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PYRROLO [ 2, 3-D] PYRI M DI N DERI VATI VES AS PROTEI N
KI NASE B | NHI Bl TORS The present invention
WO slogves6t 0 a novel group oflbicyclic het er ocyed©86B2008/050925
whi ch may be useful in the treatnment or prevention of
a di sease or nedical condition nedi ated through 5

ei n_ki nase PKB, . al so known_as _AKT) .
PYR‘%@%@J%&QI W'WQE‘%P&QVBE NESAS PRETER K*N@&E@ANH&#”ORS

prevention of a nunber of different cancers. The

invention also relates to pharmaceutical conpositions

conprising said conpounds, to processes for the

manuf act ure of said conpounds and to net hods of )

t r ebhqigsend invantiepskaseste ginayeleronp EikBexsdic hgtesesyeles which may

i ' o) f

lngEB 2%21%%1&6 ngt%t Ilgeﬁea oﬁxnogggf;{‘eﬁge & n\}\%cﬁgal% QBﬁ?cﬁR&%eﬂ% ed through
protefphintam (FIaB} al‘smklﬁﬁ‘m asAKITD. fmm:bmpoﬁnﬁ nsayrthmﬂ:lre be useful in

i ncl uding cel |l ul ar regggns%f growm h factors. P
the feRERE R UIGPBRE A PPREETYY, lffoFn%‘i@éﬁ?fF el hspgitipg also relates to
ha9n @0 cd1 REEB6siki S FdomprRidgl Si L&t t
pz};r05|%e kl%&gé é?m%xaﬁé 1 G#K%éc%g§ %%%%gﬁff“ih
mamgdedpteat saildmempswssisamd toy n@éroge eﬁtreammpm&mwsqs Inatcdized by PKB

Thi s, auto gsphorylatlon event 15allows the 85 kDa
using s %9“6?‘5‘ Ybunit of PI3K (p85) to interact with the

I eCERBAS a BbhP&ientbf @6 HhspRhti Kl 3-18RasRUARKY rmg%nﬁlglpamway which

for exanple growmh factor receptor-bound protein 2
playsGrERportagicddartiacelbyradideratien end swewmlomlemdmgateaugar rasponses to
grocgfﬁ;gifgsé ngpo %ﬁnlﬁé 1% O% yI g‘l{e? rc]:to%c Ir\é}iagnllp ¢ bpz%emlal growth factor

(Ectfhp@nh,ateuduﬂfamedpmﬁﬁm&nb lk&mb@wmtaaqpq@m?)rede@mr (EGFR), the
produce phosphati dylinositol-3 -trip hos%hate )
recgpbprBycriges aad @ﬁ%era%@%f@épsmwém&u Thistaptaphpebomyletion event
t [
allRR (jﬁe %B]Q?g t]@%llaqé{x{y asgﬁlgdl{ng ?g@@%ﬁtmnt&ggﬁ\%ﬁh g‘he rg%l‘ar either
d1rqnh9$:phmraylladti}aer pmd:na,(fbr sahede BloGlh fathe reccptoe-bohnéprotein 2

(OERBTIASIFSY BRFAee 1 B KRR @ ubiTice! andel 10)- Upon

actl%ﬂing?i I(PEhté:lﬁ/seE KeBGos %ﬁor?ﬁﬁ@ﬁb ﬁﬂpﬂﬁtidgllﬁ@élﬂol -4,5-bispho dpha.tc

ling events that nediate cell prolif eration an
(PR rtQ/plvpéuce W%]Pleaalslylam&lobﬁﬁéhtﬂ@m%ﬂe@m) iasegmslontsatiagr

ol D e B TR LA Baod ) S RS0l

the @msma AgdrhBakd Werd PORO) Oﬂi&ﬁh&yfa&@taﬁﬂ %@tnfa@crs rexanpl e the
BAD, procaspase-9 and forkhead (FKHR) transcription

f actlsre areahr@e oWy mOifcnngtqf KT (HKIBRAKT a PR E AN and

PK#@@E@@ Bl Bl g 5%?3.%“%&&%%?@@%% {ogplef it
cellGPIHal Hn%létv@ntts that ?Ach;a%"ée\ﬂ'l\%%iéfepa\ﬁoh Rag tshﬁ(f?\ta'l Qhe30QcHwdion of

via phosphoryl ati on of Simiarly, activated PKB
PKBAdusesciged Wltanasfcar aiibty dyl isadinvatdimgd pre@ibehnwocesses
n omﬁh and netabolism for exa
Actava&&ﬁ%yrot%tﬁ s TR FRPPACHS %&nﬁ%vaaflgmlpm%ms for
exa 1%[691@& BND é@@@ﬂé‘sb@ A Rhe ANE KU R) Qéﬁé@lq BYRED Qﬁc‘?actwatmg
ki nase- 3 PKB-nedlated sti ation
trarxsgilnthprf@¢tmeehfawpmguhirtmarprapoﬁot1¢ gmeﬁ,rforrewmﬂt omls"-AMP response

oo B REATONS EGE! & B0, BP0 G o

of P33 Gnep irylafion BEAMIIVC a8& R arty PR vENA PRIEEind (s @kl PRolfEration
anplification of the genes encoding thev\g1 10 i soforns
by aptivEigerateastipyred n %H@mth@ad@@t@oh@m r cgamplerby a pathway

ovari an cancer, head and neck and cervical sqguanobus
cancers, gastric and | ung cancers, angioplastic

ol i godendr ogl i omas, amapl astic astrocytonas,
glioblastoma nultifornme and nedul | obl ast onas.
Simlarly, mutation anplification and/or

over expressi on of the genes
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o encoding the PKB isoforns are found in pancreatic,

breast and ovarian tunours. Furthernore, the gene
woenoewai7igg f or PTEN (a phosphat ase whi ch has a r@EveB®®88/050925

role to PI3K, catalysing the conversion of PIP3 to

PI P2) is inactivated in many tunmour types, including

ovari an, colorectal, breast, gliom, nelanoma, |ung,

| eukaem as and | ynphomas; thls results in activation
Ieacﬁtflpgf) }%%?1 ;Itin &fﬁh@m‘éﬁ%ﬂh é,%nc ”ftf)R Qnd VE%%@(:ogen

era on a

Synﬂllage/klﬁade?,(eﬁsl(x)onpound that d| sr upted this pathway,
i ncl udi ng PKB inhibitors, may be useful in the

t r Bt Brenidiased smeanon phseli nraferison as Pesteqting Dopzppoptosis
therSiE B oLOGaRAK DS 3 ehdic! AUBMATE B cbfiponcis withip the PISK
patiReay arevsorhmibonygfolhd nmaact;r F soaniphy, n’ﬁﬁ)ﬁﬂﬁ))'] ovainplification of the

988- 1004.. and CUI e reviews,/ ncer
geﬂfweﬁmgé’ml )gpoto %ﬂ 3%@2@ %ﬂﬁa Iy BYCRstFaneREh dRYEhEancer,
ovaPR} BaRbyRE&NARNRLK SR eét@ttamqutﬂﬁsu@&ﬁe& Slaleic- a"ﬁdgﬁhgg&ncers

rel ated gene (hERG 1s believed to play a key role in
angroppestiapligetendiogbimad) emaplastid astioaytonas,diliablasiotiagnultiforme and

tential. es in.its I vit aused ei t her
mefBPR ot PP ore B prad GO B B E pression of He genes
encOAIAL RO R HofdHns e idung 3t preatidbrbARdnd ovAagheneaki on
of action 25potential duration. This can lead to

Furheaneraghe isene oicoding P THRY éz plesphatassrlaigh has aeevcisn I‘Qiﬁ to
I [ entl f.at al ar di

PIBI% &ﬁgl&}%ﬁ?{& c%g\\;ﬁ@gg %‘J?, ;Ig, atg Pﬁ)lgfﬁ is IBO&H,taéag 112 Oty %1%rgy%eis,
mcI&ng (oﬂ&ﬁ)a’h), colbreenllsorEhgrpiaeel melabma Zang,Zéﬂca&‘ﬂiﬁt)s and lymphomas;

Recent regul ator ui deI i nes (CPMP/ | CH 539/ 00)
thlsrr%%‘é‘ﬁ%?ﬂlvﬁh@tOM ftro assay investigating the

ef f be

oner oy n Sl e TrboRATRRR IS R B R I Rt
projpfeedion tand kaviviak ahy komgotrhihainésupteé this phtheny,iihéledingiPKIB

. . brol on he interval re orded n on

inh B G e B B RGP SRR PRI R S Of ek

s1g1ﬁ Iﬁ%@a%%dd%tstlﬂvdl%}ﬁéﬂt‘% %duﬁlﬂg@ﬁ&@@k 580”4 gf{ ?fehﬁéksy etal,
devel opment of any new d

ug.
Natblfe &WM@@%@S@VB@E fDensger %@;Qﬁ)t\hétﬁt ©88-dep4 talné Gl’tlls’ter al.,

NP SRR MR R RS Bo” pur i ne. puri none

andrigeata ﬂtp@ﬂﬂ@t@@fmﬁmﬁ%aﬁﬂmnmed Bi; theunimith&t£00-go-
t he act|V|t protein kinase B (PKB) and protein

relafgdrpgae (HERE {@FEIWEI@\A%W@W a kepjapls 18 fgpofarssiian of thpseriaegar
carcﬁadc &rtlo[i %Btggﬁ Egé/s 91@%&% @zﬁl\é E&tﬁe?%?rﬁl%rlt&félﬁﬁﬂgns of the
properties

agal ns vant age si cal
gené ﬁ@:[ueﬁ)eacrfmhamldfmbgigeial ﬁ@dﬁ“ﬁ:uﬁoxs(ahm IHaH itd proldrigghier of action
abi lit and/or | ower plasnma protein bindi n%
potdiiia) ey oLiia e tibia REPREHIBrGI SO figlerakEgpTdsd dn man on an
ccE88HRRRAR AAETS RUERIMN Gl SUAL LB e XM BB
Potntah{ \indomtsrg &@Tﬂéoab)plfrarlamt)hammel Sur P2, Bionzd 6). Rewend

t.hat certain cle rivatives are.
regHaPy SRSy G sea el W?fﬂﬁ@a‘ﬁwa’& ? HiSBY Inyfdfigating
the BEYCtd mﬁﬁfc@ﬁ%oﬁ)&is% efeHER® cﬁzth%eI Edd PEBte élémgﬂlt%? @Sfre-clinical
states in which PKB activity is inplicated,

sira@‘gaﬁpnmg@apmérct the hkehhmtbmdtemgcltemnaalfenmtsets va:éigeoltongthe QT

t. th f d d
imeb i SR 28 B oG eclsfeiAiRR Bt e he S epiaf R BOHRRC
blodkives &bty RiiNiins an {nffdrdant dénsideration in the development of any new drug.
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wherein: Y represents CHor N, Z'-Z2 represents a

group selected from C(R6)=CH, N=CH and C(R6) =N, where
WQeoRs47sex esent s hydrogen, fluor, chloro, bronmGT/GRa08050925

met hyl, ethyl, difluoronethyl, trifluoronethyl or

cyclopropyl; nis 0, 1 or 2;3 Rl represents

Cl_4al kyl, C2 _4al kenyl , C2_4al kynyl, C, _4al koxy,

G - 4a|koxyC _dal kyl quoroC|4aIkyI am noCl, 4al kyl ,

D58 ey 0208 RIS P e i . o
exan(pCHR)EIEONK 3 admmmm%stexlff he(‘e@bﬁt}@%d} describe

Punf%@w%f%g%%%%ﬂé l%ﬁ%wg%gﬁzwdz méarélﬂﬁt P%medulateih%ﬁcngny of
proFQn kigiR4ear3 BRL8) Q’)ﬂjﬁ@&‘?‘rpki%se% g gﬂowe@g}’ il%e?@ ERPENLss the need

3allcyl; and 127 represe henyl represents
for éurfheo rmﬁonechtwn@dlawmg@uy@mrqmtwtﬁ pgransy PKH angl/avhideimtageous
phy%l%gg?roper%es (for exaﬁi]i)?e? t}h e{ g@%ﬁﬁsog%&L@ggrrpg%gabsmy&nd/ or

lowlr PRERE pRAcI N BRI KEHLE (v or
0 rEﬁt ! pRfei 125 it bﬂﬁb%bﬁaltﬁgﬂﬁg\fﬁzs}zl > R

3 heteroatons selected from 21is
desefisascd hEIRG blogliag ligbilisn abg/ot fayeurbkubetbalicgmoBles 8l @mpmdison

rlfluoronethyl A _al koxy, fluor,
wnﬂ ?E}Q%W%FﬁkﬁfHMb c ano; R4 represents hydrogen,

f | UDlic apphbﬁft@havbrsﬁfmlsnig‘i/)ﬂfwn@ that EérfaJuUBlE:g-ﬂﬁtH&Yérocy%‘[hddégﬁratwes
represents hydrogen, fluoro, chloro or bronb. 5I'n one

are gipbGRlape FECETYCrah ETibiae PKEmctiy e prd may Hress/pigdis ugeful m the
treahABRAU AL AL aIQ ST iehidd %KB% ué‘it?ﬁ?&ﬂﬁ&ﬁé& 'f&'aelxal)ﬁple cancer.

acceptabl e salt thereo
According to a first aspect of the invention, there is therefore provided a compound

ol Formula (1), or a pharmaceutically acceptable salt thereof:

/@) Jf_j(umn

Y/' Z,

N2
K\' /
NT O

M
wherein;
Y represents CH or N;
7'-Z” represents a group selected from C(R*)=CIH, N=CH and C(R%=N; where
R® represents hydrogen, fluoro, chloro, bromo, cyano, methyl, cthyl,
diftuoromethyl, trifluoromethyl or cyclopropyl;
nis 0, I or 2;
R' represents Cyalkyl, Caaalkenyl, Cogalkynyl, Ciaalkoxy, CieatkoxyCialkyl,
fluoroC|salkyl, aminoC,4alkyl, hydroxyCalkyl, cyano, cyanoC;.ialkyl, Csecycloalkyl,
-(CH,),NHCOCHj, -(CHz),NHSO,CHj, -(CH2),NHCONH3, -(CH2),NHCONR’R?,



(1) wherein: 70 Y represents CHor N, Z -Z2 represents

a group selected fromCH=CH, N=CH and CH=N, n is 0, |
WOR0092047363d R represents Cptal kyl, am noCl 4alHCaVGB2008/050925

hydr oxyCpal kyl , -(CH2) pNHCOCH3, (CH2)gNR2R3 or

C3_6cycl oal kyl ; where 25R2 gepresents hydrogen or

Cr3alkyl; R3 represents C ttalkyl; and 5 p and q

i ndependently represent 2 or 3. In a further

i in [ r ec+i f 253

e e Ay ST BB RO R Fehig LRI QL) CONR'R or
-{Cﬁhaﬂﬁambﬂeically acceptabl e salt thereof: 5(1)

wherei.n: Y represents CH or N, Z1-Z2 represents a

gr&Uﬁosbﬁﬁ@fgd fromCHCH N=CH and CH N R

r eq’ggpRichtsThyd@bdevlor ATAIRPGE, _4al kyl or C3_6cycl oal kyl ;

and3ion is 0, I or 2. The term"C _al kyl" is

i ntRerdegsengs byl agdt ur at ed carbon chain of | to 4

ca&gonla%pns i n {ength whi ch may be strai ght-chai ned

or HS%S%@EU*ﬁS ver references to individual alkyl

Or ®IRsSpestals 25 of hePeredhenReGd hdtsrohBi rihB & hedl @ngiMses 1, 2
chain version only and
or 3 heteroatoms selected from O, N or S; or
R’ represents a monocyclic 4, 5, or 6 membered heterocyclic ring which cComprises
1, 2 or 3 heteroatoms selected from O, N or S;
wherein R is optionally substituted by 1 or 2 substituents selected from Ci.salkyl,
trifluoromethyl, Cj_salkoxy, fluoro, chloro, bromo, and cyano;
R’ represents hydrogen, fluoro, chloro, bromo, cyano or trifluoromethyl; and
R’ represents hydrogen, fluoro, chloro or bromo.

In one embeodiment of the invention, there is provided a compound of Formula (I),

or a pharmaceutically acceptable salt thereof:

R] O IIIHz
H
i
™

1

Yy~ N
ey
NTOR
O
wherelin:
Y represents CH or N;

Z'-7’ represents a group selected from CH=CH, N=CH and CH=N;
nis 0, I or2; and
R' represents Cy_alkyl, aminoC).salkyl, hydroxyC;alkyl, (CH,),NHCOCH;,
«(CH2)NR’R’ or Cs_scycloalkyl; where
R’ represents hydrogen or C,_salkyl;
R® represents C;_salkyl: and
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references to individual branched-chain al kyl groups

such as t-butyl are specific for the 15branched chain
woegNeRconl y. For exanple, "d Aal kyl" i ncl udeRCTEB2PB/050925

et hyl, propyl, isopropyl and t-butyl. The term

"C6_4al kenyl" is intended tg nmean an unsaturated

carbon chain of 2 to 4 carbon atons in | ength, which

may be straight-chai ned or branched, containing at

I eaﬁﬁn@ﬁlﬁld@?&p_@ﬁ% RpfRERONdpuUbl e bond However

references to individual alkenyl groups such as

20" praofuethyd embrdemergeditlid invérdiont thercsis targhite prinailed a compound

ers onI and r ences ua
Ofﬁﬁggﬁkﬂihoﬁﬁ ha{mae Fa@¥6ﬁﬁgm§§éﬁng“? rt-butenyl are
specific for the branched ghaif vewsjion only. For
exanpl e, "C2_4al kenyl" |nclludes, b is not limted
to, ethenyl, propenyl prope , putenyl and
tert- butenyl The te 7_48lKynyl " is intended to
mean an unsat urat efil carbon chdin df 2 to 4 25carbon
atons in length, which my be sttaight-chai ned or
branched, containing at |east o car:bon to carbon
triple bond. Fbmever referenc&s torTndi vi dual al kynyl
groups such as " propynyl " 3@; egific for the
strai ght chain version only andb¥ef§§ences to
i ndi vi dual branched-chain al kyl groups such as
tert-butynyl are specific fd@h the branched chain
hverS|on only. For exanple, "C2_4al kynyl" includes, but
WAGTEMnot limited to, ethynyl, propynyl, isopropynyl,
Yraﬁg%ﬁﬁkjﬁaﬂyﬁert but ynyl . 5The term "Cl A al koxy" is
intended to mean a saturated carbon chain of 1 to 4
A ZaﬁbﬁﬁmEQQQEMPndb@ngﬁmplGﬁkﬁhimﬁyﬂbenéﬂﬁb%@ht chai ned

R hiegig i B hue g S EE eIl R et noxy.

ethoxyh1@fgpoxy and butoxy. The term
"CLl_4al koxyClal kyl" is intended to mean a saturated
car brieeRa nabiyListiplendisl learasonm satusrad paboeehigiol Wisi 4 prrbon
atof{Bth BFeR WitORLy BONER. ARl APBNRed HBKR L A QXYORN
to ano er satu on charn o rbon
indiaicdomabalkyl gremgtshch ndﬁ‘l‘mblpymyrebpecsﬁc firghd stf‘zh@t l&Eﬂn @krsion only and

branched.. For. exa "Cl 4al koxyCl_4al k i ncl udes,
refgRicet © Ry Iqupkpreriietlc c?haWelﬂl%%wﬁwch %éth%slﬂbﬁ‘r wpggine for the
bra&th'é@éble[?ﬁ 9B¥]on owmw%twé &N g RUE R RIQRYh 0 éc] yiL BloBL,

l'uoroChal kyl™ “i's 1 ntended to an a satur
anmaﬂnnétbaWio 4 15carbon atons in length mhlch may be
str - chai ned. gr. branched wherein at one . of
the 38%9 HEALEEYE ThEVE e é%ﬂl?@b?‘hwat%vef FAIBP1T Hiin gl 1o 4
cart@»aRh Sin lehdh oL RGh nﬁ'ylb%'stralght chained or branched, containing at least one

carbon to carbon doublc bond,. However references to individual alkenyl groups such as
“propenyl” are specific for the straight chain version only and references to individual
branched-chain alkyl groups such as rerr-butenyl are specific for the branched chain
version only. For example, “Cs.4alkenyl” includes, but is not limited to, ethenyl, propenyl,
isopropenyl, butenyl and tert-butenyl.

The term “Cs4atkynyl” 1s intended to mean an unsaturated carbon chain of 2 to 4
carbon atoms 1n length, which may be straight-chained or branched, containing at least one

carbon to carbon triple bond. However references to individual alkynyl groups such as
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includes, but is not limted to, fluoronethyl,
fluoroethyl, fluoropropyl, fluoroisopropyl,

WOf2005043863t vl , fl uoroi sobutyl, fluoro-tert-but W\HCT/GB2008/050925
trifluoronmethyl, pentafluoroethyl, heptafl uoropropyl
and nonafl uorobutyl. 20The germ "am noCl_4al kyl" is
i ntended to nean a saturated carbon chain of 1 to 4
carbon atons in | ength, which may be straight-chai ned

“préYfynPPaRC §R4 G IBPPEIsELRE: QA% RirkiFROY 1YY ROrHHhe R0 ifVidual
exanpl e "am noCl_4al kyl " 1 ncl udes am nonet hyl,

m _
brarmfiedrokainplkyl groaps sisbras pet-bytyByleare spgoifoplpl the branched chain

1- am.nal. sopropyl ..and. 4-axi.nobutyl . .The .t er
versg RIS kRex Rl FCr YAV b ety Rt Snaled fp gyl Propynyl,
isoﬁéﬁﬁgﬂ balRlyNarf seds-Buyrd1 25car bon atoms in |ength, which

may Dbe straight-chained or branched, conprising a

hy drhsxgim §e ouabkoxyGris escadpd & mpards eatyrated4atbiegichaim of 1 to 4
cart%o%%&%rgsglﬁlggﬁggvg%i?:ﬁ%1{% :%%/: étr}%%lﬁé%agéeg&ﬂbr%ﬁg@/’ q{nﬁé&/ R)ré)xpy)élen. For

exarhplty UC Qlesty¥ linclddes, B hdmot Gnditcday Ghewmbiy lethox$, propended
to mean a saturated 3 to 6 menbered nonocyclic carbon
buteX¥ng. For exanpl e "C3_6c¢cycl oal kyl " i ncl udes

b 9 I .
Cyc’f‘l%%x‘ﬂp?f(;fﬁag%(%g?ﬁﬁwl 1S§Qfé¥gel(pt8%[?é é & st%gﬁja J ggtrgg'lgé%a!rm of 1to

The term "he ing" I's inten r%gana
4 capborearbwas edlengthf whicy maysat stragghe dhaiasdoreirim:hsdnakyd biacoxygen to
ring which conprises. 1, 2 qr 3 heteroatons . 7 .
anojfiey @ﬁﬁéﬁf‘ﬁ%}’%&?{é@? &40 fCBROR AP BYErCnE YU AR B2y be straight-
chai prfancﬂédn#&dex‘éhlﬁleé“@-ﬁ%dfi?@p.ﬁpkﬁ? M Res,But IsHdt limited to,

nltrogen atom where a bon roma nltrogen IS
methossiil anethory pexatpitioxyordpeh gripox pob gl dakdutaxyphopyl.

e DGR PGoR EGER ieRdasg Pl et BRGS0 b} o4

carBanQliorRs MEBRAR Qthidkeh 8 Batydightldnehecl BEbHEhedBMeralh @t RSt one of
limted 5to, pyrrole, furan, im dazole, triazole,

the hydrpgencitems hyveaheen cplaspd ibiriftiioriae. Tisy ekamaplendluopy ikl

. azal.e, 1,80 I ' I .
e BAEER Eag R BrnBA) ok, BRI Buaparony
fluofdtmtyleNmroRebey Gyctolerrbung, triffiotdth@hgeperitalymeedhd, 4,

5 or 6 nmepbered fully saturated or partially saturated
hepiafueropranyEang py iR ¥bnpri ses 1, 2 or 3 het er oat ons

i 0Sﬁleq&tnﬁdabrﬁ-%eg}_mlgn%qm@ew%aﬂra s%HJrﬂQﬂlJEarE{)(ﬁ]a E%Q% g% fi0 4

a ring carbo om'or a ring nitrogen atom
carbwh adgmbindengh,elmble el bh streigbeyirlined oribngshéd cbmgesing one

.azetidine, tetrahydrofuran, tetrahydropyran, .
PrinE PEN A EOuRyHAT GRPAT R A RICa Y G RS S ; aminothyl,
2-aRinRBFdpdl MRamBIoPRIRE I 108nindisBySh PPl dififobutyl. |
di hydropyrim dine and azepane. In further énbodi nments
of TthedeinnVistirexon; «dkelR ipitanded foinkow seurdetiicaibionshsingfl 1 to 4

oy iy G S B L R 0GR o
group. For example “hydroxyC).salky]l” includes hydroxymethyl, hydroxyethyl, 2-
hydroxypropyl , 3-hydroxypropyl, 1-hydroxyisopropyl and 4-hydroxybutyl.

The term “Cs.gcycloalkyl” is intended to mean a saturated 3 to 6 membered
monocyclic carbon ring. For example “Cs.scycloalkyl” includes cyclopropyl, cyclobutyl,
cyclopentyl and cyclohexyl.

The term “heteroaryl ring” is intended to mean a 5 or 6 membered, totally

unsaturated, aromatic monocyclic ring which comprises 1, 2 or 3 heteroatoms
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in conmbination wth one of the other foll ow ng

definitions to limt the broadest definition of
WEop47ae3 (1), (1A or (TB) as appropriate. (IBCTYGB2008/050925

represents N, (2) Z1-Z2 represents CH=CH, 20(3)Z1-22

represents C(Cl)=CH, (4) Z1-iZ2 represents C(Br)=CH,

(5 R represents Cl.4alkyl; (6) R represents

am noC, 4al kyl; (7) R represents hydroxyCl4al kyl ;

de {eRRIQATRI 8 ) &bkl phuf, Pl d CRRY o
in |k§?§ . 4al kyl ltﬁéﬁor ka| Kyl .. ani noCl- 4al iii%! 1 atom or

atipg mtzsagymatom where@mn@ @lmmanklgolgen GPossie) fmabk@mple no bond is

poss%%)tgwq%;g%%g%hgﬁégﬂd i &C%Z%g%wqﬁe 1-nitrogen of

a pyﬁ&i@}ﬁ@%}plcd@%ﬂ(}%@%d akterffyi fngRinchiRR! BB 8RL Sot limited
R7 wherein R7 is selected from phenyl,

0, BYTI%I?’I ﬁraﬁymﬂdﬁ"f%ﬁ’aﬁoﬁy fetragQle irping Py pyoiazig, ,pyndme
pyrdBIGERelo, ARKEIOLY ra B E Notlia AR KL F b1 Tha

I's optionally substitute
thiop@e@009/ 047563PCT/ GB2008/ 050925 8 (11) RI represents
nis 1; (14) is 1 or

gydj’g}?%%% Eggltt;gro é}rc rfng (1&@.}6%16@ Hiearpa @rS a6 membered fully
saturated or partially saturated monocyclic ring which comprises 1, 2 or 3 heteroatoms
selected from nitrogen, oxygen or sulphur linked via a ring carbon atom or a ring nitrogen
atom. Examples of 4, 5 or 6 membered heterocyclic rings include azetidine,
tetrahydrofuran, tetrahydropyran, pyrroline, pyrrolidine, thiazolidine, morpholine,
piperidine, piperazine, dihydropyridine, dihydropyrimidine and azepane.
In further embodiments of the invention, each of the following definitions of Y, Z'-
Z2, R R, R’ R® nand p in paragraphs (1) to (26) hereinafter may be used individually or
in combination with one of the other following definitions to limit the broadest definition
of Formulae (I), (IA) or (IB) as appropriate.
(1) Y represents N;
(2)  Z'-7% represents CH=CH;
(3)  Z'-Z? represents C(C=CH;
(4)  Z'-Z” represents C(Br)=CH;
(5) R'represents Cr.aalkyl;
(6) R represents aminoC,_4alkyl;
(77 R represents hydroxyCy_salkyl;
(8) R! represents Cs-geycloalkyl;
© R represents CyaalkoxyCy.aalkyl, fluoroC;-zalkyl, aminoCi-salkyl, hydroxyC;-
salkyl, cyanoCi-salkyl, Cs.ecycloalkyl, -(CH;)},NHCOCH;, -(CH),NHSO,CH;,
-(CH,),NHCONH3, -(CH2),NHCONRR?, -(CH2),NR’R’, -(CH,),SO>NH,,
-(CHz),CONHz, ~(CH,),CONR’R’ or (CH;),-R’;
(10) R'represents -(CH’;);:rR7 wherein R” is selected from phenyl, piperidinyl,
piperazinyl, pyrrolidinyl, morpholinyl, imidazolyl, isoxazolyl, pyrazolyl and
thiazolyl and R” is optionally substituted by a single methyl group;
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(17) R4 represents chloro, brono or cyano; (18) R4

represents chloro, brono; (19) R4 represents chloro;
WOROPPBYSRA represents bronmo; (21) R5 representRET/GB2008/056925

hydrogen; (22) R5 represents chloro; (23) R6

represents hydrogen; (24) R represents nethyl; 15(25)

R6 represents di tluoronmethy I; (26) R6 represents

trifluoronethyl. Accordi ng to anot her enbodi nment
f1)t € rbpregmtd BRrodyo@le IS provided a conpound of
oxmula (1), or a pharmaceutically acceptable salt

t1¥er ek 0; which is: 4-am no-N-( |

-1( -chl ﬁ{ophenypet hyl)- | -(7H pyrrolo[ 2,3

gdﬁslpﬁlrlf t di n-4- yOpi peri di ne-4- 20car boxami de; (S)-4

gy nGrifH (ok2f 4- chl or ophenypet hyl') - 1- (7H-pyrrol o[ 2, 3-d] p
yrimdin-4-yl)p peridi ne4-carboxam de; 4-am no-N-( |
(X54- anB 8rasphenyl ) propyl )- | -(7Hpyrro |l o
E%), 3- dlgqyﬁ bpﬁ di n- 4-yDpi peri di ne-4- carboxam de;

eS)p- -am no- N- (1- (4-chl or ophenyOpr opyl)-1-(7H pyrrol
0[73, R'dprysdnns dhilero dbrdmiopeiciystione- 4- car boxamn de;
E F% 4-,am no- N- (1- (4-chl orophenyl ) propyl)-1
187 1-R rppreseatseiaroghamsyri mi di n- 4-

I perLdi 4 boxam de; 4 -am no-N-((4-ch
Fllc??oﬁerh%eﬁgsycc?%%? opyOnethyl)- | -(7Hpyrrolo [2,3
() pyRnizgliesents- brdfipl ) pi per i di ne- 4- car boxani de;

- am o- N- ( 2- am no- 1- (4-chl or ophenypet hyl ) - 1- (7H pyn-o
@?Z,Fgfaﬁ’rﬁ f%‘yﬂimﬁe&z y1) pi peri di-ne- 4- car boxani de; 9

(22) R’ represents chloro;

(23) R represents hydrogen;

(24) R® represents methyl;

(25) R® represents difluoromethyl;

(26) R® represents trifluoromethyl.

