N- et hyl pyrrol | di néﬂcar bon i peridi n){)l car bon
2012/ 032334y ﬂmsheaﬂvoxyg ethestygg pnﬂeammoﬁ%rbe@rluaﬁwlammocarbonyl

Pl per azi ny g ae o o DYRIRERAZI MR AL AT AR Aol ny! car bony!

car boxy, car am nocar car bonyl ,
di et hyl amdmnethyllaﬂmdsulfamlnosul fonyl, methyl am nosul f onyl and

di met hyl_am nosul f onyl .. _50ne specific u
pyri dof 3, 2-d] pyrql}’?lSBF‘HﬁﬁVWe ob7 1Spyr§1ﬂ\f$36ﬁk}ym{“ﬁ€1'§rﬁ’llety M represents a

monocyclic aryl @t t@ M igt LicMp s | 8her of
optionally substsfattﬁ]%lgd %ﬁ%g oré%)lljrrf)gregﬁst}}lﬁlo'(gj{olcgilecntglcd}Ig e%h?f é}&ypta%rt?rcou | ar

enbodi ment wmﬁegranps m@y bheptsmaliywbsmmtat by dhd or morssbbdtiteantsed. | n anot her

enbodi nent , sub ute re substituents. |In.one subset of
Sha 10 embodi ming Panienl! Efedinsgl Bt RataREt kROt ap SRy 58
enbodi ment 1athblsetﬂH>&!-ﬂtQ§ﬁt' Mﬂs%ﬂbsﬂ'ﬂﬂe@bf Hﬁé Seho B ftudis. tiRdhe ghredb Bt , M
is trisubstituted. Typi cal values for the noiety Minclude phenyl,

pyrrol yP, fembpHimanki Mny mongsubsazisdy ln arpther shiyet of thakemlsidymentt M iszol yi |

h Iyl I I I, di nyl,
| Sothi 220! vha BHLAGORYL ekl RS KR ABRLY v B ggedy! - pyr i diny

whi ch groups rrayrypﬁapmm@rtaf thy rﬁcﬂ&%tth,tﬂlﬁté pi¢n@Ngyresly Bl $Ma$;t1,| tuents.
Sel ected val ues of Minclude phe g ridinyl and pyrazinyl na/ of V\/m ch
groups rray ipidagplyl. onagolyl Berreo | @aolﬁf,/ 1&9&1@a@1ylnwré20§;ﬂb§tamlu iadiazolyl,

Typi cal et
W et ude SBUERIRt pBRYn P B R Ry CB P Btz AR ELORLY b BE €LY
cyano, 1Ait rvdnclf.‘groﬁps’zmaﬁbkypt;oﬂaﬂy“slhbmmmab%wc orfmdnecmbstit@htﬁ aI koxy,

di fl uoronet hoxy,_ triflu 6 alkylthio, CL 6 alkylsulfinyl, G _6
al kyl sul fonyl , ~ afRi5d v "EMQ Fihite ﬁéenya P(Yéﬂ!mé’y awwa%‘ww@an Vshlch

al kyl car bcc’%}‘(luﬂmn% be%h@nﬁl;"%lb%h{egwlcﬁl@oflﬁloré be@wuentg:z 6 al kyl carbonyl ,

car boxy, 6 al koxycar bonyl, am nocarbonyl, 6 al kyl am no carbonyl
di (G _6)al kyI aniTypzal femplgs Qimphomjlsmbmwemsan tﬁe aﬂylkyt battroayl ooty M
di (G _6)alk ‘?An nosul f on t erocycl oa] k

monocycl i ¢ "3t Yi° Q&Wd”r%%%%@c?ﬁ%é?‘i@%%‘ieyﬁy S%{g{‘fﬁiﬁ kpa?ogen SR80 O3V

20  alkyl, trifluoromethyl, hydroxy, C;s alkoxy, difluoromethoxy, trifluoromethoxy, Ci.s
alkylthio, Cy alkylsulfinyl, C, alkylsulfonyl, amino, C; alkylamino, di(C;.)alkyl-
amino, C, alkylcarbonylamino, C; alkylsulfonylamino, formyl, C,¢ alkylcarbonyl,
carboxy, C,.s alkoxycarbonyl, aminocarbonyl, C alkylaminocarbonyl, di(C,)alkyl-
aminocarbonyl, aminosulfonyl, C; alkylaminosulfonyl, di(C;s)alkylaminosulfonyl, Cs;

25  cycloalkyl, Cs6 heterocycloalkyl, monocyclic aryl and monocyclic heteroaryl. Additional
examples include C, alkoxycarbonylamino and (C,.)alkyl(Css)heterocycloalkyl.

Selected examples of optional substituents on M include one or more substituents
independently selected from halogen, C, alkyl and C, alkoxy.
Typical examples of specific substituents on M include one or more substituents

30  independently selected from fluoro, chloro, bromo, cyano, nitro, methyl, ethyl, isopropyl,
trifluoromethyl, hydroxy, methoxy, isopropoxy, difluoromethoxy, trifluoromethoxy,
methylthio, methylsulfinyl, methylsulfonyl, amino, methylamino, dimethylamino,

acetylamino, methoxycarbonylamino, methylsulfonylamino, formyl, acetyl, carboxy,



exanpl es include C2_6 al koxycarbonyl am no and

(C1_6)al kyl (C3_6) heterocycl oal kyl . Sel ected exanpl es of optional
substi t uewb=0383uncl ude one or nore substituents i ndepemaEmBIiyss@ect ed
from hal ogen, C 6 alkyl and Cl_6 al koxy}o-Typi cal exanples of specific
substituents on Minclude one or nore substituents 30i ndependently sel ected

fromfluoro, chloro, brono, cyano, nitro, nethyl, ethyl, isopropyl,
trifluor orreﬁdwdxycm%dﬁyaxzyrmnﬂe&rbm,, méthORMRRybondl, Hinkakgamiddexbonyl,
trifluoromethoxy, methylthiao, yl sul finyl, nethylsul fonyl, am no

met hy| ami n@migskHemyl @ﬁﬁhﬁ@mlweifwﬂmhﬁ@thmwewwwb@Mglpnrﬁpw@azetldmy'l N-

met hyl sul f | Y-

2012/ oszss%ﬁ%ggﬂj’ 8%%‘%‘?0%%% i P gmipyrrolidind, imugazolidinyl,
met hyl am n(N}areﬂrylﬁyﬂidazdlidr?mglhyétﬁihwmpwab}dnyﬂperi@iﬂy]nNsmhtlh@lpype,ridinyl piperazinyl,
met hyl am n

fon di net hyl anmi nosul f onyl . cIo ro i di ny
Nmet hyl azet a}eﬂvﬂpylp?ré%m&h%m&mln iom %mﬁ N%{‘Pllr‘;l EVWL%WH di nyl

i m dazol i di I i i n |,
i e U e g et

t hi onor phoIthlaojaazolplheylydmylpyymmidynyl ﬂmldytlnylt pylemylb'l, tétrazdlak aidytriazioxaz ol yl |

i adi azol y1 . porRateratRT bRiae i R b PadrpPRSbiEden

and triazi ”Ndependently s@@ét@&fr@ﬂl &&ﬁﬂpﬁl@tﬁypind%ﬁ&ﬁb{ c substituents on M
include one or nore substituents independentl|y sel ected fromchloro, nethyl

and metlfoxy. 10Mndvidualiaiucs of demebide phemd) maliptherdropysidingi mythyl-
chl oropyri h I n ra2|n | and net hox razi nyl .
el o ey

In a parti ser‘?fs pyridinyl. In a particul ar aspect

of that enbodi WEﬂh,paMcﬁﬁDéﬁS@&lh&nQM Iréiirékeﬁt—s}plyrldmyl In a particulldt agpset bLthat
enbodi nent, M represent s nethylpyridinyl. In a particul ar aspect of 15t hat
embodi ment Mbod @pﬁﬁé&\ﬂﬁ?&f@@nﬁmmdnp yil-di n-3-yl . Suitabl e val ues of R,

;2 y?? ?:/1025) §I3 klyln% %Qc?hé}ye% g%lmand)% %%%msgng sié%ghony% 64&8{18%#&%%0&

val ues 16f Fhat eRﬂbodlmb’nqrMEﬁ)remtswdmethydjyogem-yhal ogen, C1 6 alkyl,

aryl (C1_6)al kyl Sulta le ValuE?s ofalk ?{)5 and/or R” include hydrogen, halogen, C_ alkyl,
trifluoromethyl, aryl(C,;¢)alkyl, C; alkoxy and C, alkylsulphonyl.

Typical values of R', R* and/or R’ include hydrogen, halogen, Cy. alkyl,
aryl(C)alkyl and C; alkoxy.

20 Selected values of R', R” and/or R? include hydrogen, halogen, C) alkyl,
trifluoromethyl and C,; ¢ alkylsulphonyl.

Suitably, R', R* and R’ independently represent hydrogen, fluoro, chloro, bromo,
cyano, nitro, methyl, ethyl, trifluoromethyl, benzyl, hydroxy, methoxy, difluoromethoxy,
trifluoromethoxy, methylthio, methylsulfinyl, methylsulfonyl, amino, methylamino,

25  dimethylamino, acetylamino, methoxycarbonylamino, methylsulfonylamino, formyl,
acetyl, carboxy, methoxycarbonyl, aminocarbonyl, methylaminocarbonyl,
dimethylaminocarbonyl, aminosulfonyl, methylaminosulfonyl or dimethylaminosulfonyl.

Suitably, R' represents hydrogen, halogen, C, alkyl, trifluoromethyl, aryl(C.)-
alkyl, C, alkoxy or C, alkylsulphony]l.

30 Typically, R' represents hydrogen, halogen, C alkyl, aryl(C\)alkyl or Cy
alkoxy.

Selected values of R! include hydrogen, halogen, C, alkyl, trifluoromethyl and
Ci alkylsulphonyl.



20Sel ected values of R, R2 and/or R3 include hydrogen, halogen, G _6
al kyl, trifluoronmethyl and C 1 6 al kyl sul phonyl . Suitably, R, R2
and R3 i nseperxdseishy represent hydrogen, fluoro, chlororcmnnnnnﬂﬁyamo
nitro, nmethyl, ethyl, trifluoronethyl, bgnzyl, hydroxy, methoxy,

di fl uoronet hoxy, trifluoronethoxy, nethylthio, nethylsulfinyl,

net hyl sul fonyl, am no, nethylam no, 25 di nethyl am no, acetyl am no,

met hoxycar bonyl anist@tiveredliyd cﬁlnlflﬁaydi@m@da@gent R&lOYdn arda@tdlkylcar boxy,
nmet hoxycar bonyl, ani nocar bon met hyl am nocar bonyl , dlnethylanlnocarbonyl

ami nosul f onyl | ﬁepﬁw@md}a@n{ Boﬁfgnre&wsaiyﬁ@eﬁm Emnedist emgagiment, R

Sui t abl b hyl ,

vt oa o) bR aRERR, AR ASRIEbRORBI, 1 onCallel¥or i cnltodREEHTERTY

r elpr esent s réptekeﬁg?ml%rdnalraglegher apeﬁt (ﬁ]tk@ﬁlembadwle(nCIRI&):pﬂekﬁyllts ¢hlorGl Ifaal koxy

Sel ected values o | ,ude en,

tfi fl uog TERAr eqthgd @ené |rR19r|e wﬂnl %i&m@é%@éﬂ/ dBoBe 368647 -

11 - 111 ustyratdh ¥ehY@hiies wfreﬂ%bsehﬁ%&ﬂﬁ hﬂgﬁeﬁerbsp&%beﬂeﬂerﬁmﬂdl&mﬁRal kyl. In
one enbodi nent, R repreésents hydrogen. In anot her enbodi nent

represents rtpxb@g@rethypam ampthcrcmpoflimemt, R dﬁpl@kﬁnmt@lﬂubmnmhl@labpesmll 6frtheh at
enbodi nment ,

ents fl th f that di t,
represents H’r]?log e%teli%gp%f‘%]ﬁ%&ﬁceﬂﬁn%ﬁr%ﬂﬁ’?{aﬂgl%gg%’:g g‘s t@% Oa: E§|n
particul ar leybaBiniht, rrefilefitts ClNaIRGE, @Qﬁ@ﬁﬂ@iaﬁd&@t I@Hﬁtﬁﬂérr@ﬁ"ﬂodm%nt R'

represents nethyl. I'n_anot her aspect” of that enbodi nent represents

et hyl . 10n aeoessats @ntsdiailswdphonyRi nrOélprae@eh@fsth@trqmbqgien@ﬁelﬁhgﬂprewms getyil |
further er‘rtg %%gleq R represents aryl (Cl_6)al kyl, especially benzyl. In an
addi ti onal ¢ nent, R represents Cl_6 al koxy, especially nmethoxy. In

anot her enbodi rr@imablggl RARpRPERS BYreg&al hflogdkod Gl glbgnyl . I n one aspect of
t hat enbodi nent, R repr esents nethyl - sul phonyl.
Typically, R” represents hydrogen or halogen.
In one embodiment, R* represents hydrogen. In another embodiment, R
15  represents halogen, particularly fluoro or chloro. In one aspect of that embodiment, R
represents fluoro. In another aspect of that embodiment, R” represents chloro. In a
further embodiment, R” represents Cy alkyl. In one aspect of that embodiment, R
represents methyl.
Suitably, R’ represents hydrogen or halogen.
20 Typically, R’ represents hydrogen.
In one embodiment, R* represents hydrogen. In another embodiment, R
represents halogen. In one aspect of that embodiment, R” represents fluoro.
In a particular embodiment, R* and R” both represent hydrogen.
In one embodiment, R* represents hydrogen. In another embodiment, R*
25  represents Cy alkyl, especially methyl.
Suitable values of the group R* include hydrogen and methyl.
Typically, R’ represents hydrogen or C alkyl.
In one embodiment, R’ represents hydrogen. In another embodiment, R’
represents halogen, particularly fluoro or chloro. In one aspect of that embodiment, R’
30  represents fluoro. In another aspect of that embodiment, R represents chloro. In a
further embodiment, R’ represents Cys alkyl, especially methyl. In an additional

embodiment, R’ represents C alkoxy, especially methoxy.



Suitably, R2 represents hydrogen, halogen or C _6 alkyl. Typically, R2
represents hydrogen or halogen. In one enbodi nent, R2 represents hydrogen.
| n anot hewoenteadp3sent, R2 15represents hal ogen, parti culPariGB2biws1&@7or
chloro. In one aspect of that enbodi nenty» R2 represents fluoro. In another
aspect of that enbodinent, R2 represents chloro. In a further enbodi nent,
R2 represents Cl1L 6 alkyl. In one aspect of that enbodi nent, R2 represents

met hyl . Sui t abl SuithRc KeREesent grdipdt’agandOhydiasay ﬁﬁorozaﬂml, Bidinoy mebs/1
represents h&@ ogen. In one enbodinent, R3 represents h drq en. | n anot her
embodi nent an erlpaWe§éﬁrt§yr%|r@g@ﬁents hydspeen0y pasthylofl ypica y,é%ﬁeeﬁerﬁélﬁ% R3
represents %h In a particular enbodi nent, R2 and R3 both represent
hydr ogen. I'n ofie enbodl ment, R4 represents hydrogen. I n anot her enbodi nent,
R4 25r epresent s Ifth séleetbékyﬂnboﬁﬁmﬁc itled pryserfiemlvyﬁtionfprbtzidbsl & Naixrithedeoifvatﬁ\heofgr oup

R4 incl ude hydrog t hyl . jcally, resents hydrogen or

alkyl. Pn srebmeRise bk Hﬁ@ %Séiﬁ%%eaﬁ)@ge rﬂrc'rr FACCh Al e P bt rn”ent °rs
represents hahR4gfQeoParticularly fluoro or chloro. In one aspect of t hat
enbodi ment, R5 30represents fluoro. In another aspect of that enbodi nent,

R5 represents cldngrsob-class af ampdveds ercbutingrerthe iREnti@piseseaicstedbyshal kyl

Caee o | bRy Py b5 SR ash R0 o) HTE LRk R0y

0 (IIA)

wherein R and R? are as defined above;
X represents N or CH;
R'® and R"” independently represent hydrogen, halogen, cyano, C . alkyl,
15  trifluoromethyl, amino, C;. alkylamino or di(C,.s)alkylamino; and
R'® and R" independently represent hydrogen, halogen, cyano, Cy alkyl,
trifluoromethyl or aminocarbonyl.
In one embodiment, X is N. In another embodiment, X is CH.
Typical values of R' include hydrogen, fluoro, chloro, cyano, methyl, ethyl,
20 isopropyl, trifluoromethyl, amino, methylamino, ethylamino, tert-butylamino and
dimethylamino.

A particular value of R'® is hydrogen.



- 12 - Suitable values of the group R5 include hydrogen, fluoro, chloro,
bronmo, nethyl and nmethoxy. Suitably, R5 represents hydrogen or nethyl.
Typi cal | yWwoORB17v8p33esent s hydr ogen. In a sel ect ettCErdBedi vaEnd47 t he
present invention provides an N-oxide derjvative of 5a conmpound of formula
(I') as defined above, or a pharmaceutically acceptable salt or solvate

t her eof One sub-class of conpounds according to the invention is

represented by H@@io@pﬁm@é&fﬁf’&lbfncfﬁéM%Jﬂr@géﬂ,@uor@@ﬁlom&l’yﬂm(ﬂtﬂtﬁﬂ,adthy'l,
acceptabl e salts and sol vates thereof: R16 10(1A) wherein R and R2 are

as defi ned sy, tflpeippethyhtagning.gpeticpfamino, cthylamino, - byfydprming and

i ndependent . ent hydrogen, hal ogen, cyano, G _6 al kyl,

15trifl uoréilrlrr\}e{%thg]lafn%zoﬁi no, C _6 alkylam no or di(Cl_6)al kyl am no; and

R18 and R19 i ndeppadenitd yaluepiR's entiydnygtmogen, hal ogen, cyano, G _6 al kyl,
trifluoromethyl or am no carbgnyl. In one enhodinent, X is N In another
enbodi neént, X isguéﬂﬁe?ﬁlb‘% Ry diqhude fyrdregenian %ﬂﬂgﬁ‘ﬁl drogen, fluoro, chloro,

cyano, methyl, etk vlfksl STROT ARKlde bbbl QR chIko, SR theutie! hy! ant no,

et hyl am no, tert-"butylam no and di ylram no.

trifluoromethyl and aminocarbonyl.
Selected values of R'® include hydrogen and methyl.
In one embodiment, R'® represents hydrogen. In another embodiment, R'®
10  represents halogen. In one aspect of that embodiment, R'® represents fluoro. In another
aspect of that embodiment, R'® represents chloro. In a further embodiment, R'® represents
cyano. In another embodiment, R'® represents Cy alkyl. In one aspect of that
embodiment, R'® represents methyl. In a further embodiment, R'® represents
trifluoromethyl. In an additional embodiment, R'® represents aminocarbonyl.
15 Typical values of R include hydrogen, halogen, C alkyl and trifluoromethyl.
A particular value of R is hydrogen.
A particular subset of the compounds of formula (ITA) above is represented by the

compounds of formula (IIB), and pharmaceutically acceptable salts and solvates thereof:

0 (1IB)

wherein RY, R?, X, R'®, R and R'® are as defined above.



A particular value of RL6 is hydrogen. WD 2012/032334PCT/ GB2011/ 051647 -
13 - Typi cal val ues of R17 include hydrogen, fluoro, chloro, cyano,
met hyl , ewbybi2/i3g3pr opyl, trifluoronethyl, am no, mnethylPaFiGB211EShearam no,
tert-butylam no and di nmet hyl am no. A part4cul ar value of RLl7 is hydrogen.
5Sui tabl e values of |e include hydrogen and C _6 al kyl. Typi cal

val ues of |e include hydrogen, fluoro, chloro, cyano, nethyl,

trifluoromethyl Sapeifianbis compbomilin a&Rh@sitedithahdipss@t idventidicingide bydhrargen
and nethyl. In one enbodi nent, R18 represents hydrogen. | n another

embodi ment theamnprondpwaewsHirepdiyiange descrihedidha grosipanying Fxpmalebotidment , R18
representspghg&{gﬁuhng%ggggﬁkngﬁpgﬁ%yﬁ&n&nﬂ&ﬁ pbodi ment, R18 represents

chl oro men represents cyano. |In another
enbodi nent, R18 Tﬁle;p)lr@eﬁrihserﬁﬂm 6lsalpkg\hdesl aplmnﬁampezﬂtcomboilh@ﬁ waithodi ment ,

R18 represents methyl. In a furt adi nment sents
trifl uo?on@f)ﬂxprlseswrfyoarﬁpoaa@ i1 $5A an%"@ﬂﬁéﬂ‘(emmgs g%SﬁFl MoyeeBfiocar bonyl .

15Typi cal r‘rét heR cfticalt} %cdeﬁfhlb}éds%ltwgélggt% Mherbi Ql%gbm%n@vﬂi & orafiste

trifluoro hyl. A particular value of R19 iIs hydrogen. A particul ar
subset of thenpompomaldscabtabbrmiias.(1 A) above is represented by the

comouns o o A S R T AR TP S
above. for oral, buccal, parenteral, nasal, topical, ophthalmic or rectal administration, or a form

10 suitable for administration by inhalation or insufflation.

For oral administration, the pharmaceutical compositions may take the form of, for
example, tablets, lozenges or capsules prepared by conventional means with
pharmaceutically acceptable excipients such as binding agents (e.g. pregelatinised maize
starch, polyvinylpyrrolidone or hydroxypropyl methyl cellulose); fillers (e.g. lactose,

15  microcrystalline cellulose or calcium hydrogenphosphate); lubricants (e.g. magnesium
stearate, talc or silica); disintegrants (e.g. potato starch or sodium glycollate); or wetting
agents (e.g. sodium lauryl sulphate). The tablets may be coated by methods well known in
the art. Liquid preparations for oral administration may take the form of, for example,
solutions, syrups or suspensions, or they may be presented as a dry product for constitution

20  with water or other suitable vehicle before use. Such liquid preparations may be prepared
by conventional means with pharmaceutically acceptable additives such as suspending
agents, emulsifying agents, non-aqueous vehicles or preservatives. The preparations may
also contain buffer salts, flavouring agents, colouring agents or sweetening agents, as
appropriate.

25 Preparations for oral administration may be suitably formulated to give controlled
release of the active compound.

For buccal administration, the compositions may take the form of tablets or
lozenges formulated in conventional manner.

The compounds of formula (I) may be formulated for parenteral administration by

30  injection, e.g. by bolus injection or infusion. Formulations for injection may be presented
in unit dosage form, ¢.g. in glass ampoules or multi-dose containers, ¢.g. glass vials. The
compositions for injection may take such forms as suspensions, solutions or emulsions in

oily or aqueous vehicles, and may contain formulatory agents such as suspending,



WO 2012/ 032334PCT/ GB2011/ 051647 - 14 - Speci fic novel conpounds in
accordance with the present invention include each of the conpounds whose
pr epar at iwo 20/0eari bed in the acconpanyi ng Exanpl es, a&ou/gHrarvaeaati cal ly
acceptabl e salts and sol vates thereof. Tfwe present invention also provides
a pharmaceuti cal conposition which 5conprises a conpound in accordance with
the invention as described above, or a pharnmaceutically acceptable salt or
sol vat e t hefabfifsing, Presasiigiaatiiopdispbrishgapentor Alemetipharthaeaiiciiggbdivnt may
acceptable carriers. Phar maceuti cal conpositions according to the

i nventi on pay" PaRET o fon copstitatinnewithp seitabilc vehide-8- sipalepregdt-frehyatsr,

t opi cal , O%QFOI?@E@ c or rectal admnistration, or a form 10suitable for

adm ni stration by inhalation or insufflation. For oral

adm ni strati on, Ihhédipb@atonthe éariniudatlons degeobed alwivs, tha yotpéends o€ fdratuba @ may or

exanple,_ tablets, |qzenges or capsules prepared b onventional neans with
phar nmacéut ;agaﬁqe Oa@ﬁ@ﬁ@ gwéew@r%aaﬁlpg- gu@ﬁ%ag-asﬁl%%ﬁau%%% Bay ke g,
pregel at i ni,ggghifRi-A% zﬁlﬁ[a%&tioﬁ%kléy'irﬁb’alnﬁbéwl@ﬂ ﬂnj%@ﬂ@n.?r hydroxypropyl nethyl

cellulose); fillers .g. lactose; 1lbmcrocrystalline cellulose or calcium
hydr ogenphosphatte) pasabimioastriatiorn er giminmtyaiesi bymnbtletemttes carspoinds acbtding) ;

di si nt egr ant e.q.. potato starch or .sodi um gl ycol.l ate); .or wetting agents
(oo soa deatpai B Pty beishatuiitt SRR e dafbnr £ il 88y vt
known i n t heesaithtiorfoll Pr&dsitised pheksio? ASich@isc inath 6 i S d’uﬁhi)l@?rdﬁfﬂaﬁ@&g. t he
formof, for exanple, solutions, syrups or susEensmns, or they may be

presentled alichipradijluprosentieancs deoreisiebloreraethans, dghlarethtrafiosectiincotasean sui t abl e
vehi cl e bef orx?deugreo'thé%ﬁﬂab# g&&'&%&%&?@ﬁf@d&?s may be prepared by
conventi onal ‘means W t'h phapraceuti ca accept abl e additives such as

suspendi ng agentThe conpbsitidny Mgy, aDERIrsd, bePhesafiee dis py¥ehircligsnt device which
preservatives. The preparations may al so contain buffer salts, flavouring
agents, colrGoRE RN udilelonissi fAgnepatiaing se acHye Bigredagnd. The pack or

2ot o L ey Lo SHel OB ML SRROARRD, W SRLAB B 00, 0 01 ve
t he coniposi ti onFonmmpidahkéminiserafion theabntpabhdst o ve¢ il thz ergerst ihomnih atagdei n
conventi On%lonxge%ri]errll?lgfformulated in a suitable ointment containing the active component suspended
or dissolved in one or more pharmaceutically acceptable carriers. Particular carriers
include, for example, mineral oil, liquid petroleum, propylene glycol, polyoxyethylene,
polyoxypropylene, emulsifying wax and water. Alternatively, the compounds of use in the
20  present invention may be formulated in a suitable lotion containing the active component
suspended or dissolved in one or more pharmaceutically acceptable carriers. Particular
carriers include, for example, mineral oil, sorbitan monostearate, polysorbate 60, cetyl
esters wax, cetearyl alcohol, benzyl alcohol, 2-octyldodecanol and water.
For ophthalmic administration the compounds of use in the present invention may
25  be conveniently formulated as micronized suspensions in isotonic, pH-adjusted sterile
saline, either with or without a preservative such as a bactericidal or fungicidal agent, for
example phenylmercuric nitrate, benzylalkonium chloride or chlorhexidine acetate.
Alternatively, for ophthalmic administration compounds may be formulated in an ointment
such as petrolatum.
30 For rectal administration the compounds of use in the present invention may be

conveniently formulated as suppositories. These can be prepared by mixing the active

component with a suitable non-irritating excipient which is solid at room temperature but



The conpounds of forrmula (1) may be fornul ated for parenteral

adm nistration by 30 injection, e.g. by bolus injection or infusion.

For mul at iwo=0f2003233a) ecti on nmay be presented in unit dos&ge/dB20M05€64Q@. i N

gl ass anpoul es or nmulti-dose containers,j@ g. glass vials. The conpositions
for injection may take such fornms as suspensions, solutions or enulsions in
oily or aqueous vehicles, and may contain fornul atory agents such as
suspendi ng,liquiiQt 282/ E3gs3 3 RCGINAGB20 h&BihGHT rectubd to refdagddihk iaStivideonifoas&r Vi ng
and/ or dispersing agents. Alternatively, the active ingredient may be in
powder for MUED magf‘éﬁgstmelu@@,éw GifIR Lo cagsiat balre boesmiag aad palygthylone giycals.

pyrogen-free watgr., r : b1 0, i
descri bed aboveF%Fﬁgggggggﬂgéspgfm#g}ﬁ%Fg%fﬁggh%§9ggbggiEﬁtQ%#ﬁﬁﬁg%ggggs a
depot pr eparcatncnnof Spakichleng naéfonngillfvarynddpahdiag 9nniycdiepcaddichossh ané cheby

i npl antation or. by_intranmuscul ar injection Fqor pasal adm nistration
or adni Ai sttPALIHBMObYCIPAHEN A lg%ﬂ?athﬂelnc%?ﬁﬁah haesrrcbily RGPt WS BHoLRR:

i nvention ggy,R9 ogfgmg%lmob l[ﬁ%lsge 'ﬁyp\{@dn@chdrﬂ 16@ﬁgﬁ<g ¢ @q ﬂl@{l{#‘}‘@%pé@hn@gb@y

presentation for pressurised packs or “a nebuliser ' e use of
sui t abl e pmugdleg toedt mgkgdodg Oatigitl for ol o1t bipcdreinhaintation, from around 10 ng/kg

fluorotrichl ogronmet hane, dichl orotetrafl uoroet.hane, .carbon djaxi de or other
sul Cabl o gdt MBS Ipe e daCagertetal g BT I E ROV B i et r ed.
be present @ehund 1800AEK ¢ @F frHSRENRIET. 5 ARMbGEoMMI 1000 FRY fGrAAER A AMAN§rMon/FRT €
unit dosage fornms containing the active ingredient. The pack or dispensing

devi ce lfny ageiysiesdiopdryilelerlaipn arsasufidatioons for adni ni stration. 15For topi cal
adm ni stration 0 o) in th - i L 4
convent ent 1y TGS BaR 3 SR el sBrE R Rt PN R
conponent swgaRndeshred bylh parbyeachitinc@ipries rémfits pbanmpRaRuififeally Lagoeipt abl e
carriers. Particular _carrjers include, for exanple, mneral oil, liquid

pet rol eum agesperehel Pryss(yo| yoxyet hyl ene, pol yoxypropyl ene, enul si fyi ng
wax and water. Alternatively, the conpounds of use in the 20 present
invention may be fornulated in a suitable lotion containing the active
component suspended or dissolved in one or norg!'gharmaceutically acceptable
carriers. Particular carriers inclRude, for le, mineral oil, sorbitan
nonost ear ate, pol ysorbate 60, cetyl tearyl al cohol, benzyl

al cohol, 2-octyl dodecanol and wabe ic adm nistration the
conpounds of use in the present in ept g 25be conveniently formul ated
as mcroni zed suspensions in isotonycy pHMNdjubted sterile saline, either
with or without a preservative sugh as a bactericidal or fungicidal agent,

for

15 (1)

wherein Q' represents oxygen, sulfur or N-R*, L' represents a suitable leaving group, and
U, Z, M, W, R', R%, R? and R” are as defined above.
The leaving group L' is typically a halogen atom, e.g. chloro. Alternatively, the
20 leaving group L' may be 2,5-dioxopyrrolidin-1-yloxy.

The reaction is conveniently effected at an elevated temperature in a suitable
solvent, e.g. a chlorinated solvent such as dichloromethane or chloroform, or a nitrile
solvent such as acetonitrile. Optionally, the reaction may be performed in the presence of
a reaction promoter such as 4-(dimethylamino)pyridine or p-toluenesulfonic acid.

25 Alternatively, the reaction may be performed at an elevated temperature in a
suitable solvent, e.g. tetrahydrofuran, n-butanol, 1-methyl-2-pyrrolidinone (NMP) or 1,4-
dioxane, typically in the presence of a suitable base, e.g. an organic base such as N,N-

diisopropylethylamine.



exanpl e phenyl nercuric nitrate, benzylal konium chloride or chl orhexidine
acetate. Alternatively, for ophthal mc adm nistration conpounds nay be
f or nul at ewOi2n12203233unt rent such as petrol atum 30For recwrall/GRriwmissg4rat i on
t he conpounds of use in the present inveption may be conveniently
formul ated as suppositories. These can be prepared by m xing the active
conponent with a suitable non-irritating excipient which is solid at room
tenperature but ThAh2RiN2II8RT4 ABRGIH B LB 4dpreschfs NHlah@ U gpadseritect al
tenperature and so will nmelt in the rectumto release the active conponent.
Such mat er i-&FsMPREF pERparcldy adhessptep, PreerdyEe Which 6pmMPHEcssUbRCHNE 28Ityde hyl ene
gl ycol s. T itn. of a conmpound of use in the invention required
for the prggﬁ? g%pgﬂg#ﬂ@%ggphent of a particular condition will vary
dependi ng on the conpound chosen and the 5condition of the patient to be
treated. In general, however, daily, dosages may range from around 10 ng/kg
to 1000 ny/ kg, typically from 100 g/ kg to 100 ng/ kg, e.g. around 0.01
ng/ kg to 40 ng/ kg body weight, for arWhu Oadm ni stration, from
around 10 ng/ kg to 50 ng/ kg body, we for parenteral adm nistration, and
9. flromaround 0.5 ng to around
\hi stMati on by inhal ation or

fromaround 0.05 ng to around 1000

1000 ng, for nasal adm nistration or

i nsufflation. The conpoundsylof formula (1) above wherein Q
represents oxygen, sulfur or NNR4 may be prepared by a process which
conprises reacting a conpound of fornul%pkL-Z wi th a conpound of formula
(111): 515 wherein QL represents oxygen,” sul fur or N-R4, LI represents a
suitable leaving group, and U, Z, M W R, R2, R3 and R4 are as defi ned
above. The | egving group LI is typically a halogen atom e.g.
chl oro. Al tdrerar MiélVyR ', tRhiend®’ eavasnigfigedalpvel with2-bethyl-2-propanesulfinamide

2, 5-di OXOp\gll?r {hoglrplégshﬂczéeléfﬁh%ﬁé&(@ﬁ?o&)?gp%txﬁ(@norIp%ta%s?&%%%‘o?pq}a{g (i frfea?c 1101e1%f ?ﬁe an

el evated t
resulting compound with (trifluoromethyl)trimethylsilane in the presence of tetrabutyl-

10 ammonium difluorotriphenylsilicate or tetrabutylammonium acetate; and (iii) treatment of
the resulting compound with a mineral acid, e.g. hydrochloric acid.
The intermediates of formula (IV) may be prepared by reacting a compound of

formula M-T' with a compound of formula (V):

R
W. _CHO
) ~
~ 2
N L
Rl
15 V)

wherein L* represents a suitable leaving group, T' represents a boronic acid moiety
-B(OH); or a cyclic ester thereof formed with an organic diol, e.g. pinacol, 1,3-propane-
diol or neopentyl glycol, or T represents -Sn(Alk"); in which Alk' represents a C alkyl

20  group, typically n-butyl, or T' represents -B(Alk?), in which Alk” represents a Cy.s alkyl
group, typically ethyl, and M, W, R', R? and R” are as defined above; in the presence of a
transition metal catalyst.

The leaving group L* is typically a halogen atom, ¢.g. chloro.



solvent, e.g. a chlorinated solvent such as dichl oronethane or chloroform
or a nitrile solvent such as acetonitrile. Optionally, the reaction may be
per f or redwOnotms2resence of a reaction pronoter such a®CT/GB2011/051647

4- (di met hyl am no) pyri di ne or p-toluenesujgonic acid. 25Alternatively, the
reaction may be perfornmed at an elevated tenperature in a suitable sol vent,
e.g. tetrahydrofuran, n-butanol, 1-nethyl-2-pyrrolidinone (NVWP) or 1, 4-

di oxane, typi callihy thafsitiB@ niet2 seale iokuitabbictakib@riflas@lpheshinchlRd@ai0g; base
such as N, Ndi i sopropyl et hyl am ne. WO 2012/ 032334PCT/ (B2011/ 051647 - 17 -
The i nt er néPatcdcags the seactipm isqopygnigibrrsrigrmgd pleprdesaindSemperaige 1 a

represents - e. pr - i pri ses:
()t eat oot ERYeryt BrERRlcEi Wty By SUER SR LB GG PP R
R2 and R3 alicxaas tgetilhed tbpessncubf soddsmebdbyghat? opswipan ésuatdona@m de in the
presence of titani un(l I, SQpr opoxi de ot i um phosphate; (il) reaction
of the Pesul (i nﬁ?gﬂ?&w\a’é{dml tﬁrrtlicﬁ%tf:% @%Hﬁ@ﬁﬁﬁ\éw wyﬁgﬁé Bhettiftane
presence ogﬁﬁgg&ﬁggﬁ%hﬁuﬁqvﬁnnonlyn)dlfluorotrlphenyIS|I|cate_or

tetrabutyl a nium acetate; ‘and (iii) treatnent of the resulting conpound

with a mneral acid, e.g. hydrochloric acid. The i nternedi ates of
formula (1V) may be prepared by reacting a conpound of formula MT" wth a
conpound of forrmula (V): 15(V) ’-reip L2 represents a suitable |eaving

neopentyl glycol, or Tl represents in which Al ki represents a
Cl 6 al kyl 20group, typically n-butyh or Epresents -B(Alk2)2 in which
Alk2 represents a Cl_6 al kyl group! typically ethyl, and M W R1, R2 and
R3 are as defined above; in the presence of a transition nmetal catalyst.
The leaving group L2 is typically a halaﬁsn atom e.g. chloro.

group, T1 represents a boronic acidyasie VL:B CR or a cyclic ester
thereof fornmed with an organic Eil. prhacol, 1, 3-propanedi ol or
3 Kk
1r

10 wherein R* represents C; alkyl, e.g. ethyl, and M, W, R!, R? and R® are as defined above;
with a reducing agent, ¢.g. diisobutylaluminium hydride (DIBAL-H); followed by
treatment of the compound thereby obtained with an oxidising agent such as manganese
dioxide.

The intermediates of formula (VI) wherein W represents CH may be prepared by

15  reacting a compound of formula (VII) with a compound of formula (VIII):

R
Hal CO,R"
NH, HO' M
Rl
(V) (VII)

wherein M, R', R% R* and R* are as defined above, and Hal represents halogen, e.g. bromo
20  oriodo; in the presence of a transition metal catalyst, e.g. palladium(II) acetate; followed
by treatment of the compound thereby obtained with an oxidising agent such as manganese
dioxide.
The intermediates of formula (VIII) may be prepared by reacting a compound of

formula M-CHO with a compound of formula (IX):



WO 2012/ 032334PCT/ GB2011/ 051647 - 18 - The transition netal catalyst is
suitably tetrakis(triphenyl phosphi ne)pal | adiun(0), in which case the

reacti on we 20vsesssent | y perforned at an el evat ed t enperaTi@B20i5a643ui t abl e
solvent, e.g. an ethereal solvent such ag ethyl ene glycol dinethyl ether or
1, 4- dioxane, typically in the presence of sodium carbonate or sodium

bi carbonate. S5Alternatively, the internediates of formula (1V) may be
prepared by treating a conpound of fornmula (VI): 10wherein Ra represents
Cl 6 alkyl, e.g. ethyl, and M W R, R2 and R3 are as defined above; wth

a reducing agent, e.g. diisobutyl al usi ;R;?dri de (DI BAL-H); followed by
treatnent of the conpound thereby obtained with an oxidi sing agent such as
manganese di oxi de. The internediates of formula (VI) wherein W

represents CH may be prepared by 15 rea@?@ng a conmpound of formula (VII)
with a conmpound of formula (VII1): Hal CO2Ra NH2ZHO M (VI1)(VI11) wherein
M R, R2, R3 and Ra are as defined above, and Hal represents hal ogen, e.g.

bronmo 200r iRe9m M Bnd R€aRSgeMeR Bhv@ transition nmetal catal yst, e.g.
pal l adiun(11) acetate; followed by treatnment of the conpound thereby

obt ai ne@ wi t h afhexéattion mycoagementhusirietsoutam hampessendi @i e, ideally anThe
i ntermedi at es of, for myl

(e e A vk R Wl O3, AR5y (sAB¥of eact i ng & conpound of

In another procedure, the intermediates of formula (IV) wherein W represents CH
may be prepared by reacting a compound of formula M-CH=CH-CHO with a compound
of formula (X):
10

X)

wherein M, R', R? and R? are as defined above; in the presence of a base, e.g. 2,5-
dimethylpyrrolidine; followed by treatment of the compound thereby obtained with an

15  oxidising agent such as manganese dioxide.

In a variant approach, the intermediates of formula (IIT) wherein Q' represents NH
and U represents -CF3 may be prepared by a four-step procedure which comprises: (1)
treating a suitable compound of formula (V) as defined above with 2-methyl-2-propane-
sulfinamide in the presence of titanium(I'V) isopropoxide or potassium phosphate; (ii)

20  reacting the resulting compound with a compound of formula M-T", under conditions
analogous to those described above for the reaction between M-T' and compound (V); (iii)
reaction of the resulting compound with (trifluoromethyl)trimethylsilane in the presence of
tetrabutylammonium difluorotriphenylsilicate or tetrabutylammonium acetate; and (iv)
treatment of the resulting compound with a mineral acid, e.g. hydrochloric acid.

25 Where they are not commercially available, the starting materials of formula (V),
(VII), (IX) and (IX) may be prepared by methods analogous to those described in the

accompanying Examples, or by standard methods well known from the art.



WO 2012/ 032334PCT/ GB2011/ 051647 - 19 - CO2Ra wherein M and Ra are as

defi ned above. 5The reaction is conveniently carried out in the presence of
a base, iweabizpw3asz4or gani ¢ base such as 1, 4-di azabi cycl eCZ/GB2811051@Me

( DABCO) . I n anot her procedure, thegnternediates of formula (1V)
wherein Wrepresents CH nay be prepared by reacting a conpound of formula
M CH=CH CHO with a conpound of formula (X): 10 (X wherein M R, R2

and R3 are as def whest @kiemesod thattdng cpipsentel ofmaappsgitiaky gbtaided from any
di met hyl pyrrolidine; followed by treatnent of the caonpound thereby obtained

with an 1560%thi abpryregesies aniviese mmeRiine subicawsrdly. bejckabarajed nfhe f oach,
the int ' ' .
oroaont s CEPYTRLE LAY bl O AN EREBNLS B ..

represents e our-step procedur
(i) treati rgmposnd ¢fabiraule ghypdicndn o rdpossonts pylidhybsaylbé coredriad onvethsi t h

2-met hyl-2-propane- sulfinamde in the presence of titapiun(IV) .
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those described above for reaction between M T and” conpound (V); (iii)
reacti on offotnnda flgsihktcimg reessotsmgrdopyrinidimyil magrberwetieydrnteghdy| sil ane in

S MR S T SRR T —
with a m neyit a abtable RidsinD Y@ BLitlordpéidxyteay¥ie heidt b‘@é/or%%%mﬂ%tf formula
comet (ﬂ)al I(?/) vvaIYG?elirll aRQ I1ree]p,1resterrltes hsytdl?orgtelll rrlr%yr{)aetcgrrnlfﬁefi ir?t]; tfleo gonryelsgoédiné compound
wherein R* represents C; alkyl, ¢.g. methyl, by treatment with a suitable alkylating agent,
¢.g. a methylating agent such as iodomethane, typically in the presence of a base such as
sodium hydride.
Where a mixture of products is obtained from any of the processes described above
15  for the preparation of compounds according to the invention, the desired product can be
separated therefrom at an appropriate stage by conventional methods such as preparative
HPLC; or column chromatography utilising, for example, silica and/or alumina in
conjunction with an appropriate solvent system.
Where the above-described processes for the preparation of the compounds
20  according to the invention give rise to mixtures of stereoisomers, these isomers may be
separated by conventional techniques. In particular, where it is desired to obtain a
particular enantiomer of a compound of formula (I) this may be produced from a
corresponding mixture of enantiomers using any suitable conventional procedure for
resolving enantiomers. Thus, for example, diastereomeric derivatives, e.g. salts, may be
25  produced by reaction of a mixture of enantiomers of formula (1), ¢.g. a racemate, and an
appropriate chiral compound, e.g. a chiral base. The diastereomers may then be separated
by any convenient means, for example by crystallisation, and the desired enantiomer
recovered, ¢.g. by treatment with an acid in the instance where the diastereomer is a salt.
In another resolution process a racemate of formula (I) may be separated using chiral
30 HPLC. Moreover, if desired, a particular enantiomer may be obtained by using an
appropriate chiral intermediate in one of the processes described above. Alternatively, a
particular enantiomer may be obtained by performing an enantiomer-specific enzymatic

biotransformation, ¢.g. an ester hydrolysis using an esterase, and then purifying only the



(Vil), (1X) and (1 X) may be prepared by nethods anal ogous to those

descri bed in the acconpanyi ng Exanpl es, or by standard nmethods wel | known
from t he wWOt2012/086332012/ 032334PCT/ GB2011/ 051647 - 20 - PCT/GH201Mi5ld47be
understood that any conpound of formulaAjl) initially obtained fromany of
t he above processes may, where appropriate, subsequently be el aborated into
a further conpound of formula (1) by techniques known fromthe art. By way
of i1l ustrahimdmeicellyPayngdeiyst@usiulfon ihe uecedrsit sepoasent s pyri di nyl
may be converted into the 5 correspondi ng conpound wherein Mis a

pyri di ne- N(o%paeogmpbY.yeaystallisationsnd offior Foryealipnad senarasiondiragedyres guptalsoe . g
3-chl or oper I i [/ : : . erein Z
epr esent s ooy it T Db et P o BRI Epmbiby i
conpound wgeomethicAsdrserafpherindapipni m di ne- N-oxi de noiety by treatment with a
sui t abl e oxi di sing. agent, e.g. 3-chl oroperoxybenzoic acid. A conpound of
for mil 2510 (1) Mw&aﬁmﬁthﬁe%%%w%eﬂwaw&% TheY Be NECSHASY ¢ Oﬁ%galﬂﬁe
Correspond&&?nﬁ&ﬁ@&ﬂﬂﬂ@%@?&ﬁﬁﬂaﬁ%uﬁﬁ&fﬁﬁﬂﬁﬁﬁeﬁbkﬁuﬁk%&&xm%dgqhﬁﬁhﬁyte by
treatment wth a suitable al kylating agent, e.g. a nethylating agent such
as i odonet helmeyed ppincaisiof comventiengd pesedimg godupa, habes thoshdessribatiinum hydri de.