According to another embodiment of the invention, there is provided a compound

of Formula (1), or 2 pharmaceutically acceptable salt thereof, which is:
4-amino-N-{ 1-(4-chlorophenyl)ethyl)-1-(7H-pyrrolo]2,3-dJpyrimidin-4-ypiperidine-4-
carboxamide;
(S)-4-amino-N-(1-(4-chlorophenyljethyl)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidine-
4-carboxamide;
4-amino-N-(1-(4-chlorophenyl}propyl)-1-(7H-pyrrolo[2,3-d pynimidin-4-yhpiperidine-4-
carboxamide;
(S)-4-amino-N-(1-(4-chlorophenylpropyl)--(7H-pyrrolo[2,3-dJpyrimidin-4-yl}piperidine-
4-carboxamide;
(R)-4-amino-N-(1-{4-chlorophenyhpropyl)-1-(7H-pyrrolo[2,3-d Jpyrimidin-4-
y})piperidine—4—c;1rboxamide;
4-amino-N-((4-chloropheny}(cyclopropylymethyl)-1-(7H-pyrrolo[2,3-dlpyrimidin-4-
yDpiperidine-4-carboxamide;
4-amino-N-(2-amino-1 -(4-chlorophenyl)ethyl}-1-(7H-pyrrolo[2,3-d]pyrimidin-4-

yDpipendine-4-carboxamide;
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(S)-4-(am nonet hyl )-N-(1-(4-chl orophenyHethyl )-1-(7Hp

yrrol o[ 2, 3-d] pyri m di n-4- yepi peri di ne-4-car boxam de;
WO2089147663N- ( 1- (4- chl or ophenyl) - 4- hydr oxybut y0-BCK/GBRaog/n350925

rol o[ 2, 3-d] pyri m di n-4- yepi peri di ne-4-carboxam de;

5(S) - 4-am no-N-(1-(4-chl orophenyl) - 4- hydr oxybutyl) -

1-(7Hpyrrol o[ 2, 3-d] pyri m di n- 4-

yl ) pi peri di ne- 4- car boxam de;

Nefded 1) A1 WY (4

(S)h%f?cgﬁ%gﬂg?y gy@p@n%gg%@@?ﬁ&}’) )AL YA 1Y Py it £
yDpiEpidesr-4-darbexdnicar boxam de;

en 1 -2 roxyet hyl ) -
4- a11111t07rtJ|k_IF(g)[4 pgf%gé’fng)éﬁ-l&a;@ﬁ%a yﬁ)_—h—?%/ -py 0?0[9,%-3]pyrimidin-4-
yl)ﬁ%&ﬁ&ﬁ@@khﬁbﬁﬁﬁﬂéc ar boxami de;
am no- N- (1- ( 4- chl or opheny1) - 3- hydr oxypropy1) - 1
(S5)- A(WQW{bK%FIZIO@pb?W) fihgtilroxgbutyl)-1-(7H-pyrrolo]2,3-dJpyrimidin-4-
lp\{le) d eri dine 4dcarboxam de; N—(3 acetam do- 1
RS HREHTED opyo- 4- ari ho. 1
(R)= 4(2:11&1@%;591(%310%;%@15 klfﬂgﬁt utyI) 1-(7H- Ra»rrolo[2 3-dJpyrimidin-4-
eri di ne-4- car boxam 54-am no-
yl)P‘EW‘ﬁ -begpREHyiEy; 3- (di et hyl ani no) pr opyl)

4 a 1‘1@'—@35 4r %l%lgpﬁémgg g—llﬁ rrolxm Hyl?—é;(_’/lzl{_-%orl]c())[;ﬁ_»(é]fyrimidin-ét—

yl)p-l}ﬁefh(h?ﬂﬁ %ﬂxfbhﬁa[miﬁe:% (di et hyI ami no) propy1) -

7H R |
(S)- &T BESS]/‘F‘P T}# é{ ?14 gfhl9@)§pff§'f]) dihpdroxyprap ol afiHdpyrrolof 2,3-d]pyrimidin-4-
yl)éx@pﬁfﬁé‘%g#‘%ﬁ) 3- (di et hyl ani no) propy1l) - 1

N-(3{aZ¢dapydor bl bchldr@henyl)propyl)-4-amino-1-(7H-pyrrolo[2,3-d]pyrimidin-4-

ORI 1 (a-ch e A
4 allnﬁfoolﬂg]ﬂ(}lg,h}%‘r?&@ﬁﬂ)ﬂﬁ%ﬁﬁé’tﬁ}lamlnc()gﬂdpgbﬂ][@h_ppyﬁoi0[2 3-dlpyrimidin-

L} rim epi peri di ne-4-car boxam d
4-y plamlqime ka(allbOX@ml | or opheny1) - 3- hydr oxypropyl)- 1

SRt ope A Baa sy it B>
d]pyxﬁlﬁrcﬁmh )@ypqmaﬂmeu) pa[rb@%hhde 1 -(7H pyr rol o[ 2, 3-d] pyri
car

(R Crgrmigo At bRl re B (orr SR E)Tsb iy dr GRomEigEy:
di n- 4-
p%nm(d? %pli %Ecar %]Qgﬁ Hl: (R-4-amno-N-( 1
4-(anfidembiheh) Pl b0d-Eelbtophyryl - -h@af&xppjrowl)ci (78-ByEdlpi; 3-dipyrimidin-
6i.n-4-. Oﬁ:(ﬁg{?lédl ne- 304-car boxam de;
4y P%}Jeﬂd‘ il %FC) N-(1 -(4-chlorophenypethyl)- 1
4. am(n%lflwyr(memré{% l?ryi fﬁ@)ﬁ%ﬂ%@dﬁiﬁr (7TH-pyrrolo[2,3-d]|pyrimidin-4-
yQpi peri di ne- 4-car oxam
yl)piperidine-4-carboxamide;
4-amino-N-(3-amino-1-(4-chlorophenyl)propyl)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-
yl)piperidine-4-carboxamide;
(R)-4-amino-N-(1-(4-chlorophenyl)-3-hydroxypropyl)-1-(7H-pyrrolof2,3-d]pyrimidin-4-
yh)piperidine-4-carboxamide;
(R)-4-amino-N-(1-(4-chlorophenyl)ethyl)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidine-
4-carboxamide;
{R)-4-(aminomethyl)-N-(1-(4-chlorophenyl)ethyl)-1-(7H-pyrrolof2,3-dpyrimidin-4-

yl)piperidine-4-carboxamide;
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WD 2009/ 047563PCT/ GB2008/ 050925 10 (S)-4-am no-N-(1

- (4- cyanophenyl) - 3- hydr oxypropyl)- 1 -(7H pyrrolo [2,3
WO-24990473631 di n- 4- yppi peri di ne-4-car boxam de; PCT/GB2008/050925

(S)-4-am no-

1- (5-bronmo-7Hpyrrol o[ 2, 3-djjpyrimdin-4-y1)-N-( 1

- (4-chl orophenyl) -3 -

hydr oxypr opyl ) pi peri di ne-4- car boxam de;
(S)- 5{3.%)1%%'_1\%@ gg%){}%l()%ﬂeng(ﬂ)% Hfﬂr@fﬁ)‘?g@ﬂyp(’iﬁ A SR P Phdin-4
yDhpypepidperd- darhexamldar boxam de (S)-4-am no-N-(3

() N Qo 1Y PR A e BBt e eoropheny-3-

hydfoﬁzrpfbpynbg@n&inéﬁ =daffoxBhRdQPheny1) - 3- hydr oxypropy1l) - 1-(

urin-6-yepi peridi ne-4- 10car boxam de;
(S)- (I@)mm (\hﬁh %ﬁ@ﬂ@yh@nﬁfﬂﬂ-i hydroxypropyl)-1- (1H—pyrazolo[3 4-dJpyrimidin-4-
ﬁ g 3- hydroxypropyl)-1 -(7H pyn-olo[2,3 -
pi peri di ne- 4- car boxam de;

(S)- és}mﬂomm@ydﬂoiy-lTﬁlénﬁpprphemnbyﬁolobz,s;}iﬂwyylmlaﬁycﬂ) 1
(7H-pyrrol o[ 2,3 -d] pyri mdin-4-

Yl)wﬂﬂ@r"rﬁ‘rfh%xﬂmé&r boxani de; 154-ani no- N- (1

(S)-Z%_ﬁ Xha loelh&{f%l%éﬁ 3})@3 Hﬁ?l@%%{ﬁ’%)ﬂ?—h b@hyﬂ'l}rm é‘ ~yl)piperidine-4-

carbbxy@pleper i di ne- 4- car boxam de

(STl OB N PP Ey D MG oy} & B pyrolof2,3-

4- car boxam de;
d]pﬂ']lﬂ¥ﬁﬂ_ g]%gjeﬁdmm ‘%? %a!h g?ophenyl) 3 -hydroxypropyl) -

(S)- 4-a@5n<m%(le@r bxpympmbmp)ﬁmﬁm@cgp@pyl) 1-(7H-pyrrolo[2,3-d]pyrimidin-4-
I EH) i n-4- I)piperidine4carboxarride
y)plPe r\% f\ﬁrgo’ianﬂlﬂ 'chl or opheny1) - 3- (et hyl ami no) pr opy1) -
4- axﬂmo(ﬁlr&wkmk@hkﬁy@zx (ﬂirﬂé&ﬁjzlﬁ?nﬂid}blﬂyl) 1-(7H-pyrrolo[2,3-d]pyrimidin-
eri di ne-4-car boxam de;
4- Y&Pla?ﬁ‘ﬁ@e -fecpibexemidsi opheny| ) (phenyOmethyl ]-1 -(7H

)3 BEREN i Ectforh X R b I nalprop O {5 pirlel2 &
d]pyr(zﬂrdﬁhh@rﬂ)@ﬁi&fﬁﬁyﬁ)ék é’arb@mﬁﬂély 1] 1
ol o

- (TH ]
(S)—ﬁfa%p%&,{ ldq%@llqmelé‘?rﬁx&%ﬁ?’ %"@XYQFQEYHﬂ d5-cycloprppylyy Gryorofol2,3-
ApfirRAL AR Ird ALRELEEL Y1) MR 190 1 (4

or op pi per di fie- 4- car boxani de;
4-amino-N-(1-(4- chlorophenyl) 3-(methylammo)propyl)-1-(7H-pyrrolo][2,3-dpyrimidin-4-

yhp1 rldlne

yl)piperidine-4-carboxamide;
4-amino-N-[(4-chlorophenyl)(phenyl)methyl]-1-(7H-pyrrolo[2,3-d]pyrimidin-4-
yl)piperidine-4-carboxamide;

4-amino-N-{2-amino- | -(4-chlorophenyl)-2-oxoethyl}-1-(7H-pyrroio[ 2,3-d jpyrimidin-4-
yDpiperidine-4-carboxamide;
4-amino-1-(3-bromo-1H-pyrazolo[3,4-d]pyrimidin-4-y)-N-[(15)-1-(4-
chlorophenyljethyl]piperidine-4-carboxamide;
4-amino-N-[(1S)-1-(4-chlorophenyl)ethyl]-1-(5-chloro-7H-pyrrolo[2,3-d]pyrimidin-4-
yDpiperidine-4-carboxamide;
4-amino-1-(3-bromo-1H-pyrazolo[3,4-d]pyrimidin-4-yl)-N-[(1S)-1-(4-chlorophenyl)-3-
hydroxypropyl |piperidine-4-carboxamide;
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4-amno-N-[( IS)- 1 -(4-chlorophenypethylk 1 -(5
-chloro-7Hpyrrol o[ 2,3 -d]pyrimcrn-4- _

wBWIYIBGIer | di ne- 4- car boxam de; 4-am no-1 - ( RAIVGRINS/AS0925
H pyrazolo [3,4-d]pyrimdin-4-y1)-NNR 1 S)-
-(4-chl orophenyl)-3 - 11
hydr oxypr opyl Thi peri di ne- 4- car boxam de; 11
4-amino-N-[(1 S5)-1

4- am(lfb-lqg 919 Wi debor ﬁerﬁ/ ?&B&g}mﬂ)}l e (@ Ebhfd?l) %Pgirﬁﬁ@ﬁj

yr| car box
d]pymﬁ;mérm}pmwer@bmpmmm,pyr| m di n- 4 y1) NR I

+agiiosT Sbrne- (AP RER S ibsn Siher T S Py pr opy! k1-
chlcfjr@pl’f@@m’tlhyl_{[ Qﬂtﬂlh@JélQ{a?oo'iarmde

rimdin-4-yep |Eeer|d| ne- 4- car boxam de;

4- amlrmﬁqdbls‘/\kl[ (41391011)14 thw@hemppﬂwa(]s-metbﬂ.m@wpbm
d]pﬁl){m{ nQ[yﬁ?_ %%%dpr}%q 0,9l 0 &g yepi peri di ne- 4- car boxani de;

4- am%rf;rfk[txmqr(med[ﬂgdrbpﬁe@meﬂ@my} G-mRitRy7Buswdlof2,3-d]pyrimidin-4-
- rrolo )

Yl)PJM]dmﬁr‘il-ﬁilrépmldprl peri di ne- 4- car boxami de;

4-313%@%.3@*1 emgg §ﬁen@ @ﬁgg 'ﬁﬁ@ﬁgfbht,@ {{(RRYELRPE2

yrim epl - car
d]pyﬂmardimé m\)pﬁ}(ehdﬁye-éﬂ:carbaxzﬁmﬂer ophenyl) - 3- hydr oxypropyl k

2,3-d di
4- zug;ﬁ]& IB z- pSér gya%g?lﬁgyé%{ﬂ]gq] (f%ﬂp)é’ﬁqlﬁ@ 3rd|pyrimidin-4-yl)piperidine-

4-carbdppyebl o[ 2, 3-d] pyri m din-4-y1)-N- {(1 §)-1 J4-
(trifluoromethyl)phenyl] ethyl

}
4-apinoeli| i - B-daetopkenyl ek hy droaypmpyI N [ TH-R)yrold[2,3-d]pyrimidin-4-
-(4-bro enyl)ethyl k 1 7H pyrrolo [ 2, 3-d rim
Yl)Paﬁgfﬁ‘dEleyg%%% n&ill) F1>e4ycar boxcgm dgy 4- ani Lo N [] |IOy
4-am(rfb= PWI@-&;?HBI%I[B’ jﬁnﬁmwh@t)ml (}313)11 4-7THpyrrolo

éﬂ-\ r 20yl eri di ne-4- car boxam de;
(trithnogemn yﬁpfﬁeﬂyﬂaﬁhﬂ}ntﬂeﬁém@ﬁy@é‘vwm}l
4- arg anogfgﬂ};lrﬂ) dﬂ Pi—ﬁ‘r am%lﬁg%m- Eﬂ(yij {]I(]flﬂ)f)?@opo?ﬁ bCH &g*lréldm 4-yDpiperidine-
4- ca}b@;rﬂneﬁ@gl ) (cyano) mst hyI k 1 -(7Hpyrrolo
pi peridin car boxam de

4- a@g@ Igﬁ.}qu cmor?p_tlenblp]g egylﬁghym)l %H—pyrrolo 2,3- d]pynm1d1n-4—
yl)plﬁe_?gl‘rféﬁ E%Q{a%mﬁc,d] pyrimd n-4-yl)piperi dine-4-carbox
am de;

4-amino-N-[1-(4-fluorophenyl)ethyl]-1-(7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidine-4-
carboxamide;
4-amino-N-[(4-chlorophenyl){(cyano)methyl]-1-(7H-pyrrolo[2,3-djpyrimidin-4-
yDpiperidine-4-carboxamide;
4-amino-N-(1-phenylethyl)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-y])piperidine-4-carboxamide;
4-amino-N-{1-(4-chlorophenyl)-4-pyrrolidin-1-ylbutyl]- 1 -(7H-pyrrolof2,3-d]pyrimidin-4-
yl)piperidine-4-carboxamide;
4-amino-N-[1-(4-chlorophenyl)-4-morpholin-4-ylbutyl}-1-(7H-pyrrolo[ 2,3-d Jpyrimidin-4-
yDpiperidine-4-carboxamide;

4-amino-N-[ I-(4-chlorophenyl)-4-piperidin- I -ylbutyl]-1-(7H-pyrrolof2,3-d]pyrimidin-4-

yD)piperidine-4-carboxamide;
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4-amno-N-[ 1 -(4-chl orophenyl)-4-pyrrolidin- 1 -y
lbutyl]- 1 -(7H pyrrol o[ 2, 3-d] pyri m di n- 4-

WO0p/pIesa3di ne- 4- ear boxam de; 4-am no- NJI PCT/GB2008/050925

- (4-chl orophenyl) - 4- nor phol i n-4-yl butyl k 1
-(7H-pyrrolo [2,3-d] pyri m dijn- 4-
yl ) pi peri di ne-4-carboxam de; 304-am no-N-[ 1
-(4-chl orophenyl)-4-piperi din- 1 -ylbutyl]- 1
4-armfnbEN Y. QL @Lchicke D4 dkRaiftz1- _
armin6ENPMIH9LQ 0?11 rﬂ%@l&‘ 161% 21 )&Ibu ] 1 (7H- [perrroloé% )3

yepi peri di ne-4-ca
dprrpdticihydpapngmel)-cdbps qpede;di n- | - yl butyl kI (7H pyn-ol o

satyig AR b Bk Rivsi on i Th TR B rdlore &

d]pyﬂ’rhf@llﬂ Ml)}f)ggpeh(:lﬂé‘ﬁﬂrf)@ié?;hae

pyrim i peri di ne-4-carboxam de;

4- aIBmOa’h%[ﬂc&)NvWdﬁ?romhf(ndfl)eh[‘bmﬁ‘ry@yqr)mﬁ-1( wprepyiHl gi7Per az

pyriglhl %’8?@? Ig‘}/ddljl %le PR peat-GEBPHEPIG ne- 4- car boxani de:

4- arﬂn@mq?plﬂ)lﬂ[ (ﬂcﬁﬂorzggﬁérygm oYLy BraBIPRoTH Dy Aol BB OP
| k1- (7H pyrrol o]

d]Pﬂ}rﬁyiPl} friviiprRezidiney-prsboxAnkdc:a- car boxam de:
4- arﬁtn%rﬂ} Rfl 5" l%lé r%l)‘? ro%%eng})p%@pgndm 1- propazp]y]l](’ﬂ-{ pyrrolof2

d}pyr(rﬂidirpyryﬂ)'phmnﬁﬁle&-carboxamlde
peri di ne- 4- car boxam d

10d] di n-4-y eﬁ
4- ar&lﬂ&n‘? ryﬂ Sgll[ {(d1chgyrophenyly- %mpﬂaéwhbﬂimowlbﬂﬁ%ﬁwlﬂ 3-
d]p)gfrgﬁlﬁp@w nd(nz:HF Py B Qnake 3-

yrim Opi peri di ne-"4- car boxani de;

4- ammarmiﬁﬁsﬂl-lf((“l@)‘empﬁmﬁm oitbizhisiay- 3y ) iip} IF 1@ ziopyrioly[D)3-

dlpﬁ}fﬁ@ﬁ %Yiﬁp%gd%‘{ ‘g”ﬁﬁnﬂge *4- car boxani de;

4- aﬁ%% mursq lbll“il[-((hléroé\l)e'nyg)n? gfn@l%ﬁ)f] QRPeRYQ-13¢7RILp 1 PbibE -

d}pjd‘}lpyim ﬁ*IYdi]prpCIlidme)‘bqu xmld@ 4 car boxani de;
4- ar_ﬁﬁ&! E)ﬁ; IIr ofﬂg)ot‘(%)f}mﬁr_?{};) p ul rri %iﬁ-hl-% ISH}E-pyer o?ﬁ,?ydﬁ)ﬁy]fimidin—é‘i—
yDpyapidarrd- darbexz&maar boxam de; 4-am no- N- ( 1
(4-chloro hen -2-sul fanoyl et h ')eH yrrol o
4= arpwosNzﬂ ﬁ%ﬁﬁ nyﬂ) 22@§fﬁl)lavl.y§6w e’ @ytra -alﬁma@ndm—ﬁl-

C 4- chl or ophenyHet hyl ) - 4- am no-1
yl)p%e Hin% {%%Fb%%ng&d] éyrl m di np4 4 yh-

N- (Ey-mtmrdbdll fﬂeefﬂem@hhmk)&thy@eét adraA] Ny (rolo[2,3-d]pyrimidin-4-
(4-.chl hen é?ﬁ -(1Him dazol -2-yHethyl)- 1
yi)plp(e*ilffpcp F*}r PG %/ 3- d]pyrim di

4- arﬂ1(n6 N@Méf-gglﬁgdnﬂ&ﬁnﬁ%gﬁﬁ méﬁgarzg%ﬂ)%% tma I}J‘&r[-ri)ﬂopﬁ-
d]pyr(mritin-hy pgeofime3t-carboxamide;
4-Amino-N-[1-(4-chlorophenyl}-2-(1H-pyrazol-1-ylethyl]- 1-(7H-pyrrolo[2,3-
d]pyrintidin-4-yl)piperidine-4-carboxamide;
4-amino-N-[1-(4-chlorophenyl)-2-(3-methylisoxazol-5-yl)ethyl]-1-(7H-pyrrolo[2,3-
d}pyrimdin-4-yl)piperidine-4-carboxamide;
4-amino-N-(1-(4-chlorophenyl)-2-(thiazol-2-yl)ethyl)-1-(7H-pyrrolo| 2,3-d]pyrimidin-4-
y)piperidine-4-carboxamide;
4-amino-N-(1-(4-chlorophenyl)-3-(dimethylamino)-3-oxopropyl)-1-(7H-pyrrolo{2,3-
d}pyrimidin-4-yl)piperidine-4-carboxamide;
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15

d] pyri m di n-4- Api peri di ne- 4-car boxam de; 4-am no-N-[1
(4-chl orophenyl)-2-(3-nethyli soxazol-5-yHethyl | - 1

WO %ﬂpﬂﬂﬁyﬁi} ol o] 2, 3- PCT/GB2008/050925

d] pyri m di n- 4-yDpi peri di ne- 4- car boxam de;

4-am no- N- (1- (4-chl orophenyip- 2- (t hi azol -2-yDethyl )- 1

-(7H -pyrrolo [2,3-d] pyrim din-4-

30yQpi peri di ne-4-car boxam de; 4-amno-N-( 1
4-am§1{7b'l:l}_$1|;ﬂlr ; g{h{h}ﬁﬂﬁlﬂ&yﬁ =Rk IbA- n@?H%J)QP&‘P(HQ@pd/}Qyﬁmldm-él-

y

yl)mpmdmm«ﬂaarbonarmd)epu perl di ne- 4- car boxani de;

e RN e b o A ”f&%%ﬁ-(ﬂﬁﬁé%?@éﬁbda%rﬁm@ﬁ 4

yl)lﬂpamlﬁwmm(boiam{dé Chl oropheny1l) - 3- sul fanoyl propyl)- 1
rrolo [2,3 -d]pyrimd 4-
4- ayﬂlgopN;érwnﬁé (4= e phean ) deoxopropyl)-1-(7H-pyrrolo[ 2,3-d]pyrimidin-4-

no- 1- (4-chl or opheny1l) - 3- oxopr opyl) - 1-

yi)p?f%l r?d%é;?o Fg,@y& pyrim di n- 4-

4- alyxhr)cpNFIéF(dehit&eléheﬁﬁl)mm%ﬂﬁpy¥}=lam}npylﬁ*bl()[n,3—d]py"rimidin—4—
-¢chl %heny - ur ei dopr opyl)-l

YDplleemnbey BlogKam ed] by i m di n-

i
oL R SRR lz(my%?’né)é?[ﬁy PR
yl)mp@{dzm%d]nﬂwmnndd or- 4 10y| ) pi peri di ne-4-car boxani de;

A-aip N e iromhepk) e GRS LionamidaiRpY b 1 Bl o
d}p?ﬂiﬂa)dlﬁ—ﬂ(ﬂ}ﬁi}ﬁ&ffd‘i&l-%grngamlde
] pyri midi n-4-yopi peri di ne-4-car boxam de. It
| S ﬁ{éﬁ hdeunderopo dut.tinsiar asmgmrpauncbsf@onpvda flsleffied above exist

in Gy S RS 0 S5 D R BB o cion

inclubes i elefihoion 2hy @lﬁdhuﬂﬁaall}fhdtﬁzé oﬂ&fcbrﬂlct foff waHdh Sdé6ddses the
opti cal | )égact ive or racemc formwhich possesses the

Pr%f‘rrafp%frltl meike Bettileg TrsyRibesiv e apticatheadiyndoraminapbe carried
I yeSt
ot O SR el of IS A REVERIAD T At P s 2R5PE S
synfhesis éx)amqtt&‘aby aaw&tstmism§mhreﬂEYhs©pby cablyiod®f b v&emic form.
startln Is or. bé’e%fﬁ?o' Eof argcemcform
RacR A RO SR Resifies Phicel Mt BcTeap gf strictures
wh@é stréWpedifE 8dfp&hdt laﬁ'd st@ﬁeBét%EHTCQﬁe%QMQIE,@@i%rcof are drawn with
stereospecific conpoun s and ‘stereospeci f
the ﬂmreprm%@ﬁateeshqnmfnecﬁlcm@ dr awn WI t h the appr opr| ate
st er,eochem st he i.nvent.i.on al
7 or HRCBVFIOR l0 2k A b ing aidpyiameSs RSP Hifbompotnds of
Fore@p@waish afe inbibittsa PR MMAP are inhibitors of PIKE

activity. In one enbodi nent of the invention, the
conpouREMEPdimsnapl e (venhers thengempound of Formula (1) has the

configuration shown in Formula (1A):



25configuration shown in Formula (1A): 14 (1A

wherein Y, Z1, Z2, R, R4, R5 and n are as defined
WOREpHGAESt or e. I n anot her enbodi mentPCITGEBI8/050925

i nvention, the conmpound of Formula (lI) has the

5configuration shown in Formgla (1B): (I B) wherein

Y, Z1, Z2, Rl, R4, R5 and n are as defined

her ei nbef or e. Ref erence herein to a conpound of

Foi mul a (1) should be understRood to xefer equally to a

compound of Formula (1), (IA): or (IB In one

enbodi nent of the inven 3 i C}b?now ded a

compound of Formul a %o r aHpgrar ppceutically

acceptabl e salt theré&of:

or N, Z'-Z2 represents a xgroup seMected from CH=CH,

N=CH and CH=N, nis O, 1 or 2; and .

V' Z\ 5
A
NT R

(1A}

wherein Y, Z', Z*, R}, R®, R’ and 1 are as defined hercinbefore.
In another embodiment of the invention, the compound of Formula (I} has the

5 configuration shown in Formula (IB):

R1 O TI\IHz
PN ACH,
4 H
R
R’ N

vZ Z

N

(IB)
wherein Y, Z', 72, R', R*, R’ and n are as defined hereinbefore,
Reference herein to a compound of Formula (1) should be understood to refer
10 equally to a compound of Formula (I), (1A) or (IB).
In one embodiment of the invention, there is provided a compound of Formula

(1A}, or a pharmaceutically acceptable salt thereol:

t NH,
R
: (CH,),
. _
JIOn
Cl
N

Y/

5
NP
Nop

(A)

15 wherein:
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Rl represents C _al kyl, am noC _aal kyl ,
hydr oxyCG _al kyl , (CH2)pNHCCI:F13 5- (CH2)6NR2R3 or
W@ e47geoal kyl ; where R2 represents hydrogen RET/GB2008/050925
Cl _3alkyl; R3 represents Cl3alkyl; and p and q
i ndependent|y represent 2 orys3. In a further
enbodi nent of the invention, there is therefore
provi ded a conpound | oof Forntula (1A or a
dmeaedik sl |y acceptable salt thereof: wher ei n:
represents Cl1 or N, 15 ZI-Z2 represents a group
—gete@mserds f empGRieOled figaCAHaH, OHGH ami CfepYesent s
ms@gl anc@’ ni noC4al kyl or C3_6cycloal kyl; and n is O,
In one enbodi ment of the invention,
R iebﬁfs@m €, RilioN] AaT o, fOH o ItL:8C, E8t WL(@szP)\IH(é(be\m,or
g‘e)@é as, def i ned herel nbefore, or a pﬁar maceuti cal |
~«C Bt BboreCogreloalles wdere wher ei n 20t he conpound of
For & s ot her than
(S)lmdjflle e@éﬁts@%@e& ﬁ%%phenyl) 3- hydroxypropyl)-1
47I—R’px3epfe®ém$ 2, $iefipatrdi mi di n- 4-yl i pi peri di ne-4-
car boxam de A suj tabl e phamaceutically
acc%ﬁ%‘g%lr@eg%dtm@fm&r%@ﬁ@o?}@d of Fornula (1) is, for
ex I s
X S\ SHI) O SR, e SRR Bl oo
of Tamnmalzi (A poici pliaomasatitaliy atoheptﬁhde sakthiepdo&, an i nor gani c
or organic acid, for WD 2009/ 047563PCT/ GB2008/ 050925
16 exanpl e hydrochloric, h§dr ro , sul phuri c,
phosphoric, trifl uoroace r+€&Hey nmal ei c acid.
It will be understood gr t-ar conpounds of the
present invention OEY 8 i soljvated, for exanple
hydrated, as well as unsolvatethforns. It is to be
under stood that the

Y& Z

N g
N

(1A)

wherein:
Y represents CH or N;
7'-Z” represents a group selected from CH=CH, N=CH and CH=N;
R! represents C 1-4alkyl, aminoC,4alkyl or C;eeycloalkyl; and

nis0, 1 or 2.

In one embodiment of the invention, there is provided a compound of Formula (1),
{1A) or (IB) as defined hereinbefore, or a pharmaceutically acceptable salt thereof, wherein
the compound of Fornula (1), (1A) or (IB) is other than (S)-4-amino-N-(1-(4-
chlorophenyl)-3-hydroxypropy!l)-1-(7H-pyrrolo[2,3-d |pyrimidin-4-yl)piperidine-4-
carboxamide.