VWhere a m xture.of ,products is t ai ned f of. e prgces descri bed
Sbove 151 or PRE i ARUPIH Breaatc ChEutnGS HEcbrarag sd uE PRSeIe B, he
desired prodwciGreaRr £€.Gepavatker dhereti-oupsah ABaaPBIAREAYShSIae sbY
conventional nethods such as preparative HPLC, or col um chromat ography

utilisilfg, Soss dxedifsing 1999, | Theaprateaiing grabpsinan be rerecsisfl @hany eomvenier an
appropri at | ven Sl.€ r e cri bed processes for the
preparatio%u% q?%%%%%%ﬁ%%%%%xg 8@%%&Hwﬁ§8¥§h€%§'invention give rise to

m xtures of stermoifsiuyeing Exbhgke illsaaRltBe PRYaratos eP@naiotddbyccoalivetthonal
techniques. In particular, where it is desired to obtain a particular
enant i omer W¥HO%onmpound of fornula (1) this may be produced from a

correspondi ng mxture of enantioners usi .any..sui tabl e. conventi onal
rocedure for rddstorRgRanerehires iR BN iRy RAFE AR or
deri vatifvesunfin PI3E@bidor PBK famdRe PRIIOgueest FyKeeact i on of a m xture of
enantionmers of formula (1), e.g. a racemate, and an appropriate chiral

conpound, e.g. a chiral base. The di astereoners may then be separated by

any convenient 1S,. fgr exanple by crystallisation, and the desired
enantionerEﬁggﬁgzagﬁﬁoﬁgﬁmy%y treatment with an acid in the instance where

the di ast er eoneniéSuRnal & thé abiﬁﬂp&fft%pblﬁﬁ&l ot Bt HOGRS Rindsd RECARbEHRT

formula (1) may be separated using chira ' '
four class 1 PI3 kinase isoforms (o, B, ¥ and d) was performed using a commercially

20  available homogencous time-resolved fluorescence assay as described by Gray ef al.,
Anal. Biochem., 2003, 313, 234-245, according to the manufacturer’s instructions
(Upstate). All assays were performed at 2 uM ATP and a concentration of purified class
1 PI3 kinase known to generate product within the linear range of the assay. Dilutions of
inhibitor in DMSO were added to the assay and compared with assays run in the presence

25  of 2% (v/v) DMSO alone (100% activity). The concentration of inhibitor required to
inhibit the enzyme activity by 50% is quoted as the 1Cs.

When tested in the above assay, the compounds of the accompanying Examples
were all found to possess ICsg values for inhibition of activity of human PI3Ka and/or
PI3Kp and/or PI3Ky and/or PI3Kd of 50 uM or better.

30



30 HPLC. Moreover, if desired, a particular enantionmer nmay be obtai ned by
using an appropriate chiral internmediate in one of the processes descri bed
above. Alwenomta3gshy, a particul ar enantionmer may be obtrairmaotaysp&rf or m ng
an enantioner-specific enzymatic biotrangformation, e.g. an ester

hydrol ysis using an esterase, and then purifying only the WO

2012/ 032334PCT/ GB2011/ 051647 - 21 - enantionerically pure hydrol ysed acid
fromthe unreacted ester antipode. CpnotmpPegsaphy, recrystallisation and
ot her conventional separation procedures may al so be used with

internedi ates or final products where it is desired to obtain a particul ar
geonetric i liafibnd Ne i nvention. 5During any of the above synthetic
sequences #ﬁﬂﬁgy—ge—necessary and/ or desirable to protect sensitive or
reactive groups on any of the nol ecul es concerned. This may be achi eved by
means of caqnyentijonal protecting groups, such as those described in

Pr ot ect Pve &M d&higionrhans ¢ chem stry, (QJMX? H-(im W’é‘}ogp}’r B Press,

1973; and EMhCLaRD8cdutl G M Wits, Protggbipyenddagps in Organic
Synt hesis, John Wley & 10Sons, 3rd edition, 1999. The protecting groups

may be rendtld dttraygrofioaweni ent subsequéiViEs tetydengtglydos imepthptcthsds known

fromthe art. .. .. h ol.l. owi ng Exanpl plLlustrate the preparation of
conmpounds éhgﬁpde@miﬁgP&%mﬁ%vention. %iCbhA"%LQﬁgoggﬁﬁﬁ iciagid
accor dance paBoot hi & diaMaRddlan.2rbamtd Y iDIRIAY-H: tdﬂi@o]ﬁﬁ%lhmirﬁiﬂiuﬁf hydpidBuman

Pl 3Ka and/or PI3K13 and/or PI3Ky and/or Pl3K6. Enzyme 1nhibition Assays
Measur éfentRoshelicaltapotassiymepdponisdmmiels RBYnHibillezatheycld[pidwideasecne

activity ofActdﬁ: Lcoelruirc agildass 1 PI 3 kinase i]i\q OW—(ﬁl%bthi?%?eran?iﬂg 6) was

performed using a conmercially 20avai |l abl'e "hondgenedu I'me-resol ved

f1 uorescenge.: asseymasmgsesard bed by G ay @&T:al reteftivdl tim8i ochem , 2003, 313,
234- 245, according to the manufacturer's instructions (Upstate). Al assays
were perforigd atlic® 1 M ATP and a concent¥ati #8Uf purified class 1 PI3

ki nase knoyn toigeperate product within the li r range of the assay.
Dilutions of inhibitor in DVMSO were added to the assay and conpared wth
assays 16 un PdfPRHg: peteketcphenylphosphine)palladium(0)

PyBOP: (benzotriazol-1-yloxy)tripyrrolidinophosphonium hexafluorophosphate
brine: saturated aqueous sodium chloride solution
LCMS: Liquid Chromatography Mass Spectrometry
ES+: Electrospray Positive lonisation
20
INTERMEDIATE 1

8-Chloro-2-(pyridin-3-yl)quinoline-3-carbaldehyde
A mixture of 2,8-dichloroquinoline-3-carbaldehyde (5.0 g, 22.2 mmol), Na,COs
25  (3.51 g, 33.2 mmol) and 3-pyridylboronic acid (2.72 g, 22.2 mmol) in DME (60 mL) and
water (30 mL) was degassed by bubbling N, through it for 5 minutes. Pd(PPhs), (1.28 g,

1.11 mmol) was added and the mixture heated at 90°C for 7 h. The mixture was allowed
to cool to room temperature. The resultant precipitate was filtered off and washed with
water (5 x 50 mL) and diethyl ether (5 x 50 mL) to give the title compound (5.4 g, 91%)

30 asatan solid. oy (DMSO-ds) 10.15 (s, 1H), 9.15 (s, 1H), 8.94 (dd, J 2.3, 0.8 Hz, 1H),
8.77 (dd, J 4.9, 1.7 Hz, 1H), 8.31(dd, J 8.3, 1.3 Hz, 1H), 8.20-8.19 (m, 1H), 8.18-8.16 (m,
1H), 7.75 (dd, J 7.9, 7.5 Hz, 1H), 7.62 (ddd, J 7.7, 4.9, 0.8 Hz, 1H). LCMS (ES+) 269
(M+H)", RT 1.82 minutes.



25 of 2% (v/v) DWVBO al one (100% activity). The concentration of inhibitor
required to inhibit the enzyne activity by 50%is quoted as the |C50.

When t estwo 20re/i3k834above assay, the compounds of the acecmEBryimgiEzanpl es
were all found to possess | C50 values forzinhibition of activity of human
Pl 3Ka and/ or PI 3K13 and/or PI 3Ky and/or PI3K6 of 501LIM or better. WO
2012/ 032334PCT/ GB2011/ 051647 - 22 - EXAMPLES Abbrevi ati ons 5 DCM

di chl oronet hane Et 0Ac: ethyl acetate THF:. tetrahydrofuran DVSO

di met hyl sul f oxi de DABCO. 1, 4-di azabi cycl o[ 2. 2. 2] oct ane 10Rochel |l e salt:
pot assi um sd¢i"give areced’s AcOH: acetic acid DVAP: 4- (di net hyl ami no) pyri di ne

A rechanot SN g PBL Y 5 MR o o
1, 8- di azabi~296hohd) 4t @b mrtdeperdtueneaDidded ) ABAONBI Sy, 14f Sompmib) ahel the niixturer oom
temper ag ur %vagg‘éirred overnight. Excess ethyl acrylate was removed in vacuo to give a crude solid.
This was washed with hexane to give 2-[(hydroxy)(pyridin-3-yl)methyl]acrylic acid ethyl
ester (18.5 g, 95%) as an off white solid. on (CDCls) 8.62 (d,J 1.7 Hz, 1H), 8.53 (dd, J
4.8, 1.3 Hz, 1H), 7.81 (d, J 7.9 Hz, 1H), 7.28 (s, 1H), 6.42 (s, 1H), 5.93 (s, 1H), 5.63 (s,
1H), 4.18 (m, 2H), 3.20 (br, 1H), 1.27 (t,J 7.1 Hz, 3H). LCMS (ES+) 208.2 (M+H)".
10 A degassed mixture of 2-[(hydroxy)(pyridin-3-yl)methyl]acrylic acid ethyl ester
(8.2 g, 39.6 mmol), 6-chloro-2-iodoaniline (10.0 g, 39.5 mmol), tricthylamine (9 mL, 122
mmol) and palladium(II) acetate (300 mg) in acetonitrile (80 mL) was heated at 70°C
overnight. The mixture was cooled to room temperature and partitioned between ethyl
acetate (200 mL) and water (100 mL). The aqueous layer was separated and the organic
15  layer was washed with brine (50 mL), filtered, dried (phase separator) and concentrated in
vacuo to give a crude solid. This was washed with a minimum of ice-cold diethyl ether to
yield 8-chloro-2-(pyridin-3-yl)-1,4-dihydroquinoline-3-carboxylic acid ethyl ester (10.8 g,
87%) as a white solid. oy (CDCls) 8.73 (m, 2H), 8.04 (m, 1H), 7.66 (dd, J 7.9, 5.5 Hz,
1H), 7.18 (m, 1H), 7.05 (m, 1H), 6.94 (m, 1H), 6.29 (s, 1H), 3.99 (m, 4H), 1.04 (t,J 7.1
20 Hz 3H). LCMS (ES+) 315.0 (M+H)".
A suspension of 8-chloro-2-(pyridin-3-yl)-1,4-dihydroquinoline-3-carboxylic acid
ethyl ester (10.7 g, 34 mmol) in chlorobenzene (60 mL) was treated with MnO; (10 g)
and the mixture was heated to 60°C for 3 h. The mixture was filtered through a celite
plug and concentrated in vacuo. The residue was washed with diethyl ether to give 8-
25  chloro-2-(pyridin-3-yl)quinoline-3-carboxylic acid ethyl ester (8.4 g, 79%) as a white
solid. on (CDClz) 8.96 (d, J 1.7 Hz, 1H), 8.83 (s, 1H), 8.75 (dd, J 5.0, 1.1 Hz, 1H), 8.27
(dt, /7.9, 1.7 Hz, 1H), 8.00 (dd, J 7.5, 1.0 Hz, 1H), 7.92 (dd, /8.2, 1.0 Hz, 1H), 7.60 (m,
2H), 4.32 (q,J 7.1 Hz, 2H), 1.24 (t, J 7.1 Hz, 3H). LCMS (ES+) 313.2 (M+H)".
To a suspension of 8-chloro-2-(pyridin-3-yl)quinoline-3-carboxylic acid ethyl
30  ester (1.0 g, 3.2 mmol) in toluene at -78°C was added a solution of DIBAL-H (10 mL, 1M
in DCM) dropwise over 10 minutes. The mixture was stirred at this temperature for 2 h,
then quenched by the addition of a saturated aqueous solution of Rochelle salt (5 mL).

After warming to room temperature, extra Rochelle salt solution (5 mL) was added. The



retention tinme Si02: silica h: hour br: broad M nmass 15Pd(PPh3) 4:

tetraki s(tri phenyl phosphi ne) pal | adi un{0) PyBOP:

(benzot r is@ab12103933axy) t ri pyrrol i di nophosphoni um hexaf | uecoBepi&EI&7br i ne:
sat urat ed aqueous sodi um chloride sol utign LCVS: Liquid Chronat ography Mass
Spectronetry ES+: El ectrospray Positive lonisation 20 | NTERVEDI ATE 1

8- Chl oro- 2- (pyri di n-3-yl)qui nol i ne-3-car bal dehyde A m xture of

2, 8-di chl Oﬁr@swiﬂg@bhaevasfﬁtafdaabvdﬁiw@atﬁémﬁtegwitaaqaedeaDH Nﬂaﬁ&ﬁ(zzﬁ apd. 51 g,
33.2 mmol ) and %gldylboronlc acid (2.72 ﬁ, 22.2 mol) in DME (60 nL) and
wat er (30 rafe mmf*! &gde sbg [Byeh bﬁ%ﬁrﬁpﬁgdmﬁ yhawun-3v Imsthago hiSe0 megs

R o) %mﬁﬁa@%%@ oIR8 Al Rd, e 1 £1.U5 ) hew @ 4 s9P for 7

h. The m x 0 cool to roomtenperatur esultant
pr eci p| t at élzwaBI)fS 61 e &d),&f 7 @nd sz 1) 8wat(dd, L&2x1. bOlz i), iy @det hyl

et her 50 ni o] t title ¢ (5,4 9,..919 Oas a tan solid.
GH (VD 46)>- 10 5 (05 TSy Sk 1P NG st et 19b 350 6 BRSO fy
5.2 Hz, 1H), 4.68 (d, J 4.9 Hz, 2H). LCMS (ES+) 271.0 (M+H)".
A mixture of [8-chloro-2-(pyridin-3-yl)quinolin-3-ylJmethanol (0.6 g, 2.2 mmol)
and MnO; (1.0 g) in chlorobenzene (30 mL) was heated at 70°C overnight, filtered
through a celite plug, concentrated in vacuo and washed with DCM to give the title
10 compound (510 mg, 86%) as a white solid.

INTERMEDIATE 2

2-Methylpropane-2(S)-sulfinic acid N-[8-chloro-2-(pyridin-3-vyl)quinolin-3-yllmeth-(£)-

15  ylidencamide

Titanium(IV) isopropoxide (3.17 g, 11.2 mmol) was added to a suspension of

Intermediate 1 (1.5 g, 5.58 mmol) in anhydrous THF (30 mL). The mixture was stirred at
r.t. for 10 minutes. (S5)-2-Methyl-2-propanesulfinamide (0.74 g, 6.14 mmol) was added
and the mixture stirred at 50°C for 3 h. The reaction mixture was allowed to cool to r.t.

20  then poured onto brine (50 mL) and filtered through Celite, washing with EtOAc. The
filtrate was washed with brine, dried (Na,SO4) and concentrated in vacuo. Purification by
column chromatography (Si0-, 40-100% EtOAc in hexane) gave the title compound (1.88
g, 91%) as a tan solid. oy (DMSO-ds) 9.20 (s, 1H), 8.85 (d, J 1.7 Hz, 1H), 8.77 (dd, J 4.9,
1.7 Hz, 1H), 8.61 (s, 1H), 8.29 (dd, / 8.3, 1.1 Hz, 1H), 8.13 (dd, J 7.5, 1.3 Hz, 1H), 8.12-

25  8.08 (m, 1H), 7.72 (dd, J 8.1, 7.7 Hz, 1H), 7.64 (ddd, J 7.7, 4.9, 0.8 Hz, 1H), 1.21 (s, 9H).
LCMS (ES+) 372 (M+H), RT 2.37 minutes.

INTERMEDIATE 3

30 2-Methylpropane-2(S)-sulfinic acid {(R)-1-[8-chloro-2-(pyridin-3-yl)quinolin-3-v1]-2.2.2-

trifluoroethyl} amide

A mixture of Intermediate 2 (2.24 g, 6.03 mmol) and tetrabutylammonium

difluorotriphenylsilicate (3.58 g, 6.64 mmol) in anhydrous THF (40 mL) was cooled to



8. 77 (dd, J4.9, 1.7 Hz, 1H), 8.31(dd, J8.3, 1.3 Hz, 1H), 8.20-8.19 (m 1H),
8.18-8.16 (m 1H), 7.75 (dd, J7.9, 7.5 Hz, 1H), 7.62 (ddd, J7.7, 4.9, 0.8
Hz, 1H). WONBI2(B38Y 269 (MrH)', RT 1.82 mnutes. WO PCT/GB2011/051647

2012/ 032334PCT/ GB2011/ 051647 - 23 - A t_ezglatl ve procedure To a
solution of nicotinal dehyde (10.0 g, 93.4 mmol) in ethyl acrylate (20 ni,
-200 mmol ) at roomtenperature was added DABCO (0.5 g, 4.5 mmol ) and the

m xture 5 waCst(TrifestomeatylitGtthyBYERSq . (Bt%yilzmmysl)am ada&d &y edxtufe vacuo
to give a crude solid. This was washed wi th hexane to(gl ve

2- Rhydr oxy PHiEge pidAA Gloj ) el atypied @aysaus aasianien klloride selutign ¢, @waaﬁas% as

o, 1k 7 e Bl iRl Mgyl wlhy ( 7 iBbiveh iy Sl 4y

5.63 ( S 1H)z¢u04an]i8hé m51d21bI)Nas Pa2bioabd betﬂvhbn EfD A2 ar(d watdr. 7TThelagdzousithase waVS

" d dm
(2E2h+§/dr2 gy)ezifﬁ%t%wﬁh%gf@ref %gﬁﬁgﬁr%%%?%ﬁmwmw%ﬁ gferq washed withgrige,
mol ), 6- ChhGr Ricl( Ngmmaha@@a sﬂa@e&ngmﬁo‘? PhM@0lde whi p ﬁﬁﬁeahgmm oigmh 9 Nk, 122

mrol ) and pal | adi un{ aceta 0 ng) in acetonitrile was heat ed
at 70C overchiogimtogripley (r$|1Q;t, ﬂﬂdOMSET@ﬁSﬁ mdekame) togive erepéfeatompeuadhdl.78 g,

Paver vas daparananiiatmmanaraisp e nspdies e kG i et 780 o) -
filtered, dad e §hese, ﬁ@P@thS)OQ (AN 8AENdT @h eI J '77Va701110(rﬁ01}9| yg7a crude
solid. ThIS was washed with a m ni numof ice-cold ethi//mether to yield

8- chl od8- 2(desds /i 72, ﬂ%ﬂﬁlf)h,lﬂ‘ﬂ) aiohydirogbitzol Hhé- 1B-£89 box ). d - :ddisdPék hyl

ter (10. R (CDCL3) 8,73 oH), 8.04
i er7(66 ?“&gws %@@@@A%ET?%M? i Em 1H§ 7 05(Enm T)H) 6. 94(Enm
lH) 6.29 (s, 1H, 3.99 (m 4H), 1,04 (t, J7.1 20 Hz, 3H. LOVS (ES+) 315.0

(M+H)' A suspensi on of

8- chl or o- 2- (pyri di n- 3- y1)-1, 4- di hIIERMEDIAJL 4. car boxylic acid ethyl
ester (10.7 g, 34 mmol) in chlorobenzene (60 nL) was treated with M102 (10

g) and the m xture was heated to 60C for 3 h. The m xture was filtered
throughsa ¢g)-i{&Chlaer2epgridinidednuinatied-ylh2.22cuibluorbhthylesncdue was washed
wi th diethyl et er

25chl or o- 2- (pyri &%S@lt%n)%mﬁw%@eﬁ B yMiemaRiymsthape! @iy W& 4 ¢,

(73(:1/0 ?556‘ ‘gﬁﬂédea §lebﬁtlo§5|fﬁ%f’)l (§0)§1§6 (ﬂmLJ 16 6 ﬂﬂ%ol)lﬁ')ae nﬁxt%?b &/53 stﬂﬂll'&i 8575

1 0 Hz, 1Hgpfr.@ f@21 l(ldahe smvezl,t v@s @ermzvedlhich@ a@d tl(lem;esmlﬁ trlturaml \(ftch d@thyl Hz,

1.24 3 S+ f
B hi o o- 2 15 T1 8 IS B9 e s PO i B YRR 0 6 g
3.2 MDb) NI ARG PHERGuIS PSS hs B Qb LR i ARA-dHd AOcdhoinddM | 1

DCM dropwi se over 10 minutes. The mixture was stirred at this tenperature

for 2 h, t Wégﬂn@pﬁmm&iww wirdcduahtbron, hen drishiNmaPednd quasuated 81 wckoto of

rochel e Al 2o 8RN LSS B e,

(d, /2.1 Hz, 1H), 8.76 (dd, J 4.9, 1.5 Hz, 1H), 8.13-8.09 (m, 1H), 8.07-8.03 (m, 2H),
7.72-7.60 (m, 2H), 4.72-4.65 (m, 1H), 2.88-2.83 (m, 2H). LCMS (ES+) 338 (M+H)+, RT
25  2.01 minutes.

INTERMEDIATE 5

8-Chloro-2-phenylquinoline-3-carbaldehyde
30 A mixture of 2,8-dichloroquinoline-3-carbaldehyde (2.0 g, 8.85 mmol), 2M

aqueous Na,COs solution (8 mL), phenylboronic acid (1.5 g, 12.3 mmol) and tetrakis-
(triphenylphosphine)palladium(0) (0.25 g, 0.216 mmol) in DME (30 mL) was degassed

and the mixture heated at 110°C for 4 h. The mixture was allowed to cool to room



resulting solid was filtered, washed on the sinter with agueous NaOH
solution (2N) and water, and dried to give

[ 8- chl or ow@-2012ya323$i4n- 3- yl ) qui nol i n- 3-yl ] net hanol (860 nBCTWBROLI/ASAM4TVE) as
a beige solid. 6H (DMSO-d6) 8.92 (d, J Ipgl- Hz, 1H), 8.73 (dd, J4.8, 1.6 Hz,
1H), 8.61 (s, 1H), 8.17 (dt, J7.9, 1.9 Hz, 1H), 8.09 (dd, J8.2, 1.1 Hz,
1H), 7.97 (dd, J 57.5, 1.2 Hz, 1H), 7.63 (m 1H), 7.58 (ddd, J7.8, 4.8, 0.6
Hz, 1H), S.tdfipdrature] dlutedwoi Et'O,AcJana washtd wikidbrind. 08 ¢ianid 1éyer Vabldsie2H) .
LCVB (ES+) 271.0 (M+H) A m xture of

[ 8- chl or o- 2Mgs{k) m%ﬂlssvllv?r&mﬁ613%\!@%%@%%9%1%8@@%6 The resultantyglig wapd vn02
(1.0 g) in e \ e

t hrough a tﬁt}[ﬂﬂ&? é%u%&n@(t)%g(grﬁ% a Pﬁﬁgggﬁlgﬂgtn%%%e? tﬁé‘n{/\?ﬁh} B@l\)fl%lo&gfve
the title H&edamgowtﬁe (zBel@oW@mnﬂf(%S a97%) whad effsdlitediolil NTERMBOLATE22 (s,

2- Met hylL pra S | ni

N 18- chPor QTR LR 1 AP 50 P8 g T B e RELE) 347 63 (i Pk eGMe

Ti tani un(l Ygg 4)s%gr(§@q§)+d§T(139gll%ugﬁeSll 2 mol ) was added to a suspension of
Internediate 1 (1 I n anhydrous THF (30 nmL). The m xture was
stirred at r.t. for 10 m nut es. (S) 2- Met hyl - 2- pr opanesul fi nam de (0.74 g,
6.14 mmol) was added and the m xt (re 50C for 3 h. The reaction
m xture was allowed to cool to r. l'f&erﬁ{Mb .gﬂt%ed onto brine (50 nm.) and
filtered through Celite, washing with EtOAc. The filtrate was washed with
brine, dried (Na2804) and concentrat ed in vacuo. Pur| fi catl on by'col um
chronat@grt gpane-4(5)-s0lho QlAN-(8-ehlheox 2inbg o lin gyl b

(1.88 g, 9 @S a tan solid. 6H(DI\/BOd6) 9 20 (s 1H) 8. 85 (d, J 1 7 Hz,
1H), 8.77 J4 .9, 1.7 Hz, 1H), 8.61 (s, 1H), 8.29 (dd, J8.3, 1.1 Hz,
1H), 8.13 (dd Jl"ltﬁnﬁm(ﬂ-\/ﬁlsdrji‘ro ddifle (581 hl; 1238 nfifolf Mas Adfed td a BrrédiSblutiéh 1,
7.7 Hz, 1H) 7.64 (ddd, J7.7, 4.9, 0.8 Hz, 1I—IpI 1.21 (s, 9H). LCMS(ES+)
372 (M+H) ofmteizneglmtﬁﬁr@,ﬁegsi% 6|rmthNEg|ﬂmip_m§T F (35 mL). The mixture was stirred

302- Met hyl O

{(R) - 148 Cﬁfﬁfg&?ﬂ%%@ﬁf u'!hg'%mj ﬁﬁ'\h [prapangsuliinagnige (119 ) 9,3 MmOl Wa5 s ani de
A m xt ufe aflddddnerthedivetie \Qas(sﬁrrzd ag50°€. fBBSﬁﬂnIi)hedmdtlm@Wasanhlednﬁﬁmdum

di fluorotri hen |silicate (3.58 g, 6.64 nmol) in an ous THF ( 4(? HL) was
cooled to T 19 E_IEFG}E@Z"E§4 ;1@% 198, ieggp)erature overnig t ce-water was adde

and the mixture was stirred for 10 minutes, diluted with EtOAc and filtered through

Celite, washing with EtOAc. The filtrate was then washed with brine, dried (MgSQO4) and
concentrated in vacuo. The crude solid was triturated with cther, then filtered, washed

20  with ether and dried, to give the title compound (2.45 g, 77%) as a white solid. oy
(DMSO-de) 9.14 (s, 1H), 8.61 (s, 1H), 8.27 (dd, /4.9, 1.7 Hz, 1H), 8.10 (dd, /8.3, 1.1
Hz, 1H), 7.59-7.69 (m, 6H), 1.24 (s, 9H). LCMS (ES+) 371 (M+H)", RT 2.1 minutes.

INTERMEDIATE 7

25
2-Methylpropane-2(S)-sulfinic acid [(R)-1-(8-chloro-2-phenylquinolin-3-y)-2.2.2-

trifluoroethyl]amide

A mixture of Intermediate 6 (2.45 g, 6.61 mmol) and tetrabutylammonium
difluorotriphenylsilicate (3.93 g, 7.28 mmol) in anhydrous THF (30 mL) was cooled to
30  -70°C. (Trifluoromethyl)trimethylsilane (1.2 mL, 8.13 mmol) was added dropwise and
the mixture was stirred for 2 h, allowing the temperature to rise slowly. LCMS showed
some unreacted starting material, so the mixture was cooled again to -70°C and more

(trifluoromethyl)trimethylsilane (0.5 mL, 3.39 mmol) was added. The mixture was stirred



- 25 - -40C. (Trifluoronethyl)trimethylsilane (1.03 g, 7.24 mmol) was added
and the mxture stirred at -40C for 1 h. Saturated aqueous ammoni um

chl ori de wol20t2/3233¢5 nl) was added and the reaction m xPor&Rb 1OME7t 0 war m
tor.t. The solvent was renoved in vacup7and the residue was partitioned
bet ween Et OAc and water. The aqueous phase was 5 extracted with further

Et OAc and the conbi ned organic fractions were washed with brine, then dried
(Na2504) arfgk ef@gper 2hedlowiny eUempdhrd ®isdypwinso 9. i ddr@dichiqeaduym

chr omat ogr aphy (5i 02, 40-100% Et OAc in hexane) to give the title conpound
(1.78 g, eromanun chloridgwelytion (Grmipweeadeyd gidghe reactiapixtgegpsadawed tg. 9 |

L7 H% LHhvarfh % fﬁoé@gﬁmﬂ%mgt; %&% &%’UO% lﬁ%xtug s %ﬁ&gteg%c% 'd%ﬂ)g%t@ﬂ,gnh%z, (m

J8 5 He, 1kdyied BMER05), @Rd (hayso vkt wis. chapgrated FilyaciloCNBe (&S Widbduf iletpy, RT
2.39 m nut es, | NTERVEDI

15kR) - 148- éﬁluanChZOlPEﬂ?gTa@F}ﬁ?%ioy’l N0500°% ditPAc dn hayans) to eive the firlg GraBeHid @rf ne
To a sol ut Ig0@8%§ ad 541@;&% MY %H@Ms%) ) 8495% I‘HP'8)04' @11%*@@1;'7 462P741L) was

added a 4N7Solutioh of HC1"in 1 di oxane ( 16.0 he m xture
was stirredmadH), &39 d‘dod 803z, ‘lflhlé ib%ie%t(méﬁ),rbh@(selHi) nLGhtSK&Sahé4t he

residue tri th di ethyl ether (x 2). The residue was then
partiti oneé%@ﬁm@gﬁ BEMEHE>sat ur at ed aqueous 20 NaHOO3 sol ution. The
aqueous phase was extracted with further DCM and t he conbi ned organic
fractions were washed with brine, then dried (Na2504) and evaporated in
vacuo tlB give the title conpound WM‘E_&S a yell ow gum 6H
(DVBO-d6) 8.92 (s, 1H), 8.82 (d, J2.1 Hz, 1H), 8.76 (dd, J 4.9 , 1.5 Hz,

1H), 8.13-8.09 (m 1H), 8.07-8.03 (m 2H), 7.72-7.60 (m 2H), 4.72-4.65 (m

1H), 2.88-2RBB( $ mhlo?&)zrphb@@uﬁﬁﬁrk}vﬁiﬁz ¢ Mttorectidlard®m@. 01 m nut es.
| NTERMEDI ATE 5 8- Chl or o- henyl qui nol i ne- 3- car bal deh 30A m xture of
2, 8- di chl or oqui ﬁ&qw@tm@ﬂwﬁr@%«y@é(@ﬁc& 7f8n]8§ W‘P{dl\ﬂ (2 o) avpsedded Na2cos

sol ution ( hﬁqy r
t et raki s(t?ﬂ enyqq ?r%é Hﬁf‘%%a@()%) %%gtu\?‘e %’é&[%]t)fof %0 DVE (30
m.) wags degmemesi Ta“hrdscﬂimn max tamevel éavedioaind 10Csitioe Wés then Pheitiohad butecevas

allowed to ¢
8M and saturatgg aqueous NaHCO; solution. The aqueous phase was extracted with

further DCM and the combined organic fractions were dried (MgSO4) and evaporated in
vacuo to give the title compound (0.55 g, 96%) as a yellow foam which was used without
further purification. LCMS (ES+) 337 (M+H)", RT 1.99 minutes.
20
INTERMEDIATE 9

2-Methylpropane-2(S)-sulfinic acid N-(2.8-dichloroquinolin-3-ylymeth-(£)-vylideneamide

Potassium phosphate (16 g, 75.47 mmol) was dissolved in water (50 mL) and (S)-
25  2-methyl-2-propanesulfinamide (10.5 g, 86.78 mmol) was added. The mixture was
stirred for 10 minutes, then a solution of 2,8-dichloroquinoline-3-carbaldehyde (17.0 g,
75.22 mmol) in 2-propanol (50 mL) was added and the reaction mixture was stirred for
two days. The solid was filtered, washed with water and dried in vacuo. The resulting
solid was dissolved in DCM, washed with brine and dried (MgSO,) and the solvent was
30 removed under reduced pressure. The resulting solid was triturated in ether, filtered,
washed with ether and dried to give the title compound (23.6 g, 95%) as a bright yellow
solid. 3y (CDCls) 9.12 (s, 1H), 8.83 (s, 1H), 7.90 (d, J 1.9 Hz, 1H), 7.87 (d, J 8.2 Hz,
1H), 7.55 (t,J 7.9 Hz, 1H), 1.33 (s, 9H). LCMS (ES+) 330 (M+H)", RT 1.94 minutes.



WD 2012/ 032334PCT/ GB2011/ 051647 - 26 - tenperature, diluted with Et0Ac and
washed with brine. The organic |layer was dried (MgSO4) and the sol vent was
renoved uwoenizseiseaed pressure. The resultant solid wasPCTIGB20HISU47N
ether, filtered, washed with small anounig .of ether, then |ight petrol eum
and dried, to give the title conmpound (2.3 g, 97% as an off-white solid.
6H (CDC13) 10.25 (s, 51H), 8.86 (s, 1H), 7.95-8.02 (m 2H), 7.78-7.14 (m
2H), 7.54-7.62 (m 4H). LCMS (ES+) 268 (MrH)', RT 1.98 m nutes.

| NTERVEDI ATE 6 102- Met hyl propane-2(S)-sulfinic acid

N- ( 8- chl or 0- 2- phenyl qui nol i n- 3-yl 1 e- anide

Titanium(lV) isopropoxide (5.1 nL, 17.24 mmol) was added to a stirred
solution of Internmediate 5 (2.3 g, 8.6 mMmuol) in anhydrous THF (35 nL). The
m xture wag- M’eilﬂvlbﬁibaaé 2€S)tsulfih@rac V48 -ohibes2-(4-hethylpyridin-3-yl)quinolin-3-yl]-

(S)-2- n*g'zt hyl - B EEneSUHI nam de (1.15 g, 9.5 nmmol) was 15added and the
m xture d for 5.5 h. The heating was sw tched off and the
reaction m xtur e Wagule&JtlmShhsdibd9 3l % Q87 L, 2BPEs- M Bp Oﬁ‘i’cﬁﬁ AL dsgmromc(é%ldwat er
was added and the m xture was stirred 10 m’nut es, luted wth EtOA

and filterdd1blg bh@]h H@ﬂ) tterak\rﬂsiphﬂgflphotsphﬁtmmdlﬁﬁh@) 017 gal.é4 asnal hal

hed wit d,. Th d lid
has r 4 ur APLARRLN SR plekpgrterpFiah LA W dhLa it AL M S A e, t o
give the tighl ﬂe&éﬁr@@éﬁ%fﬁ& iffa Iﬁrog%ﬁ%m@s?)h@re%f 1a g0k kéﬁctl&fhﬁp@bﬁ%ﬂﬁ) 9. 14

(s, 1H), 8.61 1H), 27 (dd, J 4 .9, Hz, 1H), 10 (dd, J8.3, 1.1
, 1HI0 7 cgole tcgg)opnﬁen@p{)aturg, tgqn peg“utl@q@;i begm ]?(t@gsp)anQM1n§Mn|d|)the aquEoRs 1

t |
e, TEEVBELOTET 78 20 LRSaRents sl DB S
A m xture Mglsmﬁﬁﬂmtdb 8bl€cti wWad réfhoged Lﬁ}d@ﬁreﬁﬁwd)prés@dret Gforaa@)llﬁtidnajmml um

di fluorotriphenylsilicate (3.93 7.28 mml ) in anhydrous THF (30 nli) was
cool ed to resulting material in 2- propanol 80 mL) was added a solution prepared by stirring

potassium phosphate (2.8 g, 13.21 mmol) and (S)-2-methyl-2-propanesulfinamide (1.85 g,
15 15.3 mmol) in water (10 mL) for 15 minutes. The reaction mixture was left to stir over a
weekend. Ice-water was added, and the resulting solid was collected by filtration, washed
thoroughly with water and dried in air to give the title compound (5.84 g, 99%) as a
brown solid. oy (CDCls) 8.91 (s, 1H), 8.58 (d, /5.1 Hz, 1H), 8.52 (s, 1H), 8.50 (s, 1H),
7.96 (m, 2H), 7.58 (t, J 7.9 Hz, 1H), 7.29 (d, J 5.1 Hz, 1H), 2.29 (s, 3H), 1.24 (s, 9H).
20 LCMS (ES+) 386 (M+H)', RT 1.88 minutes.

INTERMEDIATE 11

2-Methylpropane-2(S)-sulfinic acid {(R)-1-[8-chloro-2-(4-methylpyridin-3-yl)quinolin-3-
25  yl]-2.2.2-trifluoroethyltamide

A solution of Intermediate 10 (5 g, 12.96 mmol) and tetrabutylammonium
difluorotriphenylsilicate (7.7 g, 14.26 mmol) in anhydrous THF (100 mL) was cooled to
-70°C. (Trifluoromethyl)trimethylsilane (2.3 mL, 15.58 mmol) was added dropwise and
the mixture was stirred for 2 h, allowing the temperature to rise slowly. LCMS showed

30  some unreacted starting material, so the mixture was cooled again to -70°C and more
(trifluoromethyl)trimethylsilane (2.3 mL, 15.58 mmol) was added. The mixture was
stirred for a further 2.5 h, allowing the temperature to rise slowly to 0°C. Saturated

aqueous ammonium chloride solution (0.5 mL) was added and the reaction mixture was



30 -70C. (Trifluoronethyptrinethylsilane (1.2 nL, 8.13 mvol) was added
dropwi se and the m xture was stirred for 2 h, allowing the tenperature to
ri se sl ow9.202a88338howed sone unreacted starting nateri &CT/GER20t1MS1697 Xt Ur €
was cooled again to -70C and nore (triflagoronethyl)trimethylsilane (0.5 ni,
3.39 mmol ) was added. The m xture was stirred WO

2012/ 032334PCT/ GB2011/ 051647 - 27 - for a further 2 h, allowi ng the

t enper at ur allbwed iidsﬁaﬁﬂl m/voymttemgé}atuS@t Uh@tcedlting HRouRl AaveddpdaiMicrusig

solution (0.5 2 and the reaction mxture was allowed to warmto
room t enpefaPdce helTH@eé @Aewanmﬁ the s lucifaresexenoagiedd vamee TheralluErGAC,

then dried a

was purt 11 84 By L) S hitina0LERt (AR5 BLPERIAN ho Rl iR oA Rk ERREUE

gi ve the tlphfeereqmrqmmnder(\&er% bglke&%ﬁ’c} thessopahewyeichowedyunder 6éduCEAMECAB) to8. 98
(s, 1H), 8.04-8.11 (m 2H), 73 (m 6.59 (

5.09-5. 75 @HC @W%e RO (36 zﬁx@%@@y%gvﬁﬁﬂmﬁo C A0S
101 NTER'VED'(M 388 62 (d, J 5.0 Hz, 1H), 849 (br 5, 151),8.06-8.11 (m. 2H), 7.73 (t, / 7.9 Hz, 1H),

kR) - 1- (8- Chl’or phenyl qui nol 'n-3-y1)-2,2,2-trifl uor oet’hyl am n To
a sol uti on 769 anﬂérodézjlléi)& 29 (9. 875Hg4&5(‘br mﬂd{)) 2j18 (HAM)( R 1813, 9ffhsL€Mzﬁed a
4N sol utio ane 10 m.). The mxture was stirred at r.t.
for 20 15 Eﬁﬁhggﬂ\"rﬁé)lséﬂ rem)ved in vacuo and the residue was
then partitioned between DCM and satur at ed aqueous NaHCO3 sol ution. The
aqueous phase was extracted with further DCM and t he conbi ned organic
fracti dfs were dried (My504) and ENEBRMIEBKMATE Wacuo to give the title
conmpound (0.55 g, 96% as a yell ow foam which was used w thout further
purification. LCMS (ES+) 337 (MtH)', RT 1.99 ninutes. 20 | NTERVEDI ATE 9

2- Met hyl pr QRBMS-ulﬁ)roQuhfﬂléthﬂpﬁidud3 yDquinolin-3-y1]-2.2.2-trifluoroethylamine

N- (2, 8-di chl oroqui nol i n- @) h- (E) -yl i deneam de . Pot assi um phosphate (16
g, 75.47 mml) %ﬂ’ilst!%‘l erfﬁed;\@zﬁéﬂ( B P nameD) () 4-digxane (2.5 mL) was

2- et hyl 8@ ffﬁ%muftlbﬂ@f'[i@? il £9: 808, e%ﬁ‘? %igmﬂ?é hiMER AdgHed Ther, modour e
was stlrreg m nut es her a Sol ution

2, 8- di dbl omqmuemoThmmIGemmab&tmiﬂWdEv&dm ad ghe réSid@@wasriieh phnitidngd bspwnai (50

nL) was added and the reactio ure was stirred for two days solid
vva)s filter g%ﬁ\”\ﬁé‘gﬁ%%lr% ‘I‘ﬂ%‘t‘sg?] r?éé§3é?}17éﬂll QARYERUS p%a,%e W%Ss%ﬁ“%/aicw& id was
di ssol ved igp-yR-Mcvasiest Wrdindf dB8niaRdcs&ekré Nﬁé@dhgﬁog Lhgos@ldisnt was

30renoved under reduced pressure. The resulting solid was triturated in
et her, fil teciedindvmsified byico lnnet dheomatodraghy 6%100.0000 VEOAhen hixahe to gemsabad

23.6 g, 95¢ t ygh) id, 611 8 :
iry 700 (e Fadety oo 8y Rl v Joup BrigBh) Bafes g wnig By
1.33 (90 95% J OB, (BS)863@0s &Mk, 1H)RT 53 (94 718 MHtieD), 7WD7 40 (m, 2H), 2.15-

2012/ 032334PCT/ GB2011/ 051647
2.32 (br s, 2H), 1.50-1.80 (br s, 3H). LCMS (ES+) 352 (M+H)", RT 1.81 minutes.

INTERMEDIATE 13

25  2-Methylpropane-2($)-sulfinic acid N-[8-chloro-2-(2-methylpyridin-3-yl)quinolin-3-vyl]-

meth-(£)-ylideneamide

A mixture of Intermediate 9 (5.0 g, 15.2 mmol), 2-methylpyridin-3-ylboronic acid
pinacol ester (5 g, 22.43 mmol), tetrakis(triphenylphosphine)palladium(0) (0.2 g, 0.17
mmol) and 2M aqueous sodium bicarbonate solution (20 mL) in 1,4-dioxane (80 mL) was
30  degassed and heated under refluxed in a nitrogen atmosphere for 3 h. The reaction
mixture was cooled to room temperature, partitioned between EtOAc and brine, and the
aqueous layer was extracted once more using EtOAc. The combined organic extracts

were dried (MgSQ4) and the solvent was removed under reduced pressure. To a solution



- 28 - | NTERVED ATE 10 2- Met hyl propane-2(S)-sulfinic acid

N48- chl or o- 2- (4- et hyl pyri di n-3-yl)quinolin-3-yl]- 5 neth-(E)-ylideneam de
A m xt ur ewof2oizmi3esnedi ate 9 (5.0 g, 15.2 nmol), 4-nethylPpyrdRivny@16a7bor oni ¢
acid (3.15 g, 21.43 mol ), tetrakis(tripipenyl phosphi ne)pal | adi un{0) (0.17
g, 0.147 mmol ) and 2M aqueous sodi um bi carbonate solution (20 nL) in

1, 4-di oxane (80 nL) was degassed and heated under reflux in a nitrogen

at nospher e off @ic réshtingletcrigbiatl-popot (10 @LYASs 3dadiotdionPrémedd byedpanat ur e,
then partitioned between Et 0Ac and brine, and the aqueous |ayer

wa
extract ed dREESHBMbOsRHY2E 9AS.2 lm@oeétﬁéi(ﬂe%fn@ﬁlgférﬁrnfoeaaeﬁtaéﬂ@mmr(iSa % ed
sS4 t I, - o ti
of the. r asart o SitentfO il T ECHIART THE R REEIRULS laBooph ! on
prepar ed bycstvater ivag agdrdasd thomeplidsg hatoeial RaBexgracttd.udihg M) Trdrganic

S) - 2- net hyl - 2- | i i d .85 g, 1515.3 mmol) i t 10 nL
O e g e T 6 SR i T g ol Lo ™
| ce-wat er Wﬁ%n?a@&ﬁgphﬂ@‘?o  Re_doesHIGANG h%%ﬁéj g‘é’@éth%_‘?z.'tie%inﬁgwm’ 4f4 éh@%)' on,

th wa d the t tﬁ d

washed thoroughly w er and dried in arr to give Itle Tonpoun

(5.84 g, 99%palaycBowriovwn §o(CRCLEHI CHALR)8.66 6dd, ¢$,0, 1H) Hz8H88.68(s,J6)1 Hz,

1H), 8.52 H)., .8 : 96 ( : t, 7

7020 (d, 280 W23 07 sy 6ol ! Dot gl e s g Tl Yo
(M:H) ', RT (4388, moaw o). LNMRVERHARE (WrH)', RT 1.49 minutes.

2- Met hyl prc()pa3§§- 2(S§!%sul)fi ni c aci 3 ( )

{(R) - 148- chl or o- 2- (4- net hyl pyri di n- 3-yl ) qui nol i n- 3-
25y1]-2,2,2-trifluoroethyl} am de tion of Internediate 10 (5
g, 12.96 nmol) and tetrabutyl PmeINTERMEOLSPE 1l phenyl silicate (7.7 g,
14.26 mol ) in anhydrous THF (100 nL) was cooled to -70C
(Trifluoronethyl)trinme ane (2.3 nL, 15.58 mmmol) was added dropw se
and the m 2tMeEYRE Ssulfing R shlory 2 Fraethyipysid iy 3npybqyinolin-g+

sl owy. L%ﬁ%reacted starting material, so the m xture was
cool ed agai f@@_ o 1{dg(t rifluoronethyl)trinethylsilane (2.3 ni,
15. 58 nvol ) was Aastdetibn dteremmxdiuted 3W@ds gtlil rif7edmd D mné tdttabttymRomuin,
allowng the tenperature to rise slowy to OC, S t ed aqueous, anmoni um
chi ori de séiﬂflﬁqr%p%@!ﬂslm e(féég,al&oi inonRvdrage T HEA00 LD drs chadvD
2012/ 032334 R¢sE/ 1%310&1'%Q@hlzﬁﬂﬂ(tr'iﬂl%‘?ometﬁ%ﬂ)ﬂ%‘éihﬁﬁlla‘ﬂ@Irg_iins LRL F ROk RIIPRaAL ur e.

The resulting material was extracted tw ce using Et0Ac, then dried (MSO),
and t he soladdet dmpwisevadporatstac: was staddor Theallomsngithe tevaperpturd thiresd sloyvlg ol um

chr omat ogr aph i 02, 60%Et 0Ac, i n hexan Fraction nt.ai ni n ur e
oo reaCt IRt Rty Tt QR o i AL R SR s
pressung t anindiv@ chideidt sé 8o AP URE a6 1S eBotioB 2H kRS was REd e/l Waw gum
6H (DVMSO- d6 at 90C) 9.03 (s, 1H), 8.62 (d, J5.0 Hz, 1H), 8.49 (br s, 1H)

8.06- 8. 11 (egmapppergtury Yhe regeriog npture] pips eﬂrm@d(tmc’emi_n@ DEM, thep theg. 29 ( br
SRLI' ]1-H)9 é ;11 %g%aglgcr ex%r‘actjs '(rge’re 8I‘iét§ (1\(@805?) 'Elqld ﬁ:i‘t'er:leﬁ, egnsd’ thg ls_gl'verl't% e@%%ﬁteé ?n6 (MH
vacuo. The residue was purified by column chromatography (SiO,, 60% EtOAc in

hexane). Fractions containing pure required isomer were bulked and the solvent was

25  removed under reduced pressure to give the title compound (3.2 g, 63%) as a pale yellow
syrup. ou (DMSO-de) 8.98 (d, J 17.8 Hz, 1H), 8.59 (dd, J 4.9, 1.7 Hz, 1H), 8.04 (m, 2H),
7.66 (t,J 7.9 Hz, 1H), 7.47 (m, 2H), 6.52 (m, 1H), 4.55-4.78 (m, 1H), 2.43 (br s, 3H),
1.10 (br s, 9H). LCMS (ES+) 456 (M+H)', RT 1.5 minutes.



101 NTERVEDI ATE 12

KR) - 148- Chl or 0- 2- (4- et hyl pyridin-3-yl)quinolin-3-yl]-2,2,2-trifluoroethyla
m ne woO 20z/@2338| uti on of Intermediate 11 (1.8 g, 3. PETaAEI/G5M647

1, 4-dioxane (2.5 nL) was added a 4N solugjion of HCL in 1, 4-di oxane (15 ni).
The m xture was stirred at r.t. for 20 15 mnutes. The sol vent was renoved
in vacuo and the residue was then partitioned between DCM and sat urated
aqueous NaHCO3 sol uti on. The aqUEINFERMIEEBIAWE 18xtracted with further DCM
and the conbined organic fractions were dried (MySO4), evaporated in vacuo
and purified by colum chromat ography (Si 02 60% Et OAc in hexane) to give
the title RITPO4 1.:1.-909% _0

8.42-8.65 (M 3H S 0 H 0 2

(t J 7.8 Hz, llsl)oa%llﬁﬂ)ﬂ?ofélﬁ)l@mwcﬁ&ﬂ)e 1423 I 72)33ﬂm()brin $,,4 dﬂdﬁ)a,neIS E(L)JWEEO (br

252 Vet ﬁy%@%ﬁ%@% legjzloé af ﬂhlliubﬁgcql 1QKane ?]Sn ) TheI Mx%ﬁhéE v%sps\-trlgre %t room
N48- chl or ovgnbctadiRd 181 RY Thelldlych Ylab Ao\l R v et thdRkug B Mlchdenean de

A m xture ofllgnterrredlate 9 (5.0 g, ol ), 2-met hyl pyridin-3-yl boronic
aci d pi nacghrtémned bgtscen DEM asd smmilayed aqueous NaHCOs solution. The organic extract

tetrakis(tri hi | 1 adi u 0. 7 mol ) and 2M gqueous
sodi um bi c&aggih %{éﬁggé '@W)S(ag’ﬁn?ﬁ‘_’?s nh'o)i' Ci. I&‘%(BE%H%#@@SWB? ¥ 45 &%gassed
and heat ed cunggind &fd pxegklion guril LOMSESY MBS RRETD ' fror 136Mmindidg reaction
m xture was cooled to roomtenperature, partiti oned between Et 0Ac and
brine, l8nd the aqueous |ayer was extracted once nore using Et0Ac. The
conbi ned organic extracts were dr t he sol vent was renoved
under reduced pressure. To a sol }WMBZBMPCT/ GB2011/ 051647 - 30
- of the resulting material in 2-propanol (10 ni) was added a solution
prepared by stirri ng pot aSSI um phosphate (2.8 g, 13. 21 m"rol ). and

Mothylogepas A1 2 2-{mthylg; gwisline3-gyllyi ) f or
15 m nutes r xture was stlrred for 1 h. Ice-water was added
and the reg‘nuﬁll?‘@gﬂﬁn%m‘l—aén was extracted using DCM The organic 5 extract
was drileéd (MySOH nné;ﬂdretdfénzs@hacbm wvag g, eridvachol)n5-nretiapyralin-Geylboronic acid
chr omat ogr aphy (Sl Yo Et OAC. i.n he ane). gave th itl 0 (4.3
g, 73% as DF&cel Sy (bfiks bamms )-(tele g §ringe 1p%%ﬂphlfpbpaﬁ%3%@<(§d§%gp 5%0 1.7
'("Z’ i-::')')’ gngsﬁol? and QM) aquzoﬁyso(iﬁﬂm gl'é%boﬁatQZol(lg&l (SJmZ?_D in'1,4- d%ox@n?%% ) WE.; 60
m ) 1 )
(ES+) 386 (deiddped arﬁ'lheﬂted@mdwmnﬂe)sm eg_ﬂtrbgﬂszRNEE}blﬁTeEfoI& h The reactlon rmxture

was cooled to room temperature, partitioned between DCM and brine, and the aqueous

20  layer was extracted once more using EtOAc. The combined organic extracts were dried
(MgS0,) and the solvent was removed under reduced pressure. To a solution of the
resulting material in 2-propanol (10 mL) was added a solution prepared by stirring
potassium phosphate (1.2 g, 5.66 mmol) and (S5)-2-methyl-2-propanesulfinamide (0.75 g,
6.2 mmol) in water (10 mL) for 15 minutes. The reaction mixture was stirred overnight,

25  then incubated at 60°C for a further 24 h. DCM was added and washed with brine, the
organic extract was dried (MgSQOy4) and the solvent was removed in in vacuo. Column
chromatography (Si0,, 50-60% EtOAc in hexane) gave the title compound (2.28 g, 97%)
as a pale yellow foam. 6y (CDCls) 8.93 (s, 1H), 8.81 (s, 1H), 8.63 (m, 1H), 7.98 (m, 2H),
7.69 (m, 1H), 7.61 (m, 1H), 7.50 (m, 1H), 2.54 (s, 3H), 1.31 (s, 9H). LCMS (ES+) 386

30 (M+H)", RT 1.56 minutes.



2- Met hyl propane-2(S)-sulfinic acid

{(R)-148-chl or o- 2- ( 2- net hyl pyri di n- 3-yl ) qui nol i n- 3-

yl] - 2, 2, 2vorzofdaies3set hyl | am de 15A sol ution of | ntermediraaBotids{es73 g,
11.17 mol ) and tetrabutyl amoni um di fluprotri phenylsilicate (7.5 g, 13.9
mol ) in anhydrous THF (60 nlL) was cooled to -50C under nitrogen and
(trifluoronethyl)trinethylsilane (4.5 nm., 30.5 mml) was added dropw se.
The m xture was stirred for 2 h, WNTRRMEDIAEEtIgnperature to rise slowy to
roomtenperature. The mixture was cool ed down again to -20C, saturated
aqueous 20 annDnlun1chIor|de sol ution was added and the reaction m xture
was al | owed g, A XEALL B WRSEXt ract ed
tw ce using T 11 ' WET ' ' ;%té@gahguﬁr1 ered,
and the sowmehzzmaﬂmﬁmaNﬂ}ahﬂd in vacuo The residue was purlfled by colunn

chr omat ogr aphy (Sl 2 60%)Et0 ne). Frac ns |n|ng ure
requireg |sonerAM9 1%&9@%@”8 H@Qgéﬁﬁéﬁénﬁﬁgo §n¢5W@8 9 AHEYHUPeduced

t , 6H
?Bﬁé 3132) glfg1§¥§talbﬁelﬁglﬁéaee eogﬁi%mg&ﬁg% lggnﬁy?d’{é)usaﬁﬂﬁ (Wﬁﬁ?_ﬁ%k Ic?_')(‘ﬁ'eé K up. o

2H) 7.66 (5Q°CJunder Sitrbgen m(;rlmwdmeml)@mthﬁSMe (2l nil)14.28, naﬁmh) v?ee ( m

i hut 5. BT Bib s SN G BT BT R IoW A HERRY A tpve Slowly

kR) - 148- Chlt@ 0@ 2T h2rehBiomMthiRVITe diaB vSol¥d JEkh BRdih By aoy@,l saﬁlzrf?te@ acﬁu[ebﬁi uor oet hyl a

mne To a solution of Internmediate 14 (3.5 g, 3 mmol) 4- di oxane (8
m.) wad05adawepraumhipsidaselotonivas@idedmn therdmwart@xmgwr&wllomdetonwmme was
stirred at e I cuo and
the' st dud AR bRERTS Hefrhhion e BaR s ES SREREE L I EE  Reiocs

sol ution. TDhgnly @aRcE vexé dasd (M@@Ograh@dle(m@ﬂ)vas érs?a@oﬁwéd/zervtzcmsrﬁeermved
under reduced pressure to give the title coqgoun as a pale yell ow gum

LCVB ( ES+) rgsducoxasppurifiegypy tobimmghsematography (SiOz, 50-60% EtOAc in hexanc).
Crystallisation from ether/hexane gave the title compound (1.2 g, 44%) as a white

15  crystalline solid. oy (DMSO-des) 9.00 (s, 1H), 8.65 (d, J 1.5 Hz, 1H), 8.59 (d, J 2.0 Hz,
1H), 8.12 (m, 2H), 7.84 (m, 1H), 7.73 (m, 1H), 6.66 (d, J 8.3 Hz, 1H), 5.04 (m, 1H), 2.45
(s, 3H), 1.16 (s, 9H). LCMS (ES+) 456 (M+H)", RT 1.55 minutes.

INTERMEDIATE 18

20
(R)-1-[8-Chloro-2-(5-methylpyridin-3-yl)quinolin-3-y1]-2,2.2-trifluoroethylamine
To a solution of Intermediate 17 (1.2 g, 2.63 mmol) in DCM (3 mL) was added a

4N solution of HCl in 1,4-dioxane (10 mL). The mixture was stirred at room temperature

for 20 minutes. The solvent was removed in vacuo and the residue was then partitioned
25  between DCM and saturated aqueous NaHCOs solution. The aqueous phase was

extracted once more using DCM and the combined organic extracts were dried (MgSO,)

and evaporated in vacuo to give the title compound (0.9 g, 97%) as a pale yellow gum.

LCMS (ES+) 352 (M+H), RT 1.41 minutes.



| NTERVEDI ATE 16 2- Met hyl propane-2(S)-sulfinic acid

N48- chl or o- 2- (5- net hyl pyri di n-3-yl)quinolin-3-yl]- neth-(E)-ylideneam de
15A m xt uwe 20f2/d3pi3er nedi ate 9 (2.0 g, 6.08 mmol), PCT/GB2011/051647

5- et hyl pyri di n-3-yl boronic acid pinacal3zyester (1.6 g, 7.31 mmol),

tetraki s(triphenyl phosphi ne) pal | adi um(0) (0.35 g, 0.31 mml) and 2M aqueous
sodi um bi carbonate solution (5 nL) in 1, 4-dioxane (25 nL) was degassed and
heat ed under reflux in a nitrogenNITERMIBIATEAY 2 h. The reaction m xture
was cooled to roomtenperature, partitioned between DCM and brine, and the
aqueous 20 |ayer was extracted once nore using Et0OAc. The conbi ned organic
extracts Mot S6 was renoved under reduced
pressure. TO g material in 2-propanol (10 nL) was
added a sol ut| om pmem&rcffd &ylchbrdqmﬁ@npdtmbaldahyﬁh(m@Igal@31&ﬂtmiblpz 5. 66

ﬂ?l 12 0?9 ‘i's?m)m @nﬁywépwg%%) ia o?e]gnf%é namlﬁ%e(tgwwgrephsoép%hiﬂei 25‘“’?}]3 (10
i ncubat ed ?tauaﬁﬁ&n @0 J Ufstshl%o% I 4_BMwass aﬂq%saeghsme%%ﬁﬂu rine,

the organi ¢ extract was dried and the solvent“was renoved In in
vacuo . Cowwnmedhdum&nmgn&phwtQEPGZbrsh ghentxtoacwiselloexcdrie fogdoeodae titl e

d |.0 6H 13),. 8.93 (s, , 8.81
?g,ﬁpi%‘, é %Prel% 1§1§tg?§d Et)ﬁei ofé')e}lled %%1 ?Wlas %e@%ﬁlﬁrmlolh%ﬁsw %’1& (m
1H), 2.54 (r &g}er/ s with Sthef. ST h&ﬁﬁrate%@oﬁge%fr)atea&ﬁd%h {nMHiElrigerdfdr fhr 56 t81 nut es.

WO 2012/ 032 GB2011/ 051647 - 32 - | NTERVEDI ATE 17
2- Met hyPpr @WQ@ crgp) whigh gvag &iltgred, washed w1th ether and combined with the bulk

{(R)-148-c 4 r|d|n .

Vi1 2, 2, 2- ne 5 SR YR R Yk R srynsltng s 136 g,
5 91 nnDI)(Ese)zﬁamwmmjyRamnnmmummglfIuorotrlphenyIS|Ilcate (3.83 g, 7.09
nmmol ) in anhydrous THF (60 nL) was cooled to -50C under nitrogen and
(trifluoromethyl)trinmethylsilane (2.1 nL, 14.23 mvol) was added dropw se.
The mixture was stirred for 2 h, airphiEDiAPELYTPEr ature to rise slowy to
OC. The reaction m xture was cooled—gvmm—agarn—rb -10C, saturated aqueous
10 ammdfi um chl oride solution was added and the reaction m xture was

allowed to . act ed
tw ce usi ng=beM S BT t K s Mgty o
sol vent wa hg&égngJed i n vacuo. The re5|due was purlfled by col um

chr omat ogr aphy 2, 50-60% Et OAc in hexane).

Titamurn(IV) isopropoxide (6.1 mL, 20.62 mmol) was added to a stirred

suspension of Intermediate 19 (2.74 g, 10.2 mmol) in anhydrous THF (30 mL). The

20  mixture was stirred at room temperature for 10 minutes, then (S)-2-methyl-2-propane-
sulfinamide (1.35 g, 11.16 mmol) was added and the mixture was stirred at 50°C for 2 h.
Ice-water was added and the mixture was stirred for 10 minutes. The resulting solid was
filtered, washed with water and dried in air. The solid was placed in a sintered funnel and
extracted three times using hot DCM. The DCM extracts were concentrated under

25  reduced pressure to give the title compound (1.1 g, 29%) as a brown gum. oy (DMSO-dp)
9.18 (s, 1H), 8.91 (m, 1H), 8.28 (m, 2H), 8.13 (m, 2H), 7.74 (m, 2H), 1.26 (s, 9H).
LCMS (ES+) 373 (M+H), RT 1.58 minutes.



Crystallisation from ether/hexane gave the title conpound (1.2 g, 44% as a
white 15crystalline solid. 6H (DMSO-d6) 9.00 (s, 1H), 8.65 (d, J 1.5 Hz,
1H), 8.5wW0a0120@82834Hz, 1H), 8.12 (m 2H), 7.84 (m 1H), PCT/IGB20Myo51d4dy, 6. 66
(d, J8.3 Hz, 1H), 5.04 (m 1H), 2.45 (s,343H), 1.16 (s, 9H). LCMVMB (ES+) 456
(MtH)', RT 1.55 m nutes. | NTERMEDI ATE 18 20

KR) - 148- Chl or 0- 245- net hyl pyri di n- 3-yl ) qui nolin-3-y1]-2,2,2-trifl uoroethylam
i ne To a solution of InterrcPERMEDBVATE219, 2.63 mmol) in DCM (3 nl)
was added a 4N solution of HC1 in 1,4-dioxane (10 nL). The m xture was
stirred at roomtenperature for 20 m nutes. The solvent was renoved in
vacuo and LG ERiRe YA RAY ki1 908 Moo RRINERD. M ANA S ML ed
aqueous NaHL,us SOl U The aqueoUs ptiase was extractred once nore using
DCM and thenﬂmtbntmﬂ@hrmdqam C extracts were dried (MJSO4) and evaporated in

(221 58, viry PP o0 Goa s el ButBrnmontany |5
| NTERVEDI ATy 30 Bin bty iBecats él% a37-52]m%10\ﬂ ﬂlqlﬂhp&bhmH% (Qé‘hﬁé}'véja% @Md@d a‘fA‘

m xt ure of 28d|gh [ 6roqui no |1 ne-3 -car bal dehyd mmol ), 2-
5(tributyl sﬁ@fﬂne(ﬁyﬂ)lmonazhyrhmlmdﬂﬁlsganel(z 12mimi)l4)3 nan«zl) was added drolese and

o oS RSB o Do R ereie %8¢ HRwlo g ration: - ogen

at 110C f 0rrm§tu|ﬂe wal€od B4 dairLronag lbtiavRes heddaal threh QRN hiRAREKAL HN&ved
over ni ght and the solidified product was col |l ected by filtration and washed

r epeat el thﬁn@t\’We?lO mippyéesf iTihe repconpaExtyneesxtracted teise uﬁléngGM then the

refrigerataor to | ter washed
wi th ether 3 %adl?cc%xﬁ%l ned3 rg‘gl{lﬁd W%@ﬁ%@%ﬁ@?‘ieﬁ Wp@éva? 6fdhm Kat St gﬂicorrpound
(2.74 g, 99%idwrswas mﬁﬂe@w@bmmmomaog@bhd(slm 6(E$f)toAZQn (ddan)) to gl 1. 41
m nut es. | NTERVEDI ATE 20 15

the title compound (0.36 g, 28%) as a brown gum. og (DMSO-de) 9.39 (s, 1H), 8.95 (s,

1H), 8.77 (m, 2H), 8.04 (m, 2H), 7.69 (m, 1H), 6.83 (m, 1H), 6.65 (d, J 9.5 Hz, 1H), 1.04

15 (s, 9H). LCMS (ES+) 443 (M+H)', RT 1.55 minutes.

INTERMEDIATE 22

(R)-1-[8-Chloro-2-(pyrazin-2-yl)quinolin-3-y1]-2,2.2-trifluoroethylamine
20 To a solution of Intermediate 21 (0.36 g, 0.8 mmol) in DCM (2 mL) was added a

4N solution of HCl in 1,4-dioxane (5 mL). The mixture was stirred at room temperature
for 20 minutes. The solvent was removed in vacuo and the residue was then partitioned
between DCM and saturated aqueous NaHCOs solution. The aqueous phase was
extracted with further DCM and the combined organic fractions were dried (MgSQO4) and

25  evaporated. The residue was purified by column chromatography (SiO,, 50% EtOAc in
hexane) to give the title compound (0.15 g, 28%) as a brown gum. oy (DMSO-ds) 9.36
(d, J 1.4 Hz, 1H), 9.00 (s, 1H), 8.82 (m, 2H), 8.10 (m, 2H), 7.73 (m, 1H), 5.96 (q,J 7.8
Hz, 1H), 2.86 (br s, 2H). LCMS (ES+) 339 (M+H)", RT 1.41 minutes.



2- Met hyl propane-2(S)-sulfinic acid

N 8-chl oro-2-(pyrazin-2-yl)quinolin-3-yl]nmeth-(E)- vylideneam de

Ti t ani umwo)20i2906p339poxi de (6.1 nL, 20.62 nmol) was adde@CraBRR0HGS164€d
suspension of Internediate 19 (2.74 g, 4% 2 mol) in anhydrous THF (30 nL).
The 20 m xture was stirred at roomtenperature for 10 m nutes, then
(S)-2-methyl-2-propanesul finamde (1.35 g, 11.16 nmol) was added and the

m xture was stirred at 50C for 2 INTERMEBIATEVRS added and the m xture was
stirred for 10 minutes. The resulting soli1d was filtered, washed with water
and dried in air. The solid was placed in a sintered funnel and extracted

three tinmeg. @lﬁbﬁ&%-ﬁbﬁ-he@% 1 e, %@ﬁﬁ%ﬁ&cg gar@ %] ggncent rated under 25

reduced pr , 29% as a brown gum 6H
( DIVSO d6) 9. 18 (fsmixthle,o0f8 @dlchlasro@h‘i)o,lln8-32c&rléa‘rdeh&ﬁ& (0.8g132( mmdN)2- 7. 74 (m
2012/ 03533 PO T K DRI edng () el Tttt ripheny-
2 Vet hyl pr% i §1§)11‘a§fdh{ b OC ?(U 73 rnrno 1n 1 4 dloxane (10 mL) was degassed and

{(R) - 148-chl oro- 2-( pyrazin- UII’]OI 2,2- tl‘lf|u%l‘0 et hyl }

am de 5A meatedrel ld)f’C Iomtmrgmdifhtt mlﬁ_t@re(vitasmlgwed t@@aknntopnamdlperature and

t et rabut I ; otr| hen ilic 3.52 )., i

anhydr ou)s/ ? [R’r%d%ﬁaoﬁéetre? %&hsd rﬂf’elt%h' &gﬁ%lﬁﬁt‘fsf%nn&?")@ﬁﬁ i | ane
(1.1 n, 7t14e‘§1 ARR! dndBedad dod tHé Qﬁé/\t&#po@tﬁg (0.6 g6 3%k Viea YARwsIdlidr 8d for 2 h,
allowngthete eratureto rise slowy. The reaction m xture was cool ed

agai n 10 - 2DUISGUNED.FHS. HaiOLKind K& IBdadH)oh Shis 1 e Ja6ay Bowsd HO 1o
T t
then the onginy e K 72etd 4BRSTRT 28 EA LB e tth B F Bl orat ea

in vacuo. Relsemitueswas purified by col um chromat ography (Si 02, 50-60%
Et OAc in hexane) to give the title conmpound (0.36 g, 289% as a brown gum
6H (DMSO-d6) 9.39 (s, 1H), 8.95 (s, 1H), 8.77 (m 2H), 8.04 (m 2H), 7.69

(m 1H), 6.83 (m 1H), 6.65 (d, \m%mm 15(s, 9H). LCVS (ES+)
443 (MrH)', RT 1.55 mnutes. |INT
kR) - 1485Chl or o- 2- (pyrazi n-2-yl)qui nolin-3-y1]-2,2,2-trifluoroethyl am ne

2-Methylpropane-2(S)-sulfinic acid N-[8-chloro-2-(6-methoxypyrazin-2-yl)quinolin-3-vl]-

meth-(£)-ylideneamide

Titanium(IV) isopropoxide (0.85 mL, 2.87 mmol) was added to a stirred

suspension of /ntermediate 23 (0.42 g, 1.4 mmol) in anhydrous THF (10 mL). The

20  mixture was stirred at room temperature for 10 minutes, then (S)-2-methyl-2-propane-
sulfinamide (0.2 g, 1.65 mmol) was added and the mixture was stirred at 50°C for 8 h.
Ice-water was added and the mixture was stirred for 10 minutes, then filtered through
Celite. The resulting solid was repeatedly washed with EtOAc. The filtrate was washed
with brine, dried (MgSOs4) and concentrated in vacuo. The crude material was purified by

25  column chromatography (Si0;, 25% EtOAc in hexane) to give the title compound (0.5 g,
49%) as an off-white solid. 3y (DMSO-de) 9.35 (s, 1H), 9.17 (d, J 0.3 Hz, 1H), 9.13 (s,
1H), 8.50 (m, 1H), 8.29 (dd, /8.3, 1.2 Hz, 1H), 8.13 (dd, J 7.5, 1.2 Hz, 1H), 7.73 (m, 1H),
4.00 (s, 3H), 1.26 (s, 9H). LCMS (ES+) 403 (M+H)", RT 1.69 minutes.



20To a solution of Internmediate 21 (0.36 g, 0.8 mmol) in DCM (2 nL) was
added a 4N solution of HCL in 1,4-dioxane (5 nL). The m xture was stirred
at room twoperzaesse for 20 minutes. The sol vent was rempCEaB2011MECM0 and
the residue was then partitioned bet wemdCM and sat urated aqueous NaHCGO3
sol ution. The aqueous phase was extracted with further DCM and the conbi ned
organic fractions were dried (MJSO4) and 25 evaporated. The residue was

purified by col um chromat ogr aphyINBERMEDORTEIXBAC i n hexane) to give the
title conpound (0.15 g, 28% as a brown gum 6H (DVBO-d6) 9.36 (d, J1.4 Hz,

1H), 9.00 (s, 1H), 8.82 (m 2H), 8.10 (m 2H), 7.73 (m lH_), 5.96 (q, J7.8
Hz, 1H), y [ .'_o‘o‘oal-ly_) iR 2 g;{' .._ IM %%%n%o%m%aiﬁ-@%lﬁﬁinolﬂ{@-

2012/ 032334PC oETEA T SEUR
8- Chl or 0- 2y{]&2. 2pithifbaorpsth@zamid?- yl ) qui nol i ne- 3- car bal dehyde A m xture of

2, 8-di chl i nol i ne- 3- bal dehyd 0.5 g, 2.21 1), 2- )
5net h'o§9- 5. ?9?: %%@Sé%ﬁgﬁfﬁgﬁ%%ﬁﬂg M.-%‘ raméa@?tmﬁ%}lsﬁ%laomum acetate
tetrakis(t r(b.%?%m',l?nuﬁgﬁ%pgﬁ TRRAE 4THO) wﬁpstgreﬂ’atQSOLé%nHHﬁi[i‘aro 6[1:1 and.

1, 4- di oxane | nm.) was degdassed and heated at 110C overni ght. e mxture
was al | onedtrifiooadthylptrinethmlsienp €¢.4mly, €. drdmal) wised dod diopEiso Ad he Thsture

| ti | i | | ect ed filtration, d with EtO0Ac, t t her,
and dri od SgRgIES e TP e RSB 4o RS C48oR BT Sol 1. 61 1
10 (DVBO- ddactifn afixtufo widHooldd: v %?in]{H)-JO‘@- A dusnchbdwitlBori. (he rdddtion 8. 27

(dd, J8.3, 1.2 Hz, 1H), 8.17 (dd, .5, 1.2 Hz, 1H), 7.75 (m 1H), 3.96 (s,
3H). LB @EESwye gapaliawad)to warm to reum fmperayre anPRRAMES] mEe psing EtOAc. The

2- Met hyl pr - -sulfinjc i .

NaB. ci of o BT LEe T KB PPl RS U (MES0p pd e pfent s PRSI e i

Ti t ani un( | Dheirssiqucopaiudigicd Oy &dlumin chioBdtonFihy (3185, F0dsiEd BtOAR is héxanepto

suspension of Internmediate 23 (0.42 g, 1.4 mvol) in anhydrous THF (10 nlL).
gﬁﬁp%ep%l% vieléowr B}an&oﬁmm

oL

The 20 i xtEivedhoige senptiad (320 MEofle pEsds) PRERd, J

(S) - 2- met hywly &: | i \naRt : 1 d he

m xture M?%Itzllzﬂ@gégt? %E’O%i)f gr% gseﬁgﬂlgcz:(lap m’tzeﬁ\zawg?g%f(ﬁ%iaﬁgglt%hleﬂj%e}xq7ure was
stirreds5f omlOHyitNRG @ls./ Ot3idn 1fH)| 4.66 € 3Hy bO§)ts, OH).i LEMSTIERS+) d3BI(MiHRY R i d
was repeated washed with EtOAc. The filtrate was washed with brine, dried
(MyS™®) and- B¥HBSrated in vacuo . The crude material was purified by

INTERMEDIATE 26

20  2-Methylpropane-2($)-sulfinic acid N-[8-chloro-2-(6-methylpyridin-3-yl)quinolin-3-vyl]-

meth-(£)-ylideneamide

A mixture of Intermediate 9 (3.0 g, 9.1 mmol), 2-methylpyridin-5-ylboronic acid

(1.24 g, 9.1 mmol) and tetrakis(triphenylphosphine)palladium(0) (0.10 g, 0.1 mmol) in
DME (60 mL) was treated with 2M aqueous Na,COs solution (11 mL). The reaction

25  mixture was degassed and flushed three times with nitrogen gas, then heated at 90°C for
20 h. The mixture was allowed to cool to room temperature, and diluted with EtOAc (50
mL). The organic solution was washed with water (50 mL) and brine (50 mL), then dried
(MgSO0,), and evaporated in vacuo. The resulting crude material was then treated with a
mixture of titanium(IV) isopropoxide (5.4 mL, 18.0 mmol) and (S)-2-methyl-2-propane-

30  sulfinamide (1.21 g, 10.0 mmol) in anhydrous THF (50 mL), according to the procedure
described for Intermediate 2. The title compound (1.46 g, 41%) was obtained as a yellow
gum. Oy (DMSO-ds) 9.17 (s, 1H), 8.70 (d, J 1.9 Hz, 1H), 8.61 (s, 1H), 8.28 (dd, J 8.3, 1.1
Hz, 1H), 8.11 (dd, J 7.5, 1.3 Hz, 1H), 8.00 (dd, ./ 7.9, 2.3 Hz, 1H), 7.71 (dd, J 8.1, 7.7 Hz,



25 col um chromat ography (Si 02, 25% EtOAc in hexane) to give the title
conpound (0.5 g, 49% as an off-white solid. 6H (DVSO- d6) 9.35 (s, 1H),
9.17 (d, wooR/m23341H), 9.13 (s, 1H), 8.50 (m 1H), 8.29CraB200A58471. 2 Hz,
1H), 8.13 (dd, J 7 .5, 1.2 Hz, 1H), 7.73Am lH) 4.00 (s, 3H), 1.26 (s,
9H). LCVS (ES+) 403 (M+H)', RT 1.69 minutes.
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2- Met hyl pr appn®s@(&)-ssubkz] TH; 2a50i (6, 3H), 1.22 (s, 9H). LCMS (ES+) 386 (M+H) ', RT

{(R) - 148-chl or o- 2- ( 6- et hoxypyr azi n- 2-yl) qui nol i n- 3-

y1] -2, 2, 2- tlfG¥MipgfSet hyl } ami de 5A solution of Internediate 24 (0.5 g,
1.24 mml) and tetrabutyl ammoni um acetate (0.45 g, 1.5 mmol) in anhydrous
THF (15 nL) was stirred at -50C under nitrogen and
(trifluoromethyl)trinmethylsilane INTHRMEDPATE 270l ) was added dropw se.
The m xture was stirred for 2 h, allowing the tenperature to rise slowy to
roomte%rperature. The reaction m xture was cool ed down again to -10C and

quenched Wil Yk ipRSHand PE)IsERGld R FR)-TK I HLR- Y6 nfebil AR il Oy WRLib kR3S oom
1 enper aturé and extracted tw ce usl ng Et UAC. lhe conbli ned or ganl C extracts

wer e dri ed yilMySOaiflapidethyidargidevent was evaporated in vacuo. The resi due was
purified by col chr omat 0 a S 2, ,30-.50% Et OAC i X to give
the title conpo% ef% 1‘%2‘8%?3/%@ %?C’S}g %ﬁ/&'?tffé'fﬁdn‘%?-?’(%ﬂ}é d6) 9. 07
(d, J 0.2 WaerMddiate %6%— 46% 3 37b*)mm&) 5gtrz(b$1tylérh%on&nﬁ-a-lﬂ{lﬂiot@ﬂ‘ﬂ)eng&hz§te((gQS

J8.1, 7.6 Hz, 1H), 1H), (d Hz, 1H)
1.08 (40 9rg)41iZ®molo Esﬁummet@wﬁymethmlapeéwrﬁﬂm&fé%nmqi}mﬂmby =)

202- Met hyl e sul fini i dczo

N48- chl o?lo%&g@ﬂ Tﬁ%f? p)c/'?'?i . @O?ﬁ)gqa?ﬁ’mas Ogtamﬁi asa?fe]tl%w @\5‘“ @Fl(geneam de
A mixture ef)9.00 6, lIer,IS%SE(dQJ(137 Hz,9.H)98. 13:@&8(}11 m)nepbydld;ym 9ji2r8 Bz ylHor onl c
acid (1.24 g7 9.1 m"mlé and tetrakis(triphenyl phosphi ne palladl un})O) (0.1

g, 0.1 mol?/2 WdpiES( 68 Ha. | Hiva/s52 (ded BldHe 1tHh: 0.0 4ot §znEHBoR! 4Pt hon (11

The r t & f nmes with
ni trogen gggﬁ 2&@&@?1{2}?&5"& 9134801“¢or g% 24%}@\/’ Witkﬁ(rjle%g/ahgﬁgﬁ owed to cool
to roondtenperature, and diluted with EtOAc (50 nmlL). The organic solution
was washed with water (50 nli) and _brine éSO ni).. then dried (MgS™), and
evaporated in vacuo . The resulti%ﬂg 8al was then treated with a
m xture of titanium(IV) isopropoxide (5.4 nL, 18.0 nmmol) and
(S)-2-nmet hyl - 2- propane- 30 sul finam de (1 21 g 10 0 mml) i n anhydrous THF
(50 m.), 8 {chla 0 fl : tigptleande The title

Comound (115 5 10, SSSLeHL 0. St S ST 5107 £,

( d(; H~Z] 20 - Intetmdiikie 2 73((70)4 82 00 nrfisl), a4N s&uu@n Sf el thdm&aﬂ&iﬂﬂ 1208. 1,

mmol) and methanol (18 mL). The title compound (1.28 g, 84%) was obtained as a

colourless gum. oy (DMSO-ds) 8.89 (s, 1H), 8.68 (d, J 1.9 Hz, 1H), 8.10 (dd, /8.3, 1.3

Hz, 1H), 8.04 (dd, J 7.5, 1.3 Hz, 1H), 7.93 (dd, J 7.9, 2.4 Hz, 1H), 7.67 (dd, J 8.1, 8.1 Hz,

1H), 7.47 (d, J 7.9 Hz, 1H), 4.70 (tq, J 7.2, 7.2 Hz, 1H), 2.84 (d, J 7.0 Hz, 2H), 2.60 (s,
25  3H). LCMS (ES+) 352 (M+H)", RT 1.51 minutes.

INTERMEDIATE 29

4-(Benzotriazol-1-vyloxy)pyrido[3,2-d]pyrimidine

30 In a reactor, under nitogen charge, ethylene glycol (2.7 L) was heated at 45°C. 3-
Aminopyridine-2-carboxylic acid (1.37 kg) and formamidine acetate (1.37 kg) were
added. The mixture was heated to 50°C to facilitate stirring. The mixture was

progressively heated to 125°C (about 1 h) until reaction was complete (2-3 h). After



WD 2012/ 032334PCT/ GB2011/ 051647 - 37 - 1H), 7.50 (d, J8.1 Hz, 1H), 2.60 (s,
3H), 1.22 (s, 9H). LCM5 (ESt+) 386 (MtH)', RT 1.65 m nutes. | NTERVEDI ATE 27
5 2- Met hywonropasess32(S)-sul finic acid PCT/GB2011/051647
{(R)-148-chl oro-2-(6-nethyl pyridin-3-yl)sguinolin-3- yl] -2,2,2-trifluoro
ethyl} am de Prepared according to the procedure described for
Internmediate 3, utilising Internediate 26 (1.46 g, 3.79 mol),

tetrabutyl aos@ thendkdutdioroec xpiiteml IS)i wascaiided {l8wBb MK @spehsibh wasRbdled to

(trifluoronethyptrinethylsil ane . 9.47 mmol ) and _anhydrous THF (40
nL). The ti20feardbstprdrmyciugyathgn C@ée/é t0w§§élﬁﬁ%ﬂ oh$ ha Ty résyitingusalid 6H

SDQ/BOSG? 9&3)&9 H%%mﬁ@ ﬁ]}%@ﬁ g’ﬁe c%kelw%s \b%hgc}mth c %%?aatgr @; %gandgagktfngé% (dd,

6.64 (d, J I_S eﬁ1dl-dmedlllﬂ)ier \51,cﬂ.uﬂm5t 0L, my gidtth solzd @B5(gs 67.3%);, HPLCLpur{tg 99 26h%). LCIVS
ES+) 456 t 15 | NTERVEDI A

I(<R) )1 [ Ctﬁ @F’Sufé’ q'?‘Thlﬁréftaiﬁ%r}abQ 5.%% O3mpney) s f Bt 585?15 73 8mmoling | yor oet hyl

am ne  Prepatgfinde @ﬁ(ﬂmngwfagtrw@d %ﬁmﬂ@ 6132 @%&crgn te;elqmt)granh@aﬁémlzaé g 4,

utilising 20 Internediate 27 (0.94 g, mmol’), a 4N’solution of HC1 in
1, 4- di oxand h©3ea¢npn b xt@ramwed ﬁiltfamli anéttftmwpl(cmawatﬁ)washﬁdemth dicthytethpo@nd

(1,289 SHP BB NG SR TSl S5aiP 1 8 LU, 900805 s
JH? 91||:||)z 1c9e?an{ é’(fh)uréas@hd 25H4(1jﬂasoldg|)92§ (@J J8,1. @ﬁzllH)B8382|'d§ 1}#%59@&7 (d

(L ob Ty s e S84 by 0k A i e 60 B TR
4- (B t 301 t d
i togen chdlaa) cHRRHRLE RIS REY R IMES o et asc e T

INTERMEDIATE 30

15 1-(Pyrido[3.2-d]pyrimidin-4-vloxy)pyrrolidine-2.5-dione

A mixture of Intermediate 29 (13.51 g, 51.0 mmol) and N-hydroxysuccimide
(8.83 g, 77 mmol) in dichloromethane (350 mL) was stirred for 20 h. The reaction
mixture was filtered, and the filtrate was washed with water, then brine, dried (MgSO,),
and evaporated in vacuo. The residue was triturated with diethyl ether, and the precipitate
20  was dried under vacuum. The title compound (10.9 g, 87%) was obtained as a pale
yellow solid. &y (DMSO-ds) 9.18 (dd, J 4.1, 1.5 Hz, 1H), 8.94 (s, 1H), 8.52 (dd, J 8.7,
1.7 Hz, 1H), 8.13 (dd, J 8.7, 4.3 Hz, 1H), 2.97 (s, 4H). LCMS (ES+) 245 (M+H)", RT

0.51 minutes.

25 INTERMEDIATE 31

N-(o-TolyDacetamide

Acetic anhydride (33.0 mL, 350 mmol) was added to a stirred solution of o-
toluidine (30.0 g, 280 mmol) in dichloromethane (500 mL) at 0°C. The reaction mixture
30  was allowed to warm to room temperature and stirred for 20 h. The reaction mixture was
partitioned between DCM and water. The organic phase was washed with brine, then
dried (MgSO,) and evaporated in vacuo. The residue was stirred in isohexane at 0°C for

2 h, then filtered. The precipitate was washed with isohexane and dried under vacuum.



Am nopyri di ne-2-carboxylic acid (1.37 kg) and formam di ne acetate (1.37 kg)
were added. The m xture was heated to 50C to facilitate stirring. The

m Xt ure WO 2praogesssi vel y heated to 125C (about 1 h) unt®Cii/GB2atisoed7was
conplete (2-3 h). After WD 2012/032334P@l/ G2011/051647 - 38 - cooling the
m xture to 50C, water (7 L) was added slowy. The suspension was cooled to
20C and stirred overnight, then cooled to -5C and stirred for 1 h. The

resul ting %blndle\@aﬁzpbmi (ap@d gbys%l) kxfaﬁ abﬂaﬁi&d aﬂ'h@a%é}iﬁﬁ(%ﬁﬁ %%GB@IW?'(% cool
water (1.5 _) and aceto er vacuu to give a
9,

sol i d (985 7g/8 ¥ 15by 7 %@ﬂé%m |2H) ‘éiﬁizﬂ%(m éHA (h%(fhﬁrsené} Tcs %)e%rﬁé% (10
68. 0 tonitril 250 L
?reat ed Wt @%W%%BA@%&%@ ﬁffo?gsfm@h)ets: Prggef gpl 2“5 ﬁ. (The re?ac}tl\?zn

m xture was filtered, and the precipitate was washed with diethyl ether (3
x 50 nmL) and dried under vacuum The title conmpound (13.51 g, 75% was
obt ai ned as a cream col oured soliw 9.28 (dd, J4.2, 1.6 Hz,
1H, 8.82 (s, 1H), 8.59 (dd, 10J8.6, 1.5 Hz, 1H), 8.24-8.18 (m 2H),
788785(m 1H) 769764(m 1H) 7.60-7.54 (m 1H). LCVS (ES+) 265
(Ml'H) R-I-2 | ! . ra ; -. 9

151- rido 32 p in " | I|d| on A m xture of
161 (Pyr 1 dol ngﬁ *gvlggwalal%ﬁg?%)‘ﬁ% AP S5 el miem pa 5%,
mol) in d'n%ﬁht‘éé%ﬁiiiﬁﬂﬁg (t8%80 bru‘é@%yc%ﬂdnﬁdee(dﬁﬁm 21(87%013"3?00@%' on

m xture wasflltered and the ltrate was washed with water, then brine,

dried (lﬂ/gsamctloaﬁuxt@rﬁamﬁr esltowdlt@ WA (10 FooTh eempns it andisated wmhrlateélﬁewtteh

di et hyl d t J The, titl
conpound” (108§ 350mRAE AR R RIS (O IR Ton RRES o)
9.18 (dd, Msiboolkd& rdom tkhl)pera&n@‘khérﬁcaréﬂd)ly pBurd p ()d(bnv&d& ifto alvigordasly 1H) ,

8.13 (dd, J8.7, 4.3 Hz, 1H), 2.97 (s, 4H). LCVB (ES+) 245 (M+H)', RT 0.51
ni nut es. 2§tlmftmv5memf@%watem Tl rsiwaty ABistuspvge allowed to wesBt (P EOMRhydr i de

(33.0 n, | n 2L *e)oxyé?§0 ﬁiﬁgs gtgeélaf m%récf rﬂg:éﬁgéf {tétQQJaQ(Na%e(aleﬂgbv%ré .0 g’

280 mmol ) or onet hane ( e reaction m xture
al | owed5t o dwad imd@ vaoam.t Ehperataneuand3 a8 igr 6&d) vas oldBinbd asT: Mereamamﬂmmm

it bri nosoRfot (419GE) (hEe) Parkd Eoapdh aadd Aoy ddaaThed damud e

stirred inqisonaxane a8 fC1H9 1 B, stifenchid -:5906 NeH)T, &ai P4 RS

washed wit h i'sohexane ‘and dri’ed under vacuum

INTERMEDIATE 33

20
&-Methyl-2-(pyridin-3-yl)quinoline-3-carbaldehyde

Prepared according to the procedure described for Intermediate 1, utilising

Intermediate 32 (10 g, 48.7 mmol), Na,COs (7.74 g, 73 mmol), 3-pyridylboronic acid
(5.98 g, 48.7 mmol) and tetrakis(triphenylphosphine)palladium(0) (2.81 g, 2.43 mmol) in

25 DME (150 mL) and water (40 mL). The title compound (11.36 g, 94%) was obtained as a
brown solid. dy (CDCls) 10.20 (s, 1H), 9.02 (dd, /2.3, 0.8 Hz, 1H), 8.86 (s, 1H), 8.80
(dd, J4.9, 1.7 Hz, 1H), 8.10 (ddd, J 7.9, 2.3, 1.7 Hz, 1H), 7.90 (d, J 8.3 Hz, 1H), 7.78-
7.75 (m, 1H), 7.58 (dd, J 8.1, 7.2 Hz, 1H), 7.53 (ddd, J 7.9, 4.9, 0.8 Hz, 1H), 2.88 (s, 3H).
LCMS (ES+) 249 (M+H)', RT 1.41 minutes.

30



WD 2012/ 032334PCT/ GB2011/ 051647 - 39 - The title conmpound (39.87 g, 95%
was obtained as a pale pink solid. 6H (CDC13) 7.80- 7.78 (m 1H), 7.26-7.20
(m 2H), wor8r2h3eB4(m 1H), 6.92 (br s, 1H), 2.29 (s, 3PFCT/GB2BR/05$6473H) .
LCMS (ES+) 150 (MtH)', RT 0.85 mi nutes.. /4 NTERVEDI ATE 32

2- Chl or o- 8- met hyl qui nol i ne- 3- car bal dehyde N, N- Di met hyl f or mam de
(51.8 nL, 668 mml) was added portionw se over 15 mnutes, with stirring,

t o phosphorus oxychloride (175 nmLINTERMBEDIATE340C. The 10 reaction m xture
was allowed to warmto roomtenperature and treated with Internediate 31
(39.8 g, 267 mmol), then heated to 80C and stlrred for 72 h. The reaction
mxture was_ 191% ] ) : o

into a vigorou 1 a (T € S [ ,

al | owed t o ylidénsa eroomterrperature over 30 mnutes then flltered The
precipitate was washed with water and 15dried u r vacuum  The. title
conpound (37.3 é’remaml%ﬂpéhwm%rﬁgw%%@5?'6@%{1%?1 laﬂlsma (CDC13)
10. 50 (s, ( 1 7. 1H). 7.55
(. a- o, P lded Ji35 e Mg nfudth fhiontig 9Bl (1) it 403 o nEEd

m nut es. | RTBERKFER-ATEaBSulfd@mide (2.69 g, 22.0 mmol) and anhydrous THF (60 mL). The

8- Met hyl - 2 ridin-3- i.pal bIdh di

o the pr odUiPLPHRE e PED VRELHEA SedrT v g P Ry AER hOd i a2
(10 g, 48. %.g9ql) 2NagCP8, (1 784753(dd7584m7)Hz 31Hys.63 sllpﬁﬁcmncseql(ﬁh ﬁﬁ) 98 g,
48.7 mmol ) and tet raki's enyI osphl ne) pal | adi u 43 mmol )
in 25 DRE (7180748 (mahd), \(/¥/e€t5e 59 &E}zmr(é %FBE L20¢s uﬁ@&\(’&@%% ¥2 94% was
obt a| ned a | i H (CDC13) 10.20 1H), 9.02 (dd, J2.3, 0.8

He, %?f%Fb NP %%?(dg J4. ?9 1.7 Hgs 1H)H? 8. 10 (c(jdd, 17.9 2.3
1.7Hz "1H), 7.90 (d, J8.3 Hz, 1H), 7.78- 7.75 (m 1H), 7.58 (dd, J8.1, 7.2
Hz, 1H), 7.53 (ddd, J 7.9, 4. 9, 0.8 Hz, 1 2.88 (s, 3H). LCMS (ES+) 249

(MtH)', RT 1.41 mnutes. WO 201 1/051647 - 40 -
| NTERMVEDI ATE 34

15  2-Methylpropane-2(S)-sulfinic acid {(R)-1-[8-methyl-2-(pyridin-3-yl)quinolin-3-vyl]-
2.2 2-trifluorocthyl]amide

Prepared according to the procedure described for Intermediate 3, utilising
Intermediate 34 (7.8 g, 22.2 mmol), tetrabutylammonium difluorotriphenylsilicate (13.2
g, 24.4 mmol), (trifluoromethyl)trimethylsilane (3.9 mL, 26.7 mmol) and anhydrous THF
20 (150 mL). The title compound (5.34 g, 57%) was obtained as a yellow gum. oy (DMSO-
ds) 8.89 (s, 1H), 8.80-8.77 (m, 2H), 8.03 (ddd, ./ 7.7, 1.9, 1.9 Hz, 1H), 7.94 (d,J 7.7 Hz,
1H), 7.78-7.75 (m, 1H), 7.68-7.61 (m, 2H), 6.62 (d, J 8.5 Hz, 1H), 5.05 (dq, /7.9, 7.9 Hz,
1H), 3.17 (s, 3H), 1.15 (s, 9H). LCMS (ES+) 422 (M+H)', RT 1.56 minutes.