A suitable pharmaceutically acceptable salt of a compound of Formula (1) is, for
example, an acid-addition salt of a compound of the invention which is sufficiently basic,

for example, an acid-addition salt with, for example, an inorganic or organic acid, for
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5 present invention enconpasses all such sol vated

forms which are inhibitors of PKB activity. The
woompeassds of the Formula (1) may be admi ni st eCIdGB008/050925

the formof a prodrug which is broken down in the

human or animal body to givegga conpound of the Fornul a

(I'). Exanples of prodrugs include in vivo hydrol ysable

esters of a conpound of the formula to (1). Various

d typ | -

exatglpf "Pﬁ/gﬁfc %f E&@g%@?g%iﬁp@mn& E)hte)gkﬁloﬁﬁ, trlﬂﬁ&ga@%gcgplgrﬁé%rfmalelc
acidPr odr ugs, edited by H Bundgaard, (Elsevier, 1985) and

K Iipib Sadsri g e e o ouinabor (Beptspent invention magipxist in
solvﬁ‘teﬁef&} QQﬁﬁdpl@fhg@a%Qi Rewk@ns AndLReebanTent « ﬁghﬁfﬁe‘ijstgé/d that the

Kr ogsgaar Larsen and H Bundgaard, Chapter
preseDesignioarsdcdppdssesatli sonh oblvied drrogsthichoyre thhiBuerd gﬁBKB

ff# 113-191 (1991); c) H Bundgaard, Advanced

ACUBNg Delivery Reviews, 8, 1-38 (1992); d) H.
Bund@gaahthoulds dtlthe F@MA ﬁ?{lﬁﬁr peRamraaektiif #e 96h 8NEBfodrug
77, 285 (1988); and 20N. Kakeya, et al., Chem Pharm

whiglyjs|brolgp, doe»smn(th@m;lan mcazmlalh gytte gafefamonh?@nntégb@cf ogrhula (I).

h ' h
Exahlé)?es orf1 rl%gosr} W%]lug I, ‘Inv 1 sgbq% 8?1‘% 8%&; g%g%%%)ﬁgcﬁ (}_f otp?r{'ﬁrglula
(. Vi})lousﬂﬂbnﬂs phsoiRge utd mwrMn AeCAN TP beangyibd oft fueh pRIdrugds

defi ned herei nbefore in association with a
de“ﬁﬁﬁﬁﬁﬁ@%utlcally acceptable di luent or carrier. 25The

osit
compos ﬂ)@%@ cg*;Pé" S ﬁ%ﬁﬁ%ﬁr ﬂa)gga eg%rd ?Elg? %'1@85) and Methods
in Enoyreclges, Vdéladzl poB0%-096, edépd by &s Wlqueetws (@rcaddrhiy Press, 1985);
su ensi ops, . enul di spersi bl e powders. or
ul e §§/ﬁb9ir>\1§ fglbw& s grsgnd ]?%Vﬁlquiﬂnééﬁlt%‘éy Kregsgaard-
Lars%}ﬁ%HH e BiRdgda%@ r@mﬁfélr @t‘@ﬁﬁ‘ﬂgﬁ un@ AlSlicRiondF W&Hﬁ%s@[ byPH'.

sol utions of suspensions), for adm nistration
memh@ﬂatlbh1?K699ékanple as a finely divided pomder or

qU| soI for a tratign .30by,

¥ ns ffl gfa%ﬁl @?56?1 AXEWS “gglﬁégli SHYRLRGVIEIY S et )

or dyor parmpideaat, eaeim Jousdal af PRANGEQIcEBXSRcBs, FT, S5 (1988);

steril e agueous or 0|Iy sol ution for intravenous,
andsybcut aneous, intranuscul ar or intranuscul ar d03|ng or

as r C 0 The

co§€g§§¥?%ﬁigp(%F%Qph%§E%@ g% %%p@b84obtalned by

conveptdional a Ribeetdpe@ (s ingerton\iesit isofralided a pharmaceutical

phar.maceuti cal excipients, well _known in the art.
COMPREE ON.YHPH SPTPIIS 2 cRTWANMLCK BF Formyla @eorr?atg}laaamcarl?ﬁ“y

dccgfp bl@mé@of 9? ﬁefﬂ{edrﬂé&@n&%l‘@ 45 hﬁ%mﬁ(‘!ﬁhﬁ 'a' ng,
| avourin

g and preservative agents.
jﬁmnmmpmmmﬁyetcﬁmﬂﬂmHdm%ﬁprMHhh~nornally be adn1n|stered
marn}blood animal. at a, unit _dose

08“@8?)‘60%9 n‘ﬁe BoagUer Bay Bf 1t hEEnuiaple tfl?r 9531 e (for

exaﬁ@féra@)ﬂébrf@tg QBﬁ’en%eslhgﬂQlQ)r@gﬁlﬁgpsu?e@dac}dgbl% M%lugp’ensmns emulsions,
provides a therapeutically-effective dose. unit dose

dlSpfcrsnhi@ swﬁeras:r granabb @wrtms ot alwscﬂ),ef"omdphcaUthf¢qpxempteaasmreams,
mnt Qr, ng¥ actlve |n redk d e@erabLy

% R Sariche or s SuBsier fusgB gt e BRpE &R
inhdlffon (for example as a finely divided powder or a liquid aerosol), for administration
by insufflation (for example as a finely divided powder) or for parenteral administration
(for example as a sterile aqueous or oily solution for intravenous, subcutaneous,

iniramuscular or intramuscular dosing or as a suppository for rectal dosing).
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oexanple 4-7 ng/ kg twice daily. However the daily dose

W Il necessarily be varied dependi ng upon the host
WQ J08H4EE63 t he particul ar route of adm ni strat iRSiT/GBINES/050925
the severity of the illness being treated. Accordingly

the practitioner who is treating any particul ar

patient may determ ne the opti num dosage. For exanpl e,

a pharmaceutical conposition of the present invention

sui TitdognpoditioAS o Ohd inREFbNhdY 'b@bb@ﬁleﬁ ‘BIL}l Bne@RBhiISRocedures

1-200 ng/m of a conpound of” Fornul a or a
USIWW&%M Rharmgceated greibicatsswell kngren aoifhe afts (Jdias,aompositions

it 6 30 B Attt BERDE PR iy eeleuine. 2gugniner
flavodineaftt Gairbexaitive agertd) 0. 5%
hydr oxypr opyl net hyl cel | ul ose (HPMC). In the context of
t helhsreoamennd peEpa(l) vl nemellyderrdminislersgyio 2arasm-blooded
] ifi hG
i $365 dok PLARTLC A8 53000 B PRIl B B ALl
appandmitehyel. B-pé(ltmgﬂ% layd tlﬁhﬂ@hﬁllb@r@@dh&tar thadpaﬁmllﬂﬂbff@dtwe dose.
As used herein, e tenn "treatnent” is intended to
A ugit dgsg EmﬁBfﬁh%“'I a tahlet YRRy sue Al Hepady campiaim My GPpBled 250 mg of
actité HRAAGent. rPerega%'iy 5 Hai sn&dsﬁ% MleQEn aHftl' A b }lg/krgqg bRpoyed or
sone or al npt ons o corre
examplepyei sm/l% fvope tietlly toder trythe galba(ﬂdrse ab yecedSdy bs earied

depi o R bt s Rl Toet R Rt and hE severty of
the RInCRIBiEXirdatdd ARESRTY ﬁl'ﬁ‘%rﬂ@i\z’i@h&wts tz‘éfmﬂé":ﬁlycﬂam patient

and secondary prophylaxi s whereby the disease
In@%@%@ﬁHQe@@V@ﬂﬁ@éﬁmﬁﬁﬁfthe patient is tenporarlly or

er te ai nst. .exaggr bat |
o R ROb b PO R B hRlin B AE Bl Rsveip Wiionayyabte for
oralSyINPHiSHEicASHARI @hediswi t30othend IOSEQ&QpOM Fi)nﬁlﬁfal{h)t oP4
their PKB inhihitory activit t he conpoun
phaprpgcsisfical] ma)%@ftahhﬁéal%ﬁh@@efn(w?%@éﬁ)r%ﬁmwékﬁé@bgwownyl) 3-

| 0
by s U S [ i £ PSR T L ARGl fn 0.5%
hydﬁuwpemahmﬁEWc@hmﬁm(HThﬁjxypes of 18 cancers which nay

be .s sce to treatnmenpt u3| conpounds, of [For
(YRR TRl P B RSB MH P F 8, BEo By BB e
" rdp'h?lakﬁduﬁ@ss tﬁé’l@ra'réi@c@ﬁﬁ(iﬁdhcat%ﬁ Yo 6RlcoR@AGE The terms "therapeutic”
rectal cancer, breast cancer, pancreatic cancer,
and gjtheeapaytiaghly'd ﬁloagihﬁmnsmmﬂ@maby ostate cancer,

| eukaem ric

carkoroud Mgt AR a NERAPRRE! P EAear e Rt eversdey
mea@BRCET dealifs il Ndieské Rabrdst foodmdrell WpHFtia(lFrSidve one, some or all

glioma, thyroid cancer, bile duct cancer, endonetria

of 113 SFBBYOMSy @IAICOBEHES COmaRaledst the undergang Bathologymhona,

ac » e o

e eu el LRI RO} TS M e evryto

measp%canfdl inalbligs priminygirofiydads (cprea tha@yyvelment of the disease and
rtlculgrly susceptible to treatpent using conpounds

SeCAYHRIOPARER WG bRt has SEy; dagtped rand ther patient is
t

tem@&@n n;t%un%ﬂ%r%tw;: Ee@%‘a #{ns&éﬁe%%ﬁ@g% ﬁ?%?népg 8?;[]% cgseasc or

the mﬂmh]enmnfrrm“pammcmb assbwaadhutimhe deemg. Simlarly,

for, the yse conpound of .Formula (1), f th

t et S g pRaf BRB R e %F?ﬂlpé‘t‘)dis o Epxmda gaaf the
preseR@hvditien GRIBQAEd &F bl liRiHe Deatthdrh oP&isadR & SLEEL

to a mammal , nore particularly a human bei ng.
condigppscordining atope ar st PlBpwtvitnfior dxanmiptevemtéroibhe types of

there is therefore provided a conmpound of Formula (1)

as defined hereinbefore, or a pharmaceutically

acceptable salt thereof, for use as a nedi canent.
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According to a further aspect of the invention, there

is provided a conpound of Fornmula (1) as defined
wWOorreeRidnissf ore, or a pharmaceuti cal | y accept ablPET#GB2008/650925

thereof for use 20in the treatnment of a disease

medi ated through PKB. In onggenbodi ment of the

i nvention, said disease nediated through PKB is

cancer. In a further enbodi nent of the invention, said
can&B0GRlchlnda a/s‘t?el s%%e%ﬁbferts? PVt #ln Ig&mdg 6f Fbl‘flﬂllaf I) of the

cancer, rectal cancer, Dbreas cer, pancreatic
preseﬁnaemtmglmaim bat :ire abalstnedto, DﬁWMermemtfﬂtcencer colorectal

cancer, | eukaen a, 0 ki ns
caneels et otk Rl angqﬁcgfom%ggale e sl R gBpate cancer
leulééﬁ%sﬁﬁhﬁlo%% SR SRSy hﬁéﬁéjﬁ%ktrﬁ%ﬁ%ﬁ'luﬁé’%&!&
. glioma, thyroid cancer, bile duct’ cancer
hepancbdhm chtder,anTie canceggistreiatesienal saomapl tamtoulc((ﬁlﬁff g,@homa

t | d | k I | e
thyGetal Dt SR oh Ra BB e el GinbataThe [l S
ym@horhlch @ YTHAR k8B (VTR bl EpIS BRI nid R st

cancer, Non-Hodgki ns Iynphona pancreati c cancer,
mesn&whomelﬁne@ﬂt&ﬂn@ar@érmorg apacifically dwaingl brpaaﬁgmmee razeser
one partic I.ent .. said

partlcufjarig Sulgcsepgglég% reatmen potil onépounlLd? af th ffsent m\ﬁ%n’tlgp

canc cance | CU

br daiten¢RBgthat {dSthe method%@@@’éﬂhft@t bﬁbaﬁcérliﬁéﬂﬁ@hecﬁﬁ@eﬁﬂ; the
of the_ invention, there is provided the use of a

comppbafiPrarlad) wili be adnpinistererbio pmampel anerseppicalarlyra yman

beiry? SAARAGL TR hoks BECEANBINA 2 chphlaF 18t st of cancer
merdiosedhbaemediatedagbd tagthe RkBpobml efifeormntgd) wihite afmihizered to
invegtlon sai d dlﬁggse nmedi ated through PKB is
a mamgpab morg paruguiarly @ iepaa hsB ment of t he i nventi on,
S a'&c%ﬁﬂﬁ;ﬂo d ﬁqo‘%}?ér%%e%%ff thO TN, A€ %Qﬁ@r%for&ﬁfo‘{ricfeﬁ'
cancer, colorectal cancer, breast cancer, pancreatic
companudel F cgmuitmi) agyldfibd heteomaforerei ambm%pmmﬂataeceptable salt

cancer eukaem Iynphona Non- Hodgki ns | ynphoma,
thm@@@ﬁ?f%e%%%gggmeEﬂg cancer, hepatocellular cancer,

g as&dcbﬁdlﬁ%afaﬁ@mahgﬁésbéalolﬂtﬁ;slhvmﬂonsﬂle@rmbrdvmtarcompound of
ioma, thyroid cancer, bile duct cancer

F Oﬂélﬁbdiaeﬂtsmg ﬁnecb%m@@beforee ARf PeaAEeruticRlly agraplablstsal lhleaecg”efor use

in ﬂ?ee&%anhé(ﬂ%‘?ﬁ{a?sea&%w o 88 %%x@ﬁkﬁ& e%n@“m% IR{(e%tlon,
anona an es ot odi

saﬂQﬁ%hhﬁmbﬂH&ﬂﬁh@ﬁghBKBdseaﬂmeﬂnaihﬁm%eﬁmeduﬁﬁmﬂfb&éﬁ&hﬂom

cancer,, Non- Hodgki ns | ynphoma, pancreatic cancer,

Saldrféﬁ%&ré%%alwdaﬁwre&ﬁeré%n CagagTt FSTEICRLATRERT, CqIPISEheagcera Acast

can@anbRgii C ANLES l1$ﬁaog1ﬁ)b%foHaCmeﬂnoﬁfébﬁgbt%ncéaQegkaemla,
cancer 1s easF cancer, nore particularly 1Tum na

tymbh@as tN @aHodgkindSApbomd| grgtrtcocaacdruiung eancas pnepatocn‘lluidneancer,

gastgg\f/:?ﬂ%lr ggre]li;tl‘r%nqggt?r@g%r glvtwg?)gq @SI’I gs mm(gr [F}llé{rm ecl)nucre]nd bole duct
can®PafdameiHal EéHclex‘/ rélfFa@ eRicad |a§ap?§s|t1tc lérQ@E@Pfympfhgﬁmt %te myeloid
preparatlon of a med ICarTen for the treatnent

leukgamiere(A ML nodeplemsdiomamicigfontdend mewefitdlioma. bmrtst embodiment
cancer rom var an_ cance
of RGO EREEHER sehEL PO ER: EARE Qe i R uppoma.
pan&@Reefancét h&iRoceBhlbOinast oM5kic e pMBiate?ChnBErastatu®: cancer. In
cancer, |eukaem a, |ynphona, Non- degklns 1 ymphons,
one gagichlas ewhpdisrent, [stidganeen ichreash 64neen Gete piraiculeds deninal breast
can%:strlc cancer, gastrointestinal stromal tunour
ST), gliona, thyroid cancer, bile duct cancer,
endoncttrial cancer, renal cancer, anaplastic |arge
cell |ynphoma, acute nyeloid | eukaema (AM), multiple
nyel oma, nel anoma and nesot helioma. I n one enbodi nent
of the invention, said cancer is selected from breast
25 cancer, Non-Hodgki ns | ynphoma, pancreatic cancer,
hepat ocel | ul ar cancer, gastric cancer, prostate cancer
and lung cancer. In one particul ar enbodi nent, said
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According to a further aspect of the invention, there
is provided a nmethod of using a conpound of Fornula
W rpd/arsébef | ned herei nbefore, or a phar maceut i BGI/GH2008/050925
acceptabl e salt 30thereof, for the treatnent of
cancer. I n one enbodi nent ofjgt he invention, said
cancer is selected fromovarian cancer, cervical
cancer, colorectal cancer, breast cancer, pancreatic
Cangelorddb OBk LGRLAGHR AP
cancero,r | ufaerﬁ a, ﬁ%n’p orr‘g?W HEJ-H’ U%E@'E@g%‘ﬁ?%dghguse ofa
conhpyampd ofiiorngds (1) iae defareddiereidhiefige cangharmiepadadigelctaptbic salt
thel%gﬁgﬁ rrthe(]%gé;rgi{l(?ngq?f? aolﬁgn G e&iéqrﬁ%ﬁ té(igrghtg %g%t@llegta clbfl qscgsr;e%g%lfnediated through
PK BaRCéHe cnfiddRn&l: b fle ifARESH, sal€lleasCARE G ed 1A BREI i€ cancer.
large cell |ynmphonma, acute nyeloid | eukaema (AWM.,
In ik thennebadyobred thamsyentionpsaahchnoersie séledtedfram dvariemeancer,
e elntlocdi rgsnt (}f ttihe 5i ventti on, said cancer is.sel eﬁt eld
N S R U R\ s T R SHERET HUer edppiastoma,
melRARGE proftap @heee | lbwlashis BRgomadNSh H dd kAR ¢Rhphoma, gastric
prostate cancer and |ung cancer. In one particular
cangerh BER FaRCr, henptgcd e sandes, dopleiasencsarpestroiniesiing! stromal tumour
t Ul L um nal .br.east cancer ., rding to a
(GIRRhthe ooig YIRE i A TR b e b felesr
anapitiodrgefcell dfmpladrha Gowe Myebonid Saikhahia 1AM MuRtiglé 63%Mma,
in which inhijhition of PKB i s beneficial, conprising
melppama pradyegithel gimia, s ens graRpdigen) ob dredBrenitignnwiticanker s sglected
froffbréhst HREAPREK] % @m v t
'For mﬁf a Elj as }ggifglkncseg%ﬁ relaﬁg% or eli,E cg?éeg,%eﬁ%&%ﬂ Ahcer,
gaspitananemr eprvite®l dayceaeod pingloheces.dh tont hantieolhr émbadiment, said cancer

. ben‘oodi ment of theli ven{jﬂi@?%, t he di sease in which
1S DGR BPET o OB PB4 i P8l “PE€ T cancer. In a .

f urA&%ﬁ«diﬁgam FurBRE abcl e AL OMBAL iHeR is ?%ﬂdé&l%@ﬁ& 3%

sel ected from ovari an cancer, cervical cancer,
congsiupd eEt amuads es defined steidwhoeror aphamnasanticlly ancptable salt

ol e B A RSP 8h S EA0ECD e

emigaiweit,of thingvaaiacsaid fwpatiosatbdied BEmCARERE car@as béivital cancer,
cancer, gastrointestinal stromal tunour (d ST),
colgypsialiancernbeait arcshdepcIediq @nericelicsnh elipblagpaanatlanema,

r g o I
o0 BB SRS AR B 6 g e, g
canngrehamw_,celmtﬂhmnna, gtin@socdrhgdstromeestihal saomabriaui (BINT),

e URFo S O Bl Cancr 2 o) oot e Lo BLESSi e
cellNPRBRARE ki Bhy SN G&IkacBRTAMEC), RRMGAE myRIPS AleBnbARAGHA

and’ lung cancer. In one particular "'enbodi nent, said
mesedietiomai ki dneeagtodoaent ef thermveatiparseidoashearliysdlemddnfadm breast

br east ncer. 25The cancer. treat nent defined .
L R S S R e
pro$tA¥@hv®Rr ahdluad @hidePn bAe bhictIANBANREMeh!, §NE cAT¥ERIQR: cancer,

conventional surgery or radiotherapy or chenotherapy.

morgpericgterdt s pirastegnsaicl ude one or nore of the
f ol i a ri f .antid-tumur agents:: (i ther .
et SPAg EPL FPOE! ERetod B bt IR e 3 Bifidea e BFusing o
congihd 08Fdronga {Ihes édined Asretibrfbré, bor 3QHREANRBLHIANG AL&FIble salt
such as al kylating agents (for exanple cis-platin, _
thergsz%fqrﬁh%{rf:q{mem of cancer. In one embodiment of the invention, satd cancer is
selected from ovarian cancer, cervical cancer, colorectal cancer, breast cancer, pancreatic

cancer, glioma, glioblastoma, melanoma, prostate cancer, leukaemia, lymphoma, Non-
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car bopl atin, cycl ophosphani de, nitrogen nustard,

nmel phal an, chl oranbucil, busul phan, tenozol am de and
W1009/88663r eas) ; antinetabolites (for exanple PCT/GB2008/050925

gentitabine and antifolates 21 such as

fluoropyrimdines |like 5-flggrouracil and tegafur,

raltitrexed, nethotrexate, cytosine arabinoside, and

hydr oxyurea); antitunour antibiotics (for exanple
Hoc%l‘i&ri?ﬁ]}ﬁﬁéﬂlﬁleg%stlﬁciﬁﬁn&gflbm&c&, hPA RGP cancer, gastric cancer,

oxor ubi ci n, daunonycin, ‘epirubicin, 1darubicin,

gastmhintasinedl s@ymdiactionoyiSiln, dindianittyneid epeden)bilealnri gantat i ¢

agent for _ex | e vinca..al kal oi | i ke 5vincristine, .
endfefR st ol RSy Kb B Pl Bpinbo B ot oy Qoid Bticaemia
(AMLk emilaxe myaisind, Q4R HAhAQIRKLMASR dreRholRAd) of the
_and topoi sonerase inhibitors (for exanple. _
mvesysiop otarpeAictios exdpeied froRebreas pusied Naaridodgkmisgpmipbema, pancreatic

sacLinNey. .1 o ecan..and t ot hecin); i
con B R A1 OB E Bl oA BB bR g comsnitope
parfi@naent@dimdnil saRBdanhaditis bicasteandcr anere paslcdidrfaifinal breast
drol oxi fene and i odoxyfene), antiandrogens (for
cahgllanpl e 10 bi cal utamide, flutam de, nilutanide and

Cyp};%%ig%'ﬁ) AREERE Shecldiid AVLARANSLS:s gf widd3H method of

agoni st's or exanple goserelin, Teupro elin and
treabug e hehian puff@giggeeh agiseasd hovhiex mbjHigomeRISB iobeneficial,

acetate), aromatase i.nhibitors (for exanple as )
Conanﬁﬁgig_rtﬁé e ol ASPPBSTES 'abPe el B HAd _f@%%@g £ Abregpeatigally
effdcd Bhb @i 91 2bomPotRANERSRISPCR RBinkd REsHBEAHE or 2

(1i1) anti-invasion agents (f'or exanple c-Src ki nase

phaframdenticaliyhichd ptane sali theredf. (Bone embodiment of the invention, the disease

i A L R T A S
invdr@ioh 2YHERBNT 9 8eldotyd Q¥NANAART BArchE céAERDE3Rer, colorectal cancer,

I nternational Patent Application WO 01/94341) and
bregyt canceh paicEeBicrrendtyl givary gliohlagona, melakyros, pxgséttt paricpi,p

r‘ - - - . .
e B T S B PR SPSS SBh% s s
hepfdadhtlirrabcer BidSr34R&D; gadtroibdiinALhetmal R4 (BIRT), glioma,
6658-666§), and netal | oprotei nase inhibitors |ike
thyropt cangen Gl dyghgrset.spdomelgpl s Fragkcanres manbian large cell

' t i i ' a
omESAN RSBk LHOSLAND) SRR S e,
mespthetibmentn dne rendodmping of thehnvenhbh) shok @inceras sidectgh Honlbreast

f act.or tibodi es and growh factqr rec or .
cancel N pdfodskiot @&9&@?&6{%6&ﬁwe—r%ﬁ%ﬁﬁlﬁwawn gastric cancer,
prodtiid SRR [ubiete:aRt.i1p bak Baﬁat!@laaahbocﬁ@%& &Nl hRAY is breast cancer,

pani tumumab, The anti-erbBl antibody cetuxinmab
mote@agiculxly 'GRIB] breast camgergrowt h factor or growth factor

re tor 25antibodies disclosed by Ster t al.

o 1 Elehed S ARE BTGRP RE it 81 Bl it isrpy or may
invéide, iPRAditi@P)o the Uehpburdl dTithOmSeRicH0 coMehtisiail tinkesi dre

ki nase inhibitors, for exanple inhibitors of the
radigBicepen P4 cheypeienapy-ased chiemetheyanyfraty wgagppac pamRre of the

: N . QS| ki i.nhi bitors such as
ibnﬁﬁggf%ﬁﬁﬁéﬁﬁﬁﬁﬁFﬁ%ﬁgg %ﬁ? ) - 7- met hoxy- 6- ( 3- nor phol i nop
I oEdrotheuintipbfdritivi/ andifitdiastig @i dsiant RomBRABSR) thereof, as used in
N ( 3- et hynyl phen I)-6,7-bis&Z-nethoxyethoxy)qulnazolin
medigal ogeR|agh sugters %lﬂl@ﬁrtg’ agepys (fpy gyargplg cis-platin, oxaliplatin,

o B RIS s A gpn

tembyolasideantd inrteseuiend) ditincata odivs{faasxhapatgenicbabine and antifolates
i nhibitors of the hepatocyte growmh factor famly,
inhibitors of the platelet- 22 derived growh factor
famly such as imatinib, inhibitors of
serine/threoni ne ki nases (for exanple Ras/ Raf
signalling inhibitors such as farnesyl transferase
inhibitors, for exanple sorafenib (BAY 43-9006)),
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51 GF receptor (insulin-like gromh factor) kinase
i nhibitors; aurora kinase inhibitors (for exanple
WORpNaE363 PH739358, VX- 680, M_N8054, R763, MP2ZLI/GB2008/050925
MP529, VX-528 AND AX39459) and cyclin dependent kinase
i nhi bitors such as CDK2 andher CDK4 i nhibitors;
(v) antiangi ogeni c agents such as those which inhibit
the effects of vascul ar 10endothelial growth factor,
such hofuepmhRIILRIAB ludresath 86 RBsket, f}&ﬂtﬁ@kecﬁ ﬁ{elm&JeQM{e h
factor antibody bevaci zunab (AvaStinTM and
cytessmegstionodide; esd hedrkinaes; amhmmommbmmch(fasexample anthracyclines

2 f l.uor oani.l.i.no) - 6- netho
ik g, BRSSO PR, DB o Ll S phipyein-
C, dé@lﬁﬂlﬁﬁgﬁ 8dd m1tﬁra{n‘ﬂycﬁﬂ)uﬁ{tﬁn120tf§ﬁ1tg@1¥tls '(ﬁ)‘ii Slarlpl¥ IVi—’ri&)i)aﬂ@.imcls like
met hoxy- 7- ( 3- pyrrolldln | - gropoxy)qU|nazo i ne
vin rzszgzmblas@aamn@esm@nwvmrﬂ mamémpxﬂmli@)taxow andlagpiets and

pohgl%[%g grihil')n C)g %{'Fl’éé %Jﬁg?)%lgrcage éllﬁ]l}lﬁ)rs de%%hfpllen%ogpo&/&yllotoxms like

etopasiderand térdpaldePamnedtinédppdte@ini 00 $aMBRDH22HI6, WO

97/30035 WD 97/ 32856 and WO 98/ 13354 and compounds

t halfl) fEPRaby 28 Rehchayaiivesrngeps der SseaN EMaxishs [kvestrant,
torenHdnl! ltaﬁﬁﬁeﬁ drdlb S Rng éld:l)%ﬁefn 9 i AR ?for exam

angi ostatin ar n é%?s
bicdutaimides ﬂGxanhdeemdBtaatldmari&AC)@miemnerpmma)s Lﬁ]im hmgafhxﬂﬁor LHRH

in lnternatjonal Patent tlons WD 99/ 0216
agopjedgysan é?rﬁli%é@‘lprvgj Band lwr@%m@%&%ﬁame
mef3rO8RAic), aromalase( Mhib)to d)l%ﬁﬁﬁﬁlet ﬁ%ﬁ@s@ﬂo@éle 1e@%z0le, vorazole

exanpl e t hose are directed to the targets ?lsteé
andz owestars:y ehd aéilHl@kﬁ)%OB:duataseamch ap sasuwridesense;

(viil) gene thera pr oaches ncl udi I .ex
i e B st st B B R o e By TR 4e-
chlcﬂfl@@rj aRIhyRRB ARk y ARREd) N2 -BRGELy i p B v 18R |- 5-
(gene-di rected enzyme pro-drug therapy) “approaches
tetr@wdmmsantmmyg@m@lmy(6§Dﬁé3(ﬁéanermaasmql Hataylmbs@ph@tlon

Tt M T L T Y —"

2- nﬁ—ah@'ﬁm&iﬂﬁﬂﬁ‘lWymhnﬁ@}dh@ich%&myboiuﬁlliﬂeé(ﬁasﬁiﬁhfﬂ BONSIG54825; J. Med.
resi stance gene herapy; and 30(i x) |nnunothera

Chegppt Wde ho o Méﬁbhawbmrs@#l%s@wse igRbiry bkfaﬁ@nmasbai yaghibitors
of u?&ﬂﬁ&@%ﬁ%ﬁlﬁo%eh rel%%ﬁ%ée% r IR DF Qﬁt%otd)f/esqg iﬁﬁ&’a%%)ch

tunour ce such as fr ectl on Wt es su
as (intienbeerkiofig@dwth fitcesr fenkion: brekample such inhibitors include

ul oc te macr opha colon 23 s ting factor,
8r0\g{6bf56f8& odEsS qug Padh farlrdrie Péq{éiiﬂﬂbmlm %ﬁp@ TFAaRRL e pRigrerbB2
annBB&Sntﬂs%%ﬁQb' H@%&@Em@ﬁl] e SMEBCER AXHOK Pﬁn@u&ﬁﬂx%&eﬁqteed%l -erbB1

deridritic cel appr oaches™ using cy t oki ne-transfect ed
antlb@rimrmtummhb [Enbnes, @] appamaghesh ﬁstom gr grutvith Ifcl:ht@’(l‘yq:ﬂptx)r
t he i nventi

an B R SR R ey oLy it Sresbev bR g B0S. Vol

54, ppPil-2Dablcd ihibhbe aRoePALd! dyRI iR kis4e IO UBASa@ple inhibitors
structurally rel ated conpounds. Functional groups may

of tlbeeemqimiébgr@dftlafﬁ&tcmé@mtbr t @dinu:slt E@F&fhvehtlvmame kinase inhibitors

S r S _such
sucﬁ'ggﬂgg ;f%ﬂ (g 51 fguo)?;'ﬁne% gof-%ne{hgo}z e %1%5?% oggoqogg)%rfalzolm—ﬁf
amlas (gaﬁanﬁa ZDlEW)nBJLGZ%Oéihﬁ'[Wp}%M?DMbls@eﬂléﬂlbﬁyéth@,{y))qmﬁ&%hn 4-
G eene_and P.G M ts, "Protective G oup

aml@? gﬁwﬂalbs(}%ﬂﬁé’&) and 6- %@ﬁ’@d@% S @ﬁoroﬁﬂhowhwi)&’i (3—
mor’pﬂé‘i%%roﬂ}ﬁ% XL?IEEZOII%Q“P dmine (CT 1033), erbB2 tyrosine kinase inhibitors such

as lapatinib, inhibitors of the hepatocyte growth factor family, inhibitors of the platelet-




30

Certain processes for the synthesis of conpounds of
Formula (1) are provided as a further feature of the

WO 200%H(368n. Thus, according to a further aspe®CHGEB0A050925
invention there is provided a process for the
preparati on of a conmpound obzForrmula (1) or a
phar maceutically acceptable salt thereof, which
conprises a process (a), (b), (c) or (d) (wherein the

derﬂé@d %@Wtﬁf ﬁc@&%ﬁ1l?§u&ﬁ§s‘ ifadndeBivieal ar s@nﬁ@fhr&ﬁﬁﬁéqkiﬂ%%s (for
rmul a ( unl ess ot herw se defined): (a) reactlon

exampiediasa{;af dlgmﬁ lingrimibiorg Isgh asi fatmewi tizms faeso mhiorons, ifer example

sorsGp U b P Gt Lol B E Buel PSR Buffgr AK Biinases.

inhibRa&& off @1t RhadchdROAThES: ﬁfn1l'§06-|lﬁt|1ﬂnﬁﬂt6ﬁ; M kthad inhibitors,
bi cyclic heterocycl e of Formul (bIV) NH,  ( CH,

).
IGRameapéqrdinsulin-bse grwyih daciory mrta@ﬁblinél itoEsy ﬂwgreglﬂnw inffibitors (for

exa&?%g@%lg rlgoﬂu %gf’/@?sqgo Fs%é (1@'{1@%05‘4 'fgé(wgé? 33%%% r}%ﬁ 528
ANDeRX e359) andegdianepindent iyisheagigbaék eiichods GDE apdendDef4

Formula (VI1): 5(VI1) wherein Pl represents a suitable
inhiBiefect i ng group, for exanple tert-but oxycarbonyl: and

e st JESRE SR Wl SRRNERSL IR, S EOTERRG B
endotheibal igngv thriyctpr, ¢foe exdmygje thicoanpisyasariay @ndothelial cell growth factor
antibody bevacizumab (Avastin™) and VEGF receptor tyrosine kinase inhibitors such as
4-(4-bromo-2-fluoroanilino)-6-methoxy-7-(1-methylpiperidin-4-ylmethoxy }quinazoline
(ZD6474; Example 2 within WO 01/32651), 4-(4-fluoro-2-methylindol-5-yloxy)-6-
methoxy-7-(3-pyrrolidin-1-ylpropoxy)quinazoline (AZD2171; Example 240 within WO
00/47212), vatalanib (PTK787; WO 98/35985) and SU11248 (sunitinib; WO 01/60814),
compounds such as those disclosed in International Patent Applications W(097/22596, WO
97/30035, WO 97/32856 and WO 98/13354 and compounds that work by other
mechanisms (for example linonude, inhibitors of integrin av33 function and angiostatin)};

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

(vi1) antisense therapies, for example those which are directed to the targets listed
above, such as ISIS 2503, an anti-ras antisense;

{vili) gene therapy approaches, including for example approaches to replace
aberrant genes such as aberrant p53 or aberrant BRCA1 or BRCA2, GDEPT
(gene-directed enzyme pro-drug therapy) approaches such as those using cytosine
deaminase, thymidine kinase or a bacterial nitroreductase enzyme and approaches to
increase patient tolerance to chemotherapy or radiotherapy such as multi-drug resistance
gene therapy; and

(ix) immunotherapy approaches, including for example ex-vivo and in-vivo
approaches to tncrease the immunogenicity of patient tumour cells, such as transfection

with cytokines such as interleukin 2, interleukin 4 or granulocyte-macrophage colony



ito(iii) formng a pharmaceutically acceptable salt

t her eof . Exanpl es of conversions of a conpound
WR00R847¢3 a (1) into anot her conpound of For mRGE/GB}008/050925

are well known to those skilled in the art, and

i ncl ude functional group int@grconversions such as

hydr ol ysi s, hydrogenation, hydrogenol ysis, oxidation

or reduction, and/or further functionalisation by
stindh| ka6t of, @REEJ NS 18 USRS TAERIGRAYy, AirBlched PSR RhYRREEd
_coupling, or nucleophilic displacenment reactions.
imrgpeccieflp sudhes sy okimectioamgfactedrisnduitic gallocappsashesalsing( b) |

n bove > as _follows: Process.(a) - acid
et Rfre ARPUE AT En ol SprSETiontr B2 g Ohnlp SEOTes.
r eastcethpbe@edhae idvenhifif oph eSeeRofima Sdrbeb®by any process
coupling reagent, for exanple
s knayey tp.bg anpli¢epl teithepreparaijan of such compounds or structurally related

conb!i_(&?% Igilgltﬁg&gaqgg(ﬂ% éfﬁgqgg)g@eg%% ?Ilcll @%@8@'&8& ngé onventional

mehO09/ 104 25 aRPET b8 H gANBE suth «@xaii #nd carboxylic acid protecting
N, dilsopropyl hyl am ne (DI PEA), in a suitable
grous (g wel! ap 8}’33%%(%%%3@“@@@?’?9’?%8& Rictretiepiviege 1 dhdCigencgand
P.G3MI baf! & »in 0 it ;
sui t ab%’y chggegr;% ?6%ﬁ§sﬁpoc %rgé ?Wh&lgérsé%% é%gat (leds]rl?g n Wiley &
10 SorEoNew%rkl MPland heterocycles of Fornmula (V) may be

5reacted together .in the presence qf sui t ahl e base,

£ or CElBIE RN b b lEuS g SRy ABFEBIBER) freithowted os
furthed fe@lteo it MQBhtion, ThuL%admiag VA AltHer Apec@tTn@invention there is

suitabl e tenperature, for exanple 50 to 70C, nore

pro¥idied apragessieutheao@araond 9semppeld efitbring)a (1) oonpeondesutically

[):ar (VIE) dissolv N sui.tabl e. :
oo e R it aT S rG P § aF bR Bein the veriabies
15 are uidened hesdinBesab ﬁﬁrﬁ:oﬁ‘ffpohﬁ&h’ STRAMUA (Dhldse bitepsRP asfinh):
a suitable catalyst or exanple Raney-1"' nickel, and
(2) paglipn ofpnecikefd ormpla (83 arith 4 amnepl bormyatBYi de.
Compounds of Fornula (J:1) may be prepared according to
Schene 1: Vi NH (CH2),|, NaHCO Reflux Tenp Scheme 1
15wherein 1111 is % sufffabl e protecting group, for

exanpl e tert-buﬁg ooyl , LI is a suitag!e
NH,
% z. ) R’
L} | T(Z* R’
N©H

) (11}
wherein P' represents a suitable protecting group, for example tert-butoxycarbonyl;

(b) reaction of a carboxamide of Formula (IV) with a bicyclic heterocycle of Formula (V):

R' O THz L
N (CH,), !
< 1
R~t H Y = ] Z\Z2
: Wy
R N N~ N
H H

20 {Iv) V)

wherein L, represents a suitable leaving group, for example chlorine;



| eavi ng group, for exanple chlorine, and all other

vari abl es are as defined herei nbefore. Conpounds of
WORSIMMIFE3(1 V) may be prepared accordi ng to ScREFGB2008/050925

26 HC1 Di oxane 20C (1V) Schene 2 wherein 13" and

P2 are suitable protecting ggoups, for exanple

tert-butoxycarbonyl, and all other variables are as

defi ned herei nbefore. 5Conpounds of Forrmula (VI) nay

(c) \gﬁelrgﬁ %?l@??%og&%bﬂ long cbRpSEReTE Bmufd (R or (M)

R' O
N
=
N
. H
R
RS

v 7,

L7
NT N

2

(VD

(d) when R' represents aminomethyl, hydrogenation of a compound of Formula (VII):

R 1
Z
YL/ | 7z
. /
N
Ny

5 (V1)
wherein P! represents a suitable protecting group, for example tert-butoxycarbonyl;
and thereafter, if necessary:
(1) converting a compound of Formula (1) into another compound of Formula (I);
(11) removing any protecting groups; and/or
10 (i) forming a pharmaceutically acceptable salt thereof.
Examples of conversions of a compound of Formula (1) into another compound of
Formula (1), are well known to those skilled in the art, and include functional group
interconversions such as hydrolysis, hydrogenation, hydrogenolysis, oxidation or
reduction, and/or further functionalisation by standard reactions such as amide or metal-
15 catalysed coupling, or nucleophilic displacement reactions.
Specific reaction conditions for processes (a), (b), (¢) and (d) above are as follows:
Process (a) - acids of Formula (1) and amines of Formula (111) may be reacted together in
the presence of a suitable coupling reagent, for example O-(7-azabenzotriazol-1-yl)-

N,N,N’,N'-tetramethyluronium hexafluorophosphate (HATU), and a suitable base, for



27 wherein Plis a suitable protecting group, for
exanpl e tert-butoxycarbonyl, and all other vari abl es
WORMBYS5efef i ned her ei nbef ore. HATU DI PEA DMICTE@EB2008/050925
5Scheme 4 wherein P' represents a suitable protecting
group, for exanple tert-butagycarbonyl, and all other
vari abl es are as defined hereinbefore. Conpounds
of Formulas (I11), (V), (VIIl) and (IX) are
exaQPIATRIN L dsbptopyiaihly Ribligs (THIPEW), inf suligblk kbIQEML b xample
_ prepared by standard processes known in the art, or
dimeghylasetamags e candod e sulitabde teoperaturpr foc ossmde 8@ b 7966 more
.her ei n. ~follow ng exanples are for illustration
S““ﬁ@?’ﬁbg‘étsélbg d are not intended to limt the scope of
Probb . o, L
o D e RSSO POmh O TP B
s reagipd togethet inrthe presace af s satablcosngoc anipie Mydidiabp@pylethylamine

d th K in.t [t t
(OIPREPARA STl 502t 0 Sl Potap sl etckat Lpsiaherimgratyps, for
exafiple S@W@%B}ére WithBlyesRegect o the fol | ow ng

Exanpl es: 2009/ 047563PCT/ GB2008/ 050925 28 (i)
Protessgrec hangl (d$ —apmpgindsof iFarmoeg  €Bsor CEIIS dissol¢ @) in a suitable solvent,

ti i ed I at nb| { .
I R T -
1o predeBcd OF ZQffable caldlys), 19F %Higt%eﬁ%#é&g‘nrﬁ@l&l%ﬁ% sqg'dlﬂg b9EEFor

anhydrous nmagnesi um sul f ydrous sodi um
cxagpld stwpnigvalpeiratidon of sol vent was carried out using

a rotar vapar at or under. reduced 5 .essu 600 to
o0 BaeEy B GR E beRrea croRite 1 SASBak ur o
of up to 60C, (iii) chromatography neans fl ash:

chromat ogr aphy on silica gel; thin [ayer |
chromat ggr y (TLO was carried out on sil ca]ﬁel

: (CH
pl at SS, (CH,), y HO 2
ZI
B v NaHCO
| m 7z — N (1n
N S 4
H N N Reflux Temp 7!
H Y& | N
(VII) ) k\ 4
NT R

Scheme |
15 wherein P' is a suitable protecting group, for example tert-butoxycarbonyl, L' is a suitable
leaving group, for example chlorine, and all other variables are as defined hereinbefore.

Compounds of Formula (IV) may be prepared according to Scheme 2:




(iv) in general, the course of reactions was followed
by TLC and / or analytical LC-MS, and reaction tines
WO M7 ¥3ven are for illustration only. io(v) PCIAzB2008/050925
products had sati sfactory proton nucl ear magnetic
resonance (NWVR) spectra andpg@r mass spectral data;
(vi) yields are given for illustration only and are

not necessarily those which can be obtai ned by

di | i ggnt process devel opnent; preparations were
re ea!_ﬂ if nmore material was required; J5(vii) when f
iven,; NWMR data is ingthe form of dmta.wﬂue§ﬁ05 NH
- @Hagnosti c protons given in parts per |

perdﬁuterio drireth sul f oxi dea( DVMSO- d6) aﬁ sol ve t
unl eSs ot herw se ijndi cated; 2%e fol | owing R N
abb?ﬁﬂlatlons have Heen used: s, singlet; d, QQuplét
, ﬁlet a, qua#tet m nmultiplet; bs, br oad
singlet; 20(viii) chem cal synbols have their usua
nmeani ngs; Sl units and synbols are used; (i) Ss
spectra (MS) and LC-MS data were generatedDUmma LC- M5
system where the HPLC conponent conprised g&hRerally
either an Agilent 1100, Waters Alliance HT (279Q &
2795) equi pment or an HPI 100 punp and Diode Array with
CTC aut osanpl er and was run on a Phenonenex Gbﬁink)C1§H
51.1m 50 x 2 mmcolum (or simlar) eluting th (CH.)
ei ther 25acidic eluent (for exanple, using ?
between 0 - 95% water / acetonitri |e w4N
formc acid in 50:50 water:acetonitrile (v/v)
m xture), or basic eluent (for exanple, using a H
gradi ent between 0 - 95% water / acetonitrile wih 5%
of a 0.1% 880 Amoni a inég%etogitrile m xture); and
the MS conponent conpris rally a Waters ZQ nass
whebd£ Pt BRI 86 sSiEHN II!IJE &Y EEroAPs, Q@Péx%ﬁ gl@lteﬁ tﬁﬁ&@cﬁ%@ﬁﬁ and all
Chr omat ograns for Iectrospray |) positive and
OﬂKﬁe@@@ﬂﬁeﬂBa%@ﬁ@@é%eﬁﬁﬁ@ﬁgtty, and UV Tot al Absorptlon
for(%ﬁ%oglggsfge? Pgorf\?]@naz(%g rﬂ)mpre%'e%ﬁll ecgoerrglant 48 v\ﬁ%@ﬁn | ues
i ndi cat e t par ent naﬁs are reported and unl ess
ot herwi at ed the val ue quoted is the (NMFD+q£orO

mecgﬁrarrled out in.gi ither a gigtage Cpt|n1zqu£XP or
Expl orer mcrowave; (xii) preparative high

performance |iquid chromatography (HPLC) was perfqrngd
on a G lson instrunent using the follow ng condi }%n
Col um: C18 reversed-phase silica, for exanple, Waters
Abridgg', ;5 timsilica, 19 x 100 Jc)mm or 30 x 100

usi ng dec ‘ﬁ3|ngly pol ar sol vent m xtures as

e t (detxkgasing ratio of Solvent A to Sol vent B)
a DIPEA
R _ DMA N
R’ N 90°C /ltj:j N
ZI
V1) YﬁI N2 N N
S / H
NH (V) (Xa)

Scheme 3



Solvent A: Water with 1% ammoni um hydr oxi de Sol vent B:
Acetonitrile Flowrate: 28 mM / mmor 61 nil / mn
WO 208%3%%nt : Tailored to suit each conpound - RESHEPUN$/)50925
7-10 min in |l ength Wavel ength: 254 nm Abbrevi ati ons
BocTert - but oxycar bonyl 20 CA3TMChem cal Abstracts
Servi ce DCMi chl or onet hane
DI PEAN, N - di i sopropyl et hyl am ne DEAdi et hyl am ne
wh@bﬂﬁdillﬂatsmthlﬂe ptasotiag g2oupDMrdxpmbRyttf-OuiitaBonyl, and all other
HATUO- ( 7- Azabenzatri azol -1-y1)-N, N, N, N-
Va“@@@ﬁ&ﬁ?@@lﬁl?ﬁ%ﬁdobﬁ“ﬂﬁ??f@%afl uor ophosphat e LCMVSIi qui d

QAR RS LA P BB g

chr omat ography NI\/PN- met hyl pyrrolidi none (]3Dopt| rrum1 bed
density WD 2009/ 047563PCT/ G32008/ 050925

O NH
- (CH,),
((CHL),Si),NLi ﬁ 0 ?
N THF
0 N, (I
; NH, + N
4 acetone cyanohydrin
R 7!
s 25°C R Y= \ s
R’ S li\ |
R N N
_ H
HATU
DIPEA
DMA
50°C
] IID-‘
[
N (CH,),
H
R4
R’ 1
e Z
(VI YL | N2
\ /
N
Noq
5 Scheme 4

wherein P' represents a suitable protecting group, for example tert-butoxycarbonyl, and all
other variables are as defined hereinbefore.

Compounds of Formulas (II), (V}, (VII} and (1X) are commercially available,
known in the literature, prepared by standard processes known in the art, or may be

10 prepared according to the processes decribed herein.

The following examples are for illustration purposes and are not intended to limit
the scope of this application. Each exemplified compound represents a particular and
independent aspect of the invention. All starting materials are commercially available
compounds, or they are known in the literature, or they are prepared by standard processes

15 known in the art.

Generally, with respect to the following Examples:



30

30 PTFEpol ytetrafl uoroet hyl ene SCXstrong cati on
exchange SFCsupercritical flow chromatography
WORBMR4/3t vyl net hyl ether 5 TEAtri et hyl ani ne PCT/GB2008/056925
TFAtri fl uoroacetic acid THFt et rahydr of i nan Exanpl e
1
4-am no- N (1- (4-chl orophenyl )ethyl) 1-(7H pyrrol of 2, 3-
dl pyrimdin-4- 10yl)pi peri di ne-4-carboxam de N H

() té]mﬁt’élﬁﬁﬁ“és%% PX¥E B BN THHRY ("@-3? (oﬁbkaﬁkﬂﬁsf Qb R[ArrRsdHuP ¥t B or

di n-4-yQpi peridi ne-4- carboxylic acid (Internediate
amblt)nt (Seperamie, thiat (Mamkmpemgﬁm the trérepeankil R éo @i"iz ny) ,

) Qo ST B e e O e e B o B bocium

sulfhtegetaperatibi o PMTvdng umb):amaa Qut WMitd 9y feQiipokfoP@tes reduced
The reaction m xture was partitioned etvveen Et OAc (20

presyire (BRLastA0R& agems; 20 w3Pmrie) Wity ahpbdemperatuco pbimed0°C:
(111)%@%0&%&%‘?5%?3&30 | 8%&6%%9({%?%@ onns dhc% %&f tllmggyer chrontaéography

(TLaY )vasosiriad 4M aodilitd gal pbiiestiCl i n 1 4-di oxane (5 nL) was
added. The resulting m xture was stirred for 16 hours,
(iv) {1h gonegnly e SERTF %rea?tétnﬁwas deliared yoliZoAng / ommaliicaldeC-MS,

and\%“ Cﬁﬂlm\@%h'el% 1@%‘?%)/ e B ﬁlhét{art ahlogly. @s the HCl salt

was puri f i'on"exch ange chr omat ogr aphy,
(v) fagal lpgo(mntsﬂi@d( saioslfammry préien deslearadagneod usbnamas (SMR)agectra
dj t he ¢ | ym using 7M amoni a/ MeOH and pure
an PFQ@F?%?‘?Q K evaporated to dryness. This nateri al

(v1)‘&?e‘¥dd0&%é fves %ﬁlﬂuﬁfa@f@ﬁ%ﬁh} MR AR et RS9 R6SR I A0 be
pol ar m xtures of water “(containing |% NH3) and MeCN

obtaa@edébmhg@t PRrcast qlecynl@pmnt araparijonhweaspsatad i€ owpowaigrial was
o re re evaporated to dryness to afford
qlﬂ hi no- N-(1- (4-chl orophenyDet hyl ) - 1- (7H

(vii PYhREDEiOE NVIR] Ay s i EHelTordn YORE ROV s 6 riaj @ﬁﬂhgﬁkﬁsﬂb @eotons,
as a white solid (168 ng, 42%. 31 1H NMR (db-d

giveagp WREY per.mition (pgmy) melalg‘pq) to tqtrzg}qetlgy!@llﬁn@ I\@Das an internal
stanﬁa%l%d% 151% %Cpcrlt 5?8}_)')1\%% ug@g%ég%ht(e ’d}rﬁ?tﬁygﬁi—%&t;e ?MSO de) as
solvihl) ynleks diherwis8 hdicatedd Hye foBodihg(abbrelidtion8h8@ Hedn uddd) s, singlet;
d, dg)'gb'lgt;zt, Qgﬁlet%z? quartet; m, multiplet; bs, broad singlet;

(viir) chemical symbols have their usual meanings; SI units and symbols are used;

(ix) Mass spectra (MS) and LC-MS data were generated on an LC-MS system where the
HPLC component comprised generally either an Agilent 1100, Waters Alliance HT (2790
& 2795) equipment or an HP1100 pump and Diode Array with CTC autosampler and was
run on a Phenomenex Gemini C18 Sum, 50 x 2 mm column (or similar) eluting with either
acidic eluent (for example, using a gradient between 0 - 95% water / acetonitrile with 5%
of a 1% formic acid in 50:50 water:acetonitrile (v/v) mixture), or basic eluent (for example,
using a gradient between 0 - 95% water / acetonitrile with 5% of a 0.1% 880 Ammonia in
acetomitrile mixture); and the MS component comprised generally a Waters ZQ mass
spectrometer scanning over an appropriate mass range. Chromatograms for Electrospray
(ESI) positive and negative Base Peak Intensity, and UV Total Absorption Chromatogram

from 220-300nm, are generated and values for m/z are given; generally, only ions which
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30

M5 rn/e MH 399. Exanple 2:
(gzo- 4-am no- N- (1- (4- ehl orophenybet hyl )-1-(7H pyrrol 012

WO K0¥P4y93 i di n4-yl) pi peri di ne- 4- ear boxani de PCT/GB2008/050925
0- (7- Azabenzotriazol -1-y1)-N, N, N, Nt - t et ranet hyl ur oni um
hexaf | uor ophosphate i 0(0.4189g) was added in one
portion to
4-(tert-butoxycarbonyl am no)-1-(7H pyrrol o[ 2, 3-

indithRMthé Parehtindss Yite &8&% AHdneridks GeHcBOXY bthed 6d Fhlue quoted is the

%I nternediate 1) . 361 %) , (5)-144-
M beﬁwﬁ@h\/f@@mn‘mﬁ&mnﬁél\&- )10 npgafive ieh MedEA (0. 524 nl)
i : it T | £
9 W R G BB  Bfh Ryp I o

andpsradlfof ats@shape hof beefl rddyslvedN exchange chromat ogr aphy,
using. an SCX calum. The desired_ product 15 was el uted
(xD 30y RUCHIV 48 IEATHORSW TG CavAcRiiont 1y avibers BruagsUPriimizacEKBney a
CENFEﬁ:lSr‘é?HR&‘g%%%tO dryness. This crude material was
then treated wt'h a 20% sol ution of TFA in DCM (10 ni)
{(xiiapatpsmaiive kighaerfooomct éqpidrcatamaogripley GIRIAE) wasqatudtmudisn a
purified by ion exchange chromatography, using an SCX
Gﬂg%]llﬂﬂﬂ?meﬁllémﬂg eréﬁ"?ﬂ‘%oﬁ?&&“\%% el uted fromthe col um
n i 7 s
e S e PARANTRE, RIGBUPE, D) DR o siicy 19x 100
mmp oepéxd 0D wen LEME desiaagingiygrobasbghtymixolrag asslxdnt (@sreafing ratio
F ter (cgnlai n'grg 1% NH3) and MeCN as el uents.
ol Yyt AJRSOEEAL BY ni ng the desired conpound were
SoleMARONVLBOWIR 19 ¥RERRubPh@lbARd (S)-4-amno-N-( |
- (4-chl orophenyfl et hyl)-1-(7Hpyn-ol o] 2, 3-d] pyri m di n-4
Solvent Byiysetondiilee- 4- car boxani de as a white solid (0.281
Flog,rage_ozg 10@, .Iiln 1%00. 13 MHz, DMBO-d6) 6 1.37 (3H,
YA e QBUI MU GEC B Y . 1.88 -2.01 (2H, 25 m), 2.27
Gra(d@ni: Blored. 14 Quit 8achofpbund)- gederddy 7-404din (R HngH) , 4. 83
-4.90 (1H, m), 6.57 - 6.58 Zng, m, 7.14 - 7.16 (in,
Wajglength:3264nny 38 (4H, m), 8.12 (1H s), 8.30 (1H d),
11.62 (1H, s). Msrn/le MN399. 32 Exanple 3:
4- am no- N- (1- (4- ehl or ophenybpr opyl )-1-(7H pyrrol ol 2, 3-
Abldepytioms di n- 4- t hpi peri di ne- 4- ear boxam de
0- (7- Azabenzotriazol -1-y1)-N, N, N , NI -t et ranet hyl uroni u
BoGn hexaf | uor ophosphat e 10269650884 added in one
cAageftion to Chemical Abstracts Service
4- (tert-butoxycarbonyl am no)-1-(7H pyrrol o[ 2, 3-
DCY pyri mi di n- 4- Api per i diahéerametaboxyl i ¢ acid
nternediate 1) (0.1 O 1-(4- .
DIFES} or ophenyl ) pr opan- | Eﬁi'h’ésofﬁj&d%hydﬁmﬁ’ﬁd DI PEA (0. 262
DEAL) in DVA (10 nl) at 429&yaAger nitrogen. The
resulting solution was stirred at 60C for 4 hours. The
DMék ude product was pur idfmetlylbgetimieexchange
romat ogr aphy, using .an. col ugn. The desired
product io was el ut eddfnﬁglr?ﬁ?(%neménd Um usi ng 7N
HA@poni al MeOH and pur e d-(RsLiaengomerd- IeMaporaied- t o
dryness. This crude material was then treated with a
20% sol ution of TFA i tfeiBoMtiperomum bgrailyeiophesphate room
nperature for 2 hougs,: T, C
LC%S)H fied by ion excha%lggldc@?%%?g%?%ﬁg%g SISSW%C%F’H' SCX
LDgol um. The desired plidduatdiagopylateit from t he col um

ing 7N ammoni a/ MeOH and pure fractions were
Mpg{s;apor ated to dryness megifjng pressure hquid chromatography

NMP N-methylpyrrolidinone
OBD optimum bed density
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15material was purified by preparative LCMS using
decreasingly polar m xtures of water (containing 1%
WO and MeCN as el uents. Fractions cont 3GH/GRROPEHRS0925
desi red conpound were evaporated to dryness to afford
4-am no- N- (1- (4-chl or ophenyB)propyl) - 1-
(7H pyrrol o[ 2, 3-d] pyri m di n-4-yepi peri di ne-4-car boxam
de as a white solid (0.138 g, 66.8 9% . 201H NMR
PTHRA00. 13 Mz, DMVSO d6) paiyRi@fiubdkthylehe 1.42 - 1.55 (2H,
M. 172 - 1.79 (2H By e e o Ty 2021 (2H
SCX), 3.54 - 3 62 (2H, n@on%c@enexahanse(zkl m 4.65 -
70 (1H, , 6.61 (1H dd 718 7.32 -
sFé 4 (4H, . 8 31 (1ﬂipe6ﬁ”i°§1%w(°f‘¥ima§")’ S e M-
TBME3. 33 EX&”D' es 3A aBgtyBBicthyl ether
(S)-4-am no-N-(1-(4-chl orophenyl)propyl)-1-(7H pyrrolo
TEA2,3-  d]pyrim di n- 4- {iotkylgminedi ne- 4- car boxani de” and
R) - 4- am no- N- (1- (4-
e

chl or ophenyl ) propyl) - 3cetlca

pyrro 0[2, 3-dl pyrimdin-4-t

THHhpi peri di ne- 4- car boxarmtday@ofur&l 5Racemi ¢
4-am no- N- (1- (4-chl orophenyl)propyl) 1-(7H pyrrolo[ 2,3
-d] pyrimdin-4- yppi per| d| ne- 4- car boxam de (Exanpl e 3)
] f

| eﬁuﬁ'aflﬁlﬁg N

Vl)uﬂp&rnhae—tltuarhéimnielsorrer 1 (f| rst to elute, 41 rrg) as
a white solid, and Isomer 2 (sgcond to elute, 41 nm)
as a white SO|Id Analytlcl dgta was identical to the
original sanmple. Chir NHp| C anal ysis to
(using a 20m Chiral p 4.6mm colum, with
an eluent mxture @ €
90/10/0.1, 1 nb/mn at 25C, injegting 10121 of a
| mg/ mL soI ution in EtOH showed gach enantioner to be
di stinct from each other and eNantjonerically pure
(e.e. = 100% . 15Exanple 4: K\
4-am no- N- ((4-chl orophenyl ) (cycl Bpr oﬁvl ymethyl)-1-(7H
pyrrol o0l2, 3-
cl idpfteni-uttixycabyiylpnpep-l di7 Hep radal2Fos ppithedin-4-yl)piperidine-4-

rizotria = :

cort Sy e RCRER R EIREI R el S rentsry Db pvp RdPane). N-

(3- cﬁﬁet%?ﬁnﬁﬁopf@;%/lﬁgié@f@lcta%odumldc &231 mg) and 1-h droxybcnzotnazole (163
4-(tert-butoxXycarbonyl am no) - I—E rrol 0[2 3-d] pyrim

me) WA SHHECEWB@ﬁlp@rDMIP)r/@ ImL)clmd@bmwog@l émlé hoprst Ehevesaftinre

il S BB O e nivine 41 A0 ez e
con{bhedddrig) ovah M@@E&ﬁqc{&ag&hed in vacuo. The resultant white solid was
dissolved in 1,4-dioxane (5 mL) and a 4M solution of HCl in 1,4-dioxane (5 mL) was

added. The resulting mixture was stirred [or 16 hours, then diluted with diethyl ether (50
mL). The crude product was 1solated by filtration as the HCI salt which was purified by ion
exchange chromatography, using an SCX column. The desired product was eluted from the
column using 7M ammonia/MeOH and pure fractions were evaporated to dryness. This
material was purified by preparative LCMS using decreasingly polar mixtures of water
{containing 1% NH;) and MeCN as eluents. Fractions containing the desired compound
were evaporated to dryness to afford 4-amino-N-(1-(4-chloropheny!}ethyl)-1-(7H-
pyrrolo[2,3-dpyrimidin-4-yl)piperidine-4-carboxamide as a white solid {168 mg, 42%).



34 nmL) in DVA (5 nL) at 25C. The resulting sol ution

was stirred at 50 C for 1 hour. The crude product was
WhHHPP478eB by i on exchange chromat ography, usi rRCTEGBHE3050925

colum. The desired product was eluted fromthe colum

usi ng 7N ammoni a/ MeOH and pune fractions were

evaporated to dryness. This crude nmaterial was

suspended i n di chl or onet hane (25 5 nm), and TFA (5 nl)

T, cit lLr f>or:

o e T80 Ph et ) o222 (or s, 2m,

3, S@mmh@émrmwg{m mﬁ; 61@51'6695{6@( 160) Tiid7. nzr(m 1H), 7.31-

si red pr.od lyted fromthe colum using 7N
73%%0@/8@@@%@%@@ w)ag’t'ls%g%lhgre evapor ated to
MSdhengss 400 afford the crude material as a white solid.
This material was triturated under cold nethanol to
gi ve the pure product, 4-am no-N ((4-

Exa[gﬁna 20 r(ﬁo -?ur}f &SCZIC} 81 %%vl@lt hlﬁ-ﬁ;&w (ﬁpvrlmldm-

1 Pynhl III urirs MTPCT T UTTTC™™=F JOATITTT

_ i A6 ihrad@dd) . H NVR (400.13 Mk, DVBO d6)

Jg&uﬁTH_H)_GO.N-OS? ; 0.48 - 0.52 (2H m, 1.18 - 1.24
(1H, m), 1.40- 1.48 (2H, n¥E 1§88 - 2.02 (2H, m), 2.20
(2H, s), 3.50 - 3.59 S NEAH, t), 4.36 -
4.42 (2H, ), 6.57 - BT, 14 - 7.16 (1H,
m, 7.35 - 7.40 (44-Mz58.12|(1H s), 8.47 (1H d),

11.62 (1H s). M5 Ink Am+ 425, npl e 5:

4-am no- N- (2- am no- 1- (4- chl or ophgnybet hyl ) - 1- (711- pyrr
ol 012, 3- dl pyri m di n-4-yl) pi pertdi - car boxani de
Nti2 G 20 Trifluoroacetic aci | was added to

tert-butyl 4-(2-am no-1-(4- N H
chl or ophenyeet hyl car banmoyl) - 1- (7H pyrrol o[ 2, 3-d] pyrim
di 47y ppbpepirtizal- byl SN retrem ¢thpluesmiwdihak @ hdyophosphate

. | . h |
040t Ragdn GE7 P ot P ca gy S o B miaplor2. -

d]p i@ e b - WS epidfriel 4- &:ﬁb&b&lic@&d@[ﬁﬁ%@&m?@l) (0 361 g) d(S) 1-(4-

chr omat ogr aphy, using an SCX col um. The

chiqspripirz Detharans e (G b r Iﬁbhﬂ@dﬁ@lﬂ%‘h M%@Lﬁn@ l?MfN( lOl@LD/@OH"C
undg{'rg Jggpr ofaé ?(?stult%g%\(l)vl\g@ ; l\j\.’?lg (EGCP tfp% p¢ god‘gl{ %({?1?% ﬁﬁﬂ’ée product

was(phified Sy Xar msgeng%rcemﬁtsg@mougmg UASC0Eb16Mmhi T dekBedProduct
decreasi ngly pol ar

a 100 mm | e u5| n
wasGeL s ot C%P’é‘rusmﬁ% OFbamdumye B ove ereevaporated to
drydsyemntSerufi ﬁ‘a%{cgﬁﬂ&a&m@ﬁ ﬂleﬂle&‘ nh 'Elezrgg/egdriﬁta(ﬁq f?ﬁ{‘ﬂczvl (10

were evaporated to dryness.
mLf¥ zmdtsmened purdofii Edipbgatlfrb dEte cs*udid pradw:hl Ivmtlﬂﬁd&cabﬁym exchange

r adi 0to % th nolic a
chrepbtbeph e b ST Ghil e is B LBOPRLG Y HisAGeE hcolumn
usi f’)fl\@raﬁlmoma/l\/lc:OH and pure fract ted to d Thi terial
I% am no- N- (2- am no- p1u (4r cF]‘fHSr“é%%%‘hafB’éat%y|°) ryneésﬂ—l- pl)sylﬁagna

was|pofifie@ by @Iwrﬂtlm‘ dCM A uyiap dpcecasmgiwpdamarmvmxanf delea&oataining

%%ﬁ%&g GAG§/IS gl\gasﬂlgentsl gafg%)%]_-f]brl?ﬁl /q]&tfgégals:{e %)(ne %3 el;/é—lz,
evaforfiéd t2di@Beds2bTa ik, (S%4 amino-N-BB (A &ttbrophe ﬁe&@l)(ﬁpl—l s),

3.51 -3.59 (2H, , 4.35 -4.44 (2H, .
pyrrp}o[2,é djgyr(rp]qm a-)y pweg_lgln@j{}-paragxannd@@s a whlt@Qol(dz(H 28r})g,, 70.4 %).