25 INTERMEDIATE 36

(R)-1-[8-Methyl-2-(pyridin-3-yl)quinolin-3-y1]-2.2.2-trifluoroethylamine

Prepared according to the procedure described for Intermediate 4, utilising
Intermediate 35 (1.0 g, 2.4 mmol), a 4N solution of HCI in 1,4-dioxane (3.5 mL, 14.0
30  mmol) and methanol (18 mL). The title compound (611 g, 81%) was obtained as a
yellow gum. oy (DMSO-ds) 8.83-8.82 (m, 1H), 8.77 (s, 1H), 8.73 (dd, J 4.7, 1.5 Hz, 1H),
8.04 (ddd, J7.7,2.1,2.1 Hz, 1H), 7.92 (d, J 7.9 Hz, 1H), 7.72-7.69 (m, 1H), 7.62-7.56



2- Met hyl propane-2(S)-sulfinic acid

N-[ 8-nmet hyl-2- (pyridin-3-yl)quinolin-3-yl]neth-(E)- ylideneam de

5Pr epar edwacorwd2izg t o t he procedure described for |ntePeEdiBIdE/B]1647
utilising Internediate 33 (5 g, 20.2 nmjy), titaniun(lV) isopropoxide (11.9
m., 40.3 mmol), (S)- 2-nethyl-2-propanesul finamde (2.69 g, 22.0 mmol ) and
anhydrous THF (60 mL). The title conpound (7.8 g, >99% was obtained as a
brown gum (ﬁleﬂpl\BQ‘ 48) (&, 08),(2s82 EHy 7.08182H)d2l 70 2 38l). OCBISmSHHIIY 8. 75
(dd, J4.9, 1.7 1H, 8.62 (s, 1H, 8.11-8.07 (m 2H), 107.82-7.78 (m
1H), 7.65- fW)(rRTiﬁ)lmlzu% (s, 3H), 1.20 (s, 9H). LCVB (ES+) 352 (MH)',
RT 1.58 m nutes. | NTERVEDI ATE 35 152- Met hyl propane-2(S)-sulfinic acid { (R
- 1- [8-nethyl-2-(pyridin-3-yl)quinolin-3-yl]- 2,2,2-trifluoroethyll|am de
Prepared according to the proceduISTERMEDDEUERGr I nternediate 3, utilising
Internmediate 34 (7.8 g, 22.2 muol ), tetrabutyl amoni um

di fluorotriphenylsilicate (13.2 g, 24.4 mol),

(triF1 uor ok LRI GRS (o fndline 2Bubaliilgh and anhydr ous THE 20
(150 nL). The title conmpound (5.34 g, 5/% was obtai ned as a yell ow gum 6H
(DIVBOd6) 8. 89 ( Prerurhd acBoigingo 7 Pnopcdrie) des8ribdl fodddernddiard 1, utllisthg 2k, 9 Hz,

7.94 5 1 7. 7.61 6.62 (d
385 o 1flord Tforkry-mihyighindlied acharthfenyd 67§ S i i %"%@yzkﬁylb@fﬁ}m (%
(ES+) 422 (aMﬁl'd)S 02 gRI4 B.mhfoN] @H&l@ﬁtrlﬁéhﬂﬁwﬁbﬁﬁﬁaﬁﬁmm) (127 mg, 0.11 mmol)
kKR) - 1- [ 8- Met yr|d|n-3- | ) qui nol 1 n- béd 2-trifluoroethyl am ne

Pr epar ég a@@d)il\@u(ﬁgz to5% g}e33p5(4d@@9 rlé“dlé@g@@ afld)iDMElt(@QmEdl &heride utilising
| 35 3.5
v e R B S R R R AL Bl S R AT T S Ao

obt ai ned a@(ﬁ%&eiﬂp@%qﬂa SR (GNB2; dle) 88758(&181&2 (mHzlﬂ'H) 83247(6d($9 0;L6l)4
8.73 (dd, J 4. 5 1%91
Ca 2059 it 1y, 8#6&211%@;53@681@)-1 316 05601 Gt 77.9%4.3, 08z, Ty, 2662

37,0 to. ot 5 g 1 B S P R e e,

| NTERMEDI ATE 37

INTERMEDIATE 38

2-Methylpropane-2(S)-sulfinic acid N-[7-fluoro-8-methyl-2-(pvyridin-3-yl)quinolin-3-yl]-

meth-(£)-vlideneamide

20 Prepared according to the procedure described for Intermediate 2, utilising
Intermediate 37 (4.52 g, 16.99 mmol), titanium(1V) isopropoxide (9.66 g, 33.98 mmol),
(8)-2-methyl-2-propanesulfinamide (2.27 g, 18.69 mmol) and anhydrous THF (90 mL).
The crude material was triturated in diethyl ether (20 mL), and the solid was filtered off
and dried under vacuum, to give the title compound (4.37 g, 70%) as a beige solid. o

25 (DMSO-de) 9.14 (s, 1H), 8.85(d, J 1.7 Hz, 1H), 8.76 (dd, J 4.9, 1.5 Hz, 1H), 8.60 (s, 1H),
8.23 (dd, /9.4, 7.0 Hz, 1H), 8.10 (dt, J 7.9, 1.9 Hz, 1H), 7.59-7.71 (m, 2H), 2.65 (d, J 2.3
Hz, 3H), 1.21 (s, 9H). LCMS (ES+) 370 (M+H)', RT 1.62 minutes.



5 7-Fl uoro-8-net hyl - 2- (pyridi n-3-yl ) qui nol i ne- 3-car bal dehyde

Prepared according to the procedure described for Internediate 1, utilising
2- chl or ow®-2b120032334 8- et hyl qui nol i ne- 3- car bal dehyde (5. @C@/GR28113616m0l ) ,
3-pyridyl boronic acid (3.02 g, 24.6 mmlj).-

tetrakis(tri phenyl phosphi ne) pal | adi un{0) (127 ng, 0.11 nmmol) 10 and Na2CC3
(3.55 g, 33.54 mol) in water (30 nL) and DVE (60 nmL). The title conpound
(5.52 g, 93% was obtained as a bpNDERMEDIATBH9( DMSO- d6) 10.13 (s, 1H),
9.08 (s, 1H), 8.95 (dd, J2.3, 0.8 Hz, 1IH), 8.75 (dd, J4.9, 1.7 Hz, 1H),
8.24 (dd, J9.0, 64Hz 1H), 816821(m 1H), 7.68 (t, J9.2 Hz, 1H), 7.61
ESA?_ED J 7R_|_29M i o 0 - (S)- _J_u_ﬂj 't;' ‘1-‘2'{.:?‘ ety v.o.' ﬁm@ 3-
acid N [7- fvﬂ]emﬁa-tﬁﬂneﬂohm}}aﬂﬁdb/rl di n- 3-yl ) qui nolin-3-y1] -

met h- (E)L-yl i deneam. de OPrep rdin o the ocedur e descri bed for
| nt er medi ate 2, %Fﬁl’ftp@loﬁg’”tleﬁ?@& cfgég&@?l?ﬁ gunQy) andgicgabyiyigmmonium
titaniun(l Wﬂd&%@ﬁ&ﬁk& 1 &.65:.93. @%ﬁgl)mhﬂydrous THF (100 mL) was cooled to

(S) - 2- et hyl - 2- anesul fi nam de (2.27 g, mmol ) “and anhydrous THF
(90 ). Thé0°€r L(ﬂfeﬂnmoateﬂafll)tmsthvmlam(at@og |1|4 Zdnmbbwaseltiﬂ@t ar(d2be miiytureand

th lid f d th I
comound (457ted §osfrQlor 238 Sk B i hmadiSoleiSy Loy 6. e
S Cgi 4J 17 70 Hayas %iiﬁll_gd ﬁ}éﬂtg% fé(igtilorﬂlgnxgure jgwaﬁ fﬂéwle_gl’d) wardn RDr. t(5 SF he]sgbfer(ngwgﬁﬁ)ﬁﬁd%d 65

. : , . , m ,
(d, J218 Hzn v@p,and tiEiregigue opp pamm@d(lﬁswen@@ @/@mynL) aRE watg A 190 mdes. WO
2012/ 032334['?19_ f / 05 lehed 21(}1 lirl%gﬁ %%)Ag'i:%ds (%hase separator) and

2- Met hyl pr opaneg | ni'c acl

[ 7-f1 uor o- &vapiripd erw(cDUr Teé ‘r’b'sﬁi-uykx)aglpuﬂﬁédﬂy&lunmkh&nﬁogf-’rapﬁy (Siogne- et hyl }
am de 5A mxture of Internediate 38 (4.37

t et r abut yl dRATNEGHInhCEIcdtT 2ipe By qowa%d (3714)@, 6&%)1613 a(YYthF?r%PI}l iOF
hyd | |
(202 g 1 ADBrIG I ) (YA SRS (2B RO IO) L MRTRD 70 LB 20

h. Sat ufat €dl, B%0 &b $Harn@iquimt,chd. o Hzd €H3 A& (dosi 2(318z,r3H), Was (|@ded LaMB t he
reacti on m r L. dtowarmto r.t. The solvent was renoved 10 in
vacuo and Kﬁéﬁ%@ﬁ%@%émﬁ%ed bet ween DCM (100 ni) and water (100
m.). The organi c phase was washed with brine (100 nL), dried (phase
separator) and evaporated in vacuo . The residue was purified by colum
chromat ogr aphy (5i 02, 35- 100% EtINEERMIEBKABEMOt 0 gi ve the title conpound
(3.14 g, 60% as a white foam 6H (DVSO-d6) 8.94 (s, 1H), 8.77-8.81 (m
2H), 8.00-8.09 (m 2H), 7.62-7.70 (m 2H), 6.62 15(d, J8.5 Hz, 1H), 5.05
(qui nt 20J8.(&)-IH77-Fidre-82mb@ yL-oL(pykidin-3 3 1}dhinodin) 3-y 2152 4 8 fludtbBthy lafehde

Prepared according to the procedure described for Intermediate 4, utilising

Intermediate 39 (3.14 g, 7.15 mmol), a 4N solution of HCI in 1,4-dioxane (6 mL, 24.0

mmol) and methanol (30 mL). The title compound (2.40 g, quantitative) was obtained as
a yellow oil. dy (DMSO-ds) 8.82-8.85 (m, 2H), 8.74 (dd, J 4.9, 1.7 Hz, 1H), 8.00-8.08

25  (m, 2H), 7.57-7.64 (m, 2H), 4.69 (q,J 7.7 Hz, 1H), 2.79-2.97 (m, 2H), 2.60 (d, J 2.4 Hz,
3H). LCMS (ES+) 336 (M+H)', RT 2.20 minutes.

INTERMEDIATE 41

30  7-Fluoro-8-methyl-2-(2-methylpyridin-3-vl)quinoline-3-carbaldehyde

A mixture of 2-chloro-7-fluoro-8-methylquinoline-3-carbaldehyde (8.0 g, 35.77
mmol), 2-methylpyridin-3-ylboronic acid pinacol ester (9.58 g, 39.35 mmol), tetrakis-
(triphenylphosphine)palladium(0) (207 mg, 18mmol) and Na,CO; (5.69 g, 53.66 mmol)



(ES+) 440 (MtH)', RT 2.56 minutes. | NTERMVEDI ATE 40

20kR) - 1-[ 7- Fl uor o- 8- net hyl - 2- (pyridin-3-yl)quinolin-3-yl]-2,2,2-trifluoroet
hyl am ne woO 2012/03833¢par ed accordi ng to the procedure desecTiaBof1d51647
Internediate 4, utilising Internediate 3% (3.14 g, 7.15 mol ), a 4N
solution of HCL in 1,4-dioxane (6 nL, 24.0 mmol) and nethanol (30 nL). The
title conpound (2.40 g, quantitative) was obtained as a yellow oil. 6H
(DVSO- d6)  8n 84tcB (ﬁBmLDThndZHME 81004 Yetas d]egﬂsse@ and ﬂus?hewlhreélfﬁnes &itBCritBo &8
25(m 2H), 7.57- , 4.69 (q , 2.79-2.97 (m 2H),
2.60 (d, J&s tlaenl-hzeateér%} 90"@5%!326 Esif)hegl%tufwrlg aﬂovwﬁ to cogl tairpRIh éymperature.

| NTERVEDI A

307- F tor o- 85 TEIEHOR MY ey gilied witiDOM (130 ml and washed with ater 130 ).

A mxture dfhe%qﬁédu@lphas%-vﬁdstb@tr@et& WIB‘.thML(IZ IXOﬂOOﬁﬂLBaImathbadndbilnydiergaﬁiCO g,
35.77 mpol ), 2-nmethyl pyridin oronlc ac acol ester (9.58 g, 39.35
mol ), Pet rf%mlglzstwrsw@ﬁ%dp\ﬁ%gﬂ% Balplwa&heaﬁi(@ @ S%@rat%éﬁ?@wpa%%zcoe
(5.69 g, 53, @&Mh)e crif &Q&%ﬁ%@%&g&{ BRRAA (ﬁélﬁ%?then‘ﬁ?e sohHQwa‘é@Tlf%‘fed( 50
m.) and DME (100 nl) was degassed and flushed three fines wth nitrogen
gas, then Iméféta;ndcdrati ug0¢ vagnur 4o pive Thetintd cormpoendés 0ak] Wiekstagatopdllomo r oom

i th vat or piosntfISRET oo B RE8 e €61 Mt 0 th2 Bl 4 38 )

and the cory medHor GR/NTGSI4d,Fct7,aMBHYel1S), Washied v b, by, neo(@8Y Tiz)4.9t hen
dried gBhase s%gar at or) and evapor at ed in vacuo. The crude naterial was

triturabed Ha THexabk(d, 86 iy, 3H)hér34t($1éH§oﬂ+CMSvéESf)l3&1@@@)011?3ér?@ dri ed
under vacu %?gl ve the title conpound (9.07 g, 90% as a pale yellow
solid. 6H 'dé) 9.94 (s, 1H), 9.09 (1H, s), 8.61 (dd, J 4.9, 1.7 Hz,
1H), 8.26 (dd, J 8.9, 6.4 Hz, 1H) 7.78 (dd J7.7, 1.7 Hz, 1H), 7.69 (t, J
9 .2 Hz, 1H), 7.40 (dd, J7.7, 4.9 10Hz HiA.261(d J2.4 Hz, 3H), 2.34
(s, 3H). LCVB (ES+) 281 (M+H)', ﬁNﬁERMED TE42 | NTERVEDI ATE 42
152- Met hyl propane-2(S)-sulfinic acid
N-[ 7-fl uoro-8-net hyl-2-(2-nethyl pyridin-3-yl)-

15  2-Methylpropane-2(S)-sulfinic acid N-[7-fluoro-8-methyl-2-(2-methylpyridin-3-yl)-

quinolin-3-yl]-meth-(£)-ylideneamide

Prepared according to the procedure described for Intermediate 2, utilising
Intermediate 41 (5.0 g, 17.84 mmol), titantum(I'V) isopropoxide (10.14 g, 35.68 mmol),
(8)-2-methyl-2-propanesulfinamide (2.38 g, 19.63 mmol) and anhydrous THF (100 mL).
20  The crude material was triturated in diethyl ether (20 mL), and the solid was filtered off
and dried under vacuum to give the title compound (5.14 g, 75%) as a pale yellow solid.
O (DMSO-ds) 9.16 (s, 1H), 8.61 (dd, J 4.9, 1.7 Hz, 1H), 8.37 (s, 1H), 8.22 (dd, / 8.9, 6.4
Hz, 1H), 7.74 (dd, J 7.7, 1.7 Hz, 1H), 7.67 (t, J 9.0 Hz, 1H), 7.40 (dd, J 7.5, 4.9 Hz, 1H),
2.60 (d, /2.4 Hz, 3H), 2.29 (s, 3H), 1.11 (s, 9H). LCMS (ES+) 384 (M+H)", RT 2.59

25  minutes.

INTERMEDIATE 43

2-Methylpropane-2(S)-sulfinic acid {(R)-1-[7-fluoro-8-methyl-2-(2-methylpyridin-3-yl)-

30  quinolin-3-vl]-2.2.2-trifluoroethyl}amide

Prepared according to the procedure described for Intermediate 39, utilising
Intermediate 42 (5.13 g, 13.38 mmol), tetrabutylammonium difluorotriphenylsilicate
(7.95 g, 14.72 mmol), (trifluoromethyl)trimethylsilane (4.56 g, 32.12 mmol) and



qui nol i n-3-y1]-neth-(E)-ylideneam de Prepared according to the
procedure described for Internediate 2, utilising Internediate 41 (5.0 g,
17. 84 mowp20tzva323s4un{ | V) i sopropoxide (10.14 g, 35.68 mODIGB2011/051647
(S)-2-nethyl -2-propanesul fi nam de (2.38 g,- 19. 63 nmol ) and anhydrous THF
(100 m.). 20 The crude material was triturated in diethyl ether (20 nm),
and the solid was filtered off and dried under vacuumto give the title
conmpound (5nﬁy4drgus 1715%(1(;{15@ Paheriyetd v mal(2 04 g643% PVEQ EiBhePasldh ¢f5, 1H),
8.61 (dd, J 4. 8.37 (s, 1H), 8.22 (dd, J8.9, 6.4 Hz, 1H),
7.74 (dd, e ﬁ?am §H fDWO-;@HﬂPOMIé% 100°C)1 7690 sk H). BH3 (0, 46 8( bd Hz 1H).. 5,

30a (v OGP LG S a3l 17 st sl 0 34820 1145,7. RiTaa, S PHDSUESY)

384

2- Met hyl pr dﬁaﬂH)ZHﬁ) 60l mHg, 4a64-4.87 (R)HY, 2159 (d, J 2.5 Hz, 3H), 2.32 (s, 3H), 1.18
[7-fluoro-8 hyl - 2-( 2- yl Ldin yl 30qui nolin-3 -yl]

22,2, 2-0r] f(i‘ %oxgﬂ\@@S%Sgél\f%?)ep%T@dssa{E{%Feéi ng to the procedure
described for |nternediate 39, utilising Internediate 42 (5.13 g, 13.38
mol ), tetrabutylammoni umdifluorotriphenylsilicate (7.95 g, 14.72 mol),
(trifluoronmethyl)trimethylsilane INTERMEDBRTEZ24nmol ) and WO

2012/ 032334PCT/ GB2011/ 051647 - 44 - anhydrous THF (100 nlL). The title
conmpound (2.64 g, 43% was obtained as an off-white foam 6H (DVBO d6, 400
|VHZ, 110C) (8)-997Fuord ) me@yH3-( ﬁ%thvﬂp%icﬁn 3jvl§]u|ﬁ|¥0:hnlj‘|)ll] 28 O%rifigidtocdly® - 1,
6.3 Hz, 1H), 7.65-7.76 (m 1H), 7. TH), 7.40 (dd, J76
51H2101H)@,_1@00611(m 1H), 474487(m 1H) 259(d J 2.5 Hz, 3H),
IZI\I':IB'ERK/EDI i!I_J)E 41: T108 éohgt?dn o%lﬁ)tferme a e(4l§%§-)64%,5§8§ %’hll_gl) in r%lth%ﬁoﬁ?ﬁn nﬁ}jtv&?a%

KR) - 1- [ 7- Flad@¢doa SN By 0 PHCZ 1B U i ayie (510 MI3-2010) @ptiomo I The-mdixdild was girfed 1 f
uor oet hyl 10 am ne To a solution of Internediate 43 ((12 64 g, 5.82
mmol) in mét hhﬁmm(gbs 9 salgnt @y smayred N gerugtang pheoesidiey wandissofvegi Bx ane
(5.0 nm, 2 t i Hg%t I%% | vent
was renove a?er{ vacu aggglat 8&‘?@2}) e(%s}b@@égﬁ& 8{1?068\\@5& 1t8en 1a(rilld
washed 1% t lwibOV% 3queoli® NaDH soliténa(d 0 @edusand kasectedisith ECMgd si X5 reH). 1BhaM t h

10% aqueous OH solution (10 nl) and.e acted with 25 nL). The
combi ned oﬁagﬁm@ d organiq fg%fél%%wsretth@hgwf Q’E}as(ep“ﬁﬁ?gét@ea&gr%’é\{ﬂi‘w&tegHH"‘W%%r at ed

'6& ‘(’3‘\3/% % é%l&' HE rikiP @orh};éz)n@l (¢! Qﬁ% 87‘%) Qsl?_geﬁe gelld?v? %h@%ﬁ(lﬁ@‘&@ c%eid(PM}EiC_’& id.

7.99 (dd, J18°C88'6(‘s I-H) 81Ge)(dd,7.fm TSt (H, msbcddwsg 6.4, Hz 180), BOHZ,711H)

i Lo (Bt eafofriubily St Bl b wkd e 355

7- Fl uong- 8-3@1131(@3&15. ety EsA)isdD ivBey! K nolnhiRgre3- car bal dehyde

7-
2,
e

INTERMEDIATE 45

7-Fluoro-8-methyl-2-(5-methylpyridin-3-yl)quinoline-3-carbaldehyde

25 Prepared according to the procedure described for Intermediate 41, utilising 2-
chloro-7-fluoro-8-methylquinoline-3-carbaldehyde (5.0 g, 22.36 mmol), 5-methylpyridin-
3-ylboronic acid (6.95 g, 50.75 mmol), tetrakis(triphenylphosphine)palladium(0) (258
mg, 0.22 mmol) and Na,COs (3.55 g, 33.54 mmol) in water (30 mL) and DME (60 mL).
The crude material was triturated in diethyl ether (75 mL), and the solid was filtered off

30  and dried under vacuum to give the title compound (5.0 g, 80%) as a brown solid. on
(DMSO-de) 10.12 (s, 1H), 9.06 (s, 1H), 8.72 (d, J 1.9 Hz, 1H), 8.60 (d, J 1.5 Hz, 1H),
8.24 (dd, J 9.0, 6.4 Hz, 1H), 7.99 (d, J 0.6 Hz, 1H), 7.68 (t, /9.2 Hz, 1H), 2.66 (d, /2.4
Hz, 3H), 2.44 (s, 3H). LCMS (ES+) 281 (M+H)', RT 1.66 minutes.



25Prepared according to the procedure described for Internedi ate 41,
utilising 2- chloro-7-fluoro-8-nethyl qui noline-3-carbal dehyde (5.0 g, 22.36
nmol ), 5-wotzhi2/g3933i4di n3-yl boronic acid (6.95 g, 50.75 mror)GB2011/051647
tetraki s(triphenyl phosphi ne) pal | adi um( Q)44258 ng, 0.22 mml) and Na2CGO3
(3.55 g, 33.54 mol) in water (30 nL) and DME (60 nL). The crude materi al
was triturated in diethyl ether (75 nL), and the solid was filtered off 30
and dried under vacuumto give the titIe corrpound (5.0 g, 80% as a brown
solid. 6H (DMSO d6) 10.12 (s, 1H) ]5 872(d J 1.9 Hz, 1H),
8.60 (d, J1.5 Hz, 1H), 8.24 (dd, 1NT>ERM Bia EA6 1H), 7.99 (d, J 0 .6 Hz,
1H, 7.68 (t, J 9 .2 Hz, 1H), 2.66 (d, J2.4 Hz, 3H), 2.44 (s, 3H. LOVS
(ES+) 281 (MtH)', RT 1.66 m nutes. WD 2012/ 032334PCT/ GB2011/ 051647 - 45 -
| NTERVEDI AREMéfhylpropade XIS hyulfinio peid év-PI-Bhewel-friettiyt-2aS irdethylpyridin-3-yl)-

I\L[?-flgoro-8-rrethy - 2- (5= et hyl pyri di n- 3-y1) -
5qui nol M%Mp—gﬁgﬁéé&‘—%e Prepared according to the

procedure descr 'P@ﬁﬂrgcpdfccd)ﬂ?lh%r ki ﬁt’o@ec%re( H'és'chbe%! ﬂBQlAthEFﬁQQ,)aﬁtﬁlsﬂ% (4.99 g,

17.80 mmol ), tit I sopr opoxi d
(S)-2-met hyhteﬂn@h@ipa(ﬁéé QPfgL ih'aﬁﬁ) denqlR t@%&lugn(IYQ wpmmkl)deﬂml%tghﬁyﬁd@(bmmoﬂ-lF

100 nmL). titl 5.6 o829 bt
Sol 1. b (Draeef shrichTni (Uasas 1) 44ia srfuSgr3 Thyfobate "l
1H), 8.22 (/¢ 1tzt£}%091ﬁz@1d“ﬁ_0|'@ gé%ﬂ%) ﬂas%%tau?ed%@ a(dark Brohn 5311@58}( IDM$D)-d,) Hz
1H). 2.65 1.2 LCMB ( ESt

, 1 .
(MeH)* 10RT 137(@, Hilh §té@ddd, |NTEH\/E§2A21E) $ﬁ91(5, )x/ét%ﬁﬂgd)r-fo%&rfeél ﬂ(zs)Hgle&Sr ni c
d R i Y | 3
a)c/: ] {2( 2) rlqn% [lﬁ TJZ)%Se) th'{/?} i h%ig 365 %d Jrﬂgl:grlire acc ’r%} 213&‘, ﬁ@ "

procedure QQ;svzlsl(E@d) jgmr(M{H)é[mm,m@uﬁ%& utilising Inter rredl ate 46 (5.63 g,
14.68 mmol ), tetrabutyl anmoni um di fluorotriphenylsilicate 20(8.72 g, 16.15
mmol ), (trifluoromethyptrinethylsilane (10.04 g, 70.60 mmol) and anhydrous
THF (100 ni). The title conpound { 44as obtained as a beige
solid. 6H (DVMSO-d6) 8.91 (s, 1H), H, 8.05 (dd, J9.0, 6.4
Hz, 1HJ5 7.83- 7.87 (m 1H), 765(t J92Hz 1H), 6.62 (d, J8.3 Hz, 1H)
4.97-5. d 2. 4 )

‘. P 181v, D 2. |
[7-f1uoro- %ufﬂahﬁ;sl VI?Q(@-TMJM&RMHIHM@ 3 - yl) quino lin-3 -yl]
-2,2,2-triflTuoro ethyl-am ne
Prepared according to the procedure described for Intermediate 39, utilising

Intermediate 46 (5.63 g, 14.68 mmol), tetrabutylammonium difluorotriphenylsilicate

20  (8.72 g, 16.15 mmol), (trifluoromethyl)trimethylsilane (10.04 g, 70.60 mmol) and
anhydrous THF (100 mL). The title compound (3.48 g, 52%) was obtained as a beige
solid. on (DMSO-ds) 8.91 (s, 1H), 8.58-8.68 (m, 2H), 8.05 (dd, /9.0, 6.4 Hz, 1H), 7.83-
7.87 (m, 1H), 7.65 (t, J 9.2 Hz, 1H), 6.62 (d, J 8.3 Hz, 1H), 4.97-5.10 (m, 1H), 2.60 (d, J
2.4 Hz, 3H), 2.44 (s, 3H), 1.17 (s, 9H). LCMS (ES+) 454 (M+H)", RT 2.66 minutes.

25
INTERMEDIATE 48
(R)-1-[7-fluoro-8-methyl-2-(5-methylpyridin-3-yl)quinolin-3-yl1]-2,2.2-trifluoroethyl-
amine
30 Prepared according to the procedure described for Intermediate 44, utilising

Intermediate 47 (3.42 g, 7.54 mmol), a 4N solution of HCI in 1,4-dioxane (5.0 mL, 20.0
mmol) and methanol (25mL). The title compound (2.41 g, 92%) was obtained as a pale
yellow solid. o (DMSO-ds) 8.82 (s, 1H), 8.60 (d, ./ 1.9 Hz, 1H), 8.57 (dd, J 2.1, 0.6 Hz,



30Prepared according to the procedure described for Internediate 44,
utilising Internmediate 47 (3.42 g, 7.54 mmol ), a 4N solution of HCL in

1, 4-di oxawe 2083233, 20.0 mmol ) and net hanol (25nl). ThecCTiGB2e1106n@ound
(2.41 g, 92% was obtained as a pale yeldgaw solid. 6H (DVBO d6) 8.82 (s,
1H), 8.60 (d, J1.9 Hz, 1H), 8.57 (dd, J2.1, 0.6 Hz, WO

2012/ 032334PCT/ G3B2011/ 051647 - 46 - 1H), 8.02 (dd, J8.9, 6.2 Hz, 1H), 7.85
(td, J 2.1,1H), $0tidd, Iid)9, 62 HQ 1(}1),785%2.1&121 OH‘HZ 143)6@59&,75 2(Hn 1H7I)4 6@ 80
(d, J7.0 Hz, 2H), 2.59 %d 3.(s,. 3H). :E g

(MHH)*,  RT 4275300yt -89 dsﬂﬁrﬁm@@ ATSQ (49124Hz 3H),2.43 (s 3H). LCM (ES+)

2- Anlno 3-( ¥ al dehyde Manganese di oxide (27 g, 0.32 nol)
was added ?gbépggﬁdﬁ?g%@ggaﬁgﬁgn1no 3- (trifluoronethyl)phenyl]net hanol
(12.0 g, 0.063 nol) in DCM (150 nL) and the m xture 10 was stirred for 18 h
at room.tenperature. After this tine,  nore nanganese di oxide (27 g, 0.32
nol ) was added, and the reation nﬁiLEBaﬂwa&SIEﬂp for a further 18 h. The
reaction mxture was filtered through Celite, then the sol vent was renoved
in vacuo to afford the t|tIe conpound (9 5 g, 80% as an orange oil. 6H

( DMSO- d6) 3 Hhydé. 82 (m 3H). 15 | NTERVEDI ATE 50

2. din-3-y1 trifl 3 di h bal dehyd
S S pir)r“éwgé}l%'s ST ﬁ.%éﬂ?@&@'s g e ST B Rg T ot
201 nt er m3d'(ﬁifﬁo?&nétﬂyljplﬁnyl?m@t%@ndmm .0@n0.083 Yy ihBEWI 0 HAg el Blemikx@ur® 9,

0.022 nol) in chloroform . The reaction m xture was heated at

refl ux,10w tWﬂS§tlrr¢¢ faid 8 lrairroqrnd%rpp,erawwe Adgerdhis dmoprimerymengeassccdioxidat?ag.ed in
vacuo befor D n I 1 0%
e e A T g C R

LCVE (ES+) ndRur@wedvlitred tHdugdh €Qits] thett €8 soRentl MEEME%CP{EEW&O to afford the

2-(Pyridin-3-yl)-8- (trlfluoronethyl)qU|nollne 3- car bal de Y
title’compound (9.5 g, 80%) as an'orange oil. oy (DMSO-de) 9.93 (s, 1H), 7.68 (m, 2H),

6.82 (m, 3H).

15
INTERMEDIATE 50

2-(Pyridin-3-y)-8-(trifluoromethyl)-1,2-dihydroquinoline-3-carbaldehyde

2,5-Dimethylpyrrolidine hydrochloride (100 mg) was added to a solution of

20  Intermediate 49 (4.1 g, 0.022 mol) and 3-(pyridin-3-yl)acrolein (2.9 g, 0.022 mol) in
chloroform (100 mL). The reaction mixture was heated at reflux, with stirring, for 7 days.
The reaction mixture was concentrated in vacuo before purification by column
chromatography (Si0,, 10-100% EtOAc/DCM), to afford the title compound (3.4 g, 51%)
as a pale brown oil. LCMS (ES+) 301.2 (M+H)', RT 1.29 minutes.

25

INTERMEDIATE 51

2-(Pyridin-3-vy1)-8-(trifluoromethyl)quinoline-3-carbaldehyde

Manganese dioxide (4.8 g, 0.056 mol) was added to a solution of /ntermediate 50
30 (3.4 ¢g,0.011 mol) in chloroform (100 mL) and the reaction mixture was stirred for 18 h.
More manganese dioxide (2.0 g) was added, and the mixture was stirred for a further 2 h.
The reaction mixture was then filtered through Celite, washing with THF. The filtrate

was dried (Na;SOj4) and concentrated in vacuo, and was then purified by column



Manganese dioxide (4.8 g, 0.056 nol) was added to a sol ution of
Internmediate 50 30(3.4 g, 0.011 nol) in chloroform (100 nL) and the

reacti on woxpiwes2isas stirred for 18 h. Mre nanganese diPOXiGE20(1250649) was
added, and the mi xture was stirred for ayfurther 2 h. The reaction m xture
was then filtered through Celite, washing with THF. The filtrate was dried
(Na2SO»4) and concentrated in vacuo, and was then purified by colum WO

2012/ 032334hfohaHz @@ﬁﬁ?ethyléﬁler) t6 faffbfﬂaﬁm@d‘@wﬁ)ﬁnﬂ & (32mg diset)wslanet her) to
afford title conmpound (505 .an orange solid. LCM5 (ES+) 303.2
(MrH) ', RT o1angg sehidyube¥IS Qﬁﬁi%ﬁﬂﬁi@)l &(‘I E)5RE 129 VBERE-pr opane- 2(S) - sul finic
acid N-[2 (pyridin-3-y1)-8-(trifluoronethyl)quinolin-3-yl]-

met h- (E) -yl i deneam de Titanium(1V) isopropoxide (909 ng, 3.2 mml) was
added to a solution of Internmed aiNTERMHEDRIATE,521. 60 nmol ) in anhydrous THF
(30 mL.)., The m xture was 10stirred at r.t. for 10 m nutes.

(S)-2- Met hyl - 2- propanesul fi nam de (213 ng, 1.76 nmol) was added and the

m xture was GtinkRshadt-205) sulffnRF ackBVI-(hiflid-$30Ld-QRAMShEhS YRS i Pour ed
onto brine (50 m_) and fiTtered through Celite, washing w th EtUAC. The
filtrate wasthiEhdd Wdbrine, dried (Na2SO4) and concentrated in vacuo .

Purlflcatl r um chroma v, (Si 02, 40- % Et OAc in hexane)
et 00 Y o PR EL RSP b P S3007S S i hexan
m nutes. | NIERMERIABE (58 me, 1.60 Amhdl) ﬁﬁ/a{nth @ﬂa@wf@(@bnﬁgl fllh@lrﬁlxﬁ@éd«aé (R -
142- (pyr|d|n 3-y1)-8-(trif uororret]}n‘% quinolin203 -yl] -2,2,2-trifluoro

et hyl } 18ni géirred at r.t. fos 1findnutes 69-2-Miethyrdirepancgifigagide ()3 02.7976rms10) and
tetrabutyl t
enhyar ous. TR putl e s HOURIGHBIEPE L bl T8 8 2P Meioaf R TR, it ane

(123 g, O0.p3drcdinto brves S @tiedind ddrddnrouigh Odlie, Washidd WaWEIOno. e filttgae - 35C

and stirred for 30 m nutes at that tenperature.
was washed with brine, dried (Na,SO4) and concentrated in vacuo. Purification by

column chromatography (Si0-, 40-100% EtOAc in hexane) gave the title compound (395
15 mg, 61%). LCMS (ES+) 406 (M+H) ", RT 1.64 minutes.

INTERMEDIATE 53

2-Methylpropane-2(S)-sulfinic acid {(R)-1-[2-(pyridin-3-vy1)-8-(trifluoromethyl)quinolin-
20  3-vyl]-2.2.2-trifluoroethyl}amide

A mixture of /ntermediate 52 (320 mg, 0.79 mmol) and tetrabutylammonium
difluorotriphenylsilicate (405 mg, 0.75 mmol) in anhydrous THF (20 mL) was cooled to
-78°C. (Trifluoromethyl)trimethylsilane (123 mg, 0.87 mmol) was added, and the
mixture was allowed to warm to -35°C and stirred for 30 minutes at that temperature.

25  More (trifluoromethyl)trimethylsilane (123 mg, 0.87 mmol) was added and the mixture
was stirred for a further 2 h with the temperature maintained below -35°C. Saturated
aqueous ammonium chloride solution (5 mL) was then added and the reaction mixture
was allowed to warm to r.t. The solvent was removed in vacuo and the residue was
partitioned between EtOAc and water. The aqueous phase was extracted with further

30  EtOAc and the combined organic fractions were washed with brine, dried (Na;SO4) and
evaporated in vacuo. The residue was purified by column chromatography (Si0,, 10-
100% EtOAc in DCM) to give the title compound (270 mg, 72%) as a yellow gum.
LCMS (ES+) 476 (M+H)", RT 1.70 minutes.



25 More (trifluoronethyl)trinmethylsilane (123 ng, 0.87 mmol) was added and
the m xture was stirred for a further 2 h with the tenperature maintained
bel ow - 35€0 28ta3ewted aqueous anmoni um chl ori de sol uti oRCTEBILI1/0MG7t hen
added and the reaction mxture was allawgl to warmto r.t. The sol vent was
removed in vacuo and the residue was partitioned between Et0Ac and water.
The aqueous phase was extracted with further 30 Et 0Ac and the conbi ned
organic fractions were washed with brine, dried (Na2504) and evaporated in
vacuo . The residue was purified by colum chromatography (5i02, 10- 100%
EtOAc in DCM to give the title Exd 72% as a yell ow gum
LCMS (ES+) 476 (MtH)', RT 1.70 m nutes. WD 2012/ 032334PCT/ GB2011/ 051647 -
48 - | NTERVEDI ATE 54

kR) - 1- [ 2- ( PRY-il dR+(P@&-ididP3~F)-8t(xrii fld owornhetirgl dpyihd lipB 10 2. 2 23 riflhpro@thixa@nihe i f | uor oet

hyl aming 5T lution of Internediate 53 (243 ng, . 0.5 in net hanol
(3071 Suas 2 LRSI BH G N1, S PN oAl (46T tfo ) -

The m xtur g4uas, NisbhE8n 8F 1T in 1,4M0xhnb (4 He 18.@'%8%. WRS nfiSRVRES dtfreqacuo
and the residue was then partitioned between DCM and sat urated agueous

NaHCOB sol at i-briorainkl €hapdvent eds remaraduin vearogind ¢hd tesidté ae thcomppdiieded 180 ny,

95% as a pale w _gum ES+ .2 '+ 10RT 1.56 m nutes.

I NTErveD: AREngst DO el artisafsd SR 0P B hSH b g RethaRi deinh e g

et hyl est etthdAfocan bkl Omef98s Y@t paldydliof fign 3E.CMD hyde (b9, 41
mmol ) in ethyl acr-;ﬁﬁjglt et(lo %1_) a{@r%ﬂerrpegrlg?ure wa?ségded II()AB ’?1.0 g,
9 mmol JI0 arﬂyi-ﬁéﬂnﬁwﬁwe was stirred overnight. The reaction m xture was
concentrated in vacuo and the residue purified by colum chromatography

(Si 02, hexane to 40% ethyl acetate), to give the title conpound (5.6 g,
629 as a yellow oil. LCVMS (ES+) ENRPERMIMMIATE 38T 0. 98 20 m nut es.

| NTERVEDI ATE 56

2- (6-Met hyl pyridin-3-y1)-5,6,8-trifluoro-1, 4-di hydroqui nol i ne- 3- car boxylic
acid et hyl 22 b , s di;ate 55 (4.2 g, 19.09
mmol ), 2, 4,5 promoanitine (4 3 g, 19.09 mol) and

tri(o-16lyl) phodphi sodut{dwId 6rmethIPyrdine By carbaldehyde 6D tgr #1 enfdBPinnthylwas added
triethyl am ne

9.6 60 mol ). The reaction m xture s degassed and
purged wit ﬁcwﬂ%?e&éﬁjﬁb%rsma@ftsm CTAYE Wﬁ%ﬁ%ﬁ%éﬁ&r&@?@aﬁeﬁ 18 (215 ny,

5 mol % . mixture was stirred overnight. The reaction mixture was concentrated in vacuo and the

residue purified by column chromatography (Si0,, hexane to 40% ecthyl acetate), to give
the title compound (5.6 g, 62%) as a yellow oil. LCMS (ES+) 222.2 (M+H)', RT 0.98

20  minutes.

INTERMEDIATE 56

2-(6-Methylpyridin-3-y1)-5,6.8-trifluoro-1,4-dihydroquinoline-3-carboxylic acid ethyl

25  ester
To a solution of Intermediate 55 (4.2 g, 19.09 mmol), 2,4,5-trifluoro-6-bromo-
aniline (4.3 g, 19.09 mmol) and tri(o-tolyl)phosphine (590 mg, 10 mol %) in propionitrile
(50 mL) was added triethylamine (9.6 mL, 60 mmol). The reaction mixture was degassed
and purged with nitrogen gas before addition of palladium(II) acetate (215 mg, 5 mol %).
30  The reaction mixture was heated to 100°C overnight. The reaction mixture was diluted
with ethyl acetate and the organic phase was washed twice with water. The organic phase
was passed through a phase separator and concentrated. The resulting brown gum was

purified using column chromatography (Si0,, EtOAc/hexane gradient, 40-80% EtOAc) to



30 The reaction m xture was heated to 100C overnight. The reaction m xture
was diluted with ethyl acetate and the organi c phase was washed twice with
wat er. Thwoanpaiseis4phase was passed through a phase sep&CaUGB20a131647
concentrated. The resulting brown gum wag purified using colum

chromat ography (Si 02, EtOAc/hexane gradient, 40-80% Et0Ac) to WO

2012/ 032334PCT/ GB2011/ 051647 - 49 - give the title conmpound (3 g, 45% as
an orange @iive.tht ENBcphpdibid(BES35%848s {\rahge oiRTLAMSGDHI 0ESS). 34NVERMED! ATE
57 5 2-(6- thhylpyrldln 3-y1)-5,6,8-trifluoroquinoline-3-carboxylic acid
et hyl esteRT 1.40mingtgs.a soj ution of Intermediate 56 (2.8 g, 8.02 mml) in
DCM was added manganese dioxide (2.8 g, 28.73 mol). The reaction m xture
was stirred at r.t. overnight. The reaction m xture was filtered through a
celite pad, and the filtrate was INCERMIDDIATEd7t 0 give the title conpound
(2.8 g, _.100% as a yellow solid. LCVs pH 10 (ES+) 347 (MtH)', RT 1.38

m nut es? | NTERVEDI ATE 58

15[ 2- (6= Methyl Pty BBt Y-4):- 26 §at§ﬂﬁ6ﬂoﬁhﬁl@f1&éw'cg%kollcgac)fdl Liet Qg ol To
a solution of Tniernediate 57 (2.8 g, 8.1 mmol) in toluene at -78C was
added DI BAL-H 0\7F®ra mtmnmfﬂwsrméfh@eﬁéiﬁl&g, B@2smhqk)|1mDGMsvastaddaded at -78C

for 60 m nutes. ion e h 2M NaCH a resul ting
Sol i d was PTG PR eS8 A e Fe oA 1T BRLA Bt meen B OAC
and water aRemidhe @H@%A&%rp@%&e%s\@ﬂt%r&whfo%gh@@eMwethd EindAke fillhe #@bi ned
organi ¢ phases were dried, filtered and evaporated to give the title

conpounf (ZOSCGQU&@W@ giys thavitks domuaind (B8 K% yeHew)so§ds LOMSpH. 10
| NTERVEDI A
2- (6- Met hyl py%9 (%JFH)l) RE 16388“1 4 uor oqui nol i ne- 3- car bal dehyde

INTERMEDIATE 58

15 [2-(6-Methylpyridin-3-y1)-5.6.8-trifluoroquinolin-3-yl]methanol

To a solution of Intermediate 57 (2.8 g, 8.1 mmol) in toluene at -78°C was added
DIBAL-H over 20 minutes. The resulting solution was stirred at -78°C for 60 minutes.
The reaction was quenched with 2M NaOH and the resulting solid was removed by
filtration. The filtrate was partitioned between EtOAc and water and the aqueous phase
20  was extracted with EtOAc. The combined organic phases were dried, filtered and
evaporated to give the title compound (2.5 g, 97%) as an off white solid. LCMS (ES+)
305 (M+H)".

INTERMEDIATE 59

25
2-(6-Methylpyridin-3-v1)-5,6.8-trifluoroquinoline-3-carbaldehyde

A mixture of Intermediate 58 (2.5 g, 8.2 mmol) and manganese dioxide (3.5 g, 41
mmol) in dichloromethane was stirred at room temperature for 20 h. The reaction
mixture was filtered through celite and the resulting yellow solution was concentrated to

30  give the title compound (1.1 g, 44%) as a yellow solid. LCMS (ES+) 303 (M+H)".