1H1(%11\/§L§(g6: BMEBTOMYo-a8) 42 3648k, &) 1.48-4%:Fu, 8 1.84-9%1 on,
m), 2.27 (2H, 5), 3.49 - 3.59 (2H, m), 4.34 - 4.44 (2H, m), 4.83 - 4.90 (1H, m), 6.57 - 6.58
(1H,m), 7.14 - 7.16 (1H, m), 7.32 - 7.38 (4H, m), 8.12 (1H, s), 8.30 (1H, d), 11.62 (1H, s),
MS /e MH™ 399,
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M5 me M+ 414. Exanpl e 6:

(S)-4-(am nonet hyl )-N-(1-(4-ehl orophenynethyl)-1-(711-
WOy es2, 3- PCT/GB2008/050925

15dl pyri m di n- 4- ybpi peri di ne- 4- ear boxam de

Trifluoroacetic acid (2 n, 325.96 mmol ) was added to

(S)-tert-butyl (4-(1-(4-

chl or ophenypet hyl car banoy1) - 1- (7H pyrrol of 2, 3- d]pyrlm

_%@E "?@FX'%BJIS iREN- @i-gﬂ-@ﬁlo}‘éﬁf%klﬁbhﬁfy‘i’r@ﬂﬁﬁ-&& . fnidin-4-

. =rop T DCN(Z0 L) at
xl)@ﬂaﬁné—ﬂrmbmmﬂeon was stirred at 25C for | hour.
The crude product was purified by ion exchange
chr omat ogr aphy, using an S¢X cgol uim. The desired
product was eluted from the collumyysing 7M NI - 13/ MeOH

and pure fractions [ gV apyT a t'o dryness. The
crude product was pu gd b? | ash silica
chr omat ogr aphy, el@fi ofr gradi e to 10% 7N

amoni a/ MeOH in DCM Pure fractipns were evaporated to

dryness to afford (S)-4- 25(an 1)-N-(1-(4-ch |
or ophenyl ) et hyI) 1- (7Hpyrrol o|[ 2,[B-d}pyri m di n- 4-
ypi peri di ne- 4- car boxam dc (0. g,N46 0 %9 as a

Whlte solid. 36 1H NMR (400.13 Mzt DMBO d6) 6 1.39

(2 Droatprdirnad BN A oo Igghyaﬂ&g@mfm%o&oé&me

(0. 2@9 Qbwabadiikd (14 bhe portioh Ic5f5-(t(eﬂtl-lhut@$§y,cafboﬂ.ﬁalﬁqiﬂd,) 1d)7H-Fyrdalof2,3-
d]p)%frnlé_lfdm 21 4/1)%1p%é§glﬁ%-%a§%éxy%cAfigid((:lllll_%erlg)e(’iia:tlell' )6(%) 1(8% Hg’) £ 24- VB
cmo/}olﬁ{&pgp%éﬁlﬂﬂmﬁﬂé mmf@w&bﬁﬁﬁy@l D@X YUY DvA; MHaL Vi 25°C

rimdin-4 eri di ne-4-earboxamd
und@iriifrbgan: dhe eﬁsuktmg(sohitioﬁvm ﬁtllﬁﬁi A0bdr)4 heass. didhd @dlde@roduct
tert.- t | 4-(1-(4-chl orophenyl)-4- )
was e P don et BT SRR By PR o S sRltppy Thoisirpe aroduct
was e}’lﬁ@d Re#i tHE Boldnnl GabABhe ohil NSO FRMIFuE: Aoichd 4@rd@saporated
0.26 nmmol ) at 20 C and the resulting solution stirred

to dnér.ess1 ThisyrudeTnaiesa wasithen esed Wish 2 @DVagobetion (fFFA in DCM (10

o TR 4 AL B ) BT A A
exclemgt ahmnmg)gmmuﬁstmg\m SCEawhinme dChealesiceiirbaice tvab¥luted from the

evapor atl on and %frl fied by preparative HPLC (Waters
colupie g (Y @PRENY HESTORIY BT GRAIONS YRS Fmpegatedl@ drymess. This

matgﬁzﬁ%ts {mf' %@ PFQIPI %ﬂgé ﬂtMS’ﬁélﬁgggﬁ' ?‘%y ]gt%lymmu@§ of water

m Xt ur cont al ni ng
(cor&duumlgtl% amneid) and Med{ ad ¢luags. tthectces coeadnognbo desdred

ted t d ff
cong G SRR St oy S ey T ey st
(7Hfﬂy‘¥|ﬂoﬁb 4 SY(% ReIdigliangy, éff'pcrﬁlﬁfeb@-ﬁﬁ%%nﬁfé%s Q Whke s9fd @ A8 o 66.8
a col our ess sol’i 201H NMR (399. 902 MHz,

%)128 1.51 (4H, m, 1.69- 1.80 (2H, n), 1.90 - 203
"H NMR (400.13 MHz, DMSO-dg) & 0.87 (31, 1), 1.42 - 1.55 (2H, m), 1.72 - 1.79 (2H, m),

1.91 - 2.05 (211, m), 2.21 (2H, s), 3.54 - 3.62 (2H, m), 4.38 — 4.45 (2H, m), 4.65 — 4.70
(1H, m), 6.61 (1H, dd), 7.18 (11, dd), 7.32 - 7.37 (4H, m), 8.31 (1H, d), 8.12 (1H, s).
MS m/e MH™ 413,



(2H, m, 3.37 - 3.41 (2H, m, 3.50 - 3.58 (2H, m,

4.37 - 4.43 (3H, m, 4.71 -4.76 (1H, nm), 6.59 (1H, :
WORWE3 ), 7.36 (4H, n), 8.13 (1H, s), 8. FLYEBHISN50925

d, 11.64 (1H, s). Mo me M 443. 37 Exanples 7A and

7B:

: 33
(S)-4-am no-N-(1-(4-ehlorophenyl)-4-hydroxybutyl)-1-(7
Hpyrrol o[ 2, 3-dl pyri m di n-4-yl) pi peri di ne- 4-carboxam de

Ex@fiflel BA-#Arde3B: VIS)-@tEf(rﬂm()‘N (1- (4—chloroehenyl]progy}% -1- (7H-errolo[2,3-
chl or ophenyl) hydr oxybutyl)-14/ pyrro 0 [
d]pgyi Dpingriding:d-carhoramide and (Rid=pmrine-N-(1-(4) PEA

chl l% %gn q Rb%rﬁé‘tﬂ 1glj(ij],]:lylj.lmldln~4—vlh}1nerldme 4-carboxamide
hydr oxybutyl ) pl\p_erl di ne- 4- car boxam d
72) (1.04 g, 3]:9 ) and 4-
chl or o- 7H Ry Ot Hpyrlmdi ex{ 049 NE, 19
nmol) in eI (15. 96 nL) at 2% Thenr gSuhlti ng
sol uti onCipas™stirre 65C ov@g fit. The_cpude
product was anal ysed py io LCMS and evaporated to
dryness. The crude § s then purified-hy ion
exchange chronat ogr &ph ing an SCX-2 cpl ufn.NThe
product was el uted frém the col utm usi ng
anmoni a in methanol / DCM The crude mi xture wds then
Radefri @b fin @8 -Qy(4tdasBpigdnlyl I1Q -4-
0-10% 7N amT(gn(l a I\/% I}I)ﬁ Bgl\/p (‘mﬁﬁﬁfigm?; ggjty?%ggmd[
yl)mm;g!meadﬁ—é@fbp@a@ldy ﬁEgzgmpb 3@1\#3@ prified by preparative chiral-HPLC. The

BRI 0 LSRR s YA AN B omer

(ﬁr:(tﬂi@elﬂte%ll b ae amtie salsd,anfl mmml (&&oﬁ@ kd éiuteThlEmgg as a white
enmat e Was chirall y resol ved by supercritical

Soheh%%&% Hafapyps ddgmgya tt%t@r@‘tﬁl@lﬁﬁaﬂ@u@@r@ﬁaﬂwm%ﬁ@q ppalysis
(usM%%b@Whlga] A$ g DA, &1451?90&1%?1%1&1%%% 1%1&{1"6 of iso-
spec r both enantioners were ident

hexNM?(E(t@BIMEGH\MEﬁO)D\EOPO/G 0. BS- ri;LAﬁm(aZEB G])lm}edtlr@il-(]lzl 4P

(26 d), 1. 74 . s), 1.92- 202.03 (2H, (2H,
lm%/)n,L spligongn ggOE—I% gl}o eagh glgan(nfp;er g be (ipst;gp (rgm ea§51 other and
enaﬁdéeréca@ {ui'e'ﬂe.ed%qo@ﬂ 53.9 (1K s), 7.17 (IH s), 7.36

(4 BT e 0357 8. 328,34 (IH d), 11,65 (1H

S, exchange) M mle M+ 443; HPLCtR = 1.66 mn. 38

(In(t)errredl ate

d}foﬂhﬂéﬁrﬁvl)ﬁip‘éymhﬂ@-ﬂcﬂﬂﬁ)ﬁiﬁlﬂ’é peri T di ne. 4- car boxan de

C,oio

O-(7-Azabenzotriazol-1-y1)-N N,N'N'-tetramethyluronium hexaftuorophosphate

L2
Di:
L

(0.228 g) was added to 4-(tert-butoxycarbonylamino)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-
yDpiperidine-4-carboxylic acid (Intermediate 1) (0.181 g), (4-
chlorophenyl)(cyciopropyl)methanamine (Intermediate 3) (0.091 g) and DIPEA (0.261



NH2 tert-Butyl

4- (1- (4-chl orophenyl) - 2- hydr oxyet hyl car banoyl)-1- (7Hp
WORPPIHESBE 2, 3- d] pyri m di n-4-yQpi peri di n-4-yl c ®CTARRNES/050925

(I'nternediate 18) (137 ng, 0.27 mml) was treated with

trifluoroacetic acid (2 nL)34The solution was stirred

for 1 hour at roomtenperature. The m xture was

concentrat ed under reduced pressure The crude product

ricf o o

G o R SR RSB0 O The
cmdmjrbrhmmvaapmﬁﬁlslbbenbnwmcﬁangethanmmgrﬂﬂl@' uesg areS8CHradiuat. The

. selutedl m t he qurmu' 2M .a i, N .
desitrd pragist W&ﬁa @ O B4 A UjaE Ve mgn@ Pytsdagtions
werd @va%f)f&édjto dryness. This crude material was suspended in dlchioromethane (25

4- am no- N-0-(4-chl or ophenyl) - 2- hydroxyet hyO- 1- ( 7H pyrr
mL)o kg BF 8-(5 dijipywisradded-Lhey Gpitipe miigliurew4s gardddrairhde, (e the

VO T TR N,
demfe?l rodct was 4Bited 8o Shel&fidith ubthe 74 a%%noﬂw“ﬂ@e@ﬁ ta re fractions

2481(1H|n)490_461H\§3§; 58 (
Werg, evapgyatedﬁoﬂzynessytol@chrd Ehe ¢rpde atggal asa wiyity mlqd s ngite]_“@l was

o kB TP e e 3 5 ()

chlo@@heﬁyka(ﬂ%/clepﬂtdpﬁllméﬂayghll -OIo phe iy D), 3-3 iy aiaypsDpipktidihe-@-
7H pyrrol ol

Carb&l"ﬁ?‘rdieﬁﬁ il seHe (HAFT @i 19e%)- ear boxani de (E9) OH N N
'H 1‘?@‘ ({4’29"1':% %@k %21'_@?1_ (2)% 897 Th,37%2100) T ) 0 Wa$22dded {0 1.24

(1HS5o| loﬁr(bphé&yizlﬂ -18), hyRdr-CX (2B yh)c 22D 4RBY<D) 3.30 ¢ FHIUPH; D)0t 15

({8 5 A S YORLOR U0 41 GRS 85 a0 car,

8. 12Ctl1ghgpngﬁﬁa@)elﬁgQ(m) g), The resulting suspension was

stirred C for 16 hours. The reaction mixture was
Msﬂﬂtf\@ﬂeﬂl& hrough a PTFE filtercup and the crude solid
was purified by preparative HPLC (Waters XTerra Cl 8
colum, 5S5umsilica, 19 nmdianeter, 100 mm | ength),
Exaufplag: LaRTiRaN- r@hmm@mmlcnrorﬁpm;rw)eﬂmr LA Syrrolo[2.3-
(cont al ni ng 1% TFQ and MeCN as eluents. Fractions
-eadoxamidand were purified by ion
exchange chromat ogr aphyg,Usi ng an SCX col utm. The
desired product was el ute fr t he columm using 7M
NH3/ MeOH and pure frac e eygporated to dryness
to afford (S)-4-amn r()phenyl)-3-
hydr oxypropyl)-1-(7 ] pyri m di n-4-yepi per
i di ne- 4- car boxani dé” (0.200 .4% as a white
solid. 1H NMR (399.9 M1z, DVEO- d ) 5 1.45 (2H, d),
1.86 (1H, d), 1.90 - 193(1H\1 A9 (2H s), 338
(2H, q), 3.51 -3.58 (2H, m, 435] 38 (2H, m, 4.53
(1H, t), 4.88 (1H, d), 6.58 (1 wt),“? 16 (1H t),
7.32 - 7.38 (4H, m), 8.12 (1H, s), 8.43 (1H, d), 11.63
TriFtubrdﬂpet'sz)acidr(3szE$*hs—)1dc(eM+tb-l)eﬂ~bul§k]2@(2 MRLG-t-RI= 1.46 mn.

9. al
chlo e Ry AR A HY S Heny AP A e o Rp SIS
yrcagbr%(%alg& a}rfgﬁme@me 3 ri)lwr HTh BAM4100 hih BEFIo8i PR AsHRHP WKution

was stirred at 25 °C for 3 hours. The crude product was purified by ion exchange

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

using 7M NH3/MeOH and pure fractions were evaporated to dryness. The crude product



lo NH, O The. N-Ethyldiisopropylamne (1.676 nl, 9.62
mol ) was added to (S)-4-am no-N(1-(4-

WO 8 heny 1) - 3- hydr oxypr opyl ) pi peri di ne- 4- FiTHER2DG$/850925
e (Internediate 49) (1g, 3.21 mml) and
4-chl oro-7H pyrrol o[ 2, 3-d] pysi m dine (0.493 g, 3.21
mol) in butan-l-ol (15 ml). The resulting solution
was stirred at 60C for 18 hours. The reaction m xture

wad\Rgi(lédIbyteehamtive HRIOACWaRE RBYidz@PpWaSheED cotumn, 5y silica, 19

sequentially with water (25 m_? and saturated brine
mury igmeey, 106 am dengsni @sm&g@refmg sopalagnigwaes Mg»m {containing 1%

NHE}, Méfe]{/l%él\gﬂ%lh%\ﬁ%pﬂa% 81% co talgm h% e(s)g‘r;[ de i %e&*e e\;lgirﬂorated

Wa's | pur|

to d@iﬂe@ﬂﬁﬁlmn&ﬁﬁyl wzﬁ;l thiér fumthgr @d[f&l&tbymdsﬁ sﬁﬁfa WR@hhatddribhy, elution
re fractions were evaporated to
gra@f:%@sl Ot/bmgmagqalbc ammonia (7N) in DCM. Pure fractions were evaporated to

dryﬁe%%) ;t/cf' :%’l%cl[:pd D494 r@tng KN Qf afi Rl QF %ﬁﬂ&h@nﬁy&iﬁﬁf YR?H%‘)@]&'[Q 67
d]pﬁxﬁmﬂmmyd)pnpeﬁ}dy&m -pabioxinnde 4s ¢ aslbovtasigde (0842ny)1.d90R

tH Wézf@%@éﬁ%ﬂ%%éﬁﬁﬂzﬁ (R0 py A PE} B) 3L 8] - 2.05

(2EPW] DAL ned (mpﬁl@%f 1835_2@? 374;3 shScasbpramdg. 3‘5651 z&t%ﬁ &6, 4.70

in eth | acetate 18 hours.” The solid
(chtiI,ﬁé&t(bId CBy7ﬂ5I(1Hai)L 6&0 wesghed, wth3a- 2Ral2Hampdnt2 @H, s),

84%)1'?{@ qge@fa(? gnd vacuum oven dried at 55C for 18
AU .11 :

MS(EPe-MHanfno- N- (1- (4- chl or opheny0- 3- hydr oxypropyl)-1-(7
Hpyrrol o[ 2, 3-d] pyri m di n- 4- yOpi peri di ne-4- car boxam de
(O 585 g, 42 5% as a white solid. mz (ES+) (MH)+ =

on H ] Z .+ D\VB

_]_psblmIBMV})ﬁlw&dGM-cﬂb0x3ﬁ& 359 (2H, ), 4.34 -

4.41 (2H, m, 4.53 (1H, t) 4. 88 (1H, d), 6.57 (I H,
m, 7.14 - 7.16 (1H, m, 7:31 §7.37 (4H, m, 8.12 (1H,
s), 8.42 (1H, d), 1;@%%N I@fanple 9
alternative route 2: H

(S)-4-am no- N- (144 phent - 3- hydr oxypr opvl) -

1- (7H pyrrol 012, 3-dl pyri m di n- 4-Whpi peri di ne- 4- ear boxa
mde HO (S)-3-Am no-3-(4-chloraphenyl)propan-1-ol
(Intermediate 47) (2.055 g, 11NG7 | ) was 5 added
in one portion to =
4-(tert- but oxycar bonyl ami no) - 1- (7H- erroI o[ 2,3-d] pyrim
i di n-4- |O£er|d|ne4carboxyllc acid (Internedi ate

Trifiyorgaggtic ?&161 migrgh PﬁmolfDMPEﬁdf(ﬂé 80> htert-18@yiZd-(ih1 ) in
dd nd
chl%egg@etwgcarb%g l?lt(ll g@f)’e\g‘golole = grln}l&lﬁy%y]%]%a)lperg(g an

yhhahylsarbdmste (Ractrhaliate 13) (0.25Ma0. SHRRDY At BAM @0GRYNESS°C. The
then diluted with Et0Ac (300 rrLT) and washed . _
res@%qt;% W3 SHER ahd &r fO(‘ g(ljlom_ hg ggpde product was purified by ion

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

column using 7M NH3/MeOH and pure fractions were evaporated to dryness. The crude
product was purified by flash silica chromatography, elution gradient 0 to 10% 7N
ammonia/MeOH in DCM. Pure fractions were evaporated to dryness to afford (S)-4-
(aminomethyl)-N-(1-(4-chlorophenyl)ethyl}-1-(7H-pyrrolo[2,3-d |pyrimidin-4-
yl)piperidine-4-carboxamide (0.095 g, 46.0 %) as a white solid.




io saturated brine (50 nmL). The organic |ayer was

dried over MgpSH4, filtered and evaporated to afford
wOogpedy7¥s oduct . The crude product was purifi ed®CBYGBABEI50925

silica chromatography, elution gradient 2 to 6% M:OH

with ammonia in DCM Pure fggctions were evaporated to

dryness and triturated with di oxane (40mL) to afford

(S)-tert-butyl 4-(1-(4-chlorophenyl)- 3-

r CARRATR 181_q [

T T et bama o L P riemnas aPL gy e,
m), 49824, s)82%7 - s7d2ihin).et. 20t #.85 (ZL‘B)m) ar26-bud4(1H, t), 6 55 (1H, d),

150 Sy 085k SERSTAYT: 120 e AL py i m i

MS 4y o pery di n-4-yl carbamate (I ntermedi ate 22) (4.82 g,
82 %9 was suspended in dioxane (40.0 m) and 4M
hydrogen chloride in di oxane (7 69 n, 221.36 nmol)

g:gger atlﬁ%

dmﬁxmmﬂgemﬁh@ﬂamgfr @ﬂlb)bxa&@(léJSI ng an SCX col urm. The
desired product was el ut ?g fromthe colum using 3.5M

NH3/ MeOH and pure fractions were evaporated to
dryness. The crude product (was purified by preparative
HPLC (Waters XBridge Prep 8 CBD colum, 5gm silica,
19 mm di aneter, 100 h) j usi ng decr easi ngly
pol ar m xtures of wg g?jﬂlg 1% NH3) and MeCN
as eluents. Fractions containifg {he desired conpound
were evaporated to 25dryness t ford

(S)-4-am no-N-(1-(4-chl oropheny\’) 3- hydr oxypropy0-1-(7
H pyrrol o[ 2, 3- = \
d]pyrlmdln4yOp|per|d|ne4ch de (1.200 g,
25.3 %9 as a white solid. WO i

2000/ 047563PCT/ GB2008/ 050925 42 ink (ESt) (M H%]
Triflppenaceim oid b 28 6mopy agvRderhiodpiédupi év( déhlorophenyl)-4-

g PR B o e Sty D5 P bppe
(IntepyediatedT ( B0 thg, 0.26 mmol} at 20 °C and the resulting solution stirred for 1
dl_pyri m.di n-4- vbpi per.i di.ne- 4- ear boxam de dr ogen
hout 6 PplgEoR ¥if ther drlﬁtﬁdﬂ“&wﬁ@me » apphethio a 1%%5%9?&13111 and
elutdBswitRddadthnh Pl I8 hEd IBKtZN NH; /MeOH Fractlons containin product WEre
3-acet am do- 1- (4-chl or op enyepropyl carb am)yf) THp
compined) @[nzerana@qdplw ¢vapdiafodand ppphipéby dieparilyd Hé’llﬁ*a(ﬁ?dtiters

XBYREEEIT AR R B, Sl Rishs [T Biehnelef 1O BB Rsing

dectk®dinglQ phREASx kR & f (Waas m&mmgtl%ﬁmﬁﬁ]me@w@eﬁs&ntsopracuons
dryness. The crude product was purified by preparative

contpiig {hpdesred cxmeerad B8 wapurawd 16 Araessite 4ifordd-amino-N-(1-(4-

R e e o

carb@k:h.tﬁmi%$58 Fhag o ams) @m&ﬂbmﬂldagsdlme deS| red conpound
re evzq%orated to dryness to af

1H W@(gg aMHa- RMEE) 5 1.28 - 1.51 G0 95,969 - 1.80 (21, m), 190 - 2.03

| ) 1) 7 [ 278- dl-RY

QTGS PIRCALIRT S0, %5 O B0 A [ BIGHOH0LE7 P2 AhBY . m)
6.5%(d Hamphi. ﬂé(Hﬂ,ym)‘ (7136 (4 HHNRI § 899,59, A37( ) FDMBQ-108) @ H] s ¥ 2

37@1 424H m, 1.79 (3H s), 1.85 (I H t), 1.89 -
MS /e MHH43. 0y | 2. 10(2H, s), 3.00 (2H, t), 3.55 (2H, d),

4.36 - 4. 4o (2H, m), 4.80 (IH d), 6.58 - 6.60 (IH,

m, 7.16 (1H, t), 7.34 - 7.39 (4H m), 7.80 (IH t),

8.13 (1H, s), 8.39 (IH, s), 11.64 (1H s) No visible

NH2. m z 20 (ESI+) (MeH)+ = 470 HPLC tR = 1.56 nin.




43 Exanple 11:
4-am no- N- (1- (4-chl or opheny1) - 3- (di met hyl am no) pr opy1)
WO 20¥MIS r ol of 2, 3-di pyri i di n- 4- yl) pi peri di ne2U/eRINgE (50925
am de Hydrogen chloride (4Min 1, 4-di oxane, 1.01 mi,
4.05 mmmol ) was added to terB—?butyI
5(4- chl orophenyl) - 3- (di net hyl am no) pr opyl car banoyl) - 1-
(7H pyrrol o] 2, 3-d] pyri m di n- 4-
Ex3iapiep GAl adimm»mbaamﬁmawlJ{AJahm&msunal)a-ﬁéaro&QbQ&@-g(m-
0.08 rmol) |namxture of DCI\/I(5 and nmethanol (Z
: : i yRidesndoiR)rd-aming-No(-(4-

ch]gi'ofgﬂg n%]_?-éi-: &r§x¥bﬁl

carbsxamiden SCX col umm. The desired product was el uted
fromthe col urmHéo usi ng 2M NH3/ Me %and pure
fractions were e porated to drynessxto afford
4-am no- N(1-(4-c orophenyl) 3- (di nmet/hyl am no) propyl) -

1(7H—pyrro|o[23 yrlmdln 4-
y1) pi peridin amige (0.034 9.{92
col ourl ess 1HNN 399 002 @

(2H m, & H bi. $)) 2
2.18 (6H,"'s), 2.18 - 6(4 m,

‘.
(2H, m, 5.00 (I H, dt 6.52 (1H, 15d), 7 05 (1H d),
7.18 (2H, d), 7.29 ( |\833(IHS (1H,
d), 9.61 (I H s). 456 WD
2009/ 047563PCT/G112008’7‘050925 44 Exarrpl es W1Atand 118

A8 S 16 Bn0Rs S 1OR BRI Ao Nl pslpraphipnyiit-

hydm%ﬁty@grﬁeﬁuﬁﬁ Acarwaaﬁ&@ah&%nﬁﬂﬁate 72) (1,04 8, 3,19 mmol) and 4-
(R - -amno-l\l—§ 1- (4-chl or ophenyl) - 3- t'(?’wy 'am no) pro
Chlcm)ﬂ']ﬂ-myrrolo[Z 3-d]pyrimidine (0.490 g, 3.19 mmol) m ethanol (15.96 mlL) at 25°C.

The %‘J tu?gy g(il%lloonslv%ﬁgstigrlee)é[ bggtd overmgﬁ/tl %"ﬁ)e bS eﬁe': 8'#0 Sct%vaesaarnglo sed by
Lcmlsag?m?jﬁoalmmd {Adighter apbenydd soldt (ai 1eh PYH AL PP IRrRBYahke
Chrw@tpéqaﬁlpz Using ap WG &phmzn- VB PEstur Y ieclated Ajopbthaspiem using

2 DT B TR, P PRI bty s

siliaaaihmmatogmpln’gg(meﬁd 0?/& /¢ annfoniz /CMGGHQ[’IEI@QD anﬁlhyure fractions
0.1% DErA

c:\,fap::;rated(ifmdrsycr)lleélsetgtafford3 4-amin e (Et(?'?4 chiorophcny 4- hydroxybutyl) 1-(7H-

pyrrolo[2,3-d]pyrimidin-4-yl)piperidine-4-~carboxamide {63.9 %) (racemate) as a fine

white solid. The racemate was chirally resolved by supereritical flow chromatography
(SFC) to afford the pure enantiomers in yields of 272mg (19%) and 245mg (17%)
respectively. The NMR spectra for both ¢nantiomers were identical.

"H NMR (400.13 MHz, DMSO) § 1.38-1.42 (2H, m), 1.46-1.49 (2H, d). 1.74 (2H, s), 1.92-
2.03 (2H, m), 2.19 (2H, s), 3.55-3.58 (2H, d), 4.38 (1H, s}, 4.41 (2H, s), 4.75-4.76 (14, d),
6.59 (14, s), 7.17 (1H, s), 7.36 (4H, ), 8.15 (1H, s), 8.32-8.34 (1H, d), 11.65 (1H, s,
exchange);

MS m/e MH" 443; HPLC tg = 1.66 min.



10appropriate fractions for the first eluted isomner
were evaporated and the residue triturated wth
wogies/idyseiet her to give PCT/GB2008/050925

4- am no- N- (1- (4-chl orophenyl) - 3- (di met hyl am no) pr opy1)

38
(7H pyrrol o[ 2, 3-d] pyri m di n-4-yQpi peri di ne-4-car boxam
de (59 ng, 25% as a white solid. 1H NWR (399.902 Mz,

dpyriBAdinHy] pipeviding-S8akbiianddd , 6. 58 (In, dd), 7.16
(1H, dd), 7.33 (2H, d), 7,37 (2H, d), 813 (1H s),
8.61 (11-1, d), 11.63 (1 ,Dh) QMBS me Myr 456.5. The

appropriate fractions f ﬁ ecamd el uted i soner

wer e evapor at ed and\;}@& u iturated with

di et hyl ether to gi Am no- - (4-chl oropheny1l) - 3-

20(di net hyl ami no) propy1) - 1- (7H gyn-ol o[ 2, 3-d] pyri m di n

- 4- yDpi peri di ne- 4- car boxani de § , 199% as a white

solid. 1H NMR (399.902 Mz, DMSOL S/l 43 (2H, ddd),

1 83 (2H, dt), 1.86 - 2.01 (2H, Nm H2.11 (6H s), 2.14
3.56 (2H, ddd), 4.39 (2H, ddd), 4.83 (1H Qq),

t
et S Zw ihlyopiEy® 3 1oy choarvaraa I DK Heprolola -

d]p)ﬁ\}g}H I\y/f'l_}%p}?glgl(nlﬂyﬁgjaglate(sé E%g'lﬁag?aéé 1%)]( 1 ?’; rrfgl |(_)I 27Sn)1m06 Wwas

treafbd (AR WORBEdAYENC Nid L44EE hibesepiien wh) sSm&y £ QRORF ARBbh-
1- (7Hpyrrol o[ 2, 3-d] pyri m di n-4-y1) pi peri di ne-4-car boxa
temmrg@lre he mixture was concentrated under reduced pressure. The crude product was

purxl(gleec)g( é?’ (o CAC p%&%p&ﬁx?@ﬁh? %r&éﬂ)) uglng(?% Eglﬁlh%n?f]@}[elsg%@ 3\5# "Vaded

onthé (chkhin 1buimkamamhxbwystmmvnm) mrethimy)- The ddsirpy prodho] wasEiuted
o PR e SR oo s e evaporated
[ nm
o T A ey e fean hL T Fnl 4
dlpEdn@irf-éryDplrenidimgtdesarbdreamido Ol 1d dng, suamt)i ag mtcolourless crystalline
;g enper ature. 3-Am no3-(4-chl orophenyl) propan-1-ol
I%‘I nternediate 29) (49.5 ng, 0.27 mol) was added as a
'H Nm&gﬂw@n MRz DMOG 0 h) - and (bhemy] %gyr@omﬁ{sfhy f3f¢ﬁ§i 3.69
at 22 Cfor 16 hours. 4M HCl in di oxane L)
(4Hagaet3 anth48 EH Mk thutle 4k (1dhin) 8 §0art- 91 ﬂ8r6é8 (lH br, s),
r X c a
17 SN S TR, P S L S8 SR P e S A 10
n/zYBBNg (B H5EX 4:109 WRLC ﬂ;h:el desiined pr oduct was eI ut ed
fromthe colum using 30% (2M




NH3 in MeOH) in DCM and pure fractions were evaporated
to dryness to afford crude 15 product. The crude
W Fe63nvas purified by preparative HPLC (VWatBEBGB2008/050925
XBridge Prep C18 OBD colum, 5p silica, 19 nm
di ameter, 100 mm | ength), usigng decreasingly pol ar
m xtures of water (containing 1% NH3) and MeCN as
el uents. Fractions containing the desired conpound

Ex¥BpR %€ !QE%%]E@-N—_@ -@—M@Epﬁeﬂy&@t— ¥ dtoxypropyl)-1-( 7H-pyrrolof2.3-
~4-(am nomethyT) -

dipyhimidinahabpiperRlime-dreaxlygyaoydd YES (7H- pyrrol o
[ 2, 3-d] pyri m din-4-yl)pi perigdine-4- 20car boxam de
(0.095 g, 81 % as avvhlte SO|Id 1H NVR (399. 902 MHz,
DMSO) 8 1.47 (2H, : 180 196(2H m, 2.09 (2H,

m, 2.69 (1H s), 27 (4)H m, 4.26 (2H, ddd),
5.02 (1H, dd), 656%@%& I;H d), 7.33 -7.39
(4H m), 8.12 (1H,C 44 11.63 (1H, s). M

me M+ 556 46 Exanple 13:

4-am no- N- (1- (4-chl orophenyl) - 3<hyédr oxypropyl)-1-(7Hp

yrrol 012, 3- dl pyri m di n-4-yl) pi peri di ne-4-car boxam de

H TFA (0.7 nL) was added tq ensi on of

tert-butyl 4-(1-(4- chloropheny - 3-

Shydr oxypropyl car bamoy1) - 1- (7H pyrtolo[ 2, 3- d] pyri m di n

- 4- Api peri di n-4-yl carbamate (Internefiate 36) (175 ny,

r e

B DR 0 T B AEDGu T M R PR 0
chldfhldlmgl)\BehH&ow@yimmn i-(YAquerotu)d, 3tdlpyri@akii-Hem)piperidin-

yiiipbutet AR Bt B0 B B SR8 Bl Pl Eomme bheltep a. The
resulfing ﬁﬁpen%ﬁ)nrﬂ?ﬁsds'u%@ta?fo °d@Q I@Hdu?sn GhE) il i e was %hered

decr easi nfg pol ar m xtures of water (contai ning
thronghre ATER @:lmf@tmmdébe emde sdet wan purifled taraaratananzte HPIIh(é (Waters

XT%}J a?nl gngérj} %ﬂnmﬁpg,r gxné}%rtn%t%ﬁ;)gp 61;(1%}/ r@glg)l)lsmg decreasmgly
polar (Tikkupys df@iraﬁérztc&tﬁﬁhmgr 1I%9TTHIAN add WP es bidime P‘l'actll\cl)II\l/sR containing

carboxam de (99 ny, 69.8 % as a white powder
the desirgd ppmpoyIRTRIa FYrifed b @ exchgmge zhromefograply) using ag $CX

coh{m“rt' Th@')desn?edgcgocﬁl%t_lwilp %lé%)d’ fgén? i &8 r%ui E:ging)m/[ %}g&%qﬁ"aﬁél pure

fracrry)ns ﬁe@&v@pﬂdfhtcd)q drgnds8 t§ AffprddB)-47anddo-N( 13(/4 ¢tbtopidnyl)-3-
(1H
hyd{%ﬂlﬁ@iayg 14@?%@@;[%#% i')neémrﬂ-ﬁgplparﬁ@;ér@r@@mlde 200 g,
19. 4,388 A | 1
g gk ey OO BN TAYE.
| 90 1.93 (IH m), 2. ]9 (2H, s), 3.38 (2H, q), 3.51 —3 58 (2H, m), 4.35 - 4.38 (2H, m),
4.53 (1H, 1), 4.88 (1H, d), 6.58 (1H, 1), 7.16 (1H, ), 7.32 - 7.38 (4H, m), 8.12 (11, 5), 8.43

(1H, d), 11.63 (1H, s), m/z (ESI+) (M+H)+ = 429; HPLC tR = 1.46 min.




NH2 2 C1 1-1 Trifluoroacetic acid (0.05 nL) was added

to a stirred suspension of tert-butyl 4-(3-
WOR4PM/HES6B- ( 4- chl or ophenyepr opyl car banoy1l) - 1- ( AGTHBI0GS/850925

[ 2, 3-d] pyri m di n-4-yepi peri di n- 4-yl carbamate

(Internmediate 38) (7.0 ng) 40 DCM (1 nlL) under argon

at 25C. The resulting suspension was stirred at 25C

for 2 days. The reaction m xture was evaporated to
Exa#he 9Sdtel Rt \dute 1:168)04-ainb-88{ 1L (49%¢hlorophenyl)-3-hvdroxypropyl)-

Z-am no- N (3-am no- I-(4- ch or op enyl)propyl) I-
1-(7-py ryode [3136d Iy Ringftd jn 44 vikindgp ¢ ‘ X\ A '
de as a parti aIIy solid 0|I (1§HO 10rrg) NMR (500
MHz, DMSO-d6) 6 1.86 (I H, %JZ 01 (2H, m, 2.08 (1H,
m 2.41(2H, n, 2.69 3.85 (1H, m, 3.61 (2H,
t), 4.63 (2H, t), 5.0 /2 (1H, s), 7.36
(1H, 1), 7.41 (2H, d); 9(1 dj, 7.93 (3H, s br),
8.32 (I H s), 859 (3H, s br), 6 (1H, d). M me
M 428. 15 Exan'pl e 15:

4711-

pyrrol 012, 3-dl pyrimidi n-4-thft |Lger]' di“ne- 4- car boxani de

011 HCl (4Min dioxade) §0.378 niL, 1.51
mol ) was added to (R)-tert-butyl 4-(1-(4-

N-Epind diisopyptymyng (136 Hyuit, &é?pmom \E@rddéﬁd)gﬁdsl AtapEnpy¥- blb

o e e B P R T e

mm_cb_l')%nﬂ @ sdhlldrb!Tg1- pﬂ&ol@%ﬁﬁﬁ@r@rﬂdﬂ@fw 203 br 2ol amadPinGultar-131 (15
hours. The reaction m xture was evapor at ed. e crude

ml)pTl%s-‘or@&ltltlmgofbmn WieHirpg %ﬁ@‘iﬁaﬁmlu&l@uﬁpﬂy [oAgkiQY Rixture was
dllulkgﬁe\{r{dﬁ])i%‘ s gg’ané va@sﬁ&# éeﬁf’iler}tfﬁﬁy RRIR}&%QEEE(% fmlv\)écglg sHMated

creasin ures o

brxr(ec{@ﬁhﬂj)nfhmgorg%laﬂnmnwaa dﬁﬁdo%@ﬂ\g&a éltredtand cFapaedtédnsatord
ont ai ni th red co re.5 orate

CIu R}'H ng | 'ﬂ% cIe ebﬁara Illct was puri 1eéJ gy ﬂ\gﬁ'l Selllca (S’lronplatograp Y, e?ution

gradifli 0o &9 RROM (ﬂtﬂaﬁxﬁ&h@'ﬁﬁﬁhﬁ@%r@’frﬁé’twﬁw @\F%%gn)ate]d' to dryness
(7H pyrrol o] 2, 3-d] pyri m di n-4-yl ) pi peri di ne-4-cCcarboxam

to affgmsl (S)-4eB1ing;N 39(%0h@r<ailew1%ﬁ+hyércs<xypro@yl)11|—N57Rpm@9 [23-
d]p¥r1rp|’ld1r%%5%dpf%)ld16nel4 3002kt ah8 42515 8s § Hbite Roam 157 L anting N-(1-
{4-chlorophenyl}-3-hydroxypropyl}-1-(7H-pyrrolo[2,3-d]pyrimidin-4-y})piperidine-4-
carboxamide was stirred in ethyl acetate (7 mL)} for 18 hours. The solid was collected by
filtration, washed with a small amount of ethyl acetate and vacuum oven dried at 55°C for
18 hours to afford (S)-4-amino-N-(1-(4-chlorophenyl)-3-hydroxypropyl)-1-(7H-
pyrrolo[2,3-d]pyrimidin-4-yl)piperidine-4-carboxamide (0.585 g, 42.5 %) as a white solid.
m/z (ES+) (M+H)+ = 429; HPLC tR= 1.60 min.

1H NMR (400.13 MHz, DMSO-dg) 6 1.39 - 1.47 (2H, m), 1.80 - 2.02 (4H, m), 2.17 (2H,
s), 3.35 - 3.40 (2H, m), 3.50 - 3.59 (2H, m), 4.34 - 4.41 (2H, m), 4.53 (1H, t), 4.88 (11, d),
6.57 (1H, m}, 7.14 - 7.16 (1H, m), 7.31 - 7.37 (4H, m}, 8.12 (1H, s), 8.42 (1H, d), 11.62
(1H, s)



(2H n), 3.37 (1H, t), 3.55 (2H, d), 4.40 (2H, d),
53 m, 4.88 (1H, d), 6.58 (1H, t), i07.16 (1H,

WQ3009/?4 é@ 7.38 (4H, m, 8.14 (1 H, d), 8.43 RCHGBY)PS050925

11.63 (1H, s) no visible NH2. M5 mle MR+ 429; HPLC tR

= 1.46 mn. Exanple 16: 41

(R)-4-am no-N-(1-(4-ehl orophent hethyl)-1-(7H pyrrol 012

, 3- di pyrimdin-4-yl)pi peridine-4-earboxam de 15 C
Exﬁn@%meebﬂmﬁm FuaZ 21 (S}-4Pabiny-N-(N 4 L@l gra PRERN)-3UH9 B84 Ppropyl)-

hexat | uorohosphate (0.418 ¢, 1 10 rmol) Was added 1n
P YEH] pyrimidin-d+vilpiperidin 3 ARG
(7prrro| o[ 2, 3-d] pyri iedi n- 4- yppl perl d| ne- 4 car boxyl i
c acid (Internediate 1) §0.361 g, | mol),

(R) - 1- (4-chl or ophenyl) et/ ana ne (0.156g. 1.00 mol)
and DI PEA (0.524 nL, 20 3 Ni,in DVA (10 L) at

25C under nitrogen. The solution was stirred
at 60C for 4 hours. rude pro uct was purified by

i on exchange chromat hy, an SCX colum. The

desired product was e ed fro the col umm using 7N
amoni a/ MeOH and purcé fractl evapor ated to
dryness. The crude materi al ed with a 10%

sol ution of TFA in DCM (5 m_) amd ﬁlrred at room
tenperature. The 25 crude product was purified by ion
(S)-éxfklhlémngb(fb bilorrph ooyl apdyan- Lisi (ﬂgteame&ﬁ){e 4Dl (@035 gIhe07 mmol) was
red roduct elute col umm_ usi

1th
o e %Hoaﬁnﬁerb-iwxwaa G Ex)éfé’/’%mge}oe{%égﬁmmndm 4-
yl)}ﬁﬁe\fﬂ%}%&i cdiBBx Aﬁfc%%‘d ﬁh&@HﬁHmM@ﬁ QY 1 f bethoRY) RIECBATEA (360 mi,

usi ng decreasi ngly pol ar’ m'xtur es of wat er
33 %(bmnmé)l in |DMA1(% arhvdhA BY (Ads6d 2MVBETAB asnd) wen tddedfand thd ©Rgting

solugf%ﬂ:]x\galssg; iy d g{ﬁ) ?’351( %f HQL %l“lrgagctl\é\)ﬁ Tiixfure vas g&a%oratted to dryness

thcrﬂﬂlﬂm&} With EtOAc qhbmmp h@a Y dsddWelhentia(ly BH w4164 @D Za1dr Al
yrim.din-4- peridi ne-4- carboxam de (0.211 g, 52.9
satuf ie%ﬂ%? %HumléDgféF PEZAnE IRy qUVRS (4ig0 oNgN 2 BINB d)ltes:djang zvaporated

{5 B il g 850% Bl Mg,
clutébn8Badidnt21to (YHMaQH withtnmorba BODCM,Pufd fradlichd were/evhPorated to
arytyps il gurbicd o Vi ASDRIERTOiSGS) tor bl bl -G gioropheny1)-3-
SN o LSBT s A e
(Intermediate 22) (4.82 g, 82 %) as a whlte sohd (S) tert-butyl 4-(1-(4-chlorophenyl)-3-
hydroxypropylcarbamoyl)- 1-(7H-pyrrolof2,3-d]pyrimidin-4-yl)piperidin-4-ylcarbamate
(Intermediate 22) (4.82 g, 82 %) was suspended in dioxane (40.0 ml) and 4M hydrogen
chloride in dioxane (7.69 ml, 221.36 mmol) added. The reaction was stirred at ambient
temperatre for 2 hours. The crude product was purified by ion exchange chromatography,
using an SCX column. The desired product was eluted from the column using 3.5M
NH3/MeOH and pure fractions were evaporated to dryness. The crude product was purified
by preparative HPLC (Waters XBridge Prep C18 OBD column, Sum silica, 19 mm
diameter, 100 mm length), using decreasingly polar mixtures of water (containing 1%
NH;)} and MeCN as eluents. Fractions containing the desired compound were evaporated to
dryness to afford (S)-4-amino-N-(1-(4-chlorophenyl)-3-hydroxypropyl)-1-(7H-pyrrolo[2,3-
d]pyrimidin-4-ylpiperidine-4-carboxamide (1.200 g, 25.3 %) as a white solid.



Raney(r) nickel (293 ng, 1.71 nmmol) was added to a
solution of (R -N-(1-(4-

WORBM468phenypet hyl ) - 4- cyano- 1- ( 7H pyr r ol o[ 2 PSTHFBRPPG/§H0925
i di n-4-yppi peridi ne-4- carbox am de (Internediate 45)
(466 fig, 1.14 mol ), in ethanol (30 nL). Ammoni um
hydroxi de (10 nL) was added. This m xture was first
purged with nitrogen, then placed under a ball oon of

m/ZRESF PEERTAN 430 WpEd (kon G3enfours. The reaction

..M xture was filtered through celite and the sol vent

H RVdpanehedpedods.yness. The crude product was purified
by 70fl ash silica chronmatography, elution gradient O
to 10% 7N ammoni a/ MeOH in DCM Pure fractions were

Exa®sip 00 2N q9-dcotadiiv B9SE- élﬂoﬁi‘ﬂa@ﬁﬂ)propvl)—#amin0—1-(7H-pvrm]0|2,3_
(R)-_ (am nomethylg N-(1-( .

ENABOTIY Je ol o[ 2, 3-d] pyri m di n-4-yDp
|per|d| ne- 4- car boxam de (276 , 58.6 %9 as a white
solid. 1H NVR (400 MHz, DVBQ/ 6 1.38 (3H, d), 1.41 -
1.51 (2H, m), 1.61 (2H, s)'27@9 (2H, 25d), 2.68 (2H,
s), 3.37 - 3.50 (2H, n), 4N8 -4.28 (2H, m, 4.95 -
5.04 (I H m, 6.56 (I 7015 (1H, d), 7.26 -
7.50 (4H m, 8.11 (1 GhH, d), 11.66 (1H,
s). M5S me MR+ 413< 009£04 2&63PCT/ GB2008/ 050925
50 Exanple 18:

(S)-4-am no-N-(1-(4-cyanopheny53- hydroxyprom|)-1-(7

H pyrrol 012, 3-
dl pyri mdi n-4-yl | pi peridine-4-g m de HO
(S)-4-(1-am no- 3- hydr oxypropyl j|\be olﬁ;trile

(Intermedi ate 46) (195 ng, 1.11 %nminpl) was added in

one portion to ‘
Hydtoganenhtorlsigt($ddy et Benpkamd (030 i, 7 hymad) wiPadgied to tert-butyl 4-

q i i e A : q
G-apy b B Grope Gty RN Ay e Sesipyrmisi
yDpieridih-821daFBAmatd nn%eﬁﬁatﬂnm S\IS mg, 0 17 mmol) in DCM (4mL) at 20°C.
-(7-azabenzotriazol -1-y1l
Therresul tiigetuRpangiosnyasisiires af %ﬁ Bpﬁ@smn@st &he pwgtigmymixturzovas
d
evalfflh 35365 S8 bGP G B NI WRH
XTewapy adletint . dlcgrigneasiidrhae, ddd nine Enpihd skdpQRersa 8a0ly polar
m), and washed . se uentl aI I th vvater 50. nL) and
MIXEUES flay el (Beita@nesye é/leﬁ“@ ahtleentgfdactipns Copiags the
des1gérf:lecf u{éﬂﬁ%‘weﬁé Lo 61%%%8%&%@&%@& If\llt(% &Efaﬂ?%ﬁﬂ%ge

The cru e product was purified by
chlsophiconl)mhpplirdt ognedhyy H-pyudloons g}mrdmdm Pyhpip&ddivMeadH

e IR TTRR 3t 1 TP Bl LACHLOT MRSV BdS.a6) 5
1.428-1(4 ﬁMaﬂ@@hﬁmys%)r%(115fﬂydf8@>£y1pwmi L GRY bé}mmq é‘) 3.00 (24,

-(7H-pyrro1 o[ 2 pyrlmd|n 4- yQpi perldln 4-yl car bama

D), 3t (@B6 7). dep o 464 U(H4, na)s 4 Z0uhilt &), §SBi- - 60((3}1511&? JéL@H;H t), 7.34 -

4
y yn- ol 3
739608 By BEY EIREARD LT £ ph 1464 (gD di bl - e
(ESE—)X@H}g&Hmmm}M garh@mhm, (267 ng, 0.51 nmol) was
suspended in di oxane (5.00 nL) and 4M hydr ogen
chloride in dioxane (0.769 nL, 22.14 mmol) added. The
reaction was stirred at anbient tenperature



20for 2 hours. The crude product was purified by ion

exchange chromat ography, using an SCX colum. The
WPPEE6r oduct was el uted fromthe col utm usRGKIGB2IBBIS50925

amoni a/ MeOH and pure fractions were evaporated to

dryness. The product was thepg purified by preparative

HPLC (Waters XBridge Prep C18 OBD col um, 5p. silica,

21 nmdi ameter, 100 nmmlength), using decr easi ngl y

ExHAbRI 117 UXihin8 SN i -(MRhRko 1)23- (iRt %@n’h ﬂ)g -(Aid

as e uen S. rac IOﬂS con al n| ng es
’ _via N . A

(7Hpyrrolo[ 2, 3-d] pyriym din
de (70.0 ng, 15.1 % aga
MHz, DMSO-d6) 5 1.36 - N( n),180 201(4H
m, 2.17 (2H, s), 3.39 (2H, )8 52 -3.59 (2H, m,
4.34 - 4.40 (2H, m, 4.58 (1H , 4.94 (1H, s), 6.57
(1H, 5d), 7.15 (1H, d), 7.50 d), 7.76 - 7.79 (2H,

d), 8.12 (1H s), 8.52 (1H, s), 11. 61 (1H, s). MSnle
MV 420. Exanpl e 19: m
(S)-4-am no- 145- br ono- 7H pyr rk 3-dl pyrimdin-4-y1)

CN-(1-(4-
Hy%‘ﬁg%[ %ﬁ&%%lm B Ny %F%?&E%Q FOM; Béﬁ)%ph B hgﬁéég%as 3 @d&%&ﬂbﬂ?l 4-(1-
(4- dﬂi@te}ihemgl)(3815dime@lmanumb)p(dpy(oéﬁmhiotyt)ephﬂﬁpyl)relo[2,3~d]pyrimidin_—4-

yl)p45e§]r}/(€rkgd>f§ﬁg£r%at% @nﬁgr%qd atgn%gj anISAPSOX . demgl)rht] grngglirea E)fe DCM

(5 REPERIRetfakd) l(@h&)%kh@y@ rﬂle%%u%]gddowrdn%éi' sBfred at 22 °C for 16
(Internedi ate 50) (298 ny, 8 Mol ) in butan-1-ol (6

hougs. ) TheThixtire ayas tewmj)r@tqﬂ and e rmleswasm@@eéby 6O fcbangks

r The react ure ut ed
Chf?f%ﬁt op T dnh e Ehet Bl kbt Ry E e iy W dofiL e Sotumn
usii MG YVROS Hark ¢ }btﬂe fiaePori¥were E‘F@oﬁﬁﬁﬁtﬁld’ﬁyﬂe@y & afY&8 4-amino-N-
dried over 2%504 iltered and evaporated to afford

(1-@rddraopiresal) (dlmﬁ@ywﬁu&@p@madcﬂﬂvaxrr@}eEZ Firgrigyidintash

i to 6% MeOH
yl)l?/\#érlw nfggﬁg%ﬁﬁ%@lbﬁﬁ%ﬁggg%?&@é&? cﬁ)el(ril)1 pgrl fied by
1H mmmm maeMmLCD(oz\met S7 mﬂ; g . @p, 618, (BD(H@J 12,02 (1H,

). ol €8 P13 ol STy 4 L6 01 Mk B LB B b HE b2 (13,
d), amm ad), and M, a9 edient §33 Frachi so@ﬁ(ﬁprat) 69 @r gy Lhe

desi red corrpound wer e evaporated t0 dryhess
MStmictNMHaée@d with diethyl ether to afford
(S)-4-am no- 1-(5-brono-7H pyrrol of 2, 3-
d] pyri m di n-4-y1)-N(1-(4-chl orophenyl) - 3-hydr oxypr opy
| ) pi peri di ne-4-carboxam de (70.0 ng, 10.8 % as a
white solid.



52 11-1NWR (400.13 Mz, DVMSO-d6) 5 1.41 -1.50 (2H, m),
1.81 - 1.92 (2H, m, 2.04 - 2.20 (4H, m, 3.37 - 3.44
wOoQdMd/04my63 3.91 (2H, t), 4.54 (1H, t), 4.90 (1HCTGB2008/056925
7.33 - 7.38 (4H, m), 7.50 (1H s), 8.25 (1H, s), 8.47

(1H, d), 12.18 (1H s). M5 me M-1+ 510. 5 Exanple
20:
(S)-4-am no- N-(l (4- ehl orophenyl) - 3- hydr oxypropyl) - 141

!( s% 4-al - (4-chl or C ) o
ré14 rﬂnﬁ@n- 1 !Eﬁ[j@@@ine-4 -carboxamide
~Chl or 6 pyrazol o Y 24 ng, 0.80

nmol ) in butan-I-ol @rrL). The resultimg sol ution was
stirred at 60 C f hours. The reggt{on m xture was
di luted wi th Et OA m.), and vvas equential ly
with water (25 ang sat ur at d-\gri (25 nL). The
organi c | ayer was d over 504, ered and
evaporated to affond Nide product. B5Yheygcrude
product was purified¢ by flash silica
elution gradient 0t o MeOH with a
Pure fractions were eyaporated to drynas$ and
triturated with diet her to affor

(S) 4-am no- N-( 1- (4kh| henyl ) - 3- hiﬁjr\0xy ropyl)-1-(

yr azol o[ 3,4-d] pyrim d| n- 4 yppi peri di ne 4- (,Har boxagn de

1

s Bl o2 P2 R Ep 19 Qg BRI A
pyrr()IZ)lHZ 3 pyrBnidih-§-2Dpiperidne-HcatBoxatitle Gxandiplb T1) %BI,‘[ ntg), ,0 51
mm?li VES gélralgfrgggar(zhea Olldi) 8h1liaipa§)‘2“?11%)3?§)(25(fyg&mfé cgflggm using

Supéé&t%gpﬁﬁi%%%ﬁﬁ%ﬂgglfaﬁi? Q0B0A3082m B3 CERERNE 42@}% DEA). The
-4-am no- N- roxy- 1- phenyl propyl)-1-(7H pyrrolo
applbzrl@te fralctlwrfpmhmfnstzbhyed poper wdicryagoretar lhost drei rdedpOriturated

with&tﬁ%@%\iﬁ@%rqg \%g 5912%8%18&1 ?wa cfliorophgxﬂs 93 Hlmethﬂam no?prog?l) 1-
{7H-pyrrolo[2,3-d|pyrinudin-4-yl)piperidine-4-carboxamide (59 mg, 25%) as a white
sohd.

IH NMR (399.902 MHz, DMSQ) & 1.43 (2H, ddd), 1.83 (2H, dt), 1.86 - 2.01 (2H, m),
2.11 (6H, s), 2.14 (2H, t), 3.56 (2H, ddd), 4.39 (2H, ddd), 4.83 (1H, dt), 6.58 (IH, dd), 7.16
(1H, dd), 7.33 (2H, d), 7.37 (2H, d), 8.13 (1H, s), 8.61 (1H, d), 11.63 (1H, s).

MS m/e MH"456.5.

The appropriate fractions for the second eluted isomer were evaporated and the residue
triturated with diethyl ether to give 4-amino-N-(1-(4-chlorophenyl)-3-
{(dimethylamino)propyl}-1-(7H-pyrrolo{2,3-d]pyrimidin-4-yl)piperidine-4-carboxamide (43
mg, 19%) as a white solid.

1H NMR (399.902 MHz, DMSO) & 1.43 (2H, ddd), 1.83 (2H, dt), 1.86 - 2.01 (2H, m),
2.11{6H, s), 2.14 (2H, t), 3.56 (ZH, ddd), 4.39 (ZH, ddd), 4.83 (1H, q), 6.58 (1H, dd), 7.16
(1H, dd), 7.33 (2H, d), 7.37 (2H, d), 8.13 (1H, s}, 8.61 (1H, d}, 11.63 (1H, s).

MS m/e MH" 456.4, 458.4
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5in one portion to

4-(tert-but oxycarbonyl am no)-1-(7H pyrrol o[ 2, 3-d] pyrim
WQ M0H044563y | ) pi peri di ne-4-carboxylic acid (I nt BGRGEB208050925

21) (500 ng, 1.38 nmmol) and DI PEA (0.967 nm., 5.53

mrol) in DVA (5 ni). 45

0- (7-azabenzotriazol -1-y1)-N, NN , N -

t et ramet hyl ur oni um hexaf | uor ophosphat e (579 ng, 1.52

. 3 : fecpriokamisle Wi t h Et OAc (300
rnL) and washed sequentl aIIy wth water (50 nL) and

saturated brine (50 nL) Th

over MgSH4, filtered and e

product. The crude pruogdct

silica chromatography, el

with ammonia in DCM Fracti ¢

afford (S)-tert-butyl

4- ( 3- hydr oxy- 1- phenyl propyl cdr baphoyl) - 1- ( 7H

15pyrrol o] 2, 3-d] pyri m di n- 4-yQgi peri di n-4-yl car bamat e

(334 ng, 48.8 % as a white sol d., The product (334

ng, 0.67 nmol) was suspendedﬁin i Oxane (5.00 nL) and

4M hydrogen chl ori de in dioxa 961 nlL, 27.67 mmmol)

added. The reaction was stirred at anbient tenperature
O-(7-9rzaBer20ttagol- THB-1¢, MW%@@M@MM@&W&M&%@M@% (106 mg,

exchange chromat ogr aph usi ng_an SCX colum. The
0. 2%@@}%\@&%@@@& 4«&&@* gu%ﬁwrbw&ﬁmm@)mmm (&Hrmgroiao[gﬁ-

e AT
N, I\Edzls@gmygatmamﬂhe\@hﬂﬁhnﬂaﬁ J@ohinebtie MY (5 i) me2l G Thedesulting
i ed unde u
Sol%‘%jl g 3T %\i%( S ﬁyﬁﬁ gRputes heRAo9lE¢ Hprbicnt tempeigiprg. of-gmino-
3- (41%1%'og%®%f@aﬂllnol‘tiﬂt@ﬁh@&%iéjiﬁ?aﬁ?\l"i%, ?%grﬂ?il%ﬁ I\\}(i_a&:‘)adﬁ&i asa

7.0 as an off white solid
solubNBM I}IMP & mlyand Q]]elmuxyure Wasgtlr-recﬁat@z “Caleir ]67)1()111‘3.. 3t HCl in

dio{a%g’(l HL’) w%‘s die(dl azna%heasm %reg@a (s_iﬂ;{ed §1 2£ %‘.H’icgt ﬁ,lrtﬁﬁ:rdﬁ? 1}ours. The
mixfurd ¥as €ordnidibll amd the fesdie-wak pﬁﬁtﬁ' cd ﬁy 1(')'&’) exc‘%aﬂ%e dntétnatd draphy,

8.41 (1H, d), 11.62 (1H, s).
using,agrS§1 % colpmin. The desired product was eluted from the column using 30% (2M

'( e ora ra e

N o0 kRS AP LBy Pkl

pro@lcPEﬂKh(& Orug3 @r(mu,ct ﬁzaQﬂurlﬁmﬂ By maﬁaraﬁtie}ﬁiPE@ (Waters XBridge Prep C18
é -4-am no N-]( chl or ophen

OB CH%P%)?WF By %?}Pb%‘ﬁi“&}eﬁew@ r&lﬁriﬁzﬂtla)nva@g tereasingbapelie

m]xﬁgés c(f%@:gerrfgomgmﬁﬂg W‘N B, JI) a‘fé@ Nﬁ(;ﬁ' Lgﬂﬁ«%b@%’c& IOHg c&%gn{ﬁ% 'the

I n butan- e resultin
deSISftﬂ qurmwlund\mrc-setwapomtbdab dBOEsS loraffbd AdamsoniEiiey !y Ee(dt(non

m | ut e tO and io shed
Chlogg'zy}l?sﬁlﬁ 3 WOW{?P @aﬂéﬁ@ﬁ @L% s ey shicir dosinst e -
cart{oaémme)(o owg QF%%Q“}}@%%BM\@S dried over MySO4,

| tered evaporated to afford crude product. The

IH HW@%r%MHZy@MS&)r& F.Aé@ibymy, 1d9h 1594 (2¢R m), 2.09 (2H, m), 2.69

(e ST 53R i e T 4207 S el 0o Bobet B s L. 00,733

-73:904141%@ swzafiﬁcv)owzﬁblfﬂd@mr@d‘ﬂﬂs)(lﬂ ng, 1551.1 9
MS e Ml‘ams'stée sol

e purified by flash
onpgradient 2 to 6% MeOH
re evapor ated to
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] 1- INMR (400. 13 MHz, DVSO-d6) 8 1.42 (2H, t), 1.78

-2.00 (4H, m, 3.34 - 3.41 (2H, m, 3.61 (2H, s), 4.53
wWOo@EeM047363 4.88 (1 H d), 5.02 (2H, s), 7.30 - PTIBZBB20e450925

n, 808 (I H s), 8.17 -8.22 (1H, s), 8.42 (1H, d),

13.02 (I H s). Ms ne Mar 480. 20 55 Exanple 23:

(S)-4-(am nonet hyl ) -N-(1-(4-ehl orophenyl)-3- hydr oxypro

pyl)-1-(7Hpyrrol o[ 2, 3-dl pyri m di n-4-y1) pi peridi ne-4-ca

& 80 A8 mim)-NSOAEL Gs phda i he %"rlokgfg—qug-éi Alolo[2.3-

dlnwﬁmi(ﬁm‘t—ﬂ@ive[idine-4-carboxam1de
4-((tert-butoxycarbony|an1Q%%nethyl) 1-(7H
pyrrol o[ 2, 3-d] pyri m din-4 plperldlne 4- car boxylic
acid (Intermediate 12) (500yMj, 1.33 mmol) and DI PEA
(0.698 ni, 4.00 mmol) (erm).
0- (7-azabenzotri azol - NH,
y1)-N, N, N1, N1-t et r &le ur o exaf | uor ophosphat e
(557 nmg, 1.47 mmol) was added and it he resulting
solution was stirred at 20C for hours then 20C for
18 hours. The io reaction mxturg was diluted with
Et OAc (50 nL), and washed sequgnt with water (20
m.) and saturated brine (20 nL organi c | ayer was
dried over MgpSH4, filtered and é%ap rated to afford
crude groduct The crude product was purified by flash

TEAS(OLT o) g @ﬂﬁddg rﬂaﬁﬂﬁ*@ﬁns@n@]{ Feshbwgl bfﬂ cioropheup MEOH
P
hyd%%}g ]p#rfgr myyry&g {Jéﬁ:;yp%ﬂﬁm"f ﬁpl%glfi‘&) fr42 lggrb.al%ate

(Intéﬁnédlia(eéBﬂ) i1 T3 g sy ﬂn)m&} in dichloromethane (7 mL) under argon. The
15hydr oxypr opill car bar no i 1-(7H pyrrol o[ 2, 3-d] pyrimd
resultREolptiop s SHEEH 240G dhet fhowar Bismebenpange Fﬁj“o‘@é 112 vacuo
o e 25y B SN bSE B e AL, AR TR RS i
revecdet grsdenlimn ¢CobBah em(n@m@ 2151c:1rU9 186. Gdmeten [1)0 add dehgthTvath

t t d at nbi t
decrf gLy 3%’%3%%@'@%?5%&&3&0%@333}%%)3 PR Sy e Fde

acet6MirAEBS UEAPTNe pUSITRGHGR WX ORI 1ol SN &l $d hEkd20amino-N-
product was el u?ed fromthe col'um using 3.5N

(- (‘&ﬁblmham%émyamypmpal)ﬂr &it-pmeloled-d Insviapdined-sbipiperidine-4-

corof P g BACO SRl BMELeIBSBD col umm, sum ot ca

1H mMmmodmaHemmsaa@ mmBengs WH, MRl degr easnm)gms (2H, br s),
m xtures of er (containing 1% ammoni

3. 48!\985&@353 éb uééﬁézHFﬁlMl Pond 4t 6HEanhitny (tlh]et)déé’/’?(bfd m), 6.58

C r % for
P R0 (o nt of DRk ST B DB sh e
(ESER (M) py 4281, ©[P2,C3tRcF pydi8imindi n- 4-

Api peri di ne-4-carboxam de (192 ng, 32.5 %9 as a white

dry film WD 2009/ 047563PCT/ GB2008/ 050925 56 I1-1 NWR

(400.13 MHz, DVsO-d6) 6 1.45 - 1.47 (2H, m, 1.79-

1.84 (1H, m, 1.89- 1.99
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(1H, m, 2.09 (2H, s), 2.67 (2H, s), 3.36 - 3.42 (4H,

r?, 4.25 (2H, d), 4.57 (1H, s), 5.01 (1H d), 6.55
WOPRPAOES63 7 14 (1H, s), 7.33 - 7.36 (4H n), FCTIGR2PH/050925

s), 8.44 (1H, d), 11.61 (1H, s). 5 M5 me Mt 443.

Exanpl e 24: 47

(S)-4-am no-N-(1-(4-bronophenyl)-3-hydroxypropyl)-1-(7

H pyrrol o[ 2, 3-

Ex abh ply 114 0df-Ghinfin 6-NA(R-Pinipiey- ndmﬁlfﬂrnﬁﬁé-h@bwmﬁlk@{ pyrrolof2.3-
d 10(8 - 3- An1no 3 (4 br%PDphenyOpropan - ol
1 2N N i £ ¢ _{] ) OX# e

qarboxyllc aci d

d]pyr|n1d|n 4-yepi peridin
: 83\ mpl;) and DI PEA (0. 435
N

(Internmediate 1) (300
m., 2.49 nmol) in DVA
0- (7-azabenzotri azol - -hf N -

tetranethyluronlunwﬂexafluorop phate (347 ng, 0.91

stirred at 20C for 24 hours. tion m xture was
evaporated to dryness then dil th Et OAc (300

m.), and washed sequentially with water (50 nlL) and

ey s i iy K2 M vl a8 SRRl PN ofdon 4.
amlﬂdioG{@Qﬂlﬂorﬁﬁb‘l&nﬂ)p&@@yi@ﬁ@dm@yﬁWa(Sil-pplj?rlr(flb@;B Bypytibagihn-4- yl)p1pcr1d1n~
silica chromatogra el utlonlaéadlent 2 to 6% MeOH

-y oA AP EF AT (P S R F elpowdaiseen 8@ 6. The
resu?tﬁrgggsr ? én?ontvﬁ{s sh%qg{_%s 8 8r 2 days. The feactl n mnmirje was evaporated

ronopheny - hydr oxypr opyl car
to dfyhleb gy rafford [tlﬁ; 8- pyali of Aamirb-MaPiapeno-di(d- @h%gtbp}asmpapmbyl) 1-

44. 5 .9 S.a Whit lid.. The rod
<7Hdﬁ’9f0$02[%§gﬂﬁw'}n%é @%@%Mfﬁgwwgﬁ & ¢ g ﬁﬁﬁ (130
mg@M hydrogen chloride in dioxane (0.577 niL, 16. 6 nnDI)
added. The reaction was stirred at anbient tenperature

"H MR 50A oMk, DMISO-sl Ll 86 Didudt 2 Aa€21pum), i Mlblym)@rﬂl (2H, m),

2.6 R RORE 5F oW e R Dok oo S Bl e e 3P e (1

0, 7ammzm aj mmzmd) puRe3fi a6k) ©8S (1WeY ,&S@%{ ey 8198 (1H, d).
dryness. The product WO 2009/ 047563PCT/ GB2008/ 050925
MS gy Wiid ™ ¢3en purified by preparative HPLC (Waters
XBridge Prep C18 OBD columm, 5pmsilica, 19 mm
di ameter, 100 mm | ength), using decreasingly polar
Exampdt Lllﬁ:e(SR)Gf-aM(eN «le(drﬂlﬂmmphqn\ﬂ%ammﬁmmroﬁﬂd-lwm as
eIu nt . Fractiagns containing the desired conpound
.-.-¢~*L4 pperiine-decarboxamide ) - 4- ani no- N-(

d6) 6 1.38 - 1.46 (2H,
s), 3.37 (2H q),
452 (1H t), 4. 86

solid. 1H NVR (400.13
m, 1.79 -2.01 (4H &
3.51 -3.58 (2H, in), 4. 37 (2H, ,
(1H, d), 6.57 (1H, d), 7.15 (1Hy" d), 7.27 (2H, d),
7.48 - 7.51 (2H, m), 8.12 (1H,, 8.42 (1H, d), 11.62
(1H s). io M5 mie M 473. Exanpl e)25:
4-am no- N- (1- (4-chl or ophenyl) - 43( dijjmet hyl ami no) but y1) -
1 7Hpyrrol o[ 2, 3-d] §yr|n1din-4-y1)piperidine-4-carboxa

1 {(4M in dloxane) (0.378 mL, 1.51 mmol) was added to (R)-tert-butyl 4-(1-(4-

chIorophenyl)—3—hydroxypropylcarbamoyE)—] -(7H-pyrrolo{2,3-d]pyrimidin-4-y|)piperidin-
4-ylcarbamate (Intermediate 42) (0.160 g, 0.30 mmol) in DCM (3 mL). The resulting




151- (4- Chl or opheny1l) - N4, N4- di net hyl but ane- 1, 4-di am ne
(Internmediate 57) (330 ng, 1.46 mmol) was added in one
WORE9% 143363t 0 PCT/GB2008/050925

4-(tert-butoxycarbonyl am no)-1-(7Hpyrrol o] 2, 3-d] pyri m
di n-4-yepi peri di ne-4-carboxygic acid (Internediate 1)
(526 ng, 1.46 mmol) and DI PEA (0.763 nlL, 4.37 mmol) in
DMA (5 nmL). O0-(7-azabenzotriazol-1-y1l)-
susﬂ@nﬂoﬁrwals\rsf'ntr@& £307e! YL WoRR! He Rexadd Mﬁt&@%@%cﬁat@@o?m
. nmol ) was added and 20t he resulting sol ution
crud.@qsocb.tclt maeﬂuxaﬁedilﬁy Beporti®e HBDCs(Wdfd:re NTeawtG @ncomm,fpen silica,

was,.di | ut Wi t Ac. (25 L
19 ram fligmetes 89“%1 “i‘ilg&}gtlégﬁng(‘%d e1“?%‘)‘@ 1@&?‘65%‘?%@%¥?Yn(éomammg
1% arihofta) and MRV 8881t FESoNR SorihinBd tRY 88sit S6¥hpound were
filtered and evaporated to afford crude product. The
evapqreigé ipdrygenstto ﬂﬁfgrddﬁaﬁfaleutOW(H(%ashlomﬂhﬁmd)-?’ hydroxypmpyl) 1-

71 PP AN B SRbo St AP L B whie

solid.0 dryness to 25afford tert but yl

1o A4- 1 4- chl oro]fc\)/I enyl? %d i met hyl am n but)6l car banoyl)
HN 9 Mgz, DMSO-d6) 8 1.46 (2H, ), 1.86 (1H, d), 1.90 - 1.93 (I1H, m); 2.10

[ e n F
<2HE’%1%§%§,I@» SR A NI, 335 B S Y EE BRI 55 im. v,
7. 1ACHL X 4+ 3th7cﬁ’8q| : phlembjls M{He‘],ijd}es hyl(}lafsin d)p) bGELyIIH:,ejD blamyogé NH2.
-1-(/Hpyrrol o jmdin-4-y plperlln yl car ba
MSﬁ‘HFé’H(I é{%ﬂqrfﬁdﬂ“ was di ssolved in DCM (5.00
nm.) and TFA (1 nmL.) added. The reaction was stirred at
arrbl ent 5_terrperature for 2 hours The cr ude product

"

i R e O H and pure fractions were
evaporat ed to dryness to aff or@ crude product which
was triturated with di
4-am no-N-(1-(4-chlor
(di met hyl am no) buty
yppi peri di ne- 4- car boxam de (245»xN7ong, 35.8 % as a
white solid. 1H NMR (400.13 MHz, ) DMSO-d6) 5 1.26 -
1.33 (2H, n) 1.38 - 1.47 (2HYNM) T I\65 - 1.75 (2H,
m, 1.87 - 2.01 (2H, m, 2.08 , 2.18 (2H, t)
3.50-358(2Hn) 4.35 -4.41 2HHm 4.73 (I H, :

6. %—é&—i@’b(:%%gm%o}%gl&% 1%%_‘&1 &citra%hyélirov&lﬁl hgaﬁu%@}_lk%sphatc

(0. 4'178 , MRS nthi&l) whx adaelden 3R portion to 4- (tert-butoxycarbonylamm0) I- TH-
- 4-am no- NdA144- chl or ophen 1)-3-(diethyl am nom@c%

pyn§31012 LrHpynsiod 2 Dpingridmerd-eabprdg-agid @nissmediate

o) S s esnp Ay DR Y R4 ASE 1 ORI R L
3.00 ﬂﬂ@ﬂoﬂ)' intviredoaile) 605 dddr MProgdn 49161’6&111)ng/\ﬁ8utadﬂ\e@b Stﬁred at
ortionto

60"@1&(& qup Jthe epudsisomist was PeyOed kyziop grelsns ohrgmajqgyantey using
' . el . . _ le 1

on SED k) Bhofis ol Bl P RER G- BRE ol T 1,

amribbda/MeOHL pnd Pure Traadaienaroterapzabd o ¢rdpess. The crude material was

trea}N?’ﬁ!}alx’fig %i&mflélgggg lilﬁl o 3)(;%?5 ne agnld%?lgrgg QTP %%Qlatteglpgrza%% The

crude product was purified by 1on exchange chromatography, using an SCX column. The

desired product was eluted from the column using 7N ammmonia/MeOH and pure fractions

were evaporated to dryness. The crude product was purified by preparative LCMS using



the resulting solution was stirred at 50C for 2 hours.