A mxture of Internediate 58 (2.5 g, 8.2 mmol) and manganese di oxide (3.5
g, 41 mmol) in dichloronethane was stirred at roomtenperature for 20 h.
The reactwonrorgvoseisre was filtered through celite and thecraRwti/osge4yel | ow
solution was concentrated to 30give the4gile conpound (1.1 g, 44% as a
yellow solid. LCMS (ES+) 303 (M+tH)'. WD 2012/ 032334PCT/ GB2011/ 051647 - 50
- | NTERMEDI ATE 60 2- Met hyl propane-2(S)-sulfinic acid

N-[ 2- (6-met hyl pyridin-3-y1)-5, 6, SNTERMEDDYVE® | n3-yl ] met h- (E) -yl i deneam
de STitaniun(lV) isopropoxide (2.1 g, /.2 mmol) was added to a suspension
of Internediate 59 (1.1 g, 3.6 mml) in anhydrous THF (30 m_) ~The mixture

was stirred_ (480
n.g, 3 9 . 4= J " 7 - J — > e
reaction m3x‘tli,mﬁhx(£$vhd¢1reemideat ed and t he residue was purified by coI um
chromat ography (Si 02, 40-80% Et QAc i ane) to 10give the title_ conpound
(1.1 g) Sas & ta I@mei \911@1@0? (2485 31) Wﬁéra%% 4362 ipgeeen of

| NTERVEDI A-ﬂz__-te%edzé-té%pwtl@yhm rﬁﬁ@ﬁ(?n %ﬁh%)dr&}é'iﬁlﬂﬂg RE. dTlﬁe ﬁl@ture s stirred at
[ 2-(6- et hyl pyridin-3-yl) )-5,6,8-trifl uoro- olin-3 -yl] -2,2,2-trifluoro

et hyl } ami dé. for 10 minysesri (- anetbyl I-mtcepanﬁdifataan@@(ﬁl@Q gy 3@9 mﬁ10(D)3wmmild)>d and

tet but ylI di fl tri | sili 3. 58.
iy ous SRR N SRR Yo b TR Rfitinrardietins co MR hired | ane
(1.03 9, 7tRArcHMamé );vay\@arlﬁaﬂ@dcoaﬂdnm%nm%t w@(gﬁ)z\/\aﬁ 8904 FICAL athex4RGtd or 1

h. Saturated aqueous ammoni um chl ori de sol ution n) was added and the
reacti 88 migkteuhe rifasormpdroddd. 1t apatan sobidy LCMS Js)(ﬂ%e(MJFHQasRTérﬁ%ed in
vacuo and tntﬂﬁ {gSl due was partitioned between Et OAc and water. The aqueous
phase was ex P'4¢ted with further EtOAc and the conbined or ganic fractions
were washed with brine, then dried (Na2504) and evaporated in vacuo. The
resi due was purified by colum 25chromat ography (5i 02, 40-100% Et OAc in
hexane) to give the title compou 1 as a yellow gum LCVS
(ES+) 476 (M+H)', RT 1.509 m nutes.

15  2-Methylpropane-2(S)-sulfinic acid {(R)-1-[2-(6-methylpyridin-3-y1)-5.6.8-trifluoro-

quinolin-3-vy1]-2.2.2-trifluoroethyl}amide

A mixture of Intermediate 60 (2.24 g, 6.03 mmol) and tetrabutylammonium
difluorotriphenylsilicate (3.58 g, 6.64 mmol) in anhydrous THF (40 mL) was cooled to
-40°C. (Trifluoromethyl)trimethylsilane (1.03 g, 7.24 mmol) was added and the mixture

20  was stirred at -40°C for 1 h. Saturated aqueous ammonium chloride solution (5 mL) was
added and the reaction mixture was allowed to warm to r.t. The solvent was removed in
vacuo and the residue was partitioned between EtOAc and water. The aqueous phase was
extracted with further EtOAc and the combined organic fractions were washed with brine,
then dried (Na,SO4) and evaporated in vacuo. The residue was purified by column

25  chromatography (SiO,, 40-100% EtOAc in hexane) to give the title compound (1.78 g,
67%) as a yellow gum. LCMS (ES+) 476 (M+H)', RT 1.509 minutes.

INTERMEDIATE 62

30  (R)-1-[2-(6-Methylpyridin-3-y1)-5.6.8-trifluoroquinolin-3-yl]-2.2,2-trifluoroethylamine
To a solution of Intermediate 61 (400 mg, 0.84 mmol) in methanol (10 mL) was

added a 4N solution of HCl in 1,4-dioxane (10 mL). The mixture was stirred at r.t. for 1

h. The solvent was removed in vacuo and the residue was then partitioned between DCM



| NTERVEDI ATE 62 30kR)-1- [2(6-Methylpyridin-3 -yl1)-5 ,6,8-trifluoro quino
lin-3 -yl] -2,2,2-trifluoro ethylam ne To a solution of Internedi ate
61 (400 myo20128%238n0l ) in nmethanol (10 nL) was added a 2NTAH20t1/06M640f HCL
in 1,4-dioxane (10 nL). The m xture was gtirred at r.t. for 1 h. The

sol vent was renoved in vacuo and the residue was then partitioned between
DCM WD 2012/ 032334PCT/ GB2011/ 051647 -51 - and saturated aqueous NaHCO3

sol ution. The saareAUsuPHRINEO; Hiltiac tER dgubdusPEMdharextatred wilNa2S#) and

evaporated in vacuo to A%me the title conpound (160 ng) as a yell ow solid.
LCVS ( ES+) thepadriehNpaSOqand coparatdyinesio ©) 3ERReEre srepegd (160 mg) as a

2- Met hyl pr ) {

N48- chl or o(g'gﬂ(é\g;@lg(g %ég{syqﬁ)%&?ﬁ% | HH%}ﬂ %f%%ﬁllflg?s' yl i deneam de
Titaniunm(1V) isopropoxide (3.6 g, 12.6 nmol) was added to a suspensi on of
10 Internmediate 1 (1.7 g, 6.33 rrrml,} in_anhydrouys THF (20 nL). The m xture
was stifred at r.t. for 10 mnutwmz propanesul fi nam de (0. 84
g, 6.96 mmpl) was added and the m xture was stirred at 50C for 3 h. The
reaction m xture was aIIovved to cool tor. t t hen poured onto brlne (50 )
and filteree afanée i) ] atye |yl

with brine, dried Na2804) and concentrat ed in vacuo Purifi catl on by 15
col um chrgﬁa?—@éfrﬂg hy (Si02, 30-100% EtO0Ac in hexane) gave the title
compound (1.88 itaBh¥(1®Sisdprbacki&o(3. 6l @'ﬁﬁﬂmgﬁédd%d&paéﬁs eididn of8- 85 (d,
J 1.7 Hz, 1H), 8.77 ( é‘aﬁ@pg& Ig-lz ,1H)p29(de
8.3, 118 winiemwpdiarg I3.7(i6, 33ernola in anlgvdﬁzus (20811@ T@e Ogtngwaplgjirred a7 2

Lowe { Ese) 75 it o b Rop eyl @R ol e

2- Met hyl pr Qﬁ@ﬂ%—rﬂ{xﬁ)remlsfsﬁiiréd &C30AC for 3 h. The reactlon rmxture was allowed to cool to
i di n-3-y trifluoroethyl

{(5)-148-chl oro-2-(pyridin ) gui nol_i %
am de  25ATH tRenpaur Ollltﬁtbélﬁﬁé%] @Léa@hﬁkt@ewrgughlc@ée rfwh)ngam&h EtOAc.”T

I
tetrabuty ﬂﬁg&?% e ﬁéd%ﬁt%ﬁ & ﬁ@d ﬁ%zggc)"‘%@rcfogwfémﬁted%n%cm&l gtllon A

anhydr ous was coo uor omret hyptri met
(0.32 a5 2.cBBmm1aﬂr<)mWagra@H¢e$iOa,n1!) mu% it QAU irehsdane r gadte dic ##B8Onpound (1..88 or 4

T xtur 6 vl BL LT BROABCDRDSHSErtAd 2aa s BRS nlhastieats HhRbce. 482 so

extracted wiff,fuy d}@%ﬁ (e CSQ‘)"@d&D%S?qnfDHE ORA3NEE, Jf7§101t3H‘251HF%912WaShed
with brine, then dried 504) "and evap orated’ in vacuo. The residue was

purified by. Q&)(lrmrhﬂ)cﬁ%(mt d@r]aﬁlfWHé 511@27 68 %dBDY7ER, 3/ 0idHhbEANER 1 &ndH) hen
with a sec ) 2 (VEtOAcm hexane) to give the title
corrpound (8‘%§8£§%$2 @g%i) lgF?O%? ﬁum WO 2012/ 032334PCT/ GB2011/ 051647

INTERMEDIATE 64

2-Methylpropane-2(R)-sulfinic acid {(S)-1-[8-chloro-2-(pyridin-3-yl)quinolin-3-y1]-2.2.2-

trifluoroethyl}amide

25 A mixture of Intermediate 63 (0.69 g, 1.86 mmol) and tetrabutylammonium
difluorotriphenylsilicate (1.1 g, 2.04 mmol) in anhydrous THF (20 mL) was cooled to
-78°C. (Trifluoromethyl)trimethylsilane (0.32 g, 2.23 mmol) was added and the mixture
stirred at -78°C to r.t. for 4 h. Saturated aqueous ammonium chloride solution (5 mL) was
added. The mixture was partitioned between EtOAc and water. The aqueous phase was

30  extracted with further EtOAc and the combined organic fractions were washed with brine,
then dried (Na,SQOj4) and evaporated in vacuo. The residue was purified by column
chromatography (Si0,, 65-90% EtOAc in hexane) and then with a second column (SiO,,
20-80% EtOAc in hexane) to give the title compound (0.42 g, 51%) as a pale brown gum.



- 52 - 6H (DVMSO-d6) 9.02 (s, 1H), 8.80 (dd, J4.9, 1.7 Hz, 1H), 8.78 (dd,
J2.3, 0.6 Hz, 1H), 8.15-8.09 (m 2H), 8.04-7.99 (m 1H), 7.77-7.71 (m 1H),
7.67 (dddwoxoir/@2334.9, 0.8 Hz, 1H), 6.65 (d, J8.5 Hz, 1lIFCT/AB202/B1AO (M
1H), 1.15 (s, 9H). LCVs (ES+) 442 (M+H)! 52 RT 2.37 minutes. 5 | NTERVEDI ATE
65 CS)-148-Chl oro-2-(pyridin-3-yl)quinolin-3-yl]-2,2,2-trifluoroethylam ne
To a solution of Internediate 64 (0.42 g, 0.952 mmol) in nmethanol (10 nlL)
was 10 add@ﬂ(@l\@osﬂ@j c,uoz @nlﬂb S'M(dldnja,%i dlfwam 5(18 (HGLJQ 3Qommi)1H)The

m xture was stirred in vacuo and

the resi dué-tr-PUfms %Td) \&Q‘W 8? éth) 8t7ﬂe? 7k (<m,21)H) ﬁ@é{ (Fiéfér]d?u% b d-& Hen

Phase was QLD ARy CI Mt RT B ERer DCR B 1 Radbmarnad ar San AR Fa o

wer e washe® ™ B8 ninutae, then dried (Na2SO4) and evaporated in vacuo to 15
gi ve thg title conpound (0.184 g, 57% as a yellow gum LCMS (ES+) 338
(MtH) ', °’RT 1.52 m nutes. | NTERMEDI ATE 66 20N {(S)-1-[8-Chloro-2-(pyridin-3
-yl)quino I'in-3 -yl] -2,2,2-trifl pofpR]MEBIATRGRL am de A sol ution of
Internediate 65 (0.50 g, 1.48 mmot) T acetfc acid (10 n) was heated at
60C for 16 h. The solvent was renoved in vacuo and the residue partitioned

bet ween DC%%aﬂF&&ﬁfo ted 119- _e us %58 ut.i Sor}pathggm?n%ueous phase was

extracted bU TEG gafit -1t ractl ONS were washed
with brine, 25 nfa)%soquﬂo%f(lhi@m&te@woay%pooei ﬁﬂndmm\&ﬁ@tu@nal@ugm wale

title conpound (0.5 , 98% as ady |l ow gum LCMS (ES+) 380.2 (MtH)', RT
1. 27 mlBut edded WRMEDDINFE 67 irBD’E qxasy(hn{lgmm@lpa Ahe Migture was stirred at

f |
PVl ot i A A% sb e i bt Fabbld MHS SN S Rk MRy 2
cool ed to Qfher MCPBAHcE8dwdDwa2th8R paiitibrcdiswasdedMVaandd dahgatatl &quHo@s was

allowed to warmslowy to r.t. over 3 h. The reaction m xtur
partiti onedNasiQewhitoom Thsaqueass ybqszﬁwzzgawﬁw@fm@rdﬁwd thﬂs@pmbmed

saturated g
Fur ther DOUTAR THADRGRE et ! San tEF, BG BUP0RLSes MBS B ieE frhab 1
dried (Ba2$§i)thande esrapamat(@dsd g, mpmaﬂdibwgﬁndhélvm&mmﬁl(w}by bel umm
chr omat ogr p{}y (Si 02, 0-15% MeOH in EtOAc) to give the title compound (506
ny, 88% ag- BPUSr | ess gum LOVS

INTERMEDIATE 66

20  N-{(85)-1-[8-Chloro-2-(pyridin-3-yD)quinolin-3-y1]-2,2.2-trifluoroethyl} acetamide
A solution of Intermediate 65 (0.50 g, 1.48 mmol) in acetic acid (10 mL) was

heated at 60°C for 16 h. The solvent was removed in vacuo and the residue partitioned
between DCM and saturated aqueous NaHCOs solution. The aqueous phase was
extracted with further DCM and the combined organic fractions were washed with brine,

25  then dried (Na,SO4) and evaporated in vacuo to give the title compound (0.55 g, 98%) as
a yellow gum. LCMS (ES+) 380.2 (M+H)", RT 1.27 minutes.

INTERMEDIATE 67

30 N-{(S)-1-[8-Chloro-2-(1-oxypyridin-3-yl)quinolin-3-yl]-2,2.2-trifluoroethyl} acetamide
A stirred solution of Intermediate 66 (550 mg, 1.45 mmol) in DCM (30 mL) was
cooled to 0°C. MCPBA (650 mg, 2.90 mmol) was added and the mixture was allowed to

warm slowly to r.t. over 3 h. The reaction mixture was partitioned between DCM and



5(ES+) 396 (M+H)', RT 1.75 minutes. | NTERVEDI ATE 68
C5)-1-[8-Chloro-2-(1-oxypyridin-3-yl)quinolin-3-yl1]-2,2,2-trifluoroethylam
ne 10A rwetore3ef34l nt ernedi ate 67 (0.506 g, 1.28 nmol) pCarGB20oMS164HCL (5
m.) in water (5 nmL) and ethanol (10 nl).sws heated at 70C for 40 h. The

sol vent was renoved in vacuo and the residue was partitioned between DCM
and saturated aqueous NaHCO3 sol ution. The aqueous phase was extracted with
further DCNhapdded Ric6HTNAMED; O51GEGH. CTHY Auibd@shavewes nasbed witht fartheéd DEM t hen
dried (Na2SO4) and evaporated in vacuo to give 15the title conpound (0. 344
g, 76% as 28d therrogdined organgsiragtmny wesywashefymyigh bringrdricdiNarP Huitand

| NTERMEDI A - i e n-3- i Lhes 3~ . OAl"ga}'xture
of 2-chlor gg?ﬁ% %%t%?%le&”éa?hgf%g%ﬁgg?gﬂgégﬁy g%lﬁ%g]tr@r}oﬁﬁg%g%%l?ﬁ 1 6

39. 1 mmol ) Me@Hdn EtOxxt) 3-gdwer thel yit/y bompned((80@Agg88BBas/a cotolrless pudVECMS0 nl)
and wat er s degassed by bubbling nitrogen gas through it for 5

m nut esg nggﬁﬁ%&T%eﬁillp B’r‘l‘?%e) pal I adi unm{0) (0.30 g, 0.261 nmol) was
added and the m xture was 25 heated at 90C for 5 h. The m xture was al |l owed
to cool to roomtenperature. The resultant precipitate was filtered off and
washed with water (5 x 50 nlL) andiNTERMEDEAKEG8(5 x 50 nL) to give the
title conpound (4.3 g, 709% as a pale green solid. LCVS (ESt+) 235 (MtH)',
RT 1.53 mnutes. WD 2012/ 032334PCT/ GB2011/ 051647 - 54 - | NTERVEDI ATE 70

2- Met hy| pr gpanes-26eto-34l bikAiveidaL3-§1)quinolin-3-y1]-2.2 2-trifluoroethylamine

N-[2-(pyridin-3-yl')quinolin-3-ylTneth-(E)-ylideneam de TTitaniun(lV)
i soproééxi de (6.Pomlﬁl,lreﬂ.[wenﬁ@z't)fe\ﬁééoéé@léd{tz&Héncslhsapéﬁ@lilQarHQif@BDL in

I nt er medi ate .6 2. g, 7 i Vi ( The m xture
wns st v 1 earast ot erpor MRl WD SoTSb of HheTohept D Al £
g9, 11.7 mwh yaswesnddsiedsidnddwhbpartitididdriRtwnes BCM didatiratdd Gqdeots SaACOLhe

reaction mxture was allowed to cool to r.t. then poured onto brine (50 nliL)
and filt er selufippoliBhaqepps hasoayah PHEpcid witlefuyiker ang thecgmbdingd Srgmdted

Compound (S 6 gty ea o PR A PRGN BRI AR YAEREb B kg e © 0

m nut e§5  the title compound (0.344 g, 76%) as a tan solid. LCMS (ES+) 354.0 (M+H)', RT 1.41

minutes.

INTERMEDIATE 69

20  2-(Pyridin-3-yl)quinoline-3-carbaldehyde
A mixture of 2-chloroquinoline-3-carbaldehyde (5.0 g, 26.1 mmol), Na,COs (4.15
g, 39.1 mmol) and diethyl(3-pyridyl)borane (4.22 g, 28.7 mmol) in DME (100 mL) and

water (30 mL) was degassed by bubbling nitrogen gas through it for 5 minutes. Tetrakis-
(triphenylphosphine)palladium(0) (0.30 g, 0.261 mmol) was added and the mixture was

25  heated at 90°C for 5 h. The mixture was allowed to cool to room temperature. The
resultant precipitate was filtered off and washed with water (5 x 50 mL) and diethyl ether
(5 x 50 mL) to give the title compound (4.3 g, 70%) as a pale green solid. LCMS (ES+)
235 (M+H)", RT 1.53 minutes.



| NTERVEDI ATE 71 2- Met hyl propane-2(S)-sulfinic acid
{(R)-142-(pyridin-3-yl)quinolin-3-yl]-2,2,2-trifluorol5ethyl} am de

A m xt ur ewof2oizi3esnedi ate 70 (3.6 g, 10.7 mmol) and t et Pab@B2LEMFDGIT UM

di fluorotriphenylsilicate (6.35 g, 11.8 9gqwl) i n anhydrous THF (60 nlL) was
cooled to -40C. (Trifluoronethyptrinethylsilane (2.28 g, 16.1 mol) was
added and the m xture was stirred at -40C for 1 h. Saturated aqueous

anmoni um chl oride solution (5 nm.) INBERREBIAEH 7@nd t he reaction m xture was
allowed to warmto r.t. The solvent was renoved I n vacuo and the residue
was partitioned between EtO0Ac and water. The aqueous phase was extract ed

pﬁ“ fi eld by coI Mnmhl‘(wmlsngp@h%’e ((65070@ 216'01?11‘11@@%@@!6& tona Mpam&))n dfo give
E—relt ISB ﬁ,' ﬁgtlenggecp qztﬂ%é@é A&% 44 n anhyd%/o%s T?{F g&%nr]nL % letSJ— e v&flag%tugre W’
KR) - 142 ( Pyt Qi Ml Q! roli- Mély&lpx%g&egumaﬁl ddqn aethyl @M@q “%91{9(1

asol ution of Internedi ate i'n met hanol
added a 4Naaémetmmmrofwalsiﬁtlrred\atJSOﬂC@%Itﬁdan@he{ Q:aqﬂLon mlxmrmmls)allo\vbﬁétomox)ﬂwre was

ves 1ert ar ataenpiedoBomne fmlS i Biced FESYEto e Rt Reriih EOFAL Thtg
bet ween DC@d w&@%&l@éd&ﬂlt@&liﬁ@ldﬁed 10, 801PARRRARER/BIOLY QFEATe 1155 -

NaHCO3 sol uti on. The aqueous hase was extracted with further DCM and the
conbi néfl organvend BLee.i ko aﬁ/@rt@lwélsihéd:M/St(ESb)rﬁi?eﬁMﬂﬁbnR@rziQeldmm%léﬁ’éSM) and

evaporated in vacuo to give the title conmpound (0.86 g, quantitative) as a
yel | ow gum LCMS (ES+) 304 (MtH)', RT 1.57 minutes. 5 | NTERVEDI ATE 73

8- Chl oro- 2- (6-chl oropyri di n- 3-yl ) INTRRMEBISTEanbal dehyde A m xture of

2, 8-di chl oroqui nol i ne- 3-car bal dehyde (2.6 g, 11.5 mml), Na2C 03 10(1.83 g,
17.3 mmol ) and 2-chl oropyridi n-5-ylboronic acid (1.81 g, 11.5 nmol) in 1, 4-

2-Methylpropane-2(S)-sulfinic acid {(R)-1-[2-(pyridin-3-y)quinolin-3-vy1]-2.2.2-trifluoro-
15 cthyl}amide

A mixture of Intermediate 70 (3.6 g, 10.7 mmol) and tetrabutylammonium

difluorotriphenylsilicate (6.35 g, 11.8 mmol) in anhydrous THF (60 mL) was cooled to
-40°C. (Trifluoromethyl)trimethylsilane (2.28 g, 16.1 mmol) was added and the mixture
was stirred at -40°C for 1 h. Saturated aqueous ammonium chloride solution (5 mL) was

20  added and the reaction mixture was allowed to warm to r.t. The solvent was removed in
vacuo and the residue was partitioned between EtOAc and water. The aqueous phase was
extracted with further EtOAc and the combined organic fractions were washed with brine,
then dried (Na,;SO4) and concentrated in vacuo. The residue was purified by column
chromatography (Si0,, 60-100% EtOAc in hexane) to give the title compound (1.9 g,

25  44%) as a yellow gum. LCMS (ES+) 408 (M+H)", RT 1.80 minutes.

INTERMEDIATE 72

(R)-1-[2-(Pyridin-3-yl)quinolin-3-yl]-2.2.2-trifluoroethylamine
30 To a solution of Intermediate 71 (0.90 g, 2.21 mmol) in methanol (10 mL) was
added a 4N solution of HCl in 1,4-dioxane (2 mL, 8.0 mmol). The mixture was stirred at

r.t. for 2 h. The solvent was removed in vacuo and the residue was triturated with diethyl

ether (x 2). The residue was then partitioned between DCM and saturated aqueous



di oxane (40 nL) and water (20 nlL) was degassed by bubbling nitrogen gas
through it for 5 mnutes. Tetrakis(triphenyl phosphine)palladiun(0) (0.13 g,
0. 115 mmowd 2oe03283ded and the m xture was heated at 90CPCO/GER611M516HMe

m xture was allowed to cool to roomtenpgyature. The resultant precipitate
was filtered off and washed with water (5 x 50 nlL) 15and di ethyl ether (5 x
50 nmL) to give the title conmpound (4.3 g, 70% as a tan solid. LCVS (ES+)
305 (MrH) ' NARICQ; SAutionnUtheSiqudds bRMeN A Bktrdded with further DCM and the combined

202- Met hyl propane-2(S)-sul finic acid . )

N48- chl or 0022408 E#AtioRD PTG WIhe B with) e nider Augl (N p@urndremnojpted dnewnd e

Ti tani un( | i j . . d ensi on of

I nt er medi até)evefgg?5’9g@%&;ﬁlg(@gg%hgﬁnﬁzaﬁ&g%dd%%%ﬁ%‘g& %gy Sﬁ{?ﬁ%%ﬁg m xt ure
was stirredMatH)r .RT 1f56rmihGtesi nut es. (S) - 2- Met hyl - 2- propanesul fi nani de (1.18
g, 9.77_mml) was added 25and the m xture was stirred at 50C for 3 h. The
reacti of mixture was allowed to cool to r.t. then poured onto brine (50 nli)
and filtered through Celite, washjpERMEDELPASG3 The filtrate was washed
with brine, dried (Na2SO4) and concentrated I n vacuo. The residue was
purified by colum chromatography (Si 02, 25-80% Et 0OAc in hexane) to give
the title QoA .55%) I solid. LCM5 (ES+) 406.2
(MrH) ' RT 30188 i hU e 200 2P0 30 334 et *011/ 051647 - 56 -

| NTERVEDI ATE 75 A gridYetchfi2iy-aRaRes dindlms Bl édrbilgeh3at .6 g, 11.5 mmol), Na,CO;
{(R)-148-chl oro-2-(6-chl orogyrl din-3-yl)quinolin-3-yl]- 2,2,2-trifluoro
et hyl } 18nmi d&83 BAl'H xarele and 2-{chlosonyeidinadelbpgoriq agd (4381 £, 855 mvael) inahd-

tetrabutyl ar i e i hy.dr ous 0. was
cooled to %%%Q ¢ Fiﬁrlgﬁf%%&rvga&%gt%#ﬁ% ?Si %%?E%/g?lsb%lbélﬁ%l Iylggé)eél g%%ﬁ%‘%:&) was
added and tsh@iniiest Tegali@SriptchylpBekpaine)ph0&dilion 030N 3 gSatlus airael) aay eddes

anmoni um chl oride solution (5 nL) was added and the reaction m xture was

al | owed t o adFhe mextyre was pgcd g G tfospksh.r uievas 2O Cd Fricaoh & oY esi due

was partiti . t d

wenefur ¢ naRERE MR RACBANAIBLEL T1itHR SAURAUANBIARE WA X AGLT

bri ne, 15 hennddicttd/ ¢tlaR2E04 50 anigd te gapohatiBdcamponad (3 g, Tole) aesiadselidhas
urified b chromat ogr 5102, 15-65% Et OAc in hexane) to give

Phe title WEZ%X@Sﬁ@)gzg&qy%émgmﬁ | ow gum LCMS (ES+) 47%3 (M+ED', RT

2. 67 m nutes.

INTERMEDIATE 74

20  2-Methylpropane-2(S)-sulfinic acid N-[8-chloro-2-(6-chloropyridin-3-yl)quinolin-3-yl]Jmeth-

(E)-ylideneamide

Titanium(IV) isopropoxide (5.04 g, 17.8 mmol) was added to a suspension of

Intermediate 73 (2.69 g, 8.88 mmol) in anhydrous THF (80 mL). The mixture was stirred
at r.t. for 10 minutes. (S5)-2-Methyl-2-propanesulfinamide (1.18 g, 9.77 mmol) was added

25  and the mixture was stirred at 50°C for 3 h. The reaction mixture was allowed to cool to
r.t. then poured onto brine (50 mL) and filtered through Celite, washing with EtOAc. The
filtrate was washed with brine, dried (Na,SO,) and concentrated in vacuo. The residue
was purified by column chromatography (Si0,, 25-80% EtOAc in hexane) to give the
title compound (1.98 g, 55%) as a pale yellow solid. LCMS (ES+) 406.2 (M+H)", RT

30  1.68 minutes.



15 | NTERMEDI ATE 76

KR) - 148- Chl or 0- 2- (6-chl oropyri din-3-yl)quinolin-3-yl]-2,2,2-trifluoroethyla
m ne To wo=x0luBe3sw of Internediate 75 (0.50 g, 1.05 mwulCr/dBRonmishanol (20
m.) was 20 added a 4N solution of HCl irggl, 4-di oxane (5 niL, 20.0 mmol). The
m xture was stirred at r.t. for 2 h. The solvent was renoved in vacuo and
the residue partitioned between DCM and sat urated aqueous NaHCO3 sol uti on.
The agueous phase was extracted WINDTERMEDEATE®S and t he conbi ned organic
fractions were washed with brine, then dried (Na2504) and evaporated in
vacuo. The residue was pur|f| ed by colum chromat ography 25(5i 02, 30-70%
Et OAc i n hexgng ; I um
LOVE (ES+) Y prd | s _ (§-LhBr 11}’0%'1130 9

[ (Hydr oxy) (mmmmﬁrvmmda yI)rret hyI | acrylic acid ethyl ester To

2- met hyl pyri di ne- 3- car bal dehy 0 ate(lO m.)
vere added DABC@{]“iXtE;re %[@’fwﬁ@f‘?tea{ﬁgiﬁgtghgﬁélm‘%@ ‘ftet?{%‘g YR ni xture

was stirredcahic4pe1 0533 &ﬁa@ma dF SRR IO 0 WALCONRY tBthCQ@ﬁﬁﬂ&lbat ed
and purified by V\D 2012/ 032334PC1/ GB2011/ 051647 - 57 - col um

chr omat ogr apdtlyyljt8in@thylslend 003% EtVACMDOL) wasadgicd end the nuiktureweostpoaded ( 62%)

73 LI SRRl gl Dy B 4o BB
5 91 ( t, réacﬁoﬂf'ﬁnxtﬂﬂr’é) Wa@lm&i% warf +8r. HZThelsldlven5w§§refrﬂbved5n Qudig and e

4.10- 4. 00 (m 2H), 3.29 (s, 3H), 1.10 (t, J7.0 Hz, 5 3H). LCM5 (ESt+) 222
(MtH) ! IORTrq_sw]]_u_’p wasmartaipned WBFMEW@WMM The aqueousp ase was extracte

2- (2-Met hyl o G, ol ohl: E3h S QERMAL AU Ve eI BN ferT @

et hyl ester
dried (Na,SOy) and evaporated in vacuo. The residue was purified by column

chromatography (Si0,, 15-65% EtOAc in hexane) to give the title compound (0.50 g,
22%) as a yellow gum. LCMS (ES+) 476 (M+H)", RT 2.67 minutes.
15
INTERMEDIATE 76

(R)-1-[8-Chloro-2-(6-chloropyridin-3-yl)quinolin-3-yl]-2.2.2-trifluoroethylamine
To a solution of Intermediate 75 (0.50 g, 1.05 mmol) in methanol (20 mL) was
20  added a 4N solution of HCl in 1,4-dioxane (5 mL, 20.0 mmol). The mixture was stirred

atr.t. for 2 h. The solvent was removed in vacuo and the residue partitioned between
DCM and saturated aqueous NaHCOs solution. The aqueous phase was extracted with
further DCM and the combined organic fractions were washed with brine, then dried
(Na;S04) and evaporated in vacuo. The residue was purified by column chromatography

25 (Si0,, 30-70% EtOAc in hexane) to give the title compound (0.37 g, 95%) as a yellow
gum. LCMS (ES+) 372.2 (M+H)", RT 1.56 minutes.

INTERMEDIATE 77

30  2-[(Hydroxy)(2-methylpyridin-3-yl)methyl]acrylic acid ethyl ester
To 2-methylpyridine-3-carbaldehyde (5 g, 0.04 mol) in ethyl acrylate (10 mL)
were added DABCO (1 g, 0.01 mol) and methanol (1 mL). The reaction mixture was

stirred at 45°C for 3 days. The reaction mixture was then concentrated and purified by



10To a degassed m xture of 2-am no-3-bronobenzotrifluoride (3.2 g, 17
nmmol ), Internediate 77 (3.3 g, 15 mmol), tri(o-tolyl)phosphine (256 ng) and
triethyl awDr2e12(03233it) in propionitrile (40 nL) at room t ecpaBRIUSIMAS added
pal l adiun(l1) acetate (120 ng, 5 nmol %.s57The m xture was agai n degassed and
heated to 110C for 2 h, then diluted with water (20 nL) and EtOAc (100 mL).
The aqueous | ayer was separated and extracted 15 into Et0OAc (100 nL). The

conbi ned orcgRMCcHrs@elopRPEy Y8I0e, GRSIEM EW)AB/DIIMM) glﬁz@tmatle @hipetind d‘éa%‘)ofl)
filtered and concentrated 1 n vacuo The resultin

e ot o Ao Raget Bl oo B G on 65 6B dend TCHo WY 7 51 (G s HoAmo2 (6

g) and heat f trhe g T Xt

filtered tﬁf@hﬁﬁﬁ g&gélﬂ 328 ﬁz f 82%t %qojv%njgﬁlgj) 5@,[1&, an’dmc)én'cezg’r at ed
in vacuo. 'Bh)aleeHM)l 1516@9(dd,65 @HII Il Hyvais1(28.0p Gini 2HE . 28y (scrMT) i Oqhr/oh@Hagr aphy
(Si 02, hex 0.40% Et O giv e title conpound (3.3 g, 66% as a
brown ofl . %J;ﬁr :Lﬁ%%(%\g @3 1)**( 1?t1e—i)1 qsfn’@gteédd 4.9, 1.7 Hz, 1H), 8.18
(m 2H), 7.70 (t, J 7 .7 Hz, 7.59 (dd, J 7 7, 1.7 Hz, 1H), 7.23 (dd,
J7.6, 4.9 Hz, 1H), 4.18 (q, J 7 1 Hz, 2H), 2.48 (s, 3H), 1.06 (t, J 7 .1
Hz, 3H). LCVB (ES+) 361.2 (MtH)'.INBERMIERMDEASE 79

2-(2-Met hyl pyridin-3-y1)-8-(trifluoronethyl)quinoline-3-carbal dehyde To a
cold (-50C) solution of Internmediate 79 (3.3 nL, 9.3 mol) in toluene (50
30 ) was ragddgethlBAkmB A%R-Griflodincthyl MuiRliHé-BQartioty REMid digpwitse. The

m xture was allTowed to warmto roomtenperature over 2 h, stirred at this
t enper dfure for T & dagasred nBRIUM PflA-aminot hbrpneahshendrifleoridedd,2 bhdf grwobhe

dropwi se addjtio i (4 I i time
the temper dtraud 7t oagyS BRI SR 9Bidsta 38wk bl BB 24 67"
58 - anbi emtL)tiefFpaicditile (40The) argam tmphatec Wasaddef paBididmanchcthae @goeous
phase extracted into Et0OAc (30 nlL).. The conbi ned organi c fractions_ were

washed wi t MM BRHJEbUENNAOLHTS GYasRdH desa%e%ml)eate\%@ a1 0°Cslor Aiby thgpdilpiedne
50 nL t

g)al e bz ownh@n‘ QEJJ:P%O%&Z&% OAd lpﬁr eqm@gggg%gltg 2%% 1!\fj]vlwgvtg ‘ﬂ ebﬁ’&@%??&g?‘%e :

heat ed 1at 7€ HOAc4100) mil)| The eminbﬂneabonghma fretionsew @t wgshadas tiedrine (110 DOV and

i ot yl ot RBied (NP derd il epReeaimiaandece 1 e “PaUas o TRPVE Honder .

(]5_:::) ( Dlys(g)zdfét}uc@ n?&elﬁéﬁ was 'dls:sol%e@?h &Iﬁoroﬁ&’)zenég(ﬁ?h}imregﬂé% with: MﬁOg a(Zl((jig Hﬁ, .

.5, 5.0 Hz heé‘tbﬂ at @(10@@01( % h mbi) at L(DRS fle( lEST-ble 1311X'lul® V(Nlﬂli)e'rﬁd WN[ERNEBHDQTE 80
plug (at 70°C), washed with DCM and concentrated in vacuo. The resulting dark oil was

20  purified by column chromatography (Si0,, hexane to 40% EtOAc) to give the title
compound (3.3 g, 66%) as a brown oil. og (DMSO-de) 8.87 (s, 1H), 8.59 (dd, /4.9, 1.7
Hz, 1H), 8.18 (m, 2H), 7.70 (t, J 7.7 Hz, 1H), 7.59 (dd, J 7.7, 1.7 Hz, 1H), 7.23 (dd, J 7.6,
4.9 Hz, 1H), 4.18 (q,J 7.1 Hz, 2H), 2.48 (s, 3H), 1.06 (t, /7.1 Hz, 3H). LCMS (ES+)
361.2 (M+H)".
25
INTERMEDIATE 79

2-(2-Methylpyridin-3-yl)-8-(trifluoromethyl)quinoline-3-carbaldehyde
To a cold (-50°C) solution of Intermediate 79 (3.3 mL, 9.3 mmol) in toluene (50
30 mL) was added DIBAL-H (27.6 mL of a 1M solution in DCM) dropwise. The mixture

was allowed to warm to room temperature over 2 h, stirred at this temperature for a
further 30 minutes, then cooled to -78°C, before the dropwise addition of 1M aqueous

NaOH solution (45 mL), during which time the temperature was allowed to rise to



2- Met hyl propane-2(S)-sulfinic acid N

[ 2- (2-nmet hyl pyridin-3-y1)-8-(trifluoronethyl)-

15qui nol iwee1gEeasth- (E) -yl i deneam de To a sol ut ipom/GH201MSes4edi at e
79 (2.0 g, 6.3 mol) in THF (15 nL) at rgzgom tenperature was added
titaniun(1V) isopropoxide (3.5 nL). The m xture was stirred for 15 m nutes
prior to the addition of (S)-2-nethyl-2-propanesulfinamde (0.91 g, 7.5
ol ) and tahicnh edireatate. FYC o @hicZpHase Kb Spareal dndghé SqucoOspRasEParatddr e,
water (10 nL) was 20added and the resulting precipitate filtered through a
celite pl udtoFHEALI(PQ riy e Thasowbed ArgaaicdERCtiANS wegdvasBedyith 2vhadqueps e

(aar 34, 0, oYY ppfr) 7 spER SudkTop Bty Al orif I ot GRsO P07
.8 Hz, 1H) filtérdundddncehrated il IwﬁcuHZto gibid)a, pale @Ownrsplid .1 g2. Okbe fhsxturdhas 1. 26
(2_8 i\/tatg hH)yﬁ p'r‘%gwé%‘fh@;_%g &](%/::rgg?h@a‘rgé ga%&%ﬁ%vfﬂ éIeErec? ghrough a celite plug, washed

142- ( 2- met RytPBeNh R cl%‘n%ﬁtfage‘c{ z%g%z&lt& On%%&hbfﬁg SMHO D Ud Matdriadilds washed

-2,2,2-trifluoro ethyl} am de To a solution of Internmediate 80 (2.2 g,

5.2 mmol ) iwithTdethyPSherity ywdd thaddiedotpbrabyg.at®iors arwlatgtoatder.(d2 9 g) and

the m xtur 0 to. =30 e pwW {{,ion,0

(trifluor o@m%&éﬁgg%iﬁg’ﬁ%@ 1‘%%@[@1 gﬁgt%%f&tm ﬁé ﬁaﬁfzét h’,”i)ri ne
(25 ) wagy2added 81 Gy, Myt ql.wqmaﬂg,arhpmgmg,wm,tmx9.9%,@ eLatg e, and
WO 2012/ 032334PCT/ GB 011/051647 - 59 - stirring was continued for a further
15 m ndPes (EBtDNT 260 H)) was added, then the organic fraction was
separated, washed with brine (20 nmL), water (20 nL) and brine (20 nL),
dried (Na2SO4), filtered and concentrated in vacuo. The resulting pale

yel l ow solid was subjected to col INDERMEDBADBISAPhyY (Si 02, hexane to 40%
Et0Ac) to give the title 5 conpound (0.90 g, 35% as a pale yellowoil. 6H
(CDC13) 8.52 (dd, J4.9, 1.6 Hz, 1H), 8.35 (s, 1H), 801 (m 1H, 7.96 (d, J
8 . 3 Hz, % : / ( 0

7.23 (dd, 6 , D.0 Hz, 1H), 4.3 : - 4 HZ, I, 3.
Hz, 1H)5 2.ga8o(is;3-BHhethY £l-Jliflsncadide LCVS (ES+) 490.2 (M+H)' .
101 NTERVEDI ATE . , :

KR) - 1- [ 2- ( 2- Met ﬁfﬂ Lyt ptdnigryediate ViR O ko PRI JHEGP LR yAqm2 2 2-tr i
f I uor oet hy i@ BgturcTRaPadiiRd H%a!nﬁﬂn(g’f/) 1sBh@ho%EL 83§ nil), (1Re Mx@re daSstFFRI for I N
DCM (10 nL) was added 15HC1 (1.25 nmL of a 4Msolution in 1,4-dioxane). To
t he resul t ilagnisolcs drigutepbasdbnonealy SkddecthiteDpropagesmiinasmdt @t91rg, i7rgmmemd)

continued for .10 .m nytes.,~The,m xture s partitioned betwee 20 nl)
and sat ur acou i EuRY RepEcatREl it o Bh Rsom Hdritudn R AR NAE
separ apgd @aa%délﬂtﬁaka@wﬁg?r@gﬁta%ﬁm@ Bidought 0ccl¥eM1(d OTRd JiltraldhRag obi ned
organi ¢ phases were dried (Na2SO4), filtered and concentrated in vacuo to
concentrated in vacuo to give the title compound (2.2 g, 83%) as a pale yellow oil. on
(CDCls) 8.96 (s, 1H), 8.66 (dd, /4.9, 1.7 Hz, 1H), 8.58 (s, 1H), 8.22 (d, J 7.9 Hz, 2H),
7.73 (t, J 7.8 Hz, 1H), 7.59 (dd, J 7.7, 1.6 Hz, 1H), 7.30 (m, 1H), 2.06 (s, 3H), 1.26 (s,

9H). LCMS (ES+) 420 (M+H)".

25
INTERMEDIATE 81
2-Methylpropane-2-(S)-sulfinic acid {(R)-1-[2-(2-methylpyridin-3-y1)-8-(trifluoro-
methyDquinolin-3-vyl1]-2,2.2-trifluoroethyl}amide
30 To a solution of Intermediate 80 (2.2 g, 5.2 mmol) in THF (25 mL) was added

tetrabutylammonium acetate (1.9 g) and the mixture was cooled to -30°C before the
dropwise addition of (trifluoromethyl)trimethylsilane (1.7 mL). After stirring for 1.5 h,

brine (25 mL) was added, the mixture was allowed to warm to room temperature, and



20 give the title conpound (664 ng, >95% as a pale yellow oil. 6H (CDC13)
8.68 (d, J 4 .7 Hz, 1H, 8.62 (s, 1H, 8.16 (m 2H), 7.71 (t, J 7 .9 Hz,
2H), 7. 34W0rmp1210323344. 50 (m 1H), 3.82 (s, 2H), 2.45 (d, PATHB011/B1d42, 3H).
LCVMB (ES+) 386.2 (MrH)'. | NTERVEDI ATE 83%925 N { (R - 1- [2 - (2 -Me thy
pyridn-3-y1) - 8- (tr ifluor onethy 1) quino
in-3-yl]-2,2,2-trifluoroethyl} acetam de I nternedi ate 82 (660 ny,

n-
7 mol ) wEE i esUoretuddrfole BtheB 1 Mimasy] eteEd0 @ﬁL)&Q@ Aded, Ah@hthe and t hen
at 70C for 2 h. The mixture was concentrated in vacuo and the 30 residue

was purifi O8aNc Eetionnvas erswisiedayapery Witibons (Hembhevaley @@@@I’e)@é/&@ c{¥ give

829 (m 1 §HREC eSO Hcrf i BencRylfitd 6 LEAT, TREKGHER ity EI?W(S%%*I .
1;?3, 26 65 (vms sﬁlbj):cte(gtoglﬁ)hﬁmn ggﬂggﬁno’ggﬁglﬁ /Sz)Oﬁhbxana td Z0%EtO3kd) to @%ﬁae(tﬁfﬂ
iR) 1- [é (fOI%?WI C%I9 o ng-awa%w W @il ¢ (éPE&)%n%WM ggwﬁgﬁ%%iyl] 2,2

,2-trifluor t (™ finl At d ( 2
mml) in D(%(\)/Iﬁﬁ fH %mlqﬁlr égi?n?%%ie?agtﬁ?éq\/\kgsﬁg?ég% Jll\/%(g:Sel Phig ﬁ_lo)sa Sgl tn%’one

portion. Af7t(eHZ,11I5) EI2BI(éd A K 6,Ur.@ Haa BH p dr&Si (t.i/ohé Hzb Bt WS et? (DCWG&@Z ), and 1N
aqueous Na SOl Ut (3 . u I was acidified with citric
acid (10% e@u@;{)’g:}ra @%ﬁ%ﬁ&lﬁgﬁﬁ% ‘%@\?@ﬁ%%o 20 nL), dried (phase
separator) and concentrated in vacuo . The resulting white powder was
treated with EtOH (5 nL) and conc. HCl 55 m_i and heated at 55C overni ght.
The mi*Pure was cool ed and conce 1 , and the residue was
partitioned between water (10 nL) and DCM (10 nlL). Saturated aqueous NaHCO3

sol ution was added until the aqueous |ayer was pH 5 and this was extracted

i nto DCM ( 4R¥1J0-(PAMethylhgridiaByinad tilfhargasihg] ) heivelis 3 Wel-2,2 @rirgdofdeiase
separator) and concentrated in vacuo. The resulting yellow oil was purified
by col umm &BE#at ogr aphy (5i 02, 23:2 Et OAc: MeOH) to give the title conmpound

(2 os Cr S G A SRR P i i f ottt
1H), 2180 (HCI(J.25.18L b g 4BHjolutioBNB |(4Goxart)2Ta ek ting adlid AFERMEDIWATE 85
2- Bromo-6- (aggémgﬁlbw}gwgr?d%ﬁg? gl V%gsl g]oef\ltlnued for 10 minutes. The mixture was

partitioned between DCM (20 mL) and saturated aqueous NaHCOs solution (20 mL).

I
I
1.

The organic phase was separated and the aqueous phase extracted into DCM (10 mL).
The combined organic phases were dried (Na,S0Oy,), filtered and concentrated in vacuo to

20  give the title compound (664 mg, >95%) as a pale yellow oil. 6y (CDCl) 8.68 (d, J4.7
Hz, 1H), 8.62 (s, 1H), 8.16 (m, 2H), 7.71 (t, J 7.9 Hz, 2H), 7.34 (m, 1H), 4.50 (m, 1H),
3.82 (s, 2H), 2.45 (d, J 26.8 Hz, 3H). LCMS (ES+) 386.2 (M+H)".

INTERMEDIATE 83

25
N-{(R)-1-[2-(2-Methylpyridin-3-yD)-8-(trifluoromethyl)quinolin-3-yI]-2.2.2-trifluoro-

cthyltacetamide
Intermediate 82 (660 mg, 1.7 mmol) was dissolved in AcOH (8 mL) and heated at

60°C overnight and then at 70°C for 2 h. The mixture was concentrated in vacuo and the

30  residue was purified by column chromatography (SiO,, hexane to 100% EtOAc) to give
the title compound (550 mg, 76%) as a white foam. oy (CDCl3) 8.69 (m, 1H), 8.49 (m,
1H), 8.19 (m, 2H), 8.14 (m, 1H), 7.73 (t, J 7.7 Hz, 1H), 7.47 (m, 1H), 6.65 (m, 1H), 5.85
(m, 1H), 2.53 (s, 3H), 2.17 (s, 3H). LCMS (ES+) 428.2 (M+H)".