The reaction mxture was diluted with EtOAc (25 nl),
WOMMESHLd sequential ly with water (20 ml) arRET/GB2008/050925

saturated brine (20 nL). The organic |layer was dried

over MgSOH4, filtered and evaporated to afford crude

product. The crude product was purified by flash

silica chromatography, elution gradient 55 to 10%
deche@igy pdtaranizairt Lol watBXQbntlkairgy o6 AGinkdHIS B MNECN as eluents.

evaporated to dryness to afford (S)-tert-butyl

Fragliqnp.contagingthe geirsdornopead werdvanetasy e dpycesde by R)-4-
o R - pymplelz g a@glwgverlggle -

carBgxaasda(Ocillqy sk %) guanwhit&Sielider t but vl
chl oro 1 di_et hyl am no Icarbarm 1
IHNﬁ%mopvﬂzOpgfszo%avl)w B B LA P Py 56 2 Y )
2.16 By ™ 49 N345y6Ni RETA §U D9dnyb R ( 3
k é)vvas di ssol vedgl n D0w4r|3c)( Ha{ng )4%391?”%)(625%_)6 59
(lHa@@eaMWel&@é};m)oﬁ 30as7. 3R (4H, a@ &t12 4Hithj Hrk.30 ehebat Us2(1H,
for 2 hours. The crude product was purified by ion
). exchange chr omat ogr aphy, using an SCX colum. The
MSsdagivied 3pg oduct was el uted fromthe colum using 7N

anmoni a/ MeOH and pure fractions were evaporated to
dryness to afford crude product which was triturated

Exiibl 9. 7

diplyiniidin-4-v)piperidine-4-carboxamide
15(7H pyrrol of 2, 3-d| pyri m di n-4-yepi peri di ne- 4- car boxa
mde (70.0 ng, 29.3 % as g whjjte foam 'H NWVR (400. 13
MHz, DMSO-d6) 60.94 (6HXE) i 349 (2H, m, 1.86
- 2.01 (44 m, 2.43 mH § 5N -3:59 (2H, m), 4.37
-4.43 (2H, m), 4.84a(1K”t), 6:58 J)(1H, d), 7.15 -7.16
(1H, d), 7.32 -7.38 (4H in), 8712 (1H s), 8.59 (1H,
s), 11.63 (1H, s). 20 Ms nfe Exanpl e 27:
(S)-4-am no-N-(1-(4-chl orophenkl)JS- dr oxypropyl) - 1-(
5-cycl opr oPY1-
7H pyrrol 012, 3-dl pyri m di n- 4-yl) pi per| di ne- 4- car boxam
de RaneyBickadyrdsnmg N7 Hmyxfam) Wy Addied tfta YdIG@sDATRY N - g _(4-
(Internmediate 65) (420 74 mmol ) in di oxane (
chl@fephenwl@e%&ﬂ €NaRg- JsG%pymoRa%dwrmn@a -‘ayDpipgriding-4-
T I t .
cory R feFle a4 g T4 EERGY B Seth Ll an Sgmonium
hydedwidn@iOog pphy/addasi Tids ﬂaﬂbﬂﬁ@Xvafsdirwp’urchhextlﬂﬁﬁﬂogaﬂ then placed

| uted fromthe colum usi.ng
mdﬁhﬁﬂﬂfﬂ&ﬂ‘r@@%bﬁ ToRen it Wirred ek %%@HMH]@ r'éev'&% rra?et@a: v filtered
t
R ar s RBP G ar e Q8RB Thb PRIk BERRR R by
flash gilmmoamgaphyle)lmumngltadmgt )q ! Q% i7Atarareoniedde@id iy DCM. Pure

t f t t 1% d
faiResval SPERTEL ® P RES o AGORIRO A AT I8 ok
chidy Qﬂg@w&hwﬁnqmﬁﬁ%@% d}p%gﬁmﬂﬁﬁgl);s iBerih Qi Larboxamide (276

-4-am no oropheny1)
mg,j U oscg pehateypadid.1- (5- cycl opropyl- 7H pyrrol of 2, 3-d] pyr

' IR ZRRPRID 7 ik bt 13- Wl BRecP Ry 55,260 1.

d), 2.69 (79, 30234374313 50Q286np, @1914(2%&!21‘—11% Aozl 5'04](1ﬁ0m§26"56(1H
@), Z’l@ﬂfémm w‘w&mw (15, .32 H@y 1@669@}1(;)4
3 7.38 (4H, 8.18 (1H, s 8.47 (1H, d
Msﬂ/el\é}l %H 1(5 VB ?3| e MH+ Ewo. E2<arrpl e 2§3: a
4- am no- I\I-(l (4- ehl or opheny11- 3- (et hyl am no) propyl)-1
-(7Hpyrrol 012, 3- (11pyri m di n-4-yli pi peri di ne-4-car boxa
m de ci




20Hydr ogen chloride (4Min di oxane, 0.461 n_, 1.84
mol ) was added to tert-butyl
WOLRNMB47263chl or ophenyl) - 3- (et hyl am no) pr opy! c AUTaGBA00§/050925
1-(7H pyrrol of 2, 3-d] pyri m di n4- yOpi peri di n-4-yl car bama
te (Internmediate 68) (10 ngsp0.02 mmol) in a mxture
of DCM (3 nL) and nethanol (1 nL) at 22C. The
resul ti ng sol ution was sti rred at 22C for 2 hours. The

d]gﬂﬁmidihas%l-@u mrldmﬁc4-ca\dmxahlldl@d fromt he col um usi ng

30% (2M NH3 in MeOH) in,DCM and pure fractions were
evaporated to dryness towafford

4-am no- N- (1-(4-chl oroph yl) 3- (rrethyl am no) propyl)-1
- (7H pyrr ol 0[2 3-

1.44 (2H, m, 1.83 (2N_4t), 2.01 (2H m, 2.15

(2H, m, 2.25 (2H, br/3), .42 2H. m, 3.56 (2H, m,

4.38 (2H, m, 4.84 ( br. $)Y 6|58\(1H d), 7.16 (1H,

d), 7.32 - 7.38 (4H, ' m, 8.13 ), 8.57 (1H, s),

11.63 (1H, s). M5 me MNEl+ 442. 4. "’ The conpounds of

Vv I

t na Sk abl e hERET Pl DR B bR ES G SRIR L AT 1.1

mma]’) atsgdds] inwnt pattictas @n(néaeﬂutbmycﬁxlamplmlﬁo) F—ﬂﬁﬁ-@yﬁold{@,ﬁ’)—
npound  Nane Struct re

d]pﬂﬂuéilnbﬂ)‘r}’éme)"éﬁ]eh% ‘?f‘@‘thll‘}fl)ﬁlcd (1nt(eyqqed1aﬁ%,}])oq4§? ngg(l 11 mmol) and
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tetramethyluronium hexafluorophosphate (463 mg, 1.22 mmol) was added and the

resuliing solution was stirred at 20 °C for 24 hours. The reaction mixture was evaporated to
dryness then diluted with EtOAc (300 mL), and washed sequentially with water {50 mL)
and saturated brine (50 mL). The organic layer was dried over MgSQs, filtered and
evaporated to afford crude product. The crude product was purified by flash silica
chromatography, elution gradient 2 to 6% MeOH with ammonia in DCM. Pure fractions
were evaporated to dryness to afford (S)-tert-butyl 4-(1-(4-cyanopheny!)-3-
hydroxypropylcarbamoyl)-1-(7H-pyrrolo[2,3-d|pyrimidin-4-ylpiperidin-4-ylcarbamate
(267 mg, 46.4 %} as a white solid. (S)-tert-butyl 4-(1-(4-cyanophenyl)-3-
hydroxypropylcarbamoyh)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidin-4-ylcarbamate
(267 mg, 0.51 mmol) was suspended in dioxane (5.00 mL) and 4M hydrogen chloride in
dioxane {0.769 mL, 22.14 mmol) added. The reaction was stirred at ambient temperature
for 2 hours. The crude product was purified by ion exchange chromatography, using an
SCX column. The desired product was eluted from the column using 3.5V
ammonia/MeOH and pure fractions were evaporated to dryness. The product was then
purified by preparative HPLC (Waters XBridge Prep C18 OBD column, 5u silica, 21 mm
diameter, 100 mm length), using decreasingly polar mixtures of water (containing 1%
ammonia) and MeCN as eluents. Fractions containing the desired compound were

evaporated to dryness to afford (S)-4-amino-N-(1-(4-cyanophenyl)-3-hydroxypropyl)-1-




10

O0z=i . 4X, 1 411 G in NWR (399.902 Mz, DMBO) 6 11.65

(1H, s), 8.76 (1H s), 8.13 (1H, s), 7.42 - 7.25 (9H,
WQ3009/447363 - 7 15 (1H, n), 6.60- 6.58 (1H, m), RECYGBLPE{050925

s), 4.45 -4.39 (2H, nm), 3.59 - 3.51 (2H, m, 2.34 -

2.27 (2H, m), 2.02 - 1.93 (3H, nm), 1.52- 1.46 (2H, m

mz (ESI+) (MH)+ = 461; HPLC tR = 2.21 min 30

4-am no- N-[ 2- am no- 1- (4chl orophenyl)-2- oxoet hyl]-1-
TH: 204 PlyBm3dind-plysip& dhd 4 4arbok}RIidRET0.9InME-14:1 %) as a white
( .Cgﬁ"g‘gi‘[aﬁﬁ d}g’&zz )c) jzng/ 1H NVR (399. goz nr/% DI\/S%)) 6
solid1 65 (1H, s), 8.92 (1H, s), 8.13 (1H, s), 7.80 (IH,

1 N TE . , s o - )
b 8o P o] o€ 300 mr sl Hhn il it .o
3.392H,3p) 5552 - 3.59@211(I§rh21l), 420& - z24@621}1,ig}, 4%5)8:3%& 2%94 1194), 6.57 (1H,
.90- 1. , .49- 1. , al z
O, (P Dritaf P Db 76 e (ke . 3124 TH . 85T ! P61 1t )
MSZ2RRY A4 456 3PCT/ GB2008/ 050925 62 The conpounds of the
invention listed in Table B bel ow were nmade fromthe

appropriate starting materials using a process
[ in lLe 9 alternat]vVv
Ex ana) 99 2 tha}tl ji)?"grrnlo- - vrro%i@dlpvrilr?idgn-4- %—N-(?—(zl-
chlorephenvl)-3-hvdroxypropyl)piperidine-4-carboxamide
OH

O
NH

o \\

Cl

f Br
0
"\
NN

DIPEA (0.670 mL, 3.85 mmol)} was added to (S)-4-amino-N-(1-(4-chlorophenyl)-
3-hydroxypropyl)piperidine-4-carboxamide (Intermediate 49) (400 mg, 1.28 mmol) and
5-bromo-4-chloro-7H-pyrrolo[2,3-d]pyrimidine (Intermediate 50) (298 mg, 1.28 mmol)
in butan-1-ol (6 mL). The resulting solution was stirred at 60°C for 18 hours. The reaction
mixture was diluted with EtOAc (50 mL), and washed sequentially with water (25 mL) and
saturated brine (25 mL). The organic layer was dried over MgSQ,, filtered and evaporated
to afford crude product. The crude product was purified by flash silica chromatography,
clution gradient 0 to 6% MeOH with ammonia in DCM. The product was then purified by
preparative HPLC (Waters XBridge Prep C18 OBD column, 5p silica, 19 mm diameter,
100 mm length), using decreasingly polar mixtures of water (containing 1% ammonia) and
MeCN as eluents. Fractions containing the desired compound were evaporated to dryness
and triturated with diethyl ether to afford (S)-4-amino-1-(5-bromo-7H-pyrrolof2,3-
d]pyrimidin-4-yl)-N-(1-(4-chlorophenyl)-3-hydroxypropyl)piperidine-4-carboxamide (70.0
mg, 10.8 %) as a white solid.




No. Compound Name Structure NWVR / M 31 4-am no-1-(3-
brono- 1H pyrazol o[ 3,4- dlpyrimdin-4-y1)-N [ (]I
WO H3 chl or ophenyeet hyl ] pi peri di ne-4- cam§3xeEpaog050925
o Ms: mz (EST+) (MtH) + = 480; HPLC tR = 1. 34 min.
52

'"H NMR (400.13 MHz, DMSO-dg) § 1.41 - 1.50 (2H, m), 1.81 - 1.92 (2H, m), 2.04 - 2.20
(4H, m), 3.37 - 3.44 (4H, m), 3.91 (2H, 1), 4.54 (1H, 1), 4.90 (1H, m), 7.33 - 7.38 (4H, m),
7.50 (1H, s), 8.25 (1H, s), 8.47 (14, d), 12.18 (1H, s).

MS m/e MH' 510.

Example 20: (S)-4-amino-N-(1-{(4-chlorophenyl}-3-hvdrexypropvl}-1-(1 H-

pyrazolo{3.4-d]lpyrimidin-4-yvhpiperidine-4-carboxamide

OH

DIPEA (0.419 ml., 2.41 mmol) was added to (S)-4-amino-N-{1-(4-chlorophenyl)-
3-hydroxypropyl)piperidine-4-carboxamide (Intermediate 49) (250 mg, 0.80 mmol) and
4-chloro-1H-pyrazolof3,4-d]pyrimidine (124 mg, 0.80 mmol) in butan-1-ol (5 mL). The
resulting solution was stirred at 60 °C for 6 hours. The reaction mixture was diluted with
EtOAc (50 mL), and washed sequentially with water (25 mL) and saturated brine (25 mL).
The organic layer was dried over MgSQy, filtered and evaporated to afford crude product.
The crude product was purified by flash silica chromatography, elution gradient 0 to 6%
MeOH with ammonia in DCM., Pure fractions were evaporated to dryness and triturated
with diethyl ether to afford (S)-4-amino-N-(1-(4-chloropheny!)-3-hydroxypropyl)-1-(1H-
pyrazolo[3,4-d]pyrimidin-4-yl)piperidine-4-carboxamide (112 mg, 32.5 %) as a white
solid.
1H NMR (399.9 MHz, DMSO-dg) 8 1.49 (2H, t), 1.79 - 2.01 (4H, m), 3.39 (2H, m), 3.62
(2H, s), 4.40 (2H, 5), 4.57 (1H, t}, 4.88 (1H, m), 7.32 - 7.38 (4H, m), 8.22 (1H, d), 8.29
(1H, s}, 8.45 (IH, d), 13.52 (1H, s). '

MS m/e MH" 430.



chl or ophenyHet hyl -(5-chl oro-7Hpyrrol o[ 2, 3-

WQ3089P47883di n- 4- yl ) pi peri di ne-4- carboxam de PE/GBRIUFO50925
(400 MHz, DVMsO 6 1.39 (3H, d), 1.42 - 1.51 (2H, m,
1.98 -2.18 (4H, m, 3.36 - 3348 (2H, m, 3.90 - 4.03
(2H, m, 4.82 -4.96 (1H m, 7.31 -7.41 (4H, m, 7.45
(11-1, s), 8.23 (In, s), 8.34 (1H, d), 11.98- 12.18

Ex4rhfiie 21} (S)MSamithd NCBShyidroxv-1-phenvipropyl)-1-(7H-pyrrolo]2.3-

dipyrimidin-4-yDpiperidine-4-carboxamide

HO
) o
H
d .
N7 AN

H

G a N2 Br N/ NH 32 4-amno-N-[(15)-1- (4-
p 1
[

(S)-3-Amino-3-phenylpropan-1-ol hydrochloride (260 mg, 1.38 mmol)} was added
in one portion to 4-(tert-butoxycarbonylamino)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-
yDpipendine-4-carboxylic acid (Intermediate 21) (500 mg, 1.38 mmol} and DIPEA
(0.967 mL, 5.53 mmol} in DMA (5 mL). O-(7-azabenzotriazol-1-y1}-N,N,N’ N’-
tetramethyluronium hexafluorophosphate (579 mg, 1.52 mmol) was added and the
resulting solution was stirred at 20 °C for 24 hours. The reaction mixture was evaporated to
dryness then diluted with EtOAc (300 mL), and washed sequentially with water (50 mL)
and saturated brine (50 mL). The organic layer was dried over MgSQ,, filtered and
evaporated to afford crude product. The crude product was purified by flash silica
chromatography, elution gradient 2 to 6% MeOH with ammonia in DCM. Fractions were
evaporated to afford (S)-tert-butyl 4-(3-hydroxy-1-phenylpropylcarbamoyi)-1-(7H-
pyrrolo[2,3-d]pyrimidin-4-yl)piperidin-4-ylcarbamate (334 mg, 48.8 %) as a white solid.
The product (334 mg, 0.67 mmol} was suspended in dioxane (5.00 mL) and 4M hydrogen
chloride in dioxane (0.961 mL, 27.67 mmol) added. The reaction was stirred at ambient
temperature for 2 hours. The crude product was purified by ion exchange chromatography,
using an SCX column. The desired product was eluted from the column using 3.5V
ammonia/MeOH and pure fractions were evaporated to dryness. The resulting gum was
triturated with EtOAc to give a solid which was collected by filtration and dried under
vacuum to give {S)-4-amino-N-(3-hydroxy-1-phenylpropy!)-1-(7H-pyrrolo[2.,3-
d)pyrmidin-4-yhpiperidine-4-carboxamide (93 mg, 17.0 %) as an off white solid.

'"H NMR (400.13 MHz, DMSO-d) 8 1.44 (21, t), 1.82 - 2.03 (4H, m), 3.37 (2H, 1), 3.50 -
3.58 (2H, m), 4.40 (2H, 1}, 4.49 (1H, 1), 4.90 (1H, d), 6.58 (1H, s), 7.15 (1H, 1), 7.21 - 7.23
(1H, m), 7.30 - 7.31 (4H, m}), 8.12 (1H, s), 8.41 (1H, d), 11.62 (141, s).



(MiH) + = 433; HPLC tR = 1.96 nm a 4. NNH, |
L.. a NII
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MS m/e MH" 395.

Example 22: (S)-4-amino-N-(1-(4-chlorophenyD-3-hyvdroxypropyl)-1-(9H-purin-6-

vl)piperidine-4-carboxamide

OH

o
CI’QA ﬁ%}{g

DIPEA (0.335 mL, 1.92 mmol) was added to (S)-4-amino-N-(1-(4-chlorophenyl)-
3-hydroxypropyl)piperidine-4-carboxamide {(kntermediate 49) (200 mg, 0.64 mmol) and
6-chloro-9H-purine (99 mg, 0.64 mmol} in butan-1-ol (4 mL). The resulting solution was
stirred at 60°C for 18 hours. The reaction mixture was diluted with EtOAc (50 mL), and
washed sequentially with water (25 ml.) and saturated brine (25 mL). The organic layer
was dried over MgSQy, filtered and evaporated to afford crude product. The crude product
was purified by flash silica chromatography, elution gradient 0 to 6% MeOH with
ammonia in DCM. Pure fractions were evaporated to dryness to afford (S)-4-amino-N-(1-
{4-chlorophenyl}-3-hydroxypropyl}-1-(9H-purin-6-yl)piperidine-4-carboxamide (141 mg,
51.1 %) as a white solid.

"H NMR (400.13 MHz, DMSO-dg) & 1.42 (2H, 1), 1.78 - 2.00 (4H, m), 3.34 - 3.41 (2H, m),
3.61(2H,s), 4.53 (1H, 1), 4.88 (1H, d), 5.02 (2H, s), 7.30 - 7.39 (4H, m), 8.08 (1H, ), 8.17
-8.22(1H, s), 8.42 (1H, d), 13.02 (1H, s).

MS m/e MH™ 430.



33 4-am no-1-(3- bronp-1H pyrazol o[ 3, 4-

d rimdin-4-yl)-N [(1S)-1-(4- chl orophenyl) - 3-
W%%‘@%’B‘K’?fﬁ opyl] a fa OHri -o NNH, O Br N -".-BCT/BI0pS/H50925

H 1H NWMR (400.13 MHz, DMSO-d6) 6 1.45 - 1.53 (2H, m,

1.81- 1.94 (2H, m, 1.98 - 2514 (2H, m, 3.38 (2H, m,

3.55 -3.62 (2H, m, 4.17 - 4.23 (2H, m, 4.54 (1H, O,

4.90 (1H, d), 7.32 - 7.38 (4H, m, 8.29 (1H, s), 8.46

Exdhple 23} (S0 (arflind@ietBVING-(i-(4-chlorophenyl)-3-hvdroxypropyl)-1-(7H-

pyrrolof2.3-d|pyrimidin-4-yl)piperidine-4-carboxamide
OH

(8)-3-Amino-3-(4-chlorophenyl)propan-1-ol (Intermediate 47) (247 mg, 1.33
mmol) was added in one portion to 4-((tert-butoxycarbonylamino)methyl)-1-(7H-
pyrrolo[2,3-d]pyrimidin-4-yl)piperidine-4-carboxylic acid (Intermediate 12) (500 mg,
1.33 mmol) and DIPEA (0.698 mL, 4.00 mmol) in DMA (6 mL). O-(7-azabenzotriazol-1-
yD-N,N,N”,N’-tetramethyluronium hexafluorophosphate (557 mg, 1.47 mmol) was added
and the resulting solution was stirred at 20°C for 2 hours then 20°C for 18 hours. The
reaction mixture was diluted with EtOAc (50 mL), and washed sequentially with water (20
mL) and saturated brine (20 mL). The organic layer was dried over MgSQ,, filtered and
evaporated to afford crude product. The crude product was purified by flash silica
chromatography, elution gradient 2 to 6% MeOH with ammonia in DCM. Pure fractions
were evaporated to dryness to afford (S)-tert-butyl (4-(1-(4-chlorophenyl)-3-
hydroxypropylcarbamoyl)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-yDpiperidin-4-
yDmethylcarbamate (428 mg, 59.2 %) as a colourless gum. The product (428 mg) was
dissolved in dioxane (6.00 mL) and 4M hydrogen chloride in dioxane (0.925 mL, 26.64
mmol} added. The reaction was stirred at ambient temperature for 2 hours. The crude
product was purified by ion exchange chromatography, using an SCX column. The desired
product was eluted from the column using 3.5N ammonia/MeOH and pure fractions were
evaporaled to dryness. The crude product was purified by preparative HPLC (Waters
XBridge Prep C18 OBD column, Sum silica, 19 mm diameter, 100 mm length), using
decreasingly polar mixtures of water {containing 1% ammonia) and MeCN as cluents.
Fractions containing the desired compound were evaporated to dryness to afford (S)-4-
(aminomethyl)-N-(1-(4-chlorophenyl)-3-hydroxypropyl)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-
yDpiperidine-4-carboxamide (192 mg, 32.5 %) as a white dry film.




carboxam de M nk M+ 510 34 4-amno-N-[(1S)-1-
(4-chl orophenyl) - 3- hydroxypropyl]-1-

WO(280%MI B o- 7Hpyrr ol of 2, 3- i d] pyrm di n- 4PCT/GB2008/050925
yl ) pi peridi ne-4- carboxamde OHa . a N.---\ 1H NWR
(399.9 Mz, DMSO-d6) 8 1.42561.50 (2H, m, 1.82- 1.92
(2H, m, 2.01 - 2.15 (2H, m, 3.39 - 3.46 (4H m,
3.93 - 3.99 (2H, m, 4.59 (1H, t), 4.90 (1H m, 7.33

'H NMR (1%0 (4 MHE')DMB-CM@)(&WS S) ,47€t2ﬁ5m§ 19 s) 84 %1152mﬁ 39 -1.99
2.14 (1 4amnol-(-

(lel)nb»rﬁ;(J%%H SRS 3@?128133 36] Pyt G4Hdm) 42§ (3HND), 4.57 (14, 5), 5.01

angdy By, BB SHSRINEE | Fob Vi) Bt 8 Ay 0. 116

(IHG), 1.42 - 1.52 (2H, m), 2.02 223(4H n, 3.40 -
345 (2H,_m, 3.85 - 3.99 (2H, n), 4.80 - 4.97 (1H,

MSwye MH383. 7040 (4H, n), 7.51 (1H, s), 8.26 (1H, s),
8.33 (1H, d), 12.11 - 12.28 (1H, n). NS rniz (ESI +)
(MtH) + = 479; HPLCtR = 2.08 nm O

dipvrimidin-4-yl)piperidine-4-carboxamide
HO

Y
&

(S)-3-Amino-3-(4-bromophenyl)propan-1-ol (Intermediate 51) (191 mg, 0.83
mmol) was added in one portion to 4-(tert-butoxycarbonylamino)-1-(7H-pyrrolo[2,3-
d]pyrimidin-4-yl)piperidine-4-carboxylic acid {Intermediate 1) (300 mg, 0.83 mmol) and
DIPEA (0.435 mL, 2.49 mmol) in DMA (5 mL). O-(7-azabenzotrnazol-1-yl)-N,N,N’ N’-
tetramethyluronium hexafluorophosphate (347 mg, 0.91 mmol} was added and the
resulting solution was stirred at 20°C for 24 hours. The reaction mixture was evaporated to
dryness then diluted with EtOAc (300 mL), and washed sequentially with water {50 mL)
and saturated brine (50 mL). The organic layer was dried over MgSQ,, filtered and
evaporated 1o afford crude product. The crude product was purified by flash silica
chromatography, elution gradient 2 to 6% MeOH with ammonia in DCM. Fractions were
evaporated to afford (S)-tert-butyl 4-(1-(4-bromophenyl)-3-hydroxypropylcarbamoyl)-1-
{7H-pyrrolo{2,3-d}pyrimidin-4-yl)piperidin-4-ylcarbamate (212 mg, 44.5 %) as a white
solid. The product '(212 mg, 0.36 mmol) was suspended in dioxane (5.00 mL) and 4M
hydrogen chloride in dioxane (0.577 mL, 16.6 mmol) added. The reaction was stirred at
ambient temperature for 2 hours. The crude product was purified by ion exchange
chromatography, using an SCX column. The desired product was eluted from the column

using 3.5/ ammonia/MeOH and pure fractions were evaporated to dryness. The product



0 Br 36 4-amino-N-[(1S)-1- (4-chlorophenyl)-3-
hydr oxypropyl] - 1- (5-net hyl - 7Hpyrrol of 2, 3-
WOR0BY947%63di n- 4- y1) pi peri di ne-4- carboxani de G¢T/GB2093/050925
-0 HNH, a N ,\ ---, Nhr-N Hs) 1H NWR (399.9 M1z,
DMSO-d6) 8 1.41- 1.49 (2H, ny, 1.79 - 2.13 (6H m,
2.34 (3H, s), 3.38- 3.42 (2H, m, 3.73 (2H, t), 4.59
(In, t), 4.90 -4.93 (1H, m, 7.05 (1H, s), 7.31 -
wasfthéilpirftidd HyPrepatath® HALL (WaterSXPPidgd Prepd)18 GBIPE W Spm

silica, 19 mm diameter, 100 mm length), using decreasingly polar mixtures of water
(contaming 1% ammonia) and MeCN as eluents. Fractions containing the desired
compound were evaporated to dryness to afford (S)-4-amino-N-(1-(4-bromophenyl)-3-
hydroxypropyl)-1-(7H-pyrrolo{2,3-d]pyrimidin-4-yl)piperidine-4-carboxamide (51.0 mg,
13.0 %) as a white solid.

"H NMR (400.13 MHz, DMSO-dg) & 1.38 - 1.46 (2H, m), 1.79 - 2.01 (4H, m), 2.15 (2H, s),
3.37 (24, q), 3.51 - 3.58 (2H, m), 4.37 (2H, t), 4.52 (111, 1), 4.86 (14, d), 6.57 (1H, d), 7.15
(1H, d), 7.27 (2H, d), 7.48 - 7.51 (ZH, m), 8.12 (1H, s), 8.42 (1H, d), 11.62 (1H, s).

MS m/e MH" 473.