2- Br ono- 6- ( net hyl sul phanyl ) phenyl amne (2 g, 10.7 mmol) in DCM (100 nL) 25
was treated with MCPBA (4 g, 23.2 mol) at r.t. and stirred for 30 m nutes.
The reactwonrrorgioseitre was washed with saturated aqueous POWIGBZO11/051647

hydr ogencar bonat e sol ution, dried over sgii um sul phate, filtered and
concentrated in vacuo to give the title conmpound. 6H (DMSO-d6) 7.77 (dd,
J7.8, 1.4 Hz, 1H), 7.63 (dd, J8.0, 1.4 Hz, 1H), 6.73 (t, J7.9 Hz, 1H), 6.03
(s, 2H), 3.18 (s, 3H). LCVMs (ES+) 250 (MtH)', RT 1.175 minutes. WO

2012/ 032334PCT/ GB2011/ 051647 - 61 - | NTERVEDI ATE 86

8- (Met hanesul f ony1) - 2- ( 2- met hyl pydYBERMEDIATE 84 di hydr oqui nol i ne- 3- car boxy
lic acid ethyl ester b5internediate 85 (1.2 g, 4.9 mmol), Internediate
77(1.2 g, 5.4 mol ), palladiun(ll) acetate (54.0 ng, 0.05 nmol),

tri(o-tol yl(Rphg2hiNehyl11A-8x i yiidin-8-yI)-§rwoifho@ncttiyl iqainoyih Savipe A, A-t3Budrd-, 2. 0
mol) in acatgniirile (10 nm.) were degassed and heated at 100C for 16 h.
The reacti re was then concentrated in vacuo and purified by col um
chromat ogr aphy (T%l @?olutﬁﬁ%mia»heﬁ&@tg@t(élsng @.Q%%}lofz% By gdn%LB hi Ilosmconpound
10(57@6 as a pale solid (DVSO-d6) 8.5 1H), 19 (s,
1H), 7.67- Tereeritdte wds added MAPBAKR.46 ZH)n o1k, 1$3t1<(1d AR BS bithe urereBg (dd,

3 20 <2 ° ribthaode i P i By File (B (™

RT 1.49 m pgh&ss la}z@ff W ERNER A cAtric acid (10% aqueous? and extracted into DCM (2 x
8- (thhanesulfon (2-met hyl pyridi n-3-yl)qui noline-3-carboxylic acid

et hyl é8teR20mL), drled fnhéqsm@mrat%) @8l qopgontrapd iz m@zqwf’ﬂrle)resuitlmml(mmme)r was
treated port 's%‘éfeﬁe W Et%ﬁ@%?%ﬁfco%coﬁt‘i‘ angﬁlea"%‘ L S5hE L6 %ﬁ%% for 4

h. The reaction m xture wa ered an cen Pn- vacu 0 give

the title @mmwwds 68&8@ arﬁi&o@c@ﬂﬂaﬁad&@lmwo ﬁﬁdiﬂl@hm&ﬁ))'as%)a&ﬂldtﬁd b&ﬂvl)eenB 63
(dd, J8.3, 1.4 (s , 7.96 (dd, J8.1, 7.5 Hz,
7.68 (dd, Wterﬂo @L7) ap& DCM)(IO 170L36 e@aate FqugouyNgHED: sqlpgion Wa%dd&dlli}tl q,

g;ll ( m " ZFQeRaFﬁlE&%ssl(a%r vﬁa!t*)eUH ?51%&3 h&ﬁ%&aﬁ’}gﬁai\%@@g(IkMﬂ x1078L) 3the cdritffed ESH)
[ 8- ( MetlBanesgHnicolaydry w2rd @4atgiphade pyparatior)-add yby@puirael imyva:g| Tie rdsahmly

yellow oil was purified by column chromatography (SiO;, 23:2 EtOAc:MeOH) to give

the title compound (365 mg, 76%) as a clear oil. oy (CDCls) 8.57 (s, 1H), 8.43 (d, J 6.1

Hz, 1H), 8.06 (m, 2H), 7.62 (td, J 7.8, 3.6 Hz, 1H), 7.29 (m, 2H), 4.48 (m, 1H), 2.30 (d, J

5.9 Hz, 3H). LCMS (ES+) 402.2 (M+H)".

20
INTERMEDIATE 85

2-Bromo-6-(methanesulphonyl)phenylamine
2-Bromo-6-(methylsulphanyl)phenylamine (2 g, 10.7 mmol) in DCM (100 mL)
25  was treated with MCPBA (4 g, 23.2 mmol) at r.t. and stirred for 30 minutes. The reaction

mixture was washed with saturated aqueous sodium hydrogencarbonate solution, dried
over sodium sulphate, filtered and concentrated in vacuo to give the title compound. dn
(DMSO-de) 7.77 (dd, J 7.8, 1.4 Hz, 1H), 7.63 (dd, J 8.0, 1.4 Hz, 1H), 6.73 (t,.J 7.9 Hz,
1H), 6.03 (s, 2H), 3.18 (s, 3H). LCMS (ES+) 250 (M+H)', RT 1.175 minutes.

30



Internediate 87(1.9 g, 5.3 mvol) in toluene (20 nL) was cooled to -78C and
30 treated with DIBAL-H (1IMin DCM 16 ni, 16 mmol). After stirring for 1 h
t he reactwonoroseisre was quenched with 1M aqueous NaCOH ®olTGE201/05¢640r act ed
into ethyl acetate, dried over sodium sujjphate and concentrated i n vacuo.
The crude material was purified by colum chromat ography (Si 02, 2%

nmet hanol / Et0OAc) to give the title conpound WO 2012/ 032334PCT/ GB2011/ 051647
- 62 - (59% as a pale solid. 6H INDMERMIBDISTEB6(S, 1H), 8.59 (dd, J4.9,
1.7 Hz, 1H), 8.49 (dd, J8.1, 1.3 Hz, 1H), 8.40 (dd, J 7 .4, 1.4 Hz, 1H),
7.85 (dd, J8.1, 7.4 Hz, 1H), 7.77 (dd, J 7.7, 1.7 Hz 1H) 7.38 (m 1H),
5.53 (t, J% L H 4. ) 6 dfBoxylitheid3- 49
(s, 3H), 26 .

| NTERVEDI A'EEE1§@95ter

8- ( Met hanesul fonyl) yridi yl ) ui n 3- car bal dehyde
| nt er megl ate 88 ’(lfr’%edéatei‘?% Errﬁaﬁ Bd%ﬂ“(rg’ﬁ 8’r5e§1 ortionwi se
W ih 10 mgaRessAs R 4D &gq)osaﬂﬂw?x)t Lihad) g?bh(ss%ﬁmet(@i@)%?gt k@ 4

The reaction m xture was |'t eFed, concentr at in vacuo and purifie
col um chr @ndttmﬁglnﬁgihyle((SBGZnL a(ﬂ)lm)ol)magﬁmeltmhe(l@ mﬂ)ewarodtgmm a@aa%teés a

D oe Cau s MHO-ERER £ 2Rl Bipict iy way thch hentleq Qi a1 -
101 18" holuki shrdmbiEaliphy B M@théﬁa%ﬁ%f;ﬁj@%@@é%@%ﬁﬁ aMdnd T N
1 -

[ 8- (netlaanégmbmm sczhd( DerfEN§P sl .80 6B AT D107, 1, 7.65-760
20 | I d 3
o) and (& YTt B0 SRR ey 4o e FE 24 BRI G T Re

and stirredi4 oH), 13)89715[1211%3 4313 .anmdziays. 2Tll'dE 3H)I Qaal(urB(H)V() 8il stopﬂqu,lﬂﬁ
(1.95 nm, ed and the reaction mxture was warnmed to 45C

for 12 h. W@éﬁ@%l k35 WWM%TV%@@BWFG% onto water, extracted into ethyl
acetate, 25dried over sodium sul phate and concentrated to give the title

conmpound (94% as a pale solid. LCVM5 (ESt+) 430.0 (MtH)', RT 1.33 m nutes.

| NTERMERDI ATE 91 302- Met hyl pr opanENPERMEDIATERI8F aci d

[ (R)-1-(8-met hanesul phony1l) - 2- ( 2- net hyl pyri di n- 3-

8-(Methanesulfonyl)-2-(2-methylpyridin-3-yDquinoline-3-carboxvlic acid ethyl ester

Intermediate 86 (880 mg, 2.46 mmol) in DCM (40 mL) was treated portionwise

with manganese dioxide (1.0 g) and stirred at 45°C for 4 h. The reaction mixture was

20  filtered and concentrated in vacuo to give the title compound (79%) as a pale solid. on
(DMSO-de) 9.24 (s, 1H), 8.63 (dd, J 8.3, 1.4 Hz, 1H), 8.58-8.54 (m, 2H), 7.96 (dd, J 8.1,
7.5 Hz, 1H), 7.68 (dd, J 7.7, 1.7 Hz, 1H), 7.36 (dd, J 7.6, 4.9 Hz, 1H), 4.18-4.11 (q, J 7.1
Hz, 2H), 3.51 (s, 3H), 2.33 (s, 3H), 1.02 (t,/ 7.1 Hz, 3H). LCMS (ES+) 371 (M+H)", RT
1.35 minutes.

25

INTERMEDIATE 88

[8-(Methanesulfonyl)-2-(2-methylpyridin-3-yl)quinolin-3-ylJmethanol
Intermediate 87 (1.9 g, 5.3 mmol) in toluene (20 mL) was cooled to -78°C and
30 treated with DIBAL-H (1M in DCM, 16 mL, 16 mmol). After stirring for 1 h the reaction

mixture was quenched with 1M aqueous NaOH solution, extracted into ethyl acetate,
dried over sodium sulphate and concentrated in vacuo. The crude material was purified

by column chromatography (Si0,, 2% methanol/EtOAc) to give the title compound



yl)quinolin-3-y1)-2,2,2-trifluoroethyl]amde Internediate 90 (1.4 g, 3.3
nmml ) in anhydrous THF was cool ed to -40C. Tetrabutyl anmoni um acetate (1.0
g, 3.6 nmubpowas2added and the reaction m xture was WOPCT/GB2011/051647

2012/ 032334PCT/ GB2011/ 051647 - 63 - stirgxed for 10 m nutes.
(Trifluoromethyl)trinmethylsilane (0.94 g, 6.6 nml) was then added and the
reaction mxture was stirred for 1 h. Saturated aqueous anmoni um chl ori de

sol ution (159%)s Mpse @&QECBHFJ(HDMSC%I @agt(s qm)ns 59 (trde.fwaps 1a7| HaweD, §.a9@&l,m t o
r.t. The sol vent was E)al‘tl tioned

bet ween DeMtahd -B1gatd) & 4ﬁr{éd e’rbén]i /éH&hbH)a 7v8és(d9laé$réd7 dibien Ty @o/m),

dried (pha T pyified
by col um ??r’é%ltqogr@b)] SQ?%T 81\_2/[?%8%?&1%0% fgﬁz iIn %giéﬁi% qﬁz %\l?({s/(ed ?he title
conpound ( FB%) Has3.40 (shdHE 2f26am) 3H [(ONBQHES:H) 129L(NfHM) URE 1of 0 mituagser s) 9. 08
(m 1H, 858 (m 1H, 845 (m 2H), 7.85 (m 1H, 7.87 (m 0.5H), 7.57 (m
0. 5H), 7.34 (m 1H), 6.53 (m 1H), 4.64 (m 1H), 3.40 (s, 3H), 2.29 (s,
101.5H), 2.20 (s, 1.5H), 1.10 (s,I¥TRRMEBIRfE@E®. 4.5H). | NTERVEDI ATE 92
kR) - 1- [ 8- (Met hanesul f ony1) - 2- (2- nEUhyTpyTTarn-3-y1) quinolin-3-yl1]-2,2, 2-tri
fl uoroethyl 15 am ne Intermediate 91 (1.2 g, 2.5 mol) in DCIVI(5 m.)
was treateg Mt [ . : ' | r.t. for 30
m nut es I ‘ Ot e was stirred for
a further 30 m Uh'zte%edza't@%f(%cgt ls(zrhﬂﬁblstlh'D@M@% ﬁfU)%@Heﬁtfe@ oRdAwWRRN kK | oned
bet ween DCM and sat urated sodi um hydrogencarbonate 20 sol uti on. The organic
phase Wfs dringancndiosstederit)landdtired gofi roemttpraperpturefos dipolhedc{@ioymizsira pal e
solid. LCMS 3 5 ut e E 25 2- H
aroxr d. ot AeActed eyl v b i Ral By USEEAT 305,77 Tl
i( (r)l gt hyl 4acm®1Aa) ® gﬁ@th@tz,tle-caia@omwds)z‘yé)tas a@@m sbﬁdfpéﬁ aDMrse) M@S %ot@empABCO

g, cess
Seryl S e aS T @nIFed 0rh GuEmO TR a1 175 P J013 (bl T el Wit

611 cocray LT SO PP 3.2 G, PRMBTEGH A S ORES &
J7.9 Hi5 1I-11)],8r711n21835(s 1H), 6.42 (s, 1H), 5.93 (s, 1H), 5.63 (s 1H), 4 18
(m 2H), 3.20 (br s, 1H), 1.27 (t, J 7 .1 Hz, 3H). LCVMB (ES+) 208.2 (M-H)'

INTERMEDIATE 90

2-Methylpropane-2(S)-sulphinic acid N-[8-(methanesulphonyl)-2-(2-methylpyridin-3-vl)-

20  quinolin-3-yl]Jmeth-(£)-ylideneamide

Intermediate 89 (1.1 g, 3.3 mmol) and (S)-2-methyl-2-propanesulfinamide (436
mg, 6.6 mmol) were mixed and stirred for 10 minutes in anhydrous THF. Titanium(IV)
isopropoxide (1.95 mL, 6.6 mmol) was added and the reaction mixture was warmed to
45°C for 12 h. The reaction mixture was poured onto water, extracted into ethyl acetate,

25  dried over sodium sulphate and concentrated to give the title compound (94%) as a pale

solid. LCMS (ES+) 430.0 (M+H)", RT 1.33 minutes.

INTERMEDIATE 91

30 2-Methylpropane-2(S)-sulfinic acid [(R)-1-(8-methanesulphonyl)-2-(2-methylpyridin-3-

vl)quinolin-3-y)-2.2.2-trifluoroethyl]amide

Intermediate 90 (1.4 g, 3.3 mmol) in anhydrous THF was cooled to -40°C.

Tetrabutylammonium acetate (1.0 g, 3.6 mmol) was added and the reaction mixture was



WO 2012/ 032334PCT/ GB2011/ 051647 - 64 - | NTERMEDI ATE 94

8- ( Met hanesul phony1l) - 2- (pyri di n-3-y1) -1, 4-di hydroqui nol i ne- 3- car boxylic
aci d et hywoest2n3233at er redi ate 85 (500 ng, 2.0 mmol), | nPrermBRalSIA3 (455
ng, 2.2 mmol ), 5palladiun(ll) acetate (2 5 ng, 0.01 nmol),
tri(o-tolyl)phosphine (60 ng, 0.02 mml) and triethylamne (0.56 nL, 4.0
nmml ) in acetonitrile (5 nm) were degassed and heated at 120C for 3 h. The
reaction mskirbd &rwdsmiaors.e(rfRicesmbty NainahysithnG 10.00at €6 mapblg that Hicd2,
0-100% DCM et hyl acetate) to give the title conpound (440 ny). 6H (DVSO d6)
9.18 (s, 1myldedgandghe gpactiommixtyge wapsjirreg forgd I gRpturgiedgiquaous apgmonym 8. 61

dd, J8. 2, 7.95
(40, 352, Sl o Py S0yl Sy U o gy,
(s, 3H), 1 ThS sbventdwak rethollzd in3kdyuo bfdMBe (E&Biuk vabDaftivtoldyd betREed DEM and nut es
| NTERVEDI ATE 95 15 ) ) . .
8- (Met héne&ﬂti{mﬁ*ﬁ Pyeapiqipss wehwasheryth biae (AR mledigphrseseriri@retly |
est er cvaobh€A PALAD © 1RO oI puB BBl bl e PN Py ona L eat e
porti onwi se with nmanganese di oxi d g and stirred at room tenperature
for 2 h. THO0Y«e€ Acn hmca«temtoeglmﬁleftttlet@n@duah(:ﬁ3é/a)r&s@n)t/hlwtfedrnl RrVRMNIt o

give the t|tIe comp 355 09 H ( 6 8 1 88
(a3 100 g, FA g Fofeire Jopselon fHy. £ i g M08 i b 385 bm i 787
1H), 8.55 Hldosil77534m10§H L3410, 118, 4.93 (i) 1A M. 647D H0M .43 1), 3HY, B8 (M
1H)427((;( ﬂ@fﬁ(ﬂiﬂﬂ(@ @Z@
(ES+) 387 (h\ﬁﬂ))onRﬂ' 11512)37 1Ri(hut B9, ;%l( =Dl ATE 96

8- ( Met hanesul phonyl) - 2- (pyri di n- 3- yI)qU|noI|ne 3- car bal dehyde

Internediate 95 (1.9 g, 5.3 nmol) in toluene (20 nL.) was cooled to -78C and
treated with 1M DIBAL-H (16 nlL, IINTRRMEDMAPEM2 After stirring for 1 h,
the reaction 30 m xture was quenched wth Rochelle salt, extracted into
ethyl acetate, dried over sodium sul phate and concentrated in vacuo . The
resul ting pRierkabcibnGifnyl: JIpYR; loih-5 01 DOYHangh bigaked Wi th
manganese d ‘ ) ' FT1 Ng t. '
reacti @6 maxting e was flltered and the reS|duaI SO|Id mashed mnth 1:1

Intermediate 91 (1.2 g, 2.5 mmol) in DCM (5 mL) was treated with 4M HCI in
1,4-dioxane (20 mL) and stirred at r.t. for 30 minutes. Methanol (5 mL) was added and

the reaction mixture was stirred for a further 30 minutes. The reaction mixture was
concentrated and partitioned between DCM and saturated sodium hydrogencarbonate
20  solution. The organic phase was dried and concentrated to give the title compound (96%)

as a pale solid. LCMS (ES+) 396.0 (M+H)', RT 1.25 minutes.

INTERMEDIATE 93

25  2-[(Hydroxv)(pyridin-3-ylmethyl]acrylic acid ethyl ester

To a solution of nicotinaldehyde (10.0 g, 93.4 mmol) in ethyl acrylate (20 mL,
~200 mmol) at room temperature was added DABCO (0.5 g, 4.5 mmol) and the mixture
was stirred overnight. Excess ethyl acrylate was removed in vacuo. The resulting crude
solid was washed with hexane to give the title compound (18.5 g, 95%) as an off-white

30  solid. oy (CDCls) 8.62 (d,J 1.7 Hz, 1H), 8.53 (dd, .J 4.8, 1.3 Hz, 1H), 7.81 (d,J 7.9 Hz,
1H), 7.28 (s, 1H), 6.42 (s, 1H), 5.93 (s, 1H), 5.63 (s, 1H), 4.18 (m, 2H), 3.20 (br s, 1H),
1.27 (t,J 7.1 Hz, 3H). LCMS (ES+) 208.2 (M+H)".



WO 2012/ 032334PCT/ GB2011/ 051647 - 65 - nmethanol -DCM The filtrate was
concentrated in vacuo, then purified by colum chromatography (Si 02,

DCM et hylwacet2z3e334t o gi ve the title conpound (1.0 g). EET(ABO/E6§4710. 19
(s, 1H), 9.25 (s, 1H), 9.01 (dd, J2.2, s Hz, 1H), 8.79 (dd, J4.8, 1.7 Hz,
1H), 8.68 (dd, J 8 .2, 1.3 Hz, 1H), 8.59 (dd, J 7 . 4, 1.4 Hz, 1H), 8.25
(m 1H), 7.97 (dd, 5J38.1, 7.5 Hz, 1H), 7.66 (ddd, J 7 . 9, 4.8, 0.7 Hz,
1H), 3.62 (s, 3H). LCM5 (ES+) 313INM:tRMEDRATE.9384 m nutes. | NTERMEDI ATE 97
102- Met hyl propane- 2(S) - sul phinic acid

= 2- pProf eSSt am de (430 g, b. 0 Mo T 1 and
for 10 m nutes ilmeltldiardiSE gH00ng) 3/ nisolpriepoxederc(9B. (@55 mg, 28.1omohpl ) was
added and the reaction m xture war ned .t o C for. 3 15 reaction
mi xt ur esmaé’aﬁ%f{]‘t“@&boar??@t Srme 4l @etocﬁtril(ﬁrtefgyglph%ph&@é?%p@; S rativer
sodi um sul QH@E&thﬁ%ﬁl%gb{S?tn%Qgég?@Mf ﬁ%&%ﬁftﬁmg%ﬁ)?bé}g de 3R HEMed Lo

give the title conpoun ' . 6H (DVBO-d6) 9.32 (s, I-gbf%8.92(d, J 2.
0 Hz, 1H), 180%0fofdch. Thedreact®n miktube Was cdrndentr8edsiz amo ) chr8mbto glagtied J7. 3,

1.2 Hz, 1H),.8. t 7..9 Hz, 1H., 7.95 7.8 .. 7.68
(dd, J'7 %1,0824&30%1395%-?@. issials o g }he?ff%scowoué%‘!‘fbﬂws %@Mﬁ@
20(MrH) ', BT1 8l(s 31l msrsqapﬁl.9|}bﬂﬁﬁw@73“(ga,98f, 1.6 Hz, 1H), 8.61 (dd, /8.2, 1.3 Hz,

2- Met hyl propane-2($)-sul finic aci & (R
[ 8- (netlfand J$-é§1m J7-4 Py Hai )38y 0 Y(m, 1HE @011, 360 (ddd, 77,8248, 05i f | uor o

ethyl} am t diat 973, 3 | ) 1N T -40C.
Tet rabut yl ?an%nzﬁ% qlefai I lu%l%’o#i)i’ %&82%32%)1 }‘ca té}Z f%%@gl)m%%é\ggﬁggﬂ)%\%as
added and t(he-HeaT 1031 mixitgs.e was stirred for 10 m nutes.
(Trifluoronethyl)trinmethylsilane (0.94 g, 6.6 nmol) was added and the
reaction mxture was stirred for 1 h. The reaction m xture was poured
30onto a saturated agueous sol uti RMEH salt, then extracted into
DCM dried over sodi um sul phate (e Perkd i n vacuo. Chromatography
(60% wdber; 40% nethanol) on reverse phase silica gave the title conpound

1.2 . 6 8. 84 2H), 8.53 . , 8.08
( 9) i _ g}\pgg]@&c‘;i%boxvhc a01$1 th?!c_gter (m

1H), 7.96 (dd 1C3UTpRO ;
Intermediate 94 (440 mg, 1.23 mmol) in DCM (20 mL) was treated portionwise

i 52

with manganese dioxide (500 mg) and stirred at room temperature for 2 h. The reaction
mixture was filtered and concentrated in vacuo to give the title compound (355 mg, 80%).

20  ou (DMSO-de) 9.18 (s, 1H), 8.88 (d,J 1.9 Hz, 1H), 8.73 (dd, J 4.8, 1.6 Hz, 1H), 8.61 (dd,
J8.2,1.3 Hz, 1H), 8.55 (dd, /7.4, 1.4 Hz, 1H), 8.10 (m, 1H), 7.95 (m, 1H), 7.60 (m, 1H),
4.27 (q,J 7.1 Hz, 2H), 3.60 (s, 3H), 1.15 (t, J 7.1 Hz, 3H). LCMS (ES+) 357 (M+H)",
RT 1.237 minutes.

25 INTERMEDIATE 96

8-(Methanesulphonyl)-2-(pyridin-3-yl)quinoline-3-carbaldehyde
Intermediate 95 (1.9 g, 5.3 mmol) in toluene (20 mL) was cooled to -78°C and
treated with 1M DIBAL-H (16 mL, 16 mmol) in DCM. After stirring for 1 h, the reaction

30  mixture was quenched with Rochelle salt, extracted into ethyl acetate, dried over sodium
sulphate and concentrated in vacuo. The resulting material (1.67 g, 5.3 mmol) was
suspended in DCM and treated with manganese dioxide (2 g). After stirring at r.t. for 90

minutes, the reaction mixture was filtered and the residual solid washed with 1:1



WD 2012/ 032334PCT/ GB2011/ 051647 - 66 - 7.8, 4.9, 0.6 Hz, 1H), 6.68 (d, J8.4
Hz, 1H), 5.16 (t, J8.0 Hz, 1H), 3.57 (s, 3H), 1.17 (s, 9H). LCVS (ES+) 486

(MtH) ', RVORoBAB23Bnut es. | NTERVEDI ATE 99 5 PCT/GB2011/051647
kR) - 1- [ 8- ( Met hanesul fonyl) - 2- (pyri di n- 3-¢51) qui nol i n-3-y1]-2,2,2-trifl uoroet
hyl am ne Internediate 98 (1.2 g, 2.47 mmol) in DCM (5 nL) was treated

wth 4MHCl1 in 1,4-dioxane (20 nL) and stirred at r.t. for 30 m nutes.

Met hanol  ( dthgnowdeMddad firde (Wae coraatitod inmaclibltBeRgifRdibyrdthnior a
further 30 minutes. The reaction nixture was 10 concentrated and

partiti onedhieraiREAPICENIAn &Y tathd pedatslvaBrs ths ddlewrrrgaroddhe)- Gar bonat e

Do g6 SDABSOAEMGEMIL I AL AR LS (G S 21 EHEOMRE U (WE 1Py 8B, o1
%H%s ) 85503(Hxa 12H)8.6B(dH2.T 812y L‘BHHZ, 179259 (dd, :{?)4,, 17,166 1(Hm 8 25, Ly 375%12% A
o R 1 S b b Re BT bt nd S s s, B ihe T S, 2SR by 3

acetam de (Reehl RANMKALIFGL 4. 44 nL, 46.9 mmol ) was added to a solution of
| nt er medi ate 4 20 (15.08 g, 44.7 nmol) in THF (150 nl). The reaction

m xture was stirred at roomtenperature for 2 h, and then concentrated to
approximately 50 nL volunme. The m ! iluted with Et 0OAc (200 nm),
and the organic solution was MSW%&%& aqueous NaHC® (3 x 200
m.) and brine (200 nmL), then dried (MJSO4) and evaporated in vacuo to give

the title compound (17.0 g, >99% as a yell ow orange foam ng gum 6H
25( DV d 6 2-Methylnrepang £(8)-sutphiniefacidgV-g8 (methanasyiphgnvip2 (pytidin3-d )qumadingz

1H), 8.77 (dg . 1H), 8.12 (dd, J4.5 1.1 Hz, 1H), 8.09 (dd,
3.9, 11%%?]%5‘1}—@%@—“(9%%\178 1.9, 1.9 Hz, 1H), 7.73 (dd, J 7 .9,
7.9 Hz, 1H), 7. ezrewéiﬁate%zl ;33 34111«301) @n&(ﬂzz-méﬁi)yl 2GréHntdanatidd (43 e .

1H), 1.95 ( LCMS ( (ES+) 380 I—|)T 58 m nutes.
2012/ 032 33@ qre /ry@gq_(gqn;i stirred for 10 minutes in THF. Tltanlurn(IV) isopropoxide

(1.95 mL, 6.6 mmol) was added and the reaction mixture was warmed to 50°C for 3 h.

15  The reaction mixture was poured onto water, extracted into ethyl acetate, dried over
sodium sulphate, concentrated and chromatographed (SiO,, hexane-DCM) to give the title
compound (1.4 g). oy (DMSO-ds) 9.32 (s, 1H), 8.92 (d, J 2.0 Hz, 1H), 8.80 (dd, /4.8, 1.5
Hz, 1H), 8.67 (m, 2H), 8.55 (dd, J 7.3, 1.2 Hz, 1H), 8.16 (dt, /7.9, 1.9 Hz, 1H), 7.95 (t,J
7.8 Hz, 1H), 7.68 (dd, J 7.7, 4.8 Hz, 1H), 3.62 (s, 3H), 1.25 (s, 9H). LCMS (ES+) 416

20 (M+H)", RT 1.311 minutes.

INTERMEDIATE 98

2-Methylpropane-2(S)-sulfinic acid {(R)-1-[8-(methanesulfonyl)-2-(pyridin-3-vyl)-

25  quinolin-3-ylI]-2.2.2-trifluoroethyl } amide
Intermediate 97 (1.37 g, 3.3 mmol) in THF was cooled to -40°C. Tetrabutyl-

ammonium difluorotriphenylsilicate (1.96 g, 3.63 mmol) was added and the reaction
mixture was stirred for 10 minutes. (Trifluoromethyl)trimethylsilane (0.94 g, 6.6 mmol)
was added and the reaction mixture was stirred for 1 h. The reaction mixture was poured
30  onto a saturated aqueous solution of Rochelle salt, then extracted into DCM, dried over
sodium sulphate and concentrated in vacuo. Chromatography (60% water; 40%
methanol) on reverse phase silica gave the title compound (1.2 g). 6y (DMSO-ds) 9.14 (s,
1H), 8.84 (m, 2H), 8.53 (m, 2H), 8.08 (m, 1H), 7.96 (dd, J 8.1, 7.5 Hz, 1H), 7.70 (ddd, J



- 67 - INTERMEDI ATE 101 N {(R)-1- [8-Chloro-2-(1-0 xypyridin-3-yl)quino
lin-3 -yl1]-2,2,2-trifluoro ethyl} acetam de 3-Chl oroperoxybenzoic acid
(13.5 g, wO0.2d12m32d3% was added to a solution of 5 IntermpdiradBoldB14417. 0 g,
44.7 mol) in DCM (250 nL) at OC. The regrtion mxture was allowed to warm
slowy to roomtenperature over 20 h. The m xture was treated with
saturated aqueous NaHCO3 solution (200 nmL) and stirred for 3 h. It was then
acidified t7g,at9, §.on% hHI;OS/cégq&gemm HACIH), anid (,1e8. 0 HganHy; 3l 36 3MRs.17 (s,

separ at ed. The agueous er was extracted wth DCM (2 x 100 nL), and the
conbi ned oP§HNLE é@%%*ﬁ%(hkﬂﬁ)Mﬁgﬂéﬂlﬁﬁmhm§aturated agueous NaHCO3 (200
m.) and brine (100 nm.), then dried (MgSO4) and evaporated in vacuo to give
the title conmpound (17.7 g, >99% as an orange foam ng gum 6H (DVSO d6)
9.36 (d, J8.7 Hz, 1H), 8.82 (s, 1IHNTERMHEDBATR 99s, 1H), 8.40 (ddd, J6. 4,
1.7, 0.9 Hz, 1H), 8.15-8.09 (m 2H), 7.75 (dd, J7.9, 7.9 Hz, 1H), 7.64-7.59
(m 1H; 7.54-7.50 (m 1H), 5.97 (qd, J 8.3, 8.3 Hz, 1H), 1.93 (s, 3H).
LOMS (ES+) (326185 Mitdhesul BTyl 21(%3/{{111@@ S8quihIERVAD AbGikl6rocthylamine

kR) - 1- [ 8- ChToro- 2- ( I- oxypyri di n-3-yl)qui nol 1 n-3-yI]-2, 2, Z2-trifluoroethyl am
ne 20A m xt ureIwrm@inmerﬁ’t?r(w@ﬂl‘l@lmmbﬁhBﬂ\déﬁdﬂx)maertre@teawmhﬂwladded to

onot | on vk eRoG 36 i By Miged 3G Lal ot fel RlsthasiGURE Yl T el e

cool ed to KROMaERIINBIKAIY RS Sl d RN GFMRARBOMNINGY ATHO rdabtiPRL@X L RRdsel y 100
m. vol une, and basified to pH 8 wth saturated agqueous NaHCO3 sol ution. The

aqueoud0solcangentiaisd gné pertisioncstbaivedn DEM avh satirifad efuOoAsqEuR hydogan) and
t he conbin re hase r at.or.
A e G R

chr omat ogr qpnwscbﬂgpﬁos &; 20908 & (4, yreterﬂQH)zge/@ Ntcﬂf}@ﬁ)z% |1r6 H&;M]H) Scbl(mmed by a
second col umm éanlno ropyl - Si 02, Et 0Ac) ound (13

% |l e co

039 o T b Em o iy B G Lo ( Un o MmeHpe kg SHE LBV GEE+g w

1 8.41- ; dd, J8.3, 1.2 Hz, 1 8.07 (dd, J 7 .5,
1H)2 He, %ﬁgw%b ﬁgplﬁgﬁﬁ%&g%( 1H), 7.62 (dd,H)J 7.7 ( 6.8 Hz, 1H),
756(ddd J7. 8, 13 1.3 He, 472(tq J7 .4, 74Hz, 1H), 2.84 (d,

J6.9 Hz, 2H). LCMS (ES+) 354 (NHHN 31 nlgutes
2012/ 032334PCT/ GB2011/ 051647 - euéma&

N-{(R)-1-[8-Chloro-2-(pyridin-3-yl)quinolin-3-y1]-2.2.2-trifluoroethyl } acetamide
Acetic anhydride (4.44 mL, 46.9 mmol) was added to a solution of Intermediate 4

20 (15.08 g, 44.7 mmol) in THF (150 mL). The reaction mixture was stirred at room
temperature for 2 h, and then concentrated to approximately 50 mL volume. The mixture
was diluted with EtOAc (200 mL), and the organic solution was washed with saturated
aqueous NaHCOs (3 x 200 mL) and brine (200 mL), then dried (MgSO,) and evaporated
in vacuo to give the title compound (17.0 g, >99%) as a yellow/orange foaming gum. Oy

25 (DMSO-ds) 9.40 (d, J 8.9 Hz, 1H), 8.85 (s, 1H), 8.79 (dd, J 2.3, 0.6 Hz, 1H), 8.77 (dd, J
4.9,1.7 Hz, 1H), 8.12 (dd, /4.5, 1.1 Hz, 1H), 8.09 (dd, /3.9, 1.1 Hz, 1H), 8.03 (ddd, J
7.8,1.9,1.9 Hz, 1H), 7.73 (dd, /7.9, 7.9 Hz, 1H), 7.62 (ddd, J 7.8, 4.8, 0.7 Hz, 1H), 6.01
(dq,J 8.1, 8.1 Hz, 1H), 1.95 (s, 3H). LCMS (pH 3) (ES+) 380 (M+H)", RT 1.58 minutes.



N {(R- 1 -

[ 8- Chl oro-2-(pyridin-3-yl)quinolin-3-y1]-2,2,2-trifluoroethyllpyrido[3, 2-4-
pyrim di rwo-2912203233¢ 5A mi xture of Internediate 4 (0.62PgT/GR286/05nal7) ,

4-chl oropyrido[ 3,2-4- pyrimdine (0.37 g72.22 mmol ) and DVAP (0.32 g, 2.59
mml) in DCM (15 nmL) was heated under mcrowave irradiation at 140C for 1
h. The reaction m xture was partitioned between DCM and water. The agueous
phase was extracted with further INONMRMEDIAGE 0gbi ned organi ¢ fractions
were washed with brine, then dried (Na2SO4) 10 and evaporated in vacuo .
The residue was purifi ed by col um chromat ography (Sl 02 0- 20% MeOH in

Et OAc) to gy G 0 &Y )

(DVBO- d6) 9. 50 (t O H S

8.77 (d, J1.8 HA- CHlbi)qpeB)x@BeI(zdd: ac:li4(185@,654|'ﬂm01|)|'®as aﬂdélc8t0(eSsohiltld)10f8 21’ (dd,

J8 3, 1.5 Hz d, J7.6 Hz,
8. 07- én%ﬂnawfefﬂ@}%lég 24%] Zjalmqilam?CM QSML)l%PQﬁ The m&ctwnmm(ﬂﬁf 1H) ,
7 52 (ddd v@as%llo@edﬁw\;fampslgwﬂzbo r@a'o'ﬁl ter%_aéﬁt‘u@e géer th ik mikMBwaEREAted 67
(MtH) ', RT 2. m nut es. EXANVPLE
[ 8- Chl or o- wlﬂllsauxytpdaqlmons Blayll%wphmm |(|2®1§nL} alzd, @mdtfm 3 hud)trwthg/ﬂ | pyrido[ 3

,2-4-  pyrim - 4- o |rr sol ut i on of Exa (144 ny,
0-308 ol FoidH AN o ausen WG he RO ibaR Pahi i 236 ol )
was added agebdub®aydt WhilEQraoRd vaikd DM(ZQIU@M)SAI@%&cérﬁblhed 0 §Qﬂl@rph§se'§ The
reaction mxture was partitioned between DCM and 25 saturated aqueous

NaHCOB 180l utdrowasiPdevitdyiesatsd pheesss Nabl(et (P8¢ mdd andl bring (h00Hek), Eb@mdalﬁdl t he
nbi ned b

conbi ned HRRIR HPSHAGARAIF TS IRL I H B gl e, SORRRRY, Gl

(S: :)2 5- ?E%th@glguhﬂ F(DASIOLdR) QB(!@d Urse7 Hz; 11&) cgcgm@unm) 8 54-91B (s BB@ 86\@(3

vyell ow SOl |

J4.1, 1.5 Kgdd ﬂﬁ)‘f 1g7, 84 %‘é 1P!)H§(‘5§ Qﬁg(ne t2H)363-i (Q HZ 9, 17r% élzelf@@k%aﬂd” J

1.5, 0.9 d (dd
so s, a1 10 I SRGRIED Gy P DA gD RS 1)
6. 73-6.187 ((M+P]])FJ)RTI1GM&11(1&SS-) 483 (MtH)', RT 2. 08 m nutes.

2012/ 032334PCT/ GB2011/ 051647 - 69 - Alternative procedur e A m xture
of Internediate 102 (13.1 g, 37 nmmol ), Internediate 30 (10.8 g, 44 mmol)
and p-toluenesul fonic acid nonohyfrEiEMEDIAGE108- 7 ™ol ) in chloroform
(200 nm.) was heated to 70C under Tattrogen tor 20 h. The sol ution was cool ed
to room

(R)-1-[8-Chloro-2-(1-oxypyridin-3-yl)quinolin-3-yl]-2.2.2-trifluoroethylamine
20 A mixture of concentrated HCI (100 mL) and water (65 mL) was added to a
solution of Intermediate 101 (17.7 g, 44.7 mmol) in ethanol (165 mL). The reaction

mixture was heated to 80°C and stirred for 3 days. The mixture was cooled to room
temperature and concentrated in vacuo to approximately 100 mL volume, and basified to
pH 8 with saturated aqueous NaHCOs solution. The aqueous solution was extracted with

25  10% methanol/DCM (5 x 100 mL) and the combined organic layers were passed through
a phase separator cartridge, then evaporated. The residue was purified by column
chromatography [Si10,, 2-20% (9:1 methanol:28% NH4OH) in DCM], followed by a
second column (aminopropyl-SiO,, EtOAc), to give the title compound (13.2 g, 83%) as a
foaming brown gum. oy (DMSO-ds) 8.93 (s, 1H), 8.48-8.47 (m, 1H), 8.41-8.38 (m, 1H),

30 8.13(dd, /8.3, 1.2 Hz, 1H), 8.07 (dd, J 7.5, 1.2 Hz, 1H), 7.71 (dd, J 7.8, 7.8 Hz, 1H),
7.62 (dd, J 7.7, 6.8 Hz, 1H), 7.56 (ddd, J 7.8, 1.3, 1.3 Hz, 1H), 4.72 (tq, J 7.4, 7.4 Hz,
1H), 2.84 (d, J 6.9 Hz, 2H). LCMS (ES+) 354 (M+H)", RT 1.31 minutes.



5 tenperature, diluted with DCM (200 nmL), washed with saturated aqueous
NaHCO3 sol ution (3 x 200 nm.) and brine (200 nL), then dried (MSO4) and
evapor at eoi2n1veeisd. The resi due was di ssol ved in DCM ( 30TrMB208Md14471 t er ed
to renove an insoluble solid. The filtragge was purified by colum

chromat ography (Si 02, 2-20% MeOH in Et0Ac), followed by a second col umm
(am nopropyl -Si 02, EtOAc), to give the title conmpound 10(13.45 g, 62% as a
cream col oured powder. EXAMPLE 3 EXAMPLE 1

N-[ (R) - 1- (8- Chl or 0- 2- phenyl qui nol i n-3-y1)-2, 2, 2-trifl uoroethyl | pyrido[ 3, 2-d
| pyrimdin-4- 15 yl am ne A mxture of Internmediate 8 (0.55 g, 1.63

mol) and 4y ¢ rRe @Ot G Al 3y Bk

acetonitril ML) was strrred at uungjo?ﬂ%.(’gzﬁt]ﬂ octh @%“%‘#]Xture was

partiti onegyheilidiedrylddfitand brine. The aqueous phase was extracted with
further DCM and the combined organi¢ fractions e washed with brine,
then drPed (MySOHYRE qévlﬁfﬁm%{lw ({63083 @ﬁ%ﬁeﬁéghlawmggﬁp%;?]-f. ed by
col um Chrggﬁmgﬁ@Ww%% @imnﬁ)%/alﬁt@ﬁw ﬂegwm%@b lhh'ﬁcw(@gw) WARS

freeze-dri to give the tit onpound (35 Ty, as a
| yophi | i sedicgtod unlderﬁmc(owwrdﬁ)at@nmleﬁfc ﬁ)r 9 h3 Tlhzrea_bH)m ngxt8iE ey 1H), 8.93

(dd, J 4.2 1
8 04-8.11 @ﬁ%lt]fpﬁkgbefwg‘%‘ P@Sﬁ agcgwgter ZDF Be ?—(IEIGO]i dhasgwg@ e}ftfadejj@’lv_@‘ &Ewefll-l)
EXXK/PZ E6 411 2RCN1MBnd 3 corfbiB& drigunid hactidfsMrré Radhed4bkh bt ihen dREdINZBOY) nut es.

[ 8- Chl dPo- 2n¢ avarmra{ttgd %ty»rtﬁcm nThe sebidgevap pimfial gy qolemp ctrmnmtqgrmd&% Ot pyri d
3,2- 30 f,-bnt 12 (216
oL 2 38 By SO EE P BILR e coa TS SRR 3 20 e

heat ed undQDm(Mdg))vw@(brrsr ald) @tasqe EH) MQ@dd or4.3, 1h5 H'EhEH) 8Tt (don1 Wik, ur e
was diluted with ne, then

2012/ 032334P0T%- @%étsiliﬂo%ﬂ@HZ»lHi)oS 3 éwdémg 2k, é\ﬁa?pdr%&lédlﬂ)nS Naédd/ The

d 2, Ac) t
i ve the treTe bfmathd OF et € 00, QUL B bk TGRS - 81 e °
s, 1H) 159. 21H)(”bﬁ4-§ 701k, 1H3, B2 (ddd, J 74, 5. 130,8HIzI—|)1H)86 SR6(/A(mlH1). BCMS (m
8.31 8- 3 8. 08 1 7.91 1H), 7.20
1H) 6.57 %ﬁ% )5{315(“?@&% %5225%9(1?5}“? 3H) . Lg:ur\r/]s (E)s+) 481 E%H)H) RT 1. ggm
m nutes. EXAVPLE 5 (R- 1-[8- Clor o-2- (4 - nethy 1-

1- oxypyri di n- 3- yQqui nol i n 3 yl]-2,2,2-trifluoroethyl}-
10pyri do[ 3, 2-di pyri m di n-4-yl am ne EXAMPLE 2

(@

=

20  N-{(R)-1-[8-Chloro-2-(1-oxypyridin-3-yl)quinolin-3-y1]-2,2.2-trifluorocthyl}pyrido[3,2-d]-

pyrimidin-4-ylamine
A stirred solution of Example 1 (144 mg, 0.308 mmol) in DCM (10 mL) was
cooled to -10°C. MCPBA (56 mg, 0.325 mmol) was added and the mixture was allowed

to warm slowly to r.t. over 3 h. The reaction mixture was partitioned between DCM and

25  saturated aqueous NaHCOs solution. The aqueous phase was extracted with further DCM
and the combined organic fractions were washed with brine, dried (Na,SO4) and
evaporated in vacuo. The residue was purified by column chromatography (SiO,, 5-35%
MeOH in EtOAc) to give the title compound (54 mg, 36%) as a yellow solid. o (DMSO-
de) 9.55 (d, J 9.0 Hz, 1H), 9.27 (s, 1H), 8.90 (dd, /4.1, 1.5 Hz, 1H), 8.54 (s, 1H), 8.49 (t,

30 J1.5Hz 1H), 8.26 (ddd, J 6.4, 1.5, 0.9 Hz, 1H), 8.21 (dd, J 8.5, 1.5 Hz, 1H), 8.17-8.07
(m, 2H), 7.91 (dd, J 8.5, 4.1 Hz, 1H), 7.76-7.70 (m, 1H), 7.47-7.51 (m, 1H), 7.37-7.43 (m,
1H), 6.73-6.87 (m, 1H). LCMS (ES+) 483 (M+H)', RT 2.08 minutes.



A solution of Exanple 4 (90 ng, 0.187 mml) in DCM (5 nL) was stirred in an
i ce-bath under nitrogen, MCPBA (42 ng, 0.187 mmol) was added, and the

m xture wWai® 20idBasd to warm slowy to roomtenperature @®CEGRON/05TdI
reaction mxture was diluted with DCM 1tden washed with saturated aqueous
NaHCO3 sol ution, dried (MgSO4) and 15evaporated in vacuo. The residue was
purified by colum chromatography (Si 02, 6-20% MeOH in Et0Ac) then
freeze-dri egrebmur@b ﬁjd'eﬂ@feti'ﬂe corrpound (33 ng, 35% as a white Iyophi lised
solid. 6H (DVMSO d6) 9.51-9. q} 02-9. 36 Sm 16;2 8.82-8

lH), 8.52-8.56 (hnitpe ofgniggu 1@810%](13414}% Srmgwl)y Iigermadiaro gl (1078 20447 78 (m

it 5. - 26 BSgARRT B Eikpespte A8 oo ST n EMERIpum ol 17
in- 3 - y nil)) as vateldita 70T under ﬂu]trogeli for20,12 FHersolution vwas rco@leétdﬂ_;boix}

Y5 ol ) bR AnHed e ab (000 Tlg, Wy ol ot SoH s
heat ed undegRhk (?)@@U@rﬂﬂ radi 'bﬁhé ?ZDO%L)]-%(& &Rl (MgISOJQﬁl év%g&r%{eg% Wheskour e

was diluted wth washed with brine, then-dri
evapor at ed Tiha rmwcwaSngot\eé i DEMER) iy afd GUecroy tQ:mInwma ag hmwirézﬂe)gﬂldp hy

(Si 02, O- 0 Hin EtQ |vethet|tle as a
brown’ syr upl hegli 46 BT b Celding SpiotiyoerapiSaSRIL Sufifls Misc % RiOAD) %575
(m 1.5H), f&l&@ed(ﬁﬂa?ec@ﬁa eol&nﬁ?arﬁiﬂop lSlbﬂEt(ﬁARb) ﬂogill?@ the%tl@%a(n"ﬁbu 7.61
(m O0.5H), 7.42 (m O0.5H), 0 (m H) , (s, 1H) 1.99
(s, 2HI0 LEMs43 Esﬁ%%)4®1a qrwm)colouﬁﬂ ppmi?rm nut es WO

2012/ 032334PCT/ G3B2011/ 051647 - 71 - EXAMPLE 7

N-{(R)-1-[8-Chl oro-2-(2-met hyl -1 -oxypyridin-3-yl)quinolin-3-yl1]-2,2,2-trifl
uoroethyl}- 5pyrido[ 3, 2-di pyrim di nEXAMPBIESe A sol ution of Exanple
6(0.55 g, 1.145 nmmol) in DCM (8 nmL) was stirred in an ice-bath under

ni trogen and 77% MCPBA (0.256 g, 1.143 rrm)l) was added and stl rred

overni ght. ATh®)f ¢ qQ 1. 1 i
sat ur at ed aqueou 3 ‘ 1S 0 eV ' .
The resdbduglansise 10 pUI’IfI ed by coI umm chr omat ography (Sl 02, 6-14% MeOH in

the.title
Et0Ac) to give met{lre of Intermediate 8 (0.55 g, 1.63 mmol) and 4-chloropyrido[3,2-d]-

pyrimidine (0.31 g, 1.87 mmol) in acetonitrile (5 mL) was stirred at 80°C for 2.5 h. The
reaction mixture was partitioned between DCM and brine. The aqueous phase was
extracted with further DCM and the combined organic fractions were washed with brine,
20  then dried (MgSO,) and evaporated in vacuo. The residue was purified by column
chromatography (Si0,, 30% EtOAc in hexane) and the product was freeze-dried to give
the title compound (35 mg, 2.3%) as a white lyophilised solid. 6y (DMSO-ds) 9.44 (d, J
9.3 Hz, 1H), 9.37 (s, 1H), 8.93 (dd, /4.2, 1.5 Hz, 1H), 8.51 (s, 1H), 8.21 (dd, J 8.5, 1.5
Hz, 1H), 8.04-8.11 (m, 2H), 7.92 (dd, J 8.5, 4.2 Hz, 1H), 7.69 (t, J 8.9 Hz, 1H), 7.47-7.61
25  (m, 5H), 6.88 (m, 1H). LCMS (ES+) 466 (M+H)", RT 2.78 minutes.

EXAMPLE 4

N-{(R)-1-[8-Chloro-2-(4-methylpyridin-3-yl)quinolin-3-yl]-2,2.2-trifluoroethyl} pyrido[ 3.2-

30 d]pyrimidin-4-ylamine

A mixture of Intermediate 12 (216 mg, 0.615 mmol) and Intermediate 30 (180
mg, 0.738 mmol) in DCM (15 mL) was heated under microwave irradiation at 140°C for

1 h. The reaction mixture was diluted with DCM and washed with brine, then dried



conpound (300 ny, 53% as a white foam 6H (DVBO-d6) 9.56 (m 0.5H), 9.54
(m 0.5H), 9.28 (m O0.5H), 9.21 (m O0.5H), 8.89 (m 0.5H), 8.86 (m O0.5H),
8. 29- 8. 35Ww0Orm122823348. 17-8.23 (m 2H), 8.10 (m 1H), 7.9@CTmB20H)05164776 (m
1H, 7.47 (m 1H, 7.15 (m 0.5H), 7.08 fgpu 0.5H), 6.63 (m O0.5H), 6.56 (m
0.5H), 2.19 (s, 1H), 1.59 (s, 2H). LCVS 15(ES+) 497 (M+H)', RT 1.31

m nut es. EXAMPLE 8 N { (R - 1-

[ 8- Chl or o- zMgSOX)EMWéV@MdSﬂaﬁBdHn 3&1(}00) qUic Redidur-wasypklrifidd By Zoluhid ¢Hiomehphy - 20

pyrido[ 3, 2-dl pyrimdin-4-y A m xture of Internedlate 18 (0.9
g, 2.56 mnﬁﬁtfﬁa% ¢Me§}fhﬁﬂoﬁt§tﬁec)3@gl(ve thegitly, coypgpngrt] i H/Dam A ISVRE MWas

heat ed under Ve di | ml i re
was a1 ut eq MBI S HEL oG B s P B, TP BREy P S
evapor at ed 1iH), ¥t ua, Hib@]$a$2daﬁ 3t 8 @&r(ind, i1Elg, 191 o) LHK 7 2B noradHR G, Sy,

Si 02, 5% MeOH t ve the titl ound (0.48 g, 39% as
gyellog/ 5?0 03%3 &%b%ég %hég(%@)%@ ‘% 19@“@@6@& 1H)g 8. 73?8. 94
(m 1H), 8.42-8.56 (n1 2H), 8.23 (d, J 1.5 FE 8.21 (d, J 1.5 Hz, 1H
8.06-8.16 (m 2H), 7.90-7.94 (m 1H), 7.70- 7. 83 (n1 2H), 6.74-6.79 (m
1H), 2.22 (s, 3H). LCM5S (ES+) 481 (NEXAMPEREI S1. 51 minutes. WO
2012/ 032334PCT/ GB2011/ 051647 - 72 - EXAMPLE 9 N—{(R)-l - [8-Chlor o-2 -
(5 -methy 1-1-oxypyridin-3-yl)quinolin-3-y1]-2,2,2-trifluoroethyl}-

pyrido[ 3, 2- z\dl{(wmﬂm@méwlz Y-l D E.ox BT BR- 3, Qiinolin- EX AR ¢ 18k RodBg, 1

mmol) in DCNIé nm.) was stirred in an ice- bath under nitrogen and 77%
MCPBA (10. 22yrjdo[8.2afipynmidin-deylaminkied and stirred overni ght. The reaction

rixture v o1 ot e iy BN 1 ER WBSIES W SBAASSH ARERIRARIPS,

solution, dried vap In vac due was purified

by col um céyRuadT aRtFypeh VAPB AH¢4R20% NE 084 mmmoBtwACKded, nl eivéeflixdbyre was
10crystallization from 2- Fro panol, to give the title conpound (155 ng
as a whi t e allpyed 1 Vrmesiewly i@ rogm temivisaiiasg vey 391 Yhe, reashiop npgsture pps didu 9@

%gi) 5 8. 19g I(Yizqu I?Lé& %Iéen fsbg%wnﬁgﬁt&lreﬁ%@%q@us &E%ICOé %gtlé ’dl‘l E:)XMggOzé)%
J8.5, 452 Idzgpotifed infvatdo ( Whe ddsdidue waR@Pulified byolutn Chrqmatodrbphy Ei09 6€m% 3H) .
LOVE (ESY) RﬁggH(h';/lE%lA’c) tﬁ—ern flr'egz%-c{pleg% ?glsv'e the title compound (33 mg, 35%) as a white
lyophilised solid. o (DMSO-ds) 9.51-9.60 (m, 1H), 9.02-9.36 (m, 1H), 8.82-8.95 (m,
1H), 8.52-8.56 (m, 1H), 8.05-8.28 (m, 4H), 7.86-7.96 (m, 2H), 7.70-7.78 (m, 1H), 6.52-
6.80 (m, 2H), 1.60 (br s, 3H). LCMS (ES+) 497 (M+H)', RT 1.77 minutes.

31%

20
EXAMPLE 6
N-{(R)-1-[8-Chloro-2-(2-methylpyridin-3-y)quinolin-3-y1]-2,2.2-trifluorocthyl} pyrido[3.,2-
dlpyrimidin-4-ylamine
25 A mixture of Intermediate 15 (1.38 g, 3.93 mmol), and Intermediate 30 (1.1 g,

4.51 mmol) in DCM (15 mL) was heated under microwave irradiation at 140°C for 1 h.
The reaction mixture was diluted with DCM and washed with brine, then dried (MgSO4)
and evaporated in vacuo. The residue was purified by column chromatography (SiO,, 0-
5% MeOH in EtOAc) to give the title compound (1.1 g, 58%) as a brown syrup. ou

30  (DMSO-de) 9.51 (m, 1H), 9.29 (m, 1H), 8.91 (m, 1H), 8.51 (m, 1.5H), 8.20 (m, 2.5H),
8.09 (m, 1H), 7.88 (m, 1.5H), 7.72 (m, 1H), 7.61 (m, 0.5H), 7.42 (m, 0.5H), 7.10 (m,
0.5H), 6.57 (m, 1H), 2.22 (s, 1H), 1.99 (s, 2H). LCMS (ES+) 481 (M+H)', RT 1.47

minutes.



15 EXAMPLE 10 N-{(R) - 1-

[ 8- Chl oro-2-(pyrazin-2-yl)quinolin-3-y1]-2,2,2-trifluoroethyllpyrido[3, 2-4-
pyri m di rwo-2912203233¢ 20A m xture of Internediate 22 ( 150CHyB2011404864m0l )
and Intermediate 30 (130 ng, 0.53 nmol).7in. DCM (4 nL) was heat ed under

m crowave irradiation at 140C for 1 h. The reaction m xture was dil uted
with DCM and washed with brine, then dried (MJSO4) and evaporated in vacuo.
The residue was purified by col unm chronmat ography (Si 02, 60-75% Et OAc in
hexane) then freeze-dried to give the title conpound (135 ng, 2565% as an
of f-white |yophilised solid. 6H (DVEEXAMPRBES9 (4, J9.4 Hz, 1H), 9.36 (s,
1H), 9.27 (d, J1.4 Hz, 1H), 8.91 (dd, J4.2, 1.3 Hz, 1H), 8.84 (dd, J2.5,
1.6 Hz, 1H), 8.81 (d, J2.6 Hz, 1H), 8.41 (s, 1H), 8.15 (m 3H), 7.90 (dd,
J8.5, 4.2 H{(RH)[8-Chloid-A-{2-mdthyl-1-8xipyriditi-R-yl) pGivdin(- ESH)2 A8 8rifl idrddthyl} RT 1. 56

mnutes, WD 2012/ 032334PCJ/ GB2011/ 051647 - 73 - EXAMPLE 11 N {(R)- 1-
[8-Ch|o?o-2ﬂﬂ(—ééér—”85¥%%¥iﬂg|¥1 FZYEIBOS 1) qui nol i n-3-y1]-2,2,2-trifluoroethyll pyri

do[ 3, 2-di pyri m o gs1@rdH FERGpId Q.85 801 W4 ﬂﬂloﬁbfinllj@ﬁrl_(‘mm@s strell 3¢ Bh N,
0.25 Mol ) in DCM (2 nmL) was added a 4N soluti'on of HC1 i'n 1, 4-di oxane (5
m.). The miicetbatke unds ngtagenedd 7% MERBAe(®2S6ay, Urld3fromo) Ovasiaddidesnd stitred

| vent : i _and the,.resid h titi t
DOV and SaRUPia Akt BatENaREes i Rat T RE g te ek it SRS ed T ot e
wi th furt heruddaynart 0-Ne ERADIRRUNM IR iabd BvAekQNS Weie Thd Red(MsPs) and

10 evaporated. A m xture of the resulting material and Internediate 30 (88

nmy, 0.38 mpurificd hy povmashmmatogrepiheeti@d onhtie MeRId i kAc) torgati the rida at  140C

for 1 h. The reacti i . di e 1 do Wi bri ne,
then dried Cf"f%gﬁ%g63561@3@9%%’5)%%%{%31”?#%%cdi)m&flﬁe:'éri%sg ﬁgs&g%t %\hg%z&puri fied
by col um oBHeRegmapsy)(SR 0an, GO0, B 8AGn, 05 He R 8ae)n, OI5eD), §.0e87%- @i, e, t o
give the title conpound (30 240/8 as an _15off-white |yophilised solid.
BH ( DVBO- d6) 176543 (pneHo 10 (@1 95040 (malid), 7708m B 11g7 (B, 9. (43 vy, 8. 46

). 20 R0 gl B 5, B I L1 £ 2, ik 5

15 (ES+) 497 (M+H)', RT 1.31 minutes.

EXAMPLE 8

N-{(R)-1-[8-Chloro-2-(5-methylpyridin-3-ylquinolin-3-y1]-2,2.2-trifluoroethyl}-

20  pyrido[3.2-d]pyrimidin-4-ylamine

A mixture of Intermediate 18 (0.9 g, 2.56 mmol) and Intermediate 30 (0.75 g,

3.07 mmol) in DCM (15 mL) was heated under microwave irradiation at 140°C for 1 h.
The reaction mixture was diluted with DCM and washed with brine, then dried (MgSO4)
and evaporated in vacuo. The residue was purified by column chromatography (SiO,, 0-

25 5% MeOH in EtOAc) to give the title compound (0.48 g, 39%) as a yellow syrup. on
(DMSO-de) 9.53 (d, J 9.2 Hz, 1H), 9.30 (s, 1H), 8.79-8.94 (m, 1H), 8.42-8.56 (m, 2H),
8.23 (d, /1.5 Hz, 1H), 8.21 (d, J 1.5 Hz, 1H), 8.06-8.16 (m, 2H), 7.90-7.94 (m, 1H), 7.70-
7.83 (m, 2H), 6.74-6.79 (m, 1H), 2.22 (s, 3H). LCMS (ES+) 481 (M+H)", RT 1.51
minutes.

30



N{(R - 1-

[ 8- Chl oro-2-(6-nethyl pyridin-3-yl)quinolin-3-yl1]-2,2,2-trifluoroethyl} -
pyri do[ 3,Rodbya3e3sidi n- 4- am ne A m xture of | ntePoediBR0E/B84(614 ny,
1.75 mmol) and Internediate 30 (469 ng,. 492 mol) in DCM (10 nlL) was

heat ed under m crowave irradiation at 140C for 4 h. 25 The reaction m xture
was partitioned between DCM and water. The aqueous phase was extracted with
further DCM and the conbi ned organi CEXAMPLEGB were washed with brine, then
dried (MySO4) and evaporated in vacuo. The residue was purified by col um
chr omat ogr aphy (Si 02, 0.5-10% MeOH i n Et OAc) to gl ve the t|tIe conmpound
(679 ny, 81N, A @ Kk z N 3. (

9.31 (s, 1H 2 5 [T 9 1 :
(s, 1H, 8D2ﬂd(ﬂ@,d d]ﬁﬁ*lrﬁxdmmzzl-himnell—l) 8. 12 (dd J8 3, 1. 3 Hz 1H) 8. 06
(dd, J7 5 1.3

93- ,
7.34 (d J7.9 S%mkgn s 7@7@% %én g,lfwm@ ig PE ((géﬂp W@degfeé@s@l} 10&8[')
(N MEH) ", RT 2udGdnl RtbEsh and\/’@%m@&%ééép%%%ﬁai%%&@cfea and Sfrred EXAMPLE 13

{(R-1-]8- @vbmigin.zThﬁraaetﬁmmiﬁtummwﬂhnﬁdmiﬂk DC)\/quhmwashw@wth]sa@;rzzs:@ trifluo

thyl}- 5Spyri - P di t
the. pr oveddAs SRR ENESD T ed Fraporiekdeafeie 12 CO95 e 1. 41
nmol ), M:P%ﬁrlﬁgd-gy B®Iymh- c‘ﬂ]ﬂorﬁif@ér)apl%nﬁl@pw (B9 MHOH id REOAEY kcﬂlo% und (458
ng, 65% was obtalined as a creamco ured solid. 6H Od6 1 (d, J 9

Hz, 18H) crﬁgtaillza(lgn fro|) 2-parggol tdgivg theitlexoBppind AHp mB 35%) @sa wm; 8.21

&d‘i o iRl g, SkoaBaANED @ o butdn a*%”wn%%eéﬂ‘é%z“m
7.41-7. 34 (H]a 1211)1)8 5£(s88H§ 8738 ((smH)]-Bl)Z,Z (2d,388.6 51.5 Bi) 1H),GMB ({ESHS.2405 HAWH) '

RT 2.03 mnute E 14

N-{(R)-1- [dH%% H%im,zﬂ(lwalcﬁdﬁr@% 946&&1251&)#{?#@(9711]1}12 229 (% A1 Fp1 6P GBt Wk ) pyri
do[ 3, 2- c] pyr a t he procedure descri bed
for ExarrpI)QdOnasde@a i S ng ﬁﬁ#g{‘%@ﬂgﬁ)e ggqo 61% utt&l 92 muol ),

4-chl odbpyrido[ 3, 2-d] pyrimdine (0.38 g, 2.31 20 nmol ) and DMVAP (0.59 g,
4.82 mmol) in DCM (15 ). Thetltle co oun (93 ng, 10% was obt ai ned as
a yell ow gum 6H (DVBO d6) 9.52 (d .25 (s, 1H), 8.93 (dd,
J4a.1, 1.5 Hz, 1H), 8.79 (d, J1.7 Hz, 1H) 869(dd J4a.7, 1.5 Hz, 1H), 8.50
(s, 1H, 821(dd J8.5, 13Hz 1H) 807(ddd J79 19 19Hz 1H),
7.94 (d, J 8 yrazedl-yDguis y1]12 ! I Hz,1H),
7.62 (dd, J8..1..7.5 Hz, 1H) 75425(ddd J7949 08Hz 1H) 6.78

(qd, J 7 . §iimedincdpdamipey’ ”5 597 (s 3H). LCMS (ES+) 447

20 A mixture of Intermediate 22 (150 mg, 0.443 mmol) and Intermediate 30 (130

mg, 0.53 mmol) in DCM (4 mL) was heated under microwave irradiation at 140°C for 1
h. The reaction mixture was diluted with DCM and washed with brine, then dried
(MgS0y4) and evaporated in vacuo. The residue was purified by column chromatography
(Si10,, 60-75% EtOAc in hexane) then freeze-dried to give the title compound (135 mg,

25  65%) as an off-white lyophilised solid. 6x (DMSO-ds) 9.59 (d, J 9.4 Hz, 1H), 9.36 (s,
1H), 9.27 (d, J 1.4 Hz, 1H), 8.91 (dd, /4.2, 1.3 Hz, 1H), 8.84 (dd, J 2.5, 1.6 Hz, 1H), 8.81
(d, J2.6 Hz, 1H), 8.41 (s, 1H), 8.15 (m, 3H), 7.90 (dd, J 8.5, 4.2 Hz, 1H), 7.75 (t,J 7.9
Hz, 2H). LCMS (ES+) 468 (M+H)", RT 1.56 minutes.



(MtH)', RT 2.42 m nutes. EXAMPLE 15 30N {(R)-1-[8-Methyl-2-(1-0
xypyridin-3 -yl)quino lin-3 -yl] -2,2,2-trifluoro ethyl} pyrido [3, 2-

c/ | pyri mwpro/@pine Prepared according to the procedureTdmorivdsed7f or
Exanple 2, utilising Exanple 14 (93 ng,- 21 mmol), MCPBA (47 ny, 0.21
mmol ) and DCM (10 nL). The title WD 2012/032334PCT/ GB2011/051647 - 75 -
conpound (45 ng, 47% was obtained as a creamcol oured solid. 6H ( DVMSO d6)
9.55 (d, J 9 .0 Hz, 1H), 9.20 (s, 1HXA®ME (fd, J 4.3, 1.5 Hz, 1H), 8.55
(s, 1H), 8.49 (m 1H), 8.29 (ddd, J6.4, 1.7, 1.1 Hz, 1H), 8.21 (dd, J8.5,
1.5 Hz, 1H), 7.95 (d, J7 9Hz lH) 791(dd J85 4.1 Hz, 1H),
7.76-7.73 Y (R . - i 1 , 57.46
(dd, J 7 . 5. 19 ' [ . 3H). LCMB
(ES+) 463 (DM*IH)B,,Z cﬂﬁvrﬂnﬂﬂl mvtwmﬂes EXAI\/PLE 16 10N— {(R) -

L ngfa"z%r.eg W%aéq%%zsf%zﬁéexawk éagﬁaé- BSGh 2 hEShesi
4-chl or Opyralﬂ@gﬁut%lpéﬂmrm ﬂu&nﬁaﬁ@ (SGRLY Th% B ak sﬁﬁ‘&’% Q;@B’%Q? &agrlﬁee 4.01

mml) in DCM (14 ) was added nterrredlate 40 (1.12 g, 3.
m xt ure wasforhk!hm&nlltasn dédwe spiventowssiemp vedaighi \at:at@mdaiﬂle Ms@mefvms thenparfitened 5

| ti t fied b t i 02, 010%I\/EOH
o ELoAG) TR0 DOHER Rkt ECE: FlOorb0g TG BT o
(DMBO- d6)  xRbtédlwitdl f@thd® DEM ahlththe &nﬁ@ne(dsor it fra@tio%g v&(e%jdrle]d"ﬂ\@ S@;)@nh"z
1H), 8.78-8.81 (m 1H), 8.69 (dd, J 1.7 He H

(dd, J805, cya®raed. Anmixtige ofithg rqswlt(ng; m@tpglal apd Qizte(ra@Hf)zatg 38. (38 rng, Q. 3éiznrnq19+)

765 (139, v 4D wef ol Bl Mgl iBuigh B 148 B B8t achth 2

mixture was diluted with DCM and washed with brine, then dried (MgSQO4) and

evaporated in vacuo. The residue was twice purified by column chromatography (SiO,,
50% EtOAc in hexane) then freeze-dried to give the title compound (30 mg, 24%) as an

15  off-white lyophilised solid. 6y (DMSO-ds) 9.41 (m, 2H), 8.92 (dd, J 4.2, 1.5 Hz, 1H),
8.89 (s, 1H), 8.46 (s, 1H), 8.42 (s, 1H), 8.18 (m, 4H), 7.91 (m, 1H), 7.74 (m, 1H), 4.12 (s,
3H). LCMS (ES+) 498 (M+H)", RT 1.63 minutes.

EXAMPLE 12

20
N-{(R)-1-[8-Chloro-2-(6-methylpyridin-3-ylquinolin-3-vy1]-2,2.2-trifluoroethyl}-

pyrido[3.2-dlpyrimidin-4-amine

A mixture of Intermediate 28 (614 mg, 1.75 mmol) and Intermediate 30 (469 mg,

1.92 mmol) in DCM (10 mL) was heated under microwave irradiation at 140°C for 4 h.

25  The reaction mixture was partitioned between DCM and water. The aqueous phase was
extracted with further DCM and the combined organic fractions were washed with brine,
then dried (MgSOs) and evaporated in vacuo. The residue was purified by column
chromatography (Si0;, 0.5-10% MeOH in EtOAc) to give the title compound (679 mg,
81%) as a brown, foaming gum. oy (DMSO-ds) 9.51 (d,J 9.2 Hz, 1H), 9.31 (s, 1H), 8.92

30 (dd,J4.1, 1.5 Hz, 1H), 8.63 (d, J 1.9 Hz, 1H), 8.50 (s, 1H), 8.22 (dd, J 8.5, 1.7 Hz, 1H),
8.12 (dd, /8.3, 1.3 Hz, 1H), 8.06 (dd, J 7.5, 1.3 Hz, 1H), 7.93-7.89 (m, 2H), 7.70 (dd, J
7.9,7.9 Hz, 1H), 7.34 (d, J 7.9 Hz, 1H), 6.85-6.73 (m, 1H), 2.54 (s, 3H). LCMS (ES+)
481 (M+H)", RT 2.36 minutes.



EXAMPLE 17 N {(R - 1-
[ 7- Fl uor o- 8- net hy1- 2- (1- oxypyri di n-3-yl)quinolin-3-y1]-2,2,2-trifluoroethyl
}- 25pyrwoapB/@233f| pyri m di n-4-am ne A stirred ?qunnonﬂﬁhmExanple
16 (351 ng, 0.76 mmol) in DCM (10 nL) wag cooled to OC. MCPBA (131 ng, 0.76
mmol ) was added and the m xture was allowed to warmslowy to r.t. over 4
h. The reaction m xture was diluted with DCM (15 L), washed with saturated
aqueous NaHCO3 solution (25 nL) and brine (25 ni), dried 30 (phase
separator) and evaporated in vacuo . The residue was purified by col um
chromat ogr aphy (Si 02, 0-20% MeOH i n ERAMPLE kg the resulting material was
freeze-dried fromacetonitrile/water, to give the title conpound (152 ng,
43% as a pale yellow solid. 6H (DVMSO d6) 9.53 (d, J8.9 Hz, 1H), 9.24 (s,
1H), 8.91 QddR)JA[LChlbrd2KE-mctil;1-oMMByAAh23-9B3BB4RCT/F320 Ditriimbfikthyl}-76 -
855(5 1H),. .91, 8.27-8.31 (m 1H), 8.21 (dd, J8.5, 1.5 Hz,
8. 06 , 7.91 (dd, J8.5, 4.1 Hz, 1H), 7.66 (t,
39 2 HZ 1H), 7 P@épa?e&&c&ﬂng]tbbthe [(?mé&mze é&cﬁﬂad f%HExm@plZ:?' @tﬂ%@n B , 2.99
(d, J2.3 Hz, 3H). LCVb (ESt) . m nut es. MPLE 18 N
{(R- 1 - 12(679mg, 141 rnmol) MCPBA (317 mg, 1. 41 rnrnol) and DCM (30 rnL) The title

hyi | pyr 1 dof 3820 ek piee o) oSipiied sdbisbtieOuedanid y EoTsQubbostedure
descri bed f(@r.fd;‘mm)hﬂ)bﬁzl estnh) SIMdhnjﬁBﬁﬁslmt eH %ilO(SS@Hgs 24.(48 ngs) ),
4ch|oropyr|do[3 d] pyri mdi ne and DIVAP(210 ng, 1.72

nol ) il DAM Hzolfﬂ)) 8. 1ﬁ(éd th4-B.el. b&ﬁpbﬁigg 0(8:{ddl %5 14?5%2 Wds 0¥ @dnédiSas 1a

o, 2ty %6 M A7 9100l 7RG 5 (e Mg Mg B B gskh T
151H) 8. 05.((MS (ES9) 495 G4 ZRT2H)3 mifwéd. (dd, J8.6, 4.3 Hz, 1H), 7.69 (dd

J7.6, 1.3 Hz, 1H), 7.56 (t, J9.1 Hz, 1H), 7.20-7.32 (m 1H), 6.52 (g, J8.1
Hz, 1H), 2.58 (d, J2.5 Hz, 3H), 2.04-2.25 (m 3H). LCVB (ES+) 479 (M-H)'

RT 2.94 ninutes. EXAVPLE 19 20 N { @R ampLE
[ 7- Fl uor o- 8- net hy1- 2- (2- met hyl - | - ox - -yl)qw nol i n-3-y1] -2, 2, 2-

trifludbfoethyl | pyrido[3,2-cflpyrimdin-4-am ne
N-{(R)-1-[8-Methyl-2-(pyridin-3-yl)quinolin-3-yl]-2,2,2-trifluoroethyl} pyrido[3.2-d]-

pyrimidin-4-amine

Prepared according to the procedure described for Example 1, utilising

Intermediate 36 (0.61 g, 1.92 mmol), 4-chloropyrido[3,2-d]pyrimidine (0.38 g, 2.31

20  mmol) and DMAP (0.59 g, 4.82 mmol) in DCM (15 mL). The title compound (93 mg,
10%) was obtained as a yellow gum. oy (DMSO-de) 9.52 (d, J 8.9 Hz, 1H), 9.25 (s, 1H),
8.93 (dd, J4.1, 1.5 Hz, 1H), 8.79 (d, J 1.7 Hz, 1H), 8.69 (dd, /4.7, 1.5 Hz, 1H), 8.50 (s,
1H), 8.21 (dd, J 8.5, 1.3 Hz, 1H), 8.07 (ddd, ./ 7.9, 1.9, 1.9 Hz, 1H), 7.94 (d, J 8.7 Hz,
1H), 7.92 (dd, J 8.5, 4.1 Hz, 1H), 7.74 (d, J 6.8 Hz, 1H), 7.62 (dd, J 8.1, 7.5 Hz, 1H), 7.54

25 (ddd,J7.9,4.9,0.8 Hz, 1H), 6.78 (qd, J 7.7, 7.7 Hz, 1H), 2.69 (s, 3H). LCMS (ES+) 447
(M+H)", RT 2.42 minutes.

EXAMPLE 15

30  N-{(R)-1-[8-Methyl-2-(1-oxypyridin-3-yl)quinolin-3-yl]-2,2.2-trifluorocthyl} pyrido[3.,2-

dlpyrimidin-4-amine

Prepared according to the procedure described for Example 2, utilising Example

14 (93 mg, 0.21 mmol), MCPBA (47 mg, 0.21 mmol) and DCM (10 mL). The title



Prepared according to the procedure described for Exanple 17, utilising
Exanple 18 (304 ny, 0.64 mmol), MCPBA (110 ng, 0.64 mmol) and anhydrous DCM
(10 nmL). w06 20te32338l e conmpound (94 ng, 309 was obt ai ne#CasGROWISI@7s0l i d.
6H (DVMBO d6, 400 MHz, 110C) 9.14 (s, 1H)358.84-8.90 (m 1H), 8.35-8.60 (m
1H), 8.33 (d, J7.6 Hz, 1H), 8.18 (dd, J8.6, 1.5 Hz, 1H), 8.07 (dd, J9.1,
6.3 Hz, 1H), 7.87 (dd, J8.6, 4.3 Hz, 1H), 7.60 (t, J9.1 Hz, 1H), 7.10-7.50
(m 2H), c518zp(7ﬂhd (JISIﬂg m%)uﬁ)s,ob&,@a a@d creh#n-Bolbred 3bid. 3 @GAVMBO3) 6155 (8H) -
LCVB (ES+) 495 I—? WO 2012/ 032334PCT/ GBZOll/ 051647 -
77 - EXAMPYE- (lez N 2|Q)(s, 1][{),891 (dd J43 1.5 Hz, 1H), 8.55 (s, 1H), 8.49 (m, 1H), 8.29

[ 7-Fl uoro- ?35@939/4127 U5 BT, B, DS ML S ) N9} s 3ay A odiZ. é%)ltf 4 Jéjgor oet

hyl | pyri do ri’m m xture of I'nternedi at
1. 43 ol ) J#nsl 4. hiley mnﬂ%a 33)(1(1412@ fd (4d, 7R, ool Hzj HDIM6CLS? (rh) lH\);-ls

heat ed under cr radiation at 16 or n

i xt ur e Swag 48 KL v IRt 2 Sl Mt O Cna s LEVBABTHES . The
agueous phq@pr}y)asRﬁétOQqﬁlhggswth further DCM (50 nL) and the conbi ned
organic fractions were dried (phase separator) and evaporated in vacuo. The
10 residue was purified by col um chromatography (Si 02, 0-10% MeOH in

Et 0OAc) to give the title conpound (M as a dark bl ue solid. 6H
(DVBO-d6) 9.48 (d, J 9 .2 Hz, 1H), & , 8.92 (dd, J4.3, 1.7 Hz,
1H), 8.58 (d, J2.1 Hz, 1H), 8.52 (s, 1H), 8. 47 8.50 (m 1H), 8.22 (dd,

J8.5, 1.5 Hz, 1H), 8.05 (dd, J8.9, 6.2 Hz, , 7.92 (dd, J8.5, 4.3 Hz,
1H), 7.106- m)flrm Hiugpro- -nwdnrlﬂ (Dmdm-hyl)qumm in-3-vhje2 .2, ﬂmmoeumi} 2.58 (d,

éiAﬁ/Pig gmg.ggm Q?d%yméﬁdmitﬁmm%% (ES+) 479 (M+H)', RT 2.63 mnutes.

[ 7- Fl uor o- 8- net hyﬂaaxs éirsimtdml-cﬂlorﬁfsyﬂitw[B Qld]pﬁ*trﬁiﬂirw{l()%@ B:98-nirhdH 2nd, 2-
20trifl uoroeth I%d%érl do[ 3, 2-dl.pyri m di n-4-am ar ed accordl ng
to the prod¥d i éampaﬁnwlﬁbmhwaﬁﬁdqlqulﬂf@meﬁawfbe(l

0.63 nmol) .B'?‘hé%t{f&'w% 2 AR g% %%%@Mﬂ&&gﬁow\ﬂ@@fﬁ&if e t' tie

conpound ( was o tarned as a te s 9.50
(d, J916 Hzgsultle m&edd W, putiflpd b8 cOLinnddhrormddtograpiy Slﬂz, 0-109% M&H6n (s, 1H),

8.32 (s, 1 8.22 25 (dd, J8.7, 8. 05- 91 (dd,
J8.5, 4.1 @OAMO glve%%ﬂ(fée cowpgun%@& ﬁ@% ?S@brq‘%n glfm) g%%)%déﬁ
1H), 2.58 (4,798 GB})% 9(2S(dd3ﬁis i—% ﬁﬁ J8)784§.§lgﬁﬂ+l'f)i),’8.@1-(da;}7
m nut es. 2012/ 032 34P 7 GB3011/ 051647 - MPLE 22
4.9, 1.7 Hz, 1H), 8.50 (s, 1H), 8.21 (dd, J 8.5, 13Hz lH) 8.01-8.10 (m, 2H), 7.92 (dd, J
8.5,4.1 Hz, 1H), 7.63 (t,J 9.2 Hz, 1H), 7.54 (dd, J 7.9, 4.9 Hz, 1H), 6.70-6.84 (m, 1H),

20 2.58(d,J2.4 Hz, 3H). LCMS (ES+) 465 (M+H)', RT 2.55 minutes.

EXAMPLE 17

N-{(R)-1-[7-Fluoro-8-methvyl-2-(1-oxypyridin-3-yl)quinolin-3-y1]-2.2 . 2-trifluoroethyl } -

25  pyrido[3.2-d]pyrimidin-4-amine
A stirred solution of Example 16 (351 mg, 0.76 mmol) in DCM (10 mL) was
cooled to 0°C. MCPBA (131 mg, 0.76 mmol) was added and the mixture was allowed to

warm slowly to r.t. over 4 h. The reaction mixture was diluted with DCM (15 mL),
washed with saturated aqueous NaHCOj3 solution (25 mL) and brine (25 mL), dried

30 (phase separator) and evaporated in vacuo. The residue was purified by column
chromatography (Si0,, 0-20% MeOH in EtOAc), and the resulting material was freeze-
dried from acetonitrile/water, to give the title compound (152 mg, 43%) as a pale yellow

solid. 8y (DMSO-dg) 9.53 (d, J 8.9 Hz, 1H), 9.24 (s, 1H), 8.91 (dd, J 4.1, 1.5 Hz, 1H),



N{(R-1-[2-(Pyridin-3-y1)-8-(trifluoronethyl)quinolin-3-yl1]-2,2,2-trifluor
oet hyl | pyrido[ 3, 2-dl pyri m di n-4-am ne 5A m xture of Internediate 54 (180
ng, 0.49 woebi2/aess4l nternediate 30 (179 ny, 0.74 mmol) PATOBEMO(1B50d4y was
heat ed under microwave irradiation at 14fC for 1 h. The reaction m xture
was purified by colum chromatography (Si 02, EtOAc) to give the title
conpound (41 ng, 17% as a brown gum LCVS (ES+) 501.2 (MtH)', RT 1.65

m nut es. 8215885\}(rn 1H)827831(rn 1H)821(dd.]85 15Hz 1H)806(dd
{(R) - 1[2(1 trifluorone 2, 2-trifl

vor oet hyl ) 75 SR ot 3081 Bt s h e RRE0 s %ﬁZrHéB TS G b,
Cagh S 2 g Mo cTR6 bs L, ReMisd (1) 2838, 30O EEMI B AT InERG" TEFBA

bel ow SC. memtnhmstei.l me, the reaction mxture was partitioned bet ween DCM
and satgr ated aqueous Na2CO3 sol ution. The aqueous phase was extracted with
further”DCM and the conbined organic fractions were dried (Na2SO4) and
evaporated in vacuo. 20 The residue gsagviyrg fged by col um chromat ography
(Si 02, 0-20% MeOH in EtOAc) to giveTne trtre conmpound (21 ng, 58% as a
pal e yeIIow povxder 6H (DIVBOdG) 8.81 (d J 1.4 Hz, lH) 8.77 (dd, J1.5,

4.2 Hz, 1H),, 7( 1 : 1H),
8.14-8.01 (¥ : nyrids (Y 0HE 2-70 (dd,
J4.2, 8.5 I@lﬁll 1d0732i ﬁrméhhM arﬁmQO (dd J6 7, ‘7.8 HZ lH) 6. 56- 6. 47
(m lH) RT 2.06 m nut es. EXAVPLE 24 N-
{(R) - 1.10 Prepared accordrng to the procedure described for Example 16, utilising

2-(6-Meth I f f th
O R g g 0o B3 Firhdh, (-0 RBUHARS LBl Bedibd i’ et 0
(160 ny, onﬁaolvaﬂdlbmﬂ(rm@gnem am@lﬁ&mdmam)omanmbmpwnd@w&@ )
was heated under mcrowave irradiation at

mi xt ure waddpuryaiodtpindras aellowdpsy: é@(lawcbﬁ@dﬂﬁﬂ\%? aldﬂﬁ)(%ﬁ)@ ”5) §°/%7 VO
2012/ 03233 20. 0 A 9 t | ound
(210 . o308 Ae7a oF Gon barr 4Pk TRbn BT Rty (7 Q8 R BT
EXAMPLES 25 151), 8.05 (dd..7 9.1, 6.3 Hz, 1H), 7.87 (dd, J 8.6, 4.3 Hz, 1H), 7.69 (dd, J 7.6, 1.3 Hz,

1H), 7.56 (t, /9.1 Hz, 1H), 7.20-7.32 (m, 1H), 6.52 (q,.J 8.1 Hz, 1H), 2.58 (d, J 2.5 Hz,

3H), 2.04-2.25 (m, 3H). LCMS (ES+) 479 (M+H)", RT 2.94 minutes.

EXAMPLE 19

20
N-{(R)-1-[7-Fluoro-8-methyl-2-(2-methyl-1-oxypyridin-3-yl)quinolin-3-vyl]-2,2,2-

trifluoroethylpyrido[3.2-d]pyrimidin-4-amine

Prepared according to the procedure described for Example 17, utilising Example
18 (304 mg, 0.64 mmol), MCPBA (110 mg, 0.64 mmol) and anhydrous DCM (10 mL).
25  The title compound (94 mg, 30%) was obtained as a white solid. oy (DMSO-ds, 400
MHz, 110°C) 9.14 (s, 1H), 8.84-8.90 (m, 1H), 8.35-8.60 (m, 1H), 8.33 (d, /7.6 Hz, 1H),
8.18 (dd, J 8.6, 1.5 Hz, 1H), 8.07 (dd, J 9.1, 6.3 Hz, 1H), 7.87 (dd, J 8.6, 4.3 Hz, 1H),
7.60 (t, /9.1 Hz, 1H), 7.10-7.50 (m, 2H), 6.58 (q, /J 8.1 Hz, 1H), 2.58 (d, J 2.5 Hz, 3H),
1.64-2.34 (m, 3H). LCMS (ES+) 495 (M+H)', RT 2.08 minutes.
30



N {(R-1-[2- (6

-Met hyl -1 - oxypyridin-3-y1)-5,6,8-trifluoroquinolin-3-yl1]-2,2,2-trifluoroeth
yl I pyri dow®,28t2003k33¢r i m di n- 4- am ne A stirred sol eCir@B20f1/BExanpl e 24
(210 ng, 0.42 mmol) in DCM (20 nL) was cpoled to 0C. MCPBA (61 ng, 0.3
mml ) was added and the m xture was allowed to 10 wvarmslowy to r.t. over
3 h. The reaction m xture was partitioned between DCM and sat urat ed agueous
NaHCO3 sol ution. The organic | ayer wacARPIIREHed usi ng DCM and passed

t hrough a phase separator. The resulting yellow solution was evaporated in
vacuo . The re5| due was pur|f| ed by coI um chr omat ography (Sl 02, 0-10% MeOH

1H), 8.55 (eﬁwnmldola 2331p(vsm1d1h1)4 ar81n23 8 13 (m 2H) Y 93-7. 89(m 1H), 7.49
d, J8.1 Hz, 8 m 1 3H).
L G pH3 (ES+) Ps&rrxtmﬂﬁ)’nwwﬂlqwé‘§e§5(?ﬁ il 1923 ni@ﬂ«@%ﬁ%g%@om H)
RT 1.982 ml%ﬁﬁol)%ﬁ@@bﬂﬂ-@n&@ v%‘sﬁ&@ad %nderhﬁc%a@%%a')tfle(tﬂl\ﬁra!tqbﬁb@fo)’bbqu' no

lin-3-y1]-2,2,2-trifluoro e hyl pyri do[ 3 di pyri mdin-4-ylam ne
A stirred swhutcs. oTﬁh@feaEmmpix@Jri V\(aszlln'gd v@thllg@Mr(ﬁ@II)lL) andDNEshed Ovitinvyateve(8

cooled 25 to 0 60% m xt ure was
ST rred at 08 bk Bdipihaneiay pbgen 48R BCST B hins added
and the m xbibmcWdsgamid frd@Bndvefe drledf(?ﬁasé%ﬂhrat%taﬁﬂ cldporat&d-dn WRSo.ailed and
the m xture was evaporated in vacuo he resi due was partitioned between

DCM andOwatresiducTias magified by cgh@mma@gtaphﬁ(%@zw 1 8% Me@Hedn EgRe) torgive
conbi ned or, C. fractl r e £in r ( ),
t hen the so vl[e]l!rll sOwqu porn\q%ezg‘)l/ﬁdss\}}a&éﬁ%% Sg)hdr & @ﬂgsg%&\gﬁ‘g? 1}33?%ce by

col urm chr amrpt 996 e@phyl)(@pl)éﬂd 9435%7|\H>£2|'BH),F18 [ QAa)z IHZQIH)? 8t5|2€{stllH)|, &47-
conpound (16 /% 8755 H%[ 9. 00 1.7
oo SR g Et 43 (el £ e g1k R85 740 8 ) QBT ok): T2 ddd 3 37 8,

5022%32334&%@0?%0@6@ IJH)ZSI@ « yd)oﬁ? ﬁj{? 8§@( oo (7, 28423y

7.85 (dd, J8,3H),12.26 z3HLH.CMB, (‘ES+()@1(’219 (1\318H5+ RA 2Z6Hmindtey., 7.66-7.56 (m
2H), 5.93 (q, J 7 .7 Hz, 1H), 3.53 (s, 3H). LCVs (ES+) 481 (MtH)', RT 2.31
m nutes. SEXAMPLE 27 N- {(R-1 -
[ 8-Chl oro-2-(pyridin-3-yl)quinolin-§ydirpd.22e-trifluoroethyll
-N-(1-oxypyrido[3, 2-dipyrimdin-4-yFjamne A stirred solution of Exanple 1
(955 ng, 2.05 nmol) in DCM (40 m_) was 10 cooled to OC. MCPBA (410 ng, 1.84
mmol ) was ag i W . over 3

d oo _v : 0.11_ -‘c,_;ol fatett aqueous

NaHCCBzgoI mﬁlﬂm}oetﬁbgpwggsd]pﬂ%@lmnﬁﬁé racted with furt her DCM and t he
combi ned organic fractions were washed with brine, dried (Na2SO4) and

evaporated in va&sensred apserdingstio dueepragesiupaideseiibdl foy Esanpiad 7cwiilising y
(5102, 3-60%300 mg, 0.63 mmol), MCPBA (85 mg, 0.49 mmol) and anhydrous DCM (10 mL).

The title compound (101 mg, 32%) was obtained as a white solid. oy (DMSO-ds) 9.50 (d,
J9.0 Hz, 1H), 9.18 (s, 1H). 8.91 (dd, J 4.1, 1.5 Hz, 1H), 8.56 (s, 1H), 8.32 (s, 1H), 8.22

25 (dd,J8.7, 1.7 Hz, 1H), 8.05-8.14 (m, 2H), 7.91 (dd, J 8.5, 4.1 Hz, 1H), 7.66 (t, /9.2 Hz,
1H), 7.26 (s, 1H), 6.71-6.84 (m, 1H), 2.58 (d, J 2.3 Hz, 3H), 2.08 (s, 3H). LCMS (ES+)
495 (M+H)", RT 2.17 minutes.




15 MeOH in Et0Ac) to give the title conpound (39 ng, 4% as a yellow solid.
6H (DVMSQd6) 9.64-9.52 (m 1H), 9.30 (s, 1H), 9.06 (dd, J4.2, 1.3 Hz, 1H),
8. 78-8. 7IWOrm122823348. 67 (dd, J4.9, 1.6 Hz, 1H), 8.64 (sPCIigB208/056648. 01 (m
4H), 7.75-7.69 (m 1H), 7.52 (ddd, J 7.83;84.9, 0.7 Hz, 1H), 6.65-6.52 (m
1H). LCVMs (ES+) 483 (MtH)', RT 1.87 minutes. 20EXAMPLE 28 N-{(R)-1 -
[ 8- Chl oro-2-(1-oxypyridin- 3 yl)quinolin-3-y1]-2,2,2-trifluoroethyl}
-N-(1- oxypyrido[ 3, 2-di pyri m di n-4- ylﬂ)QQMﬂEﬂepared according to the
procedure described for Exanple 27. Later fractions 25 fromthe colum gave
the title corrpound (50 ng, 5% as a yeIIow SO|Id 6H (DIVBOdG) 9.79 (br S,

) )

1H),
8.02-7.93 (Dmldd[mz dﬁ)vﬂfhldlh4a}nﬁ’16 9 Hz, 1H) 7.60-7.53 (m 1H) '7.52.7. 45

(28] 12/1 0353242&? egg’@éﬂ?eol]%’{%f&w%igE%E%@A4gg‘Eg%m?® and Iitérmediire 30 079 mel
{(5)-148-Chy ﬂr&m%-l)(lﬁmlql(@ ni)ms%hﬂeeluh&eﬁnaéildwa?ve%mgdlaﬁdﬁ Atq?bdtefowlﬂ gyr |6 do[

3,2-4- pyrimdin-4-ylamne 5A mxture of Internedi ate 6 g
mrol ), 4- cHlberegsyipn doktBre2wds pypifreid hiydioheni( Ghrométograpby 4810mblOA@ra gDk (0. 11

Por |1 h. TRU*EREp R 072 dad SRR Bt DL e SO Al B o “The

aqueous phagguwas extracted with further DCM and t he conbi ned organic

fractions were washed with brine, then dried (Na2SO4) 10 and evaporated in

vacuo 10The residue was purified by col um chronat ography (Si02, 0- 20%

MeOH in Et 0Ac) and then further pur;@;g&ﬁy]z ieparatl ve HPLC to give the

title conpound (15 ngy, 7% as an of =i id. 6H (DVSO d6) 9.54 (br s,

1H), 9.34 (s, 1H, 8.92 (dd, J4.2, 1.4 Hz, 1H), 8.77 (d, J1.7 Hz, 1H), 8.68
Hz, 1

(dd, J4.8, 1.6 8.21 (dd, J8.5, 1.5 Hz, 1H), 8.13
(dd J8. 3 ] g UEN 298 00 ] cthy 1 gp i DEINAH | QL. L if] oD 1} 4 H) ,
7.72 (t, J7.94 {402 {d6d. J77 4.8, 0.4 Hz, lH) 677(q,J7.7

Hz, 1H). L%@%MFF@LRT 2.28 minutes. EXAMPLE 30 20N
{(S) 11p8- Chl oro&ﬁﬂ‘(eli-solmrppwfﬂdunnpl& -2A21 (B mig) ©.07imm3l)-ity DICN2 (2 ni2-) twas fcboled o

ethyl} pyr I( 1ce bLt%) and MCPBA (11 mg, 0.05 mmol) was added. The mixture was allowed to stir

for 5 h at below 5°C. After this time, the reaction mixture was partitioned between DCM
and saturated aqueous Na,COs solution. The aqueous phase was extracted with further
DCM and the combined organic fractions were dried (Na,SO4) and evaporated in vacuo.

20  The residue was purified by column chromatography (SiO;, 0-20% MeOH in EtOAc) to
give the title compound (21 mg, 58%) as a pale yellow powder. oy (DMSO-ds) 8.81 (d, J
1.4 Hz, 1H), 8.77 (dd, J 1.5, 4.2 Hz, 1H), 8.63 (s, 1H), 8.53 (s, 1H), 8.30 (dd, J 6.5, 1.0
Hz, 1H), 8.14-8.01 (m, 3H), 7.86 (d, J 8.3 Hz, 1H), 7.76 (d, J 8.0 Hz, 1H), 7.70 (dd, J 4.2,
8.5 Hz, 1H), 7.61 (m, 1H), 7.40, (dd, J 6.7, 7.8 Hz, 1H), 6.56-6.47 (m, 1H). LCMS (ES+)

25  517.2 (M+H)', RT 2.06 minutes.

EXAMPLE 24

N-{(R)-1-[2-(6-Methylpyridin-3-y1)-5.6.8-trifluoroquinolin-3-vl1]-2.2.2-trifluoroethyl } -

30 pyrido[3.2-d]pyrimidin-4-amine

A mixture of Intermediate 62 (160 mg, 0.43 mmol) and Intermediate 30 (124 mg,
0.51 mmol) in DCM (5 mL) was heated under microwave irradiation at 140°C for 3 h.

The reaction mixture was purified directly using column chromatography (SiO;, 0-5%



pyrimdin-4-ylamne A mxture of Internediate 68 (0.34 g, 0.98 mmuol),
Internmediate 30 (0.285 g, 1.17 mml) and p-tol uenesul fonic acid (0.019 g,

0. 098 nmowD 20re/3k338r of orm (75 L) was heated at refl ux POT/GHR0N/05TdIE
reaction mxture was partitioned betweenmydDCM and wat er. 25 The aqueous
phase was extracted with further DCM and t he conbi ned organic fractions
were washed with saturated aqueous NaHCO3 sol ution and brine, then dried
(Na2SO4) ande@MapOTaMp@ dive thaeie comlpeun@Qil dugs, Ba%) BYIL kfdefdolRy LOMIM

chr omat ogr agh%) %?Si 02, 3- 20% MeOH in EtOAc) to give the title conmpound (364
ng, 77% adEan Ml eRE0I48. mpptespVEO- d6) 9.57 (d, J9.0 Hz, 1H), 9.27
(s, 1H, 8.90 (dd, J4.2, 1.5 Hz, 1H), 8.54 (s, 301H), 8.50 (t, J1.3 Hz,

1H), 8.28-8.07 (m 4H), 7.91 (dd, J8.5, 4.2 Hz, 1H), 7.78-7.70 (m 1H),
7.51-7.46 (m 1H), 7.40 (dd, J7.6, ®XAMPLHERE, 6.86-6.74 (m 1H). LCMS
(ES+) 4?3 (MtH)', RT 1.86 minutes. WO 2012/032334PCT/ GB2011/ 051647 - 82 -
EXAMPLE’31 N {(R- 1 -

[ 2- (Pyridi ny.3cl ) @uienQletit-3-okbborddig-32518 %'ééHﬁI&%d’iﬁﬁdlﬁ% Lol Bodrifhyr i m din
-4- anmine SA'mXxture of Tnternediate /2 (0.6/7 g, 2. 21 mmol) and

| nt er medi ateéhyB! 5I- 'u.u-mm inci n DCM (12 m.) was heat ed under

meroveve 11 1o oh By b0t Do BT L PSR b

t he conbi nedoled ga0NE rCaeis @ SPEY Bt NRas Mded aBd tREnixtre Wad kll®Wed Ha2SO4)
and evaporated in vacuo. The residue was purified by colum 10

chr omatlBgr aysig siaylo2o r.o-03008 Medhe irqacmmom%twtew@méﬂtméd betwicen BéApendd (291

(5 1hy o byt bEstbn MGG fygfubSogtaduduif pqmeg. €2

(dd, J4.8, pissed Hﬁou@ﬂ‘ﬁ phae 4&atSor. ,re&ltZrig ﬁdﬂl@w swutﬁm wastev ratkh‘l)m vdub3
(dd, J8. 2, 07HZ 1H), 8.08 (d, J8.6 Hz, %794786
(m 2H), 7.Thprosidue yappurifed by cshm(lmomat?g@p 21(%02{9 éo%zMeéTh) My to

15( q“'( g; %?Veatrg%tle %))‘J)zpodn%4 (58 2 4BRe @R ariedRb1id: 39 (BMBE85-9. F@VLE 32
1 Oxypybi diort BzylH)q0i48ah,i1d1)38.92 [d2 /2, (BHiz;]H) Qosdetit)l ¥ 5y (s, del).3.23-8]13 20

ol ) De oo 967 bt 2408 B8 a9 e o5 a8 o 1 TG added
and the myiyr e ymsah! peRs bA 3 V(%g@%l@MBKHB*OR"TfSS@Hﬁ{uté% heMgHrgact i on

m xture was partiti oned bet ween and sat Urat ed aqueous NaH sol ution.
The aqueousEphpsE (MisHexRTdc38dminutes. f urt her DCM 25 and t he conbi ned
organic fractions were washed with brine, dried (Na2SO4) and evaporated in
vacuo. The residue was purified by colum chromatography (Si 02, 0-25%

20 EXAMPLE 26

N-{(R)-1-[8-Chloro-2-(pyridin-3-yD)quinolin-3-y1]-2.2.2-trifluoroethyl } -N-methyl-

pyrido[3.2-d]pyrimidin-4-ylamine
A stirred solution of Example 1 (92 mg, 0.197 mmol) in DMF (10 mL) was cooled
25  to 0°C. NaH (60%; 9 mg, 0.217 mmol) was added and the mixture was stirred at 0°C for

5 minutes. Methyl iodide (30 mg, 0.207 mmol) was added and the mixture was stirred at
r.t. for 16 h. Water (0.5 mL) was added and the mixture was evaporated in vacuo. The
residue was partitioned between DCM and water. The aqueous phase was extracted with
further DCM, the combined organic fractions were washed with brine and dried

30  (NaSOy), then the solvent was evaporated in vacuo. The residue was purified twice by
column chromatography (Si0;, 0-35% MeOH in EtOAc) to give the title compound (16
mg, 17%) as an off-white solid. 6y (DMSO-ds) 9.00 (d, ./ 1.7 Hz, 1H), 8.77 (dd, /4.8, 1.6
Hz, 1H), 8.73-8.70 (m, 2H), 8.27 (dt, J 7.8, 1.8 Hz, 1H), 8.11 (dd, J 8.3, 1.2 Hz, 1H), 8.01



MeOH in EtOAc) to give the title conpound (66 ng, 23% as an off-white
solid. 6H (DVSO-d6) 9.54 (d, J9.1 Hz, 1H), 9.21 (s, 1H), 8.91 (dd, J4.2,
1.6 Hz, WP208/B834s, 1H), 8.47 (t, J1.3 Hz, 1H), 8.26- 8CUGHK2071/05kH47
7.94-7.87 (m 2H), 7.79-7.72 (m 1H), 7.&P0-7.38 30(m 2H), 6.76 (quint,
J8.1 Hz, 1H). LCMS (ES+) 449 (MtH)', RT 1.71 minutes. WO

2012/ 032334PCT/ GB2011/ 051647 - 83 - EXAMPLE 33 N- {(R) 1-

[ 8- Chl or o- Zs, (l@})C’ﬂDQ(dlpyﬂlSjllrEHZYHH)QWSBQdid 07835 M1 H2, HR 7tmi(fl,wos. ot hz| pyri d

o[ 3, 2- dtpﬁblmdn of Internediate 76)&/6&21 37@3}3 . 995
mmol ) and Il e?ﬁ@ﬁriﬁt(@ 3@1)(%%@‘1 d7 7_LH@’91E|%6I5)3 (Frﬁf%@‘lq}és@§+ e ed
under mcrq&ayg "B‘Xﬁﬁgé ation at 140C for 30 m nutes. The reaction m xture
was partitione etween DCM and water. The aqueous phase was extracted with
further DCM and the conbi ned organic fractions were washed with brine, then
dried (Na2SO4) and evaporated in vacuo. The residue was purified by 10

col umm éhr omat ography (Si 02, 40- 100Whexane) to give the title
conmpound (371 ngy, 749% as a yeIIow gum 6H (DVMBO-d6) 9.55 (d, J 9 .0 Hz,
1H), 929(s 1H)88191(dd J4. 15H211H) 862(dd J 2.4, 04Hz
1H), R)-H ) ] J_: % 4 Uy

(dd, J85§122Hz 4 76769(m1|—|) 761(dd J82 0.5 Hz, 1H)
6. 73 (qui nt[—‘%ﬂ-@ﬂiléﬁtp—f—&ﬁ—ﬁl — Cvs (ES+) 501 (MtH)', RT 2.67 mnutes. 15

EXAMPLE 34 N { (Btirredlsoldt@®n-of EZam eel 98 g, 2.05 rnrnol in DCM §40 mL) was
1- oxypyridin-3-y %-8-(tr|fluorone h U|noI|n

trifl uéQoetChglleqim/ |CddI4§PELAd(4p19rmgnl %nlmoawvweaddgcbm swuxt@rqﬂvas gllosyodddi at e
84 (395 ny,
-t of venes U ERTTB AL 14 588 Fo b heei et L a8 BoMend o

over ni ght . sdteatéEapco@NMROL EGuMGS "Dlw)dc@léoﬁstHaﬁtﬁmi enpefedtvirtefurttled DCRO
with DCM (20 ), washed wiith water (2 x 10 nL) and brine élOrrL t hen

dried (Na23ggjhe qomhn@ewiéag%m‘afré%ﬁﬂ?émer%‘fvéﬂleriﬁwvﬂa@u@, drrerb(NaeSQutandg of f - whi t e
f Th
o our | oss Sytnaried Wkl The L LATBLARE BN Vol Hhyorb OBl ety o T

the titbe M@Humﬂt(OABﬁtor@ve A8 %/e asmpounal (B2 nep Ui/ .as 6 ke | BB dl 63,y @M 8O-

CRRE L I R DR T SR T
$ 8 gEDH) (%‘8?{%‘49 (1d@|Hszlf{6)186lt(§ tin, 896585(51)%1181}567(7507@%“ 1@1)495%&&.17 9 %

(m 2H), 774854(9110 THAHH), 7.633%. immamH)LCMSGBSf)MSM(WH)é 11"91(887mmuws|) 1. 61
(s, 1.6H). LCMBS (ES+) 531.2 (MtH)®

20 EXAMPLE 28

N-{(R)-1-[8-Chloro-2-(1-oxypyridin-3-vl)quinolin-3-yl]-2.2.2-trifluoroethyl} -N-(1-oxy-

pyrido[3.2-dJpyrimidin-4-yl)amine

Prepared according to the procedure described for Example 27. Later fractions
25  from the column gave the title compound (50 mg, 5%) as a yellow solid. 6y (DMSO-ds)
9.79 (br s, 1H), 9.18 (s, 1H), 8.97 (m, 1H), 8.69-8.52 (m, 2H), 8.49 (s, 1H), 8.32-8.27 (m,
1H), 8.14 (dd, J 8.3, 1.2 Hz, 1H), 8.07 (dd, J 7.5, 1.1 Hz, 1H), 8.02-7.93 (m, 1H), 7.71 (t,
J 7.9 Hz, 1H), 7.60-7.53 (m, 1H), 7.52-7.45 (m, 1H), 6.56-6.40 (m, 1H). LCMS (ES+)
499 (M+H)", RT 1.53 minutes.
30



WO 2012/ 032334PCT/ GB2011/ 051647 - 84 - EXAMPLE 35 N {(R- 1-

[ 8- (Met hanesul fonyl)-2-(2-nmet hyl pyridin-3-yl)quinolin-3-yl]-2,2,2-trifluoro
et hyl | pyrwoap/@233fl pyri m di n-4-am ne 51 nternedi ate 92PC3AB20y/0506486 Mol )
and Intermediate 30 (294 ny, 1.29 nmol ). gyere suspended in DCM and heat ed
under mcrowave irradiation at 140C for 1 h. The reaction m xture was

cool ed and partitioned between DCM and sodi um hydr ogensul phate sol uti on,
then dried over sodi um sul phate and OXVHTIE 29 ed. The crude material was
purified by colum chromat ography (502, Et OAc/ 5% MeOH) to give the title
conpound 10(62% as a pale SO|Id 6H (DNBC>d6 1:1 nlxture of r ot anmers)
9.55 (m 0.5k 9 ). . ( 8.60 (m
1H), 8.49-841] H)~, 8. 29 T . 5H J m Z.5F), 7.72
(m 0.5H), ﬁmmmmnwmmﬁw '717(m 0.5H), (558(m 1W 3.47 (s, 1.5H),

185 m fut ea. | 164 ERANSLE e 0Rf0) 3 T8 iy o g6 my 1)
2 - (2 - meylidide 10, (17(9@‘3()04/6 ﬁlgio'fb AAPMAB 00111 D-0IVrkiho B:if DEM (10 mL) was

trifluoroethyllpyrido[372-cflpyrimdin-4-am né 20A stirred solutlon of
Exanpl e 35h@aeﬁumgirmc@ﬁW%wnﬂ@demnDCM%@fb%nﬂﬁ,ﬂ&@r@mubednxmﬂdﬂﬁw MCPBA (150
ng, 0.76 nnDI . \Wa dded the mxture was all owed to rn1s tor.t.
over 4 b, "RitiBRbRuHeRPER e Ralt T FuliSh i ot xR I E R ned wit
saturat ed asURIHY tINMESARBNEPbEhhiO Prab@chsHkdre RShIAWHELIHED tHE‘H)drled Nesdphase
separator) and evaporated in vacuo. The residue was purlfled by preparative
25HPLC1P0 gnd/ evapeated ) wceonpleursdidpeeey paslied a¢adume chipmasedraphy (8192, 0-

o, 0, 519, “8aliept! hgElye SufEhnlits s o shylise dphupedfelfly S5

éH)Z,5 3(3 540(08mp9u;@!'015 na, 5%)&856 offDWhlld'Bolld8 &QD{\J\SOQ@@*M (62.s31HY, 9,34f(s,5|]-|) :

7 53-7. 46 (IH) &P@ (ddﬂé‘s? (1rﬂ Hp, @ﬂ) 873 (47”(7nHZo ﬁ}ﬂ)S 6%@2168596 e ﬁﬁb %‘Ql’H) ,

g -4‘1‘6 0( S, LHh), Softdd 58 513 Nz, B1)28.18%dd, I 110 B85 §:00% & m, GV 96ESH)
15 (dd,J8.5,4.2 Hz, 1H), 7.72 (t, J 7.9 Hz, 1H), 7.52 (ddd, J 7.7, 4.8, 0.4 Hz, 1H), 6.77 (¢, J

7.7 Hz, 1H). LCMS (ES+) 467 (M+H)", RT 2.28 minutes.

EXAMPLE 30

20  N-{(S)-1-[8-Chloro-2-(1-oxypyridin-3-yl)quinolin-3-y1]-2,2.2-trifluorocthyl} pyrido[3.2-d]-
pyrimidin-4-ylamine

A mixture of Intermediate 68 (0.34 g, 0.98 mmol), Intermediate 30 (0.285 g, 1.17

mmol) and p-toluenesulfonic acid (0.019 g, 0.098 mmol) in chloroform (75 mL) was
heated at reflux for 16 h. The reaction mixture was partitioned between DCM and water.

25  The aqueous phase was extracted with further DCM and the combined organic fractions
were washed with saturated aqueous NaHCOs solution and brine, then dried (Na,;SO4)
and evaporated in vacuo. The residue was purified by column chromatography (SiO,, 3-
20% MeOH in EtOAc) to give the title compound (364 mg, 77%) as an off-white solid.
O (DMSO-ds) 9.57 (d, J 9.0 Hz, 1H), 9.27 (s, 1H), 8.90 (dd, J 4.2, 1.5 Hz, 1H), 8.54 (s,

30 1H), 8.50(t,J 1.3 Hz, 1H), 8.28-8.07 (m, 4H), 7.91 (dd, J 8.5, 4.2 Hz, 1H), 7.78-7.70 (m,
1H), 7.51-7.46 (m, 1H), 7.40 (dd, J 7.6, 6.5 Hz, 1H), 6.86-6.74 (m, 1H). LCMS (ES+)
483 (M+H)", RT 1.86 minutes.



(MtH) ', RT 1.62 and 1.66 mnutes. WD 2012/032334PCT/ GB2011/051647 - 85 -
EXAMPLE 37 N- {(R)-1-

[ 8- ( Met hawe=wo1AwBm3l) - 2- (pyri di n-3-yl) qui nol i n- 3-y1] - 2, 2PeTiGE201 WBIE@Et hy1} -
pyrido[3,2-cflpyrimdin-4-amne 5Iinterngd ate 99 (870 ny, 2.28 nmol) and
Internediate 30 (669 ng. 2.74 mmol) in DCM were heated under m crowave
irradiation at 140C for 1 h. The reaction m xture was cool ed and
partitioned between DCM and sodi um KM 3 bonat e sol ution, then dried
over sodi um sul phate and concentrated. Chromatography (30-70%

et hanol -water) on C 18 reverse phase silica yielded the t|tIe corrpound (350
ng). 6H (DY 0 . 2. (dd -

1.4 Hz, 1D|><E 0 S 0 (0 : ‘

3H), 822(d_d1LJ85 15Hz 1H) 815(dt J78 19Hz 1H) 794(m

ﬁa’? m ﬁt fa;n 1%@8&@%@%@7&9@?%@@6?&@@%%@0 8’6‘1; o) 51135(059 g 1. A

conmpound ofy (fs%ﬁ?dl 8n ﬁjOMQﬁz g%a@,)ﬂeﬁ’t%d hﬁ@ér%%mv%ze %ﬂ?@c{dﬁf’a@ qUHICCRE I .
accept abl e salt or sol vate thereof (1) wherein

The reaction mixture was partitioned between DCM and water. The aqueous phase was

extracted with further DCM and the combined organic fractions were washed with brine,
then dried (Na,SO,) and evaporated in vacuo. The residue was purified by column

10 chromatography (SiO;, 0-20% MeOH in EtOAc) to give the title compound (291 mg,
30%) as a dark blue solid. oy (DMSO-ds) 9.52 (d, J 9.2 Hz, 1H), 9.28 (s, 1H), 8.92 (dd, J
4.2, 1.5 Hz, 1H), 8.74 (dd, J 2.2, 0.7 Hz, 1H), 8.67 (dd, J 4.8, 1.6 Hz, 1H), 8.48 (s, 1H),
8.21 (dd, J 8.5, 1.6 Hz, 1H), 8.13 (dd, J 8.2, 0.7 Hz, 1H), 8.08 (d, J 8.6 Hz, 1H), 8.05-8.00
(m, 1H), 7.94-7.86 (m, 2H), 7.77-7.71 (m, 1H), 7.51 (ddd, J 7.8, 4.9, 0.8 Hz, 1H), 6.74

15  (quint,J 8.3 Hz, 1H). LCMS (ES+) 433 (M+H)", RT 1.99 minutes.

EXAMPLE 32

N-{(R)-1-[2-(1-Oxypyridin-3-yDquinolin-3-yl]-2.2.2-trifluoroethyl} pyrido[ 3,2-d]-

20  pyrimidin-4-amine
A stirred solution of Example 31 (273 mg, 0.632 mmol) in DCM (10 mL) was
cooled to 0°C. MCPBA (98 mg, 0.569 mmol) was added and the mixture was allowed to

warm slowly to r.t. over 3 h. The reaction mixture was partitioned between DCM and

saturated aqueous NaHCOs solution. The aqueous phase was extracted with further DCM
25  and the combined organic fractions were washed with brine, dried (Na,SO4) and

evaporated in vacuo. The residue was purified by column chromatography (SiO,, 0-25%

MeOH in EtOAc) to give the title compound (66 mg, 23%) as an off-white solid. oy

(DMSO-de) 9.54 (d, J 9.1 Hz, 1H), 9.21 (s, 1H), 8.91 (dd, J 4.2, 1.6 Hz, 1H), 8.54 (s, 1H),

8.47 (t,J 1.3 Hz, 1H), 8.26-8.07 (m, 4H), 7.94-7.87 (m, 2H), 7.79-7.72 (m, 1H), 7.50-7.38
30 (m, 2H), 6.76 (quint, J 8.1 Hz, 1H). LCMS (ES+) 449 (M+H)", RT 1.71 minutes.



Urepresents -CF3, -CHF2 or -CH2F; 10Q represents oxygen, sulfur, N-R4 or a
coval ent bond; Z represents an optionally substituted bicyclic heteroaryl
noi ety cowei2etyaigs3ef two fused six-nenbered aromatic ri RGE/,GE2hHE/(5e44@r oar y|
noiety Z containing at |east one nitrogegy.atom and being linked to the
remai nder of the nol ecule through a carbon atom Mrepresents aryl or
heteroaryl, either of which groups may be optionally 15substituted by one
or nore substituents; Wrepresents GROMPLES3 R, R and R3

i ndependently represent hydrogen, halogen, cyano, nitro, Cl1_6 alkyl,
trifluoronmethyl, C3_7 cycI oal kyl (C| _6) aI kyI C3_7

het er ocycl oakk '1( i \ ¢ oy

hydroxy, C_©6 a 1 hi o,

Cl_6 al kyl slpyiintigtin4- @am&‘neal kyI suI fonyl am no, O 6 aI kyI ani no,
di (C1_6)al kyl- ani no, - | car b m_no, | koxycarb Iamno
C1- 6 al Ryl sul f oy MEHHISS [‘Ffé’F ateéé (§g§|gk9|98§m§97mnf @éﬁr%%fﬂe 0627 g

al koxycar bqmy mpR1§ iR $ @ar5 ) wascﬂeaéd%'nﬁé%' rﬁfé‘r&l@&%rﬂ@%ﬁ(ﬂmn at 140°C for 30
di (G _6)al kyl am nocar bonyl , am nosul fonyl, G kyl am nosul f onyl or

di (G _6) al kyihates. ndsatchamynl mix2ERAvas @pﬂ@l@eﬂd lsetiwydr E@M ad waier.6Tld kquicpusand R5

t hal C k
O 0an 5 PRt T e B ek S 4 nLosmbipd RUSHE s il wate oghesh a

conpound OfwiftotriAél theh dYic@ENSSD, N évﬁp&ﬂa@drﬁz ilxacu@r Te RESIURBERYIur Rk by
acceptabl e salt or solvate thereof. . A conmpound as clained in

clai m 10or celummstzomptegeiphy ($iPeptls KX @tOSF:m hexane) to giveghe Atle somppannd as

clained in erelnthe akb i t d

noi eti es a ghgl %PA@ alllgh Iﬁ &fﬁﬁﬁb()%%%cs\é@f‘?ggr Zt’ilg%é@&’ 1HEF8391
(dd, J4.2, 1.5 Hz, 1H), 8.62 (dd J2.4,0.4 Hz, 1H), 8.51 (s, 1H), 8.22 (dd, J 8.5, 1.5 Hz,
1H), 8.16-8.06 (m, 3H), 7.92 (dd, J 8.5, 4.2 Hz, 1H), 7.76-7.69 (m, 1H), 7.61 (dd, J 8.2,

0.5 Hz, 1H), 6.73 (quint, J 8.1 Hz, 1H). LCMS (ES+) 501 (M+H)", RT 2.67 minutes.

15
EXAMPLE 34
N-{(R)-1-[2-(2-Methyl-1-oxypyridin-3-y1)-8-(trifluoromethyl)quinolin-3-vy1]-2,2.2-
trifluoroethylpyrido[3.2-d]pyrimidin-4-amine
20 A mixture of Intermediate 84 (395 mg, 1.0 mmol), Intermediate 30 (270 mg, 1.1

mmol) and p-toluenesulphonic acid (25 mg) in chloroform (5 mL) was heated at 70°C
overnight. The reaction mixture was cooled to room temperature, diluted with DCM (20
mL), washed with water (2 x 10 mL) and brine (10 mL), then dried (Na,SO,), filtered and
concentrated in vacuo. The resulting off-white foam was purified by column

25  chromatography (SiO,, EtOAc to 8% MeOH). The colourless glass thereby obtained was
freeze-dried from MeCN/H,O to give the title compound (255 mg, 48%) as a white solid.
On (DMSO-ds; as an approximately 0.55:0.45 mixture of rotamers) 9.61 (d, /9.2 Hz,
0.45H), 9.52 (d, /9.2 Hz, 0.55H), 9.41 (s, 0.45H), 9.21 (s, 0.55H), 8.93 (dd, /4.2, 1.5 Hz,
0.45H), 8.84 (dd, J 4.1, 1.4 Hz, 0.55H), 8.56 (m, 1H), 8.49 (d, / 7.9 Hz, 0.5H), 8.38 (d, J

30 6.3 Hz, 0.4H), 8.33 (m, 1.5H), 8.22 (m, 1.5H), 7.90 (m, 2H), 7.46 (m, 1.1H), 7.23 (m,
0.9H), 6.65 (m, 1H), 2.19 (s, 1.4H), 1.61 (s, 1.6H). LCMS (ES+) 531.2 (M+H)".



5. A conpound as clained in any one of the preceding clains wherein Q

10represents N-R4.

repr esentwohytvisesa or net hyl . 7. A conpound as eCaigradil/osi@ny o
of the preceding clainms wherein Z 15reprgsents qui nolinyl, isoquinoliny

ci nnol i nyl,
pyri do- pyri

qui nazol i nyl, quinoxalinyl, phthalazinyl, naphthyridinyl,
m di nyl or pteridinyl, all of which groups are linked to the

6. A conpound as clainmed in claim5 wherein R4

ne
I,

remai nder of the nol ecule through apasMeLB8®M and any of which groups

may be opti

onal ly substituted by one or nore substituents independently

sel ected from hal ogen, cyano, nitro, C1_6 alkyl, trifluoronmethyl, hydroxy,

oxo, Cl 6 q&

al kyl sul fi

XY.(2- AR
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EXAMPLE 36

N-{(R)-1-[8-(Methanesulfonyl)-2-(2-methyl-1-oxypyridin-3-yDquinolin-3-yl]-2.2,2-

trifluoroethyl} pyrido[3.2-d]pyrimidin-4-amine
A stirred solution of Example 35 (500 mg, 0.95 mmol) in DCM (20 mL) was
cooled to 0°C. MCPBA (150 mg, 0.76 mmol) was added and the mixture was allowed to

warm slowly to r.t. over 4 h. The reaction mixture was diluted with DCM (15 mL) and
washed with saturated aqueous NaHCOj3 solution (25 mL) and brine (25 mL), dried
(phase separator) and evaporated in vacuo. The residue was purified by preparative
HPLC to give the title compound (36%) as a pale yellow solid. oy (DMSO-dg; 1:1
mixture of rotamers) 9.60 (d, /9.1 Hz, 0.5H), 9.56 (d, J 9.5 Hz, 0.5H), 9.44 (s, 0.5H),
9.27 (s, 0.5H), 8.92-8.84 (m, 1H), 8.64-8.56 (m, 1H), 8.54 (s, 0.5H), 8.54-8.50 (m, 1H),
8.38 (m, 0.5H), 8.31 (s, 0.5H), 8.25 (m, 0.5H), 8.24-8.17 (m, 1H), 7.99-7.95 (m, 1H),
7.95-7.86 (m, 1H), 7.53-7.46 (m, 1H), 7.28 (m, 0.5H), 7.17 (m, 0.5H), 6.72-6.59 (br m,
1H), 3.46 (s, 1.5H), 3.44 (s, 1.5H), 2.21 (s, 1.5H), 1.63 (s, 1.5H). LCMS (ES+) 541.0
(M+H)", RT 1.62 and 1.66 minutes.



5al kyl car bonyl am no, C2_6 al koxycarbonyl am no, Cl1-6 al kyl sul f onyl am no,
fornyl, C2-6 al kyl carbonyl, carboxy, C2 6 al koxycarbonyl, am nocarbonyl,
C 6 al kywarmmrasaibonyl, di (G _6)al kyl am nocar bonyl , ampPaogaB2homsle47ClL 6
al kyl am nosul fonyl, di (G _6)al kyl am nosuwdfonyl, C3_7 cycloal kyl, C3_6
het er ocycl oal kyl, (Cl1_6)al kyl (C3_6) het er ocycl oal kyl , nonocyclic aryl and
nonocyclic heteroaryl. 10 10. A conmpound as clainmed in claim9
wherein Mrepresents phenyl, pyrid mXAMPIEB8AzI nyl, any of which groups
may be optionally substituted by one or nore substituents independently
selected from hal ogen, C1_6 al kyl and C1_6 al koxy. 1511. A conpound as
clai med in glahm SONMIRERLNNLEPI SO S PHLIHAN. o122 2-nifly
conmpound a Dy
13. A corrp@undo[asz d]pannminmlqarmmv one of the pr ecedi ng. cI ai ns wher ein W
20represents C R5. nd as cla iml

wher ei ngRS repré’étéﬁ?%dl‘i‘fﬁé)%%@hmg’zzg HHHOISTE Injaegmedia ﬁ(ﬂn%aéﬁ din
any one of j{ b@mf‘&@ﬂéa@&i et ﬂﬁcrw@%&&@dﬁﬁo@% ERPETEN & MHIFAS&I mixture
16. A compound as clained in claim1l represented by fornula (1A, or a
phar maceut ivealcbgled ané partibbecdstaitweanr DEM aral sodtume hedybgencitbonate solution, then

(ng?' IZﬁ]ggZ?ﬁ%EP /%is% %141955 J[ghaze and8 concentra?ed Ch(roé%tograp i(ib-%%aéﬂ%no%wgtre% as
on C-18 reverse phase silica yielded the title compound (350 mg). oy (DMSO-de) 9.60 (d,
10 J9.1 Hz, 1H), 9.46 (s, 1H), 8.93 (dd, /4.2, 1.4 Hz, 1H), 8.85 (d, / 1.9 Hz, 1H), 8.70 (dd,
J4.8,1.6 Hz, 1H), 8.51 (m, 3H), 8.22 (dd, / 8.5, 1.5 Hz, 1H), 8.15 (dt,/ 7.8, 1.9 Hz, 1H),
7.94 (m, 2H), 7.56 (m, 1H), 6.85 (m, 1H), 3.54 (s, 3H). LCMS (ES+) 511 (M+H)", RT

1.87 minutes.



X represents N or CH, 5R16 and R17 i ndependently represent hydrogen,

hal ogen, cyano, G _6 alkyl, trifluoronethyl, amno, G _6 al kylam no or

di (C1_6) avhybem3esy and R18 and R19 i ndependent | pCTAB20EI151647

hydr ogen, hal ogen, cyano, C _6 al kyl, trgdl uoronethyl or am no carbonyl.
1017. A compound as clained in claim 16 wherein R19 represents hydrogen.
18. A conpound as clainmed in claim17 represented by formula (JIB), or a
phar maceut iWainhy¢ acceptabl e salt or solvate thereof: WO

2012/ 032334PCIT7 GB2011/ 051647 - 90 - RI16 O wherein Rl and R2 are as
defined in claiml;, and X, R16, R17 and R18 are as defined inclaim116. 5
19. A conpound 3s H@E;l |

represents N 3 £téh é{?f%%éﬁgzaﬁ%lgs &ghéﬁlﬁ%&@t{g clainms 16
to 19 wher accepRbEe sattpiraskeateshdBotfhydr ogen.

5
R -7
W
2 ~ U
R
7
N M
R
@
wherein
U represents -CF3, -CHF, or -CH,F;
10 Q represents oxygen, sulfur, N-R* or a covalent bond;

Z represents an optionally substituted bicyclic heteroaryl moiety consisting of two
fused six-membered aromatic rings, the heteroaryl moiety Z containing at least one
nitrogen atom and being linked to the remainder of the molecule through a carbon atom;

M represents aryl or heteroaryl, either of which groups may be optionally

15  substituted by one or more substituents;

W represents C-R’ or N;

R', R” and R’ independently represent hydrogen, halogen, cyano, nitro, C alkyl,
trifluoromethyl, Cs7 cycloalkyl(C;.6)alkyl, Cs_7 heterocycloalkyl(C, ¢)alkyl, aryl(C,.6)-
alkyl, heteroaryl(C;.)alkyl, hydroxy, C;s alkoxy, difluoromethoxy, trifluoromethoxy,

20  Cy alkylthio, Ci alkylsulfinyl, C;¢ alkylsulfonyl, amino, C, alkylamino, di(C,)alkyl-
amino, C, alkylcarbonylamino, C,¢ alkoxycarbonylamino, C;.s alkylsulfonylamino,
formyl, C,¢ alkylcarbonyl, carboxy, C, alkoxycarbonyl, aminocarbonyl, C; s
alkylaminocarbonyl, di(C,;)alkylaminocarbonyl, aminosulfonyl, C; alkylaminosulfonyl
or di(C;.¢)alkylaminosulfonyl;

25 R* represents hydrogen or Ci alkyl; and

R’ represents hydrogen, halogen, Cy alkyl or Cy_s alkoxy.



21. A conpound as clainmed in any one of clainms 16 to 20 wherein R17
represents hydrogen. 1522. A conpound as clained in any one of clains 16 to
21 wher eiwoORMB/3epresent s hydrogen or C_6 al kyl. 23. AprcomBrondsast7cl ai med
in claim22 wherein R18 represents hydrogen. 2024. A conpound as clained in
claim 22 wherein R18 represents nethyl. 25. A conpound as clainmed in
any one of the preceding clains wherein R represents hydrogen, hal ogen,

G _6 al kyl, trifl uvotf Frextidyyderatid ofta édnkpduﬁdl bphenyila (1) MQefined in claim 1, or a
2012/ 032334PCT/ GB2011/ 051647 - 91 - conpound as clainmed in claim25
wher ei n RIPh@%W@@@#@HYéﬁWBW@bfﬁﬁorﬂPW@ﬁﬁ@ﬁ -as claimed in claim25 wherein
R represents trifluoronmethyl. 528. A conpound as clained in any one of the
precedi ng clains wherein R2 represents hydrogen, halogen or Cl1_6 al kyl. 29.
A compound as cl3aiAresmpoundlaaictmiid8d wheiai hoRAainep méesii 8 loydsagerCF;1030. A
conpoung as herein specifically disclosed in any one of the Exanpl es.

31. A conpound of fornmula (1) as defined in claim1l or an N-oxide thereof,

or a pharmaceut '4C%bamﬁ&ﬁl%@fs%ﬁhﬁe@ﬁﬂ ctlalﬁ{3 ?xz%l\éﬁ{ﬁefc%%‘afom P hidR end 10)-2
t herapy. 1532. A conpound of fornula (1) as defined in claim1l or an

N- oxi de t henéefT: moictcpiradimadhudtiachdd iy imthed§) ebifgusdion. or sol vat e t her eof
for use in the treatnent and/or prevention of a disorder for which the
adm nistration of a selective PI3K inhibitor is indicated.

5. A compound as claimed in any one of the preceding claims wherein Q

10 represents N-R*.
6. A compound as claimed in claim 5 wherein R* represents hydrogen or methyl.

7. A compound as claimed in any one of the preceding claims wherein Z

15  represents quinolinyl, isoquinolinyl, cinnolinyl, quinazolinyl, quinoxalinyl, phthalazinyl,
naphthyridinyl, pyrido-pyrimidinyl or pteridinyl, all of which groups are linked to the
remainder of the molecule through a carbon atom, and any of which groups may be
optionally substituted by one or more substituents independently selected from halogen,
cyano, nitro, C; alkyl, trifluoromethyl, hydroxy, oxo, C;s alkoxy, difluoromethoxy,

20  trifluoromethoxy, C, alkylthio, C; alkylsulfinyl, C; alkylsulfonyl, amino, C;.s
alkylamino, di(C,s)alkylamino, arylamino, C,.s alkoxyaryl(C,.s)alkylamino, C,
alkylcarbonylamino, C, alkoxycarbonylamino, C; alkylsulfonylamino, formyl, C,
alkylcarbonyl, Cs cycloalkylcarbonyl, Cs heterocycloalkylcarbonyl, (C;s)alkyl-
(Css)heterocycloalkylcarbonyl, carboxy, C,¢ alkoxycarbonyl, aminocarbonyl, C,

25  alkylaminocarbonyl, di(C;.¢)alkylaminocarbonyl, aminosulfonyl, C;¢ alkylaminosulfonyl

and di(C,.¢)alkylaminosulfonyl.

8. A compound as claimed in claim 7 wherein Z represents pyrido|3,2-d]-
pyrimidin-4-yl.
30
9. A compound as claimed in any one of the preceding claims wherein M
represents phenyl, pyrrolyl, furyl, thienyl, imidazolyl, oxazolyl, isoxazolyl, thiazolyl,
isothiazolyl, pyrazolyl, triazolyl, oxadiazolyl, thiadiazolyl, pyridinyl, pyrimidinyl,



2033. A pharmaceutical conposition conprising a conpound of forrmula (I) as
defined in claim1l or an N-oxide thereof, or a pharmaceutically acceptable
salt or swbwat>3pisereof, in association with a phar macerCiras22by/se@ept abl e
carrier. 34. The use of a conpound of foggwla (1) as defined in claim1 or
an N-oxide 25 thereof, or a pharmaceutically acceptable salt or solvate
thereof, for the manufacture of a nedicanent for the treatnent and/or
prevent i on pofidéziylSefraghylf @traxdlyicdt ttifvenydaiyfsiliet geapohanbseprsiatlye Pl 3K
inhibitor is indicated. 35. A nethod for the treatnent and/or prevention of
a di sor der SERYItHRAT BoRher momaHPiHitematalestieddron haloge cyqro. mtgkqp Ryt or s

treatnont ey PESTRL LS ERAEC DRES, Uliok in@npy LEMLrbR PSS il

claim1l or Gap aﬂt-yﬂpuilﬁigzlt(h@;raequlsulfmlnya apiar, th¢ elkylaahd wlahgmkyﬂirhmoséu or
sol vate t here 2012 03 33 PCT/ GB2011/ Q51647
{(R)-1-3[8- a@ﬂf%rlzsmz ainey Gy kayerrho Gﬁwwau h@alkylﬁulﬁmvﬁm@o 2f°§m¥lr Pﬂs uor o
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conposi t i oMndiRERicHrNGntihmdroR)clit-HeBr&4tyOr 0- 2- (1- oxy-
pyridin-3-yl)quinolin-3-yl]-2,2,2-trifluoroethyllpyrido[3,2-4pyrim din-4-yl

am ne ilfi association with a phar maceutically acceptable carrier. 39. The

use of N {(R)- ]10[ % ({1@[9021%22«15 (:ljalrﬁéc(fy %ycjfhgll d.'wﬁer% n;ﬁure r%génr‘gm%ue%g Cpﬁt}l%ih%gor;S

trifluoroethyllpyiido

medi cament pyizidyhent b athiniro@nthr bepdSIQiUﬁallly grbsﬁifut@irby dHfel crmeat Qubstituents

aut oi nmune, cardi ovascul ar
independently selected from halogen, C alkyl and C; alkoxy.

15 11. A compound as claimed in claim 10 wherein M represents pyridinyl.
12. A compound as claimed in claim 10 wherein M represents methylpyridinyl.

13. A compound as claimed in any one of the preceding claims wherein W

20  represents C-R’.
14. A compound as claimed in claim 13 wherein R’ represents hydrogen.

15. A compound as claimed in any one of the preceding claims wherein R

25  represents hydrogen.

16. A compound as claimed in claim 1 represented by formula (ITA), or a

pharmaceutically acceptable salt or solvate thereof:



neur odegener ati ve, netabolic, oncol ogical, nociceptive or ophthal mc
condition. 40. A nethod for the treatnment and/or prevention of an

i nf | anmatwoywp1228233% 0i mrune, cardi ovascul ar, neur odegeneraTiGB2)1BEI&bol i C,
oncol ogi cal , nociceptive or ophthal m c cgndition which conprises
admnistering to a patient in need of such treatnent an effective anount of
N {(R)-1-[8-chl oro-2-(1-oxypyridin-3-yl)quinolin-3-yl]-
2,2,2-trifluoroethyl|pyrido[3,2-4pyrim din-4gyl am ne.
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(ITA)
wherein R' and R? are as defined in claim 1;
X represents N or CH;
5 R'® and R"” independently represent hydrogen, halogen, cyano, C . alkyl,

trifluoromethyl, amino, C;. alkylamino or di(C,)alkylamino; and
R'® and R" independently represent hydrogen, halogen, cyano, Cy alkyl,

trifluoromethyl or aminocarbonyl.
10 17. A compound as claimed in claim 16 wherein R" represents hydrogen.

18. A compound as claimed in claim 17 represented by formula (I1IB), or a

pharmaceutically acceptable salt or solvate thereof:
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(1IB)

wherein R' and R? are as defined in claim 1; and

X, R', R" and R"® are as defined in claim 16.

19. A compound as claimed in any one of claims 16 to 18 wherein X represents

20. A compound as claimed in any one of claims 16 to 19 wherein R'° represents

10 hydrogen.

21. A compound as claimed in any one of claims 16 to 20 wherein R'” represents

hydrogen.

15 22. A compound as claimed in any one of claims 16 to 21 wherein R'® represents

hydrogen or C; alkyl.
23. A compound as claimed in claim 22 wherein R'® represents hydrogen.
20 24. A compound as claimed in claim 22 wherein R'® represents methyl.

25. A compound as claimed in any one of the preceding claims wherein R’

represents hydrogen, halogen, C; alkyl, trifluoromethyl or C,.s alkylsulphonyl.
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26. A compound as claimed in claim 25 wherein R! represents chloro.

27. A compound as claimed in claim 25 wherein R! represents trifluoromethyl.

28. A compound as claimed in any one of the preceding claims wherein R?

represents hydrogen, halogen or C,.4 alkyl.

29. A compound as claimed in claim 28 wherein R? represents hydrogen.

30. A compound as herein specifically disclosed in any one of the Examples.

31. A compound of formula (I) as defined in claim 1 or an N-oxide thereof, or a

pharmaceutically acceptable salt or solvate thereof, for use in therapy.

32. A compound of formula (I) as defined in claim 1 or an N-oxide thereof, or a
pharmaceutically acceptable salt or solvate thereof, for use in the treatment and/or
prevention of a disorder for which the administration of a selective PI3K inhibitor is

indicated.

33. A pharmaceutical composition comprising a compound of formula (I) as
defined in claim 1 or an N-oxide thereof, or a pharmaceutically acceptable salt or solvate

thereof, in association with a pharmaceutically acceptable carrier.

34. The use of a compound of formula (I) as defined in claim 1 or an N-oxide
thereof, or a pharmaceutically acceptable salt or solvate thereof, for the manufacture of a
medicament for the treatment and/or prevention of a disorder for which the administration

of a selective PI3K inhibitor is indicated.



10

15

-92 -

35. N-{(R)-1-[8-Chloro-2-(1-oxypyridin-3-yl)quinolin-3-yl]-2,2,2-trifluoroethyl} -
pyrido[3,2-d]pyrimidin-4-ylamine.

36. N-{(R)-1-[8-Chloro-2-(1-oxypyridin-3-yl)quinolin-3-yl]-2,2,2-trifluoroethyl}-
pyrido[3,2-d]pyrimidin-4-ylamine, for use in the treatment and/or prevention of an
inflammatory, autoimmune, cardiovascular, neurodegenerative, metabolic, oncological,

nociceptive or ophthalmic condition.

37. A pharmaceutical composition comprising N-{(R)-1-[8-chloro-2-(1-oxy-
pyridin-3-yl)quinolin-3-y1]-2,2,2-trifluoroethyl } pyrido[3,2-d]pyrimidin-4-ylamine in

association with a pharmaceutically acceptable carrier.

38. The use of N-{(R)-1-[8-chloro-2-(1-oxypyridin-3-yl)quinolin-3-yl]-2,2,2-
trifluoroethyl} pyrido[3,2-d]pyrimidin-4-ylamine for the manufacture of a medicament for
the treatment and/or prevention of an inflammatory, autoimmune, cardiovascular,

neurodegenerative, metabolic, oncological, nociceptive or ophthalmic condition.