Example 25: 4-amino-N-(1-(4-chlorophenvl)-4-(dimethvlamino)butyl)-1-(7H-

pyrrole|2.3-d|pyrimidin-4-yl)piperidine-4-carboxamide

|
NG

0
NH,

N/
H

Cl

N

1-(4-Chlorophenyl)-N4,N4-dimethylbutane-1,4-diamine (Intermediate 57) (330
mg, }.46 mmol) was added 1n one portion to 4-(tert-butoxycarbonylamino)-1-(7H-
pyrrolo[2,3-d]pyrimidin-4-yl)piperidine-4-carboxylic acid (Intermediate 1) (526 mg, 1.46
mmol} and DIPEA (0.763 mL, 4.37 mmol) in DMA (5 mL). O-(7-azabenzotriazol-1-yl)-
N,N,N*.N’-tetramethyluronium hexafluorophosphate (609 mg, 1.60 mmol) was added and
the resulting solution was stirred at 50 °C for 2 hours. The reaction mixture was diluted
with EtOAc (25 mlL), and washed sequentially with water (20 ml.) and saturated brine (20
mL). The organic layer was dried over MgSO,, filtered and evaporated to afford crude
product. The crude product was purified by flash silica chromatography, elution gradient 5
to 10% MeOH with ammonia in isohexane. Pure fractions were evaporated to dryness to

afford tert-butyl 4-(1-(4-chlorophenyi)-4-(dimethylamino)butylcarbamoyl)-1-(7H-




M5 ink M+ 443 64 37 4-amino-N-[(1S)-1- (4-

chl or ophenypet hyl k | - (5-nmet hyl - 7H pyrrol of 2, 3-
WOEPsyH7¥Bdi n- 4- yl ) pi peri di ne-4- car boxan de RCTEGR2008/850925

N H1H NWVR (400 MHz, DVMSO) 5 1.39 (3H, d), 1.41 - 1.54

(2H, m, 1.96 - 2.17 (4H, nkg 2.34 (3H, s), 3.31 -

3.43 (2H, m, 3.65 - 3.84 (2H, m, 4.81 - 4.97 (1H,

m, 7.03 (1H, s), 7.30 - 7.44 (4H m, 8.18 (1H, s),

pyrr?i%Log?,3&d&f&éﬁ?ﬁ&i&lﬁl)ﬁ%e&nﬁ#—4%lcarﬂ\éﬁiaté 23 R ESTH % Mk dlomrless

‘gum. tert-Butyl 4-(1-(4-chlorophenyl)-4-(dimethylamino)butylcarbamoyl)-1-(7H-

pyrrolo[2,3-d]pyrimidin-4-yDpiperidin-4-ylcarbamate (423 mg, 0.74 mmol} was dissolved
in DCM (5.00 mL) and TFA (1 mL} added. The reaction was stirred at ambient
temperature for 2 hours. The crude product was purified by ion exchange chromatography,
using an SCX column. The desired product was eluted from the column using 3.5V
ammonia/MeOH and pure fractions were evaporated to dryness to afford crude product
which was triturated with diethyl ether to afford 4-amino-N-(1-(4-chlorophenyl)-4-
(dimethylamino)butyl)-1-(7H-pyrrolof2,3-d |pyrimidin-4-yDpiperidine-4-carboxamide (245
mg, 35.8 %) as a white solid.

"H NMR (400.13 MHz, DMSO0-d6)  1.26 - 1.33 (2H, m), 1.38 - 1.47 (2H, m), 1.65 - 1.75
(2H, m), 1.87 -2.01 (2H, m}, 2.08 (6H, s), 2.18 (2H, t}, 3.50 - 3.58 (2H, m), 4.35 - 4.41
(2H, m), 4.73 (1H, m), 6.57 (1H, d), 7.14 - 7.16 (1H, m), 7.32 - 7.37 (4H, m}), 8.12 (1H, s),
8.31 (1H, d), 11.62 (1H, s).

MS m/e MH" 470.

Example 26: (S)-4-amino-N-(1-(4-chlorophenyl}-3-(diethvlamino)propvh-1-(7H-
pvrrolof2.3-dlpyrimidin-4-vDpiperidine-4-carboxamide

: N NH,
H
Cl

(S)-1-(4-Chlorophenyl)-N3,N3-diethylpropane-1,3-diamine (Intermediéte 60)
(119 mg, 0.49 mmol) was added in one portion to 4-(tert-butoxycarbonylamino)-1-(7H-
pyrrolo[2,3-d]pyrimidin-4-yl)piperidine-4-carboxylic acid (Intermediate 1} (179 mg, 0.49
mmol} and DIPEA (0.259 mL, 1.48 mmol) in DMA (5 mL). O-(7-azabenzotriazol-1-yl)-

- N,N,N’,N’-tetramethyluronium hexafluorophosphate (207 mg, 0.54 mmol) was added and



a - The conpounds of the invention listed
in Table C bel ow were made fromthe appropriate )
WQI03P478% naterial s using a process anal ogous RE/EB208/050925

described in Exanple 9 alternative route 2.
59

the resulting solution was stirred at 50°C for 2 hours. The reaction mixture was diluted
with EtOAc (25 mL), and washed sequentially with water (20 mL) and saturated brine (20
mL}). The organic layer was dried over MgSOs, filtered and evaporated to afford crude
product. The crude product was purified by flash silica chromatography, elution gradient 5
to 10% MeOH with ammonia in DCM. Pure fractions were evaporated to dryness to afford
(8)-tert-butyl 4-(1-(4-chlorophenyl)-3-(diethylamino)propylcarbamoyl)- 1-(7H-pyrrolof2,3-
d]pyrimidin-4-yl)piperidin-4-ylcarbamate (189 mg, 65.5 %) as a colourless gum. (S)-tert-
butyl 4-(1-(4-chlorophenyl)-3-(diethylamino)propylcarbamoy!)-1-(7H-pyrrolo[2,3-
d]pyrimidin-4-yl)piperidin-4-ylcarbamate (189 mg, 0.33 mmol) was dissolved in DCM
(5.00 mL) and TFA (1 mL) added. The reaction was stirred at ambient temperature for 2
hours. The crude product was purified by ion exchange chromatography, using an SCX
column. The desiredv product was eluted from the column using 7& ammonia/MeOH and
pure fractions were evaporated to dryness to afford crude product which was triturated
with diethyl ether to afford (S)-4-amino-N-(1-(4-chlorophenyl)-3-(diethylamino)propyl)-1-
(7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidine-4-carboxamide (70.0 mg, 29.3 %) as a white
foam.

"H NMR (400.13 MHz, DMSO-d6) 6 0.94 (6H, d), 1.42 - 1.49 (2H, m), 1.86 - 2.01 (4H,
m}, 2.43 (2H, m), 3.51 - 3.59 (2H, m), 4.37 - 4.43 (2H, m), 4.84 (1H, 1), 6.58 (11, d), 7.15
-7.16 (1H, d), 7.32 - 7.38 (41, m), 8.12 (1H, s), 8.59 (1H, s), 11.63 (1H, s).

MS m/e MH™ 484,

Example 27: (S)-4-amino-N-(1-(4-chloropheny])-3-hydroxvpropvl}-1-(5-cyclopropyl-

TH-pyrrole[2.3-d]pyrimidin-4-vDpiperidine-4-carboxamide

OH

= O

£ NH,

H

Cl

N
NF | N
NP

Hydrogen chloride 4M in dioxane (0.923 mL., 3.69 mmol) was added to (S)-tert-
butyl 4-(1-(4-chlorophenyl)-3-hydroxypropylcarbamoyl)- 1-(5-cyclopropyl-7H-pyrrolo| 2,3-




Table C No. Conpound Nanme Structure NVR / M5 38*

4-am no-N-[(1S)-1- (4-chlorophenyl)-3- hydroxy- 3-
WOrBemrssat y1] - 1- (7H pyrrol o 2, 3- d] pyri m di nPL£T/GB2008/050925

yl ) pi peri di ne-4- carboxamde / zx tz"z oRi k 1H NWR

(399.902 Mz, DMSO-d6) 6 1.40 (s, 3H), 1.12 (s, 3H),

1.54 - 1.63 (m 2H), 1.66- 1.71 (m 1H), 1.92- 1.99

(m 1H), 2.05 -2.16 (m 2H), 3.49 - 3.60 (m 2H), 4.41

oy S s 30y, 17
dioxbie @wL). IHe ragudtifgESH)tionWkds- sii)rfd at zkﬁﬁieﬁﬂeﬂl@erature for 2 hours.
The FydtRopHg PO S ip AT TR vieh Frstieees.
chromatography, using an SCX column. The desired product was eluted from the column
using 3.5N ammonia/MeOH and pure fractions were evaporated to dryness. The product
was then purified by preparative LCMS (Waters XBridge Prep C18 OBD column, Sp
silica, 19 mm diameter, 100 mm length), using decreasingly polar mixtures of water
{(containing 1% ammonia) and MeCN as eluents. Fractions containing the desired
compound were evaporated to dryness to afford (S)-4-amino-N-(1-(4-chlorophenyl)-3-
hydroxypropyl)-1-(5-cyclopropyl-7H-pyrrolo[2,3-d]pyrimidin-4-ypiperidine-4-
carboxamide (25.0 mg, 7.2 %) as a white solid.

"H NMR (400.13 MHz, DMSO-dg) 8 0.66 - 0.70 (2H, m), 0.86 - 0.91 (2H, m), 1.41 - 1.50
(2H, m), 1.81 - 2.13 (5H, m), 3.35 - 3.43 (4H, m), 3.99 - 4.07 (ZH, m}, 4.54 (1H, t), 4.90
(1H, d), 6.90 (1H, s), 7.32 - 7.38 (4H, m), 8.18 (1H, s), 8.47 (1H, d}, 11.46 (1H, s).

MS m/e MH" 470.

Example 28: 4-amino-N-(1-{4-chloropheny-3-(methyvlamino)propyvh-1-(7H-

pvrrolo[2.3-d]pyrimidin-4-yDpiperidine-4-carboxamide
Cl

\
N
H

Tz

N

N\\

H
Hydrogen chloride (4M in dioxane, 0.461 mL, 1.84 mmol} was added to tert-butyl
4-(1-(4-chloropheny!)-3-(methylamino)propylcarbamoyl}-1-(7H-pyrrolo[2,3-d]pyrimidin-
4-yDpiperidin-4-ylcarbamate (Intermediate 68) (10 mg, 0.02 mmol) in a mixture of DCM
(3 mL) and methanol (1 mL) at 22°C. The resulting solution was stirred at 22°C for 2

hours. The mixture was evaporated and the residue was purified by ion exchange



N -.. N 2 14 1 H NWR (400.13 Mz, DVMSO-d6) 5 1.40

(3H,- d), 1.51 (2H, d), 1.93- 2.08 (2H, m, 3.52 -
WR2008047563 n), 4.39 - 4.45 (2H, n), 4.94 (1H, ROT/GB208E050925

(1H, d), 7.16 - 7.17 (1H, d), 7.51 (2H, d), 7.78 (2H,

d, 8.13 (1H, s), N 61.

chromatography, using an SCX column. The desired product was eluted from the column
using 30% (2M NH3 in MeOH) in DCM and pure fractions were evaporated to dryness to
afford 4-amino-N-(1-(4-chlorophenyl)-3-(methylamino)propyl)-1-(7H-pyrrolo[2,3-
d]pyrimidin-4-yl)piperidine-4-carboxamide (7 mg, 86 %) as a colourless gum.

"H NMR (399.902 MHz, DMSO) § 1.44 (2H, m), 1.83 (2H, dt), 1.87 - 2.01 (2H, m), 2.15
(2H, m), 2.25 (2H, br.s), 2.42 (2H, m), 3.56 (2H, m), 4.38 (2H, m), 4.84 (1H, br.s), 6.58
(1H, d), 7.16 (1H, d), 7.32 - 7.38 (4H, m), 8.13 (1H, s), 8.57 (11, s), 11.63 (1H, s).

MS m/e MH" 442 4.

The compounds of the invention listed in Table A below were made from the appropriate

starting materials using a process analogous to that described in Example 2.

Table A
No. | Compound Structure NMR /MS
Name
29 4-amino-N-[(4- O IH NMR (399.902 MHz,
DMSQ) 8 11.65 (1H, s), 8.76
chlorophenyl)(p 0 (1H, s), 8.13 (14, 5), 7.42 -
henylymethyl]- NH, 7.25(9H, m), 7.17 - 7.15 (1H,
L(THL O N m), 6.60 - 6.58 (1H, m), 6.07
cl (1H, s), 4.45 - 4.39 (2H, m),

pyrrolo[2,3- N 3.59-3.51 (24, m), 2.34 - 2.27
(2H, m), 2.02 - 1.93 (2H, m),
1.52 - 1.46 (2H, m)
ylpiperidine-4- N TR | mv/z (ESIH) (M+H) = 461;
HPLC tz =2.21 min.

d]pyrimidin-4- le SN

carboxamide
30 4-amino-N-[2- N0 1H NMR (399.902 Mz,
. DMSO) § 11.65 (1H, s), 8.92

-1-(4- NH,

amino-1-(4 N * | (14, 5), 8.13 (1H, 5), 7.80 (1H,

chlorophenyl)-2- ol s), 7.45 - 7.39 (4H, m), 7.29

oxoethyl]-1- N (1H, ), 7.17 - 7.15 (1H, m),
Y | 658-6.57(H,m), 530 (1N,

(7H-pyrrolo[2,3- N'L Ny | s),4.48 -4.38 (2H, m), 3.55 -

o
dJpyrimidin-4- Wy | 346 (2H, m), 243 2H, 5),

2.03 - 1.94 (1H, m), 1.90 - 1.82
yl)piperidine-4- (1H, m), 1.49 - 1.39 (2H, m)
m/z (ESI+) (M+H)+ = 428;

carboxamide HPLC tp = 1.45 min.
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carboxamde 8.47 (1H, d), 11.64 (IH s) M5 me Mt
WO00/040563- am no- N-[ (1S)-1- (3-chl orophenyl) - 3PCT/GB2008/050925

hydr oxypropyl]-1- (7H pyn-ol o[ 2, 3- d] pyri m din-4-

yl ) pi peri di ne-4- carboxam dgz

The compounds of the invention listed in Table B below were made from the

appropriate starting materials using a process analogous to that described m Example 9

alternative route 1.

s TableB
No. | Compound Name Structure NMR / MS
31 4-amino-1-(3- : 0 MS: m/z (ESI+)

_1H- c1—©—{ NH, (M+H)+ = 480; HPLC
bromo-1H X (R = 1.34 min.
pyrazolo[3,4-
d]pyrimidin-4-yl)-N- N Br
[(18)-1-(4- YA

RN T/N
chlorophenyl)ethyl] 3
piperidine-4-
carboxamide
32 | 4-amino-N-[(18)-1- = 0 TH NMR (400 MHz,
cl 5 NH, DMSO) § 1.39 (3H, d),
(4
i N 1.42 —1.51 (2H, m),
chlorophenyl)ethyl]- 1.98 - 2.18 (4H, m),
N 3.36 — 3.48 (2H, m)
5= TH- Cl s s
1-(5-chloro-7H A 3.90 — 4.03 (25, m),
pyrrolo[2,3- |\ | N |4.82 - 4.96 (1H, m),
dipyrimidin4- SN 17.31-7.41 (4H, m),
py 745 (1H, s), 8.23 (1H,
yl)piperidine-4- 3), 8.34 (1H, d), 11.98 —
carboxamide 12.18 (1H, m)
MS: mv/z (ESI+)
(M+H)+ = 433; HPLC
tR =1.96 min.
33 | 4-amino-1-(3- OH 1H NMR (400.13 MHz,
bromo.1H. J DMSO-d6) § 1.45 -
R 1.53 (2H, m), 1.81 -
pyrazolo[3,4- cl N NH, 1.94 (2H, n1), 1.98 -
o 2.14 (2H, m), 3.38 (2H,
dJpyrimidip-4-yl)-N- m), 3.55 - 3.62 (2H, m),
[(1S)-1-(4- Br | 4.17-4.23(2H, m),

N NN | 454 (1H, 1), 4.90 (1H,
chlorophenyl)-3 MJI& d), 7.32 - 7.38 (4H, m),
hydroxypropyl] NN 8.29 (1H, s), 8.46 (1H,

d)




1H NMR (400.13 MHz, DMBO-d6) 6 1.44 (2H, t), 1.81 -
2.03 (4H, n), 3.35 -3.40 (2H, m, 3.50 - 3.58 (2H, m),
WQ209%047568 42 (2H, m), 4.54 (1H, t), 4.89 (1H, RNT/GB2WE050925
(1H m, 7.14 - 7.16 (1H m, 7.26 - 7.28 (2H, m,
7.32 -7.36 (2H, m), 8.12 (1H3 s), 8.46 (1H, d), 11.62
(1H, s) Ms me M+ 429 rz. ., ,_,40r 41
4-am no-1-(7H pyrrolo[2,3- d]lpyrimdin-4-yl)- N
{ (1hpetdif=4(trifT oromet hyl ) phenyl T et hyiis m/e MH+ 510
pi geri di ne-4- carbgxam de 1H NMR (400.13 M-z,
DVg@aderamgide, 41 (3H, d), 1.50 (2H, d), 1|93 - 2.06
L9111 Y o W il a Lo Y =4 {911 A 420 A AA 201 A A QE
Znl, _II '_ K [N L e OH o PR o T T 7
34 1 inoddg Sy Ty - 7. 15 - 7707 (11 df%%{éﬁf@%%mz
d) .| (4- . 8.13 (1H ), 8.46 (1H , 184-7<"
(iki,(zgﬁ%r&@ié’lyigm UG 9 840 (R o 16
hydroxypropyl]-1- | N NH, 1.92 (2H, m), 2.01 -

i T 2.15(2H, m)}, 3.39 -
(3-chloro-7H 3.46 (4H, m), 3.93 -
pyrrolo[2,3- Cl | 3.99 (2H, m), 4.59 (11,
Dovrimidin 4. N ), 4.90 (1H, m), 7.33 -

Ipyrimidin m 7.39 (4H, m), 7.47 (IH,
yl)piperidine-4- ] | 8), 8.25(1H, §), 8.52
. (1H, d), 12.14 (1H, s)
carboxamide MS m/e M+ 463
35 | 4-amino-1-(5- 0 "H NMR (400 MHz,
— a—@—:\ NH, DMSO0) 6 1.38 (3H, d),
bromo-7H N 1.42 - 1.52 (2H, m),
pyrrolof2,3- 2.02-2.23 (4H, m),
R 3.40 - 3.45 2H, m),
d)pyrimidin-4-yl)-N y P 1 3.85-3.99 (2H, m),
[(1S)-1-(4- NL I |480-497 (1H, m),
o
N | 7.33 - 7.40 (4H, m),
chlorophenyl)ethyl] H 7.51 (1L, s), 8.26 (14,
piperidine-4- s), 8.33 (1H, d), 12.11 -
: 12.28 (1H, m).
carboxamide MS: m/z (ESH)
(M+H)»+ =479, HPLC
tR =2.08 min.
36 4-amino-N-[(18)-1- JOH 1H NMR (399.9 MHz,

] N - DMSO0-d6) & 1.41 -
(4-chlorophenyl)-3 E o 1.49 (2H, m), 179 -
hydroxypropyl]-1- cl N NH, 2.13 (6H, m), 2.34 (3H,

i A s}, 3.38-3.42 (2ZH, m),
(5-methyl-7H 3.73 (2H, 1), 4.59 (11,
pyrrolo[2,3- ' t), 4.90 - 4.93 (1H, m),

N NP 7.05 (1H, ), 7.31 - 741
d]pyﬁﬂlldlﬂ 4 K\ I N (4H, m), 8.19 (1H, S),
yl)piperidine-4- N N850 (1H,d), 11.50 (1H,
carboxamide )

MS m/e MH+ 443




M5 tn/e M 433

t he sane HATU coupl i ng net hodol ogy as that descri bed
woizn09B4a3epl e 9 alternative route 2 and depr ot e@CadsBobdN50925

TFA using the sanme net hodol ogy as descri bed for

Exanpl e 8. 5The conpounds of4the invention listed in

Tabl e D bel ow were nmade fromthe appropriate starting

mat erial s using a process anal ogous to that descri bed

Nz. ,

e i

r'  * Made by

37i g

XA R-PS)- 1
(4-
chlorophenyljethyi}-
1-(5-methyl-7H-
pyrrolo[2,3-
d]pyrimidin-4-
yD)pipendine-4-

carboxamide

"H NMR (400 MHz,
DMSO) 6 1.39 (3H, d),
1.41 - 1.54 (2H, m),
1.96 - 2.17 (4H, m),
2.34 (3H, 5), 3.31 -
3.43 (2H, m), 3.65 —
3.84 (2H, m), 4.81 —
4.97 (1H, m), 7.03 (1H,
5), 7.30 — 7.44 (4H, m),
8.18 (1H, s), 8.34 (1H,
d), 11.45 (1H, s).

MS: m/z (ESI+)
(M+H) =413; HPLC
tR =1.41 min.

The compounds of the invention hsted in Table C below were made from the appropriate

starting materials using a process analogous to that described in Example 9 alternative

route 2.
Table C
Ne. | Compound Name | Structure NMR / MS
38* | 4-amino-N-[(1S)-1- ;i 1H NMR (399.902 MHz,
DMSO-d6) § 1.10 (s
- 3 ~ 0] ?
(4-chlorophenyt)-3 o | 3HD, 112(s,3H), 1.54 -
hydroxy-3- /©/\ﬁ 2 1.63 (m, 2H), 1.66 - 1.71
N (m, 1H), 1.92 - 1.99 (m,
methylbutyl]-1 a N 1H), 2.05 - 2.16 (m, 2H),
(7H-pyrrolo[2,3- ?&3 3.49 - 3.60 (m, 2H), 4.41
L N Ny | -4.49 (m, 2H), 4.96 (dd,
dJpyrimidin-4- K\N | | 1H), 6.61 (d, 1H), 7.18
yl)piperidine-4- B, 1H), 7.29 - 7.35 (m,
carboxamide 4H), 815 (s, 1H), 8.62
(d, 1), 11.64 (s, 1H)
m/z (ES+) (M+H)+ =
457.22
39 | 4-amino-N-[(18)-1- 0 1H NMR (400.13 MHz,

(4-
cyanophenyl)ethyl]
-1-(7H-pyrrolo[2,3-
d]pyrimidin-4-
yl)piperidine-4-

<

—
i
[

DMSO-d6) § 1.40 (3H,
d), 1.51 (2H, d), 1.93 -
2.08 (2H, m), 3.52 - 3.58
(2H, m), 4.39 - 4.45 (2H,
m), 4.94 (1H, 1), 6.59
(1H, d), 7.16 - 7.17 (114,
d), 7.51 (2H, d), 7.78
(2H, d), 8.13 (11, s),




66 Table D No. Conpound Nane Structure NVR / M 42

4-am no-N-[(1R)-1- 1H NWMR (400.13 MHz, (4- DWMSO d6)
WQ52099/8475¢33 H, d), 1.39 - 1.47 (2H, m, PCT/GB2608/050925

br omophenyf | et hyl k

65
carboxamide 8.47 (1H, d), 11.64 (1H,
$)
MS m/e MH+ 390
40 4-amino-N-[(18)-1- HO, 1H NMR (400.13 MHz,

o DMSO-d6) § 1.44 (2H,
(3-chlorophenyl)-3- N ), 1.81 - 2.03 (4H, m),
hydroxypropyl]-1- N 3.35-3.40 (2H, m), 3.50
’ )

- 3.58 (2H, m), 4.35 -

(7H-pyrrolo[2,3- N 4.42 (2H, m), 4.54 (1H,

d]pyrimidin-4- _ ), 4.89 (1H, d), 6.58 (1H,

Dpiperidine-4- SO M 714-7.6 (11, m),

Y pip N N 7.26 - 7.28 (2H, m), 7.32
H

carboxamide " ~7.36 (2H, m), 8.12 (1H,
s), 8.46 (1H, d), 11.62
(1H, )
_ MS m/e MH+ 429
41 4-amino-1-(7H- ) O IH NMR (400.13 MHz,
NH, | DMSO-d6)§ 1.41 (3H,
pyrrolo{2,3- N d), 1.50 (2H, q), 1.93 -
dlpyrinidin-4-yl)- 2.06 (2H, m), 3.52 - 3.58
N (2H, m), 4.39 - 4.44 (21,
N-{(18)-1-[4- F y m), 4.95 (1H, 1), 6.59
(trifluoromethyl) ' TLN I | (H, d),7.15-7.17 (1H,
X o~N | ), 7.54 (2H, d), 7.67
phenyljethyl} H | (2H, d), 8.13 (H, 5),
piperidine-4- 8.46 (1H, d), 11.64 (1H,
. s)
carboxamide

MS m/e MH+ 433
* Made by the same HATU coupling methodology as that described in Example 9

alternative route 2 and deprotected with TFA using the same methodology as described for

Example 8.

The compounds of the invention listed in Table D below were made from the appropriate

starting materials using a process analogous to that described in Example 16.




1.85 -2.02 (2H, m, 2.18 1-(7Hpyrrolo[2,3- (2H 5s),
3.50 -3.58 (211, m, 4.33 -4.43 (21-1, m,
wWoahyeiseBdi n-4- 4.80 -4.88 (1H, s), 6.57 - PCT/GB2008/050925
yl Ypiperidine-4- 6.59 (1H n), 7.14 - 7.16 (1H m,
7.27 -7.29 (2H, carboxam dgg
Table D
No. | Compound Name Structure NMR / MS
42 4-amino-N-[(1R)-1- 1H NMR (400.13 MHz,
- /@/LN%\]HE DMSO-d6) & 1.37 (3H,
H d), 1.39 - 1.47 (2H, m),
bromophenyl)ethyl]- | Br N 1.85-2.02 (2H, m), 2.18
(2H, s), 3.50 - 3.58 (2H,
1-(7H-Py1‘1'010[2,3— N)E\/% m): 4;3 _4.43 (ZH, m),
d]pyrimidin-4- k\N N | 4.80-4388 (1H, s), 6.57 -
yD)piperidine-4- H 16,59 (1H, m), 7.14 - 7.16
(1H, m), 7.27 - 7.29 (2H,
carboxamide m), 7.48 - 7.51 (ZH, m),
8.12 (11, s), 8.30 (1H,
d), 11.62 (1H, s)
MH~+ = 443
RT = 1.69 min
43 | 4-amino-N-[1-(4- O 1H NMR (400 MHz,
DMSO) §1.21 - 1.42
chlorophenyl)-2- a (2H, mi 1,72 - 1.94 (2H,
phenylethyl]-1-(7H- N%Hz m), 2.98 - 3.10 2H, m),
O H 3.44 —3.62 (2H, m), 4.13
pyrrolo]2,3- a ~4.23 (1H, m), 4.24 —
d]pyrimidin-4- N 4.35 (1H, m), 4.98 — 5.12
L NF (1H, m), 6.54 (1H, d),
yhpiperidine-4- m 7.12 — 7.29 (6H, m), 7.32
carboxamide N H | -7.44(4H, m), 8.12 (1H,
s), 8.44 (1H, d), 11.63
(1H, s)
MH* = 475
RT=2.31 min
44 | 4-amino-N-[1-(4- F 1H NMR (400.13 MHz,
fluorophenylyethyl]- PSRy
1-(7H-pyrrolo|2,3- 0 1.87-1.91 (1H, m), 1.96
o -2.01 (14, m), 2.16 (2H,
dlpyrimidin-- N N, $), 3.50 - 3.58 (2H, m),
yl)piperidine-4- H 4.35-4.43 (2H, m), 4.84
: -4.92 (1H, m), 6.57 -
carboxamide N 6.58 (1H, m), 7.10 - 7.15
N?K/ﬂ (3H, m), 7.34 - 7.37 (2H,
QN | m), 8.12 (111, 5), 8.28
N (1H, d), 11.62 (1H, s)
MH+ = 383
RT = 1.47 min,




, 7.48 -7.51 (211, m), 8.12 (1H, s), 8.30 (1H,

2 11.62 (1H s) M+ = 443 RT = 1.69 mn 43
Q209 MP47863N- [ 1 -(4- 1H NWR (400 Mz, PCT/GB2008/050925
67

45 | 4-amino-N-[(4- ﬂ 1H NMR (400 MHz,
chlorophenyl){cyano I DMS0)01.42 - 1.58
phacnyiicy NJ%jNHz (3H, m), 1.84 — 2.04 (2H,
) H m), 3.49 ~ 3.64 (2H, m),
cl 430 —4.44 (2H, m), 6.16

methyl--(7H- i (1H, 5), 6.57 - 6.63 (1H,
pyrrolo[2,3- N/*/IQ m), 7.13 - 7.19 (1H, m),
d]pyrimidin-4- k“N N 7.46 —7.55 (4H, m), 8.13
(1H, 5), 11.64 (1H, 5)
yl)piperidine-4- MH= = 410
carboxamide RT =1.79 min

46 4-amino-N-(1- I'H NMR (400.13 MHz,
DMSO-d6) & 1.38 (3H,

phenylethyl)-1-(7H- ©/L D). 160203 (2H,m),
pyrrolof2,3- 2.17 (2H, s), 3.50 - 3.57

(2H, m), 4.37 - 4.43 (2H,

m), 4.84 - 4.92 (1H, m),

yl)piperidine-4- I |657-6.58 (1H,m), 7.15

carboxamide KN N | UH, dd),7.19 -7.26 (1H,
m), 7.31 - 7.32 (4H, m),

8.12 (1, s), 8.28 (1H,

d), 11.62 (14, s)

MH+ = 365

RT = 1.40 min,

d]pyrimidin-4-

The compounds of the invention listed in Table E below were made from the appropriate

starting materials using a process analogous to that described in Example 25.

Table E
No. | Compound Name Structure NMR / MS
47 4-amino-N-[1-(4- /':> 1H NMR (400.13 MHz,
chlorophenyl)-4- : Egigf?g 1(51{1,_5)1"49
pyrrolidin-1- 0 1.69 - 1.77 (2H, m), 1.88
yibutyl]-1-(7H- N NH, | -1.98 (2H, m), 2.15 (2H,

e A 5), 2.34 (4H, 5), 2.36 (2H,

s),3.53-3.58 2H, m),
4.34 -4.41 (2H, m), 4.73

| N, | (1H, m), 6.57 (1H, d),
yhpiperidine-4- K\ N | 7.14-7.15(1H, d), 7.32 -
H17.37(4H, m), 8.12 (1H,
s), 8.30 (1H, d), 11.62
(1H, s)

pyrrolo[2,3-
dlpyrimidin-4- NF

carboxamide




chl oropheny0-2- DWVSO) 6 1.21 - 1.42 (2H, m, 1.72-

1.94 (2H, phenylethyl]-1-(7H n), 2.98 - 3.10 (2H,
WOR09/043863r ol o[ 2, 3- 3.44 - 3.62 (2H, n), 4. 13 PCTAGBR08/050925

(1H, m, 4.24 - d]pyrimdin-4- 4.35 (1H m, 4.98 -

5.12 vyl )piperidine-4- (1Hggm, 6.54 (1H d), 7.12

-7.29 (6H, m, 7.32 carboxam de

MS m/e MH+ 496

1H NMR (399.9 MHz,
DMSO-d6) 6 1.32-1.37
(1H, m), 1.44 - 1.51 (1H,
morpholin-4- m), 1.57 - 1.76 (4H, m),

O
$
O
N, | 2.10-2.17 (2H, m), 2.26
ylbutyl]-1-(7H- g)%j
N

| 48 4-amino-N-[1-(4-
chlorophenyl)-4-

-2.35 (6H, m), 3.47 -
pyrrolo[2,3- 3.56 (6H, m), 4.51 (2H,

o d), 4.79 (1H, m), 6.62 -
djpyrimidin-4- NN | 6:64 (1H, m), 7.19 (1,
yl)piperidine-4- N s £), 7.32 - 7.34 (21, d),

7.37-7.39 (2H, d), 8.16

carboxamide (1H, 5), 8.49 (111, 5),
11.68 (1H, s)
MS m/e MH+ 512
49 | 4-amino-N-[1-(4- O | 1H NMR (400.13 MHz,
N DMSO-d6) § 1.31 - 1.37
chlorophenyl)-4- (3H, m), 1.41 - 1.47 (6H,
piperidin-1-ylbutyl]- 0 m), 1.66 - 1.73 (2H, m),
NH 1.86 - 2.00 (2H, m), 2.16
1-(7H-pyrrole{2.3- N © | -224 (7H, m), 3.50 -
d]pyrimidin-4- ¢l 3.58 (2H, m), 4.34 - 4.40
N (2H, m), 4.73 (14, m),

yDpiperidine-4- NP, | 657 (1H, d), 7.15 (11,

carboxamide k | d), 7.31 - 7.37 (4H, m),
NooH | 8.12(1H, s), 8.29 (1H,

d), 11.62 (1H, s)

MS m/e MH+ 510

Example 49A and 49B: 4-amino-N-[{15)-1-(4-chlorophenyh-4-piperidin-1-yvlbutvl]-i-

(7H-pvrrolo]2.3-dlpyrimidin-4-yDpiperidine-4-carboxamide and 4-amino-N-[(1.R)-1-

(4-chlorophenvi}-4-piperidin-1-vlbutyl]-1-(7H-pyrrolo[2.3-d]l pyrimidin-4-

yhpiperidine-4-carboxamide

NH, A

N : N NH,
H H

Cl cl




15

- 7.44 (44, m, 8.12 (1H, s), 8.44 (1H, d), 11.63

(1H, S%ﬁ M = 475 RT = 2.31 min 44
WOLOMMTIN-[1-(4- 2 O PCT/GB2008/050925
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The individual stereoiomers of the racemate of Example 49 were separated using the same
methodology as that described for Examples 11A and 11B.

IH NMR (500.13 MHz, DMSO-d6) & 1.31 - 1.41 (4H, m), 1.44 - 1.48 (6H, m), 1.68 - 1.71
(2H, m), 1.90 - 1.98 (4H, m), 2.21 (6H, m), 3.54 - 3.56 (2H, m), 4.38 (2H, 1), 4.73 (1H, d),
6.58 (1H, q), 7.15 (1H, q), 7.32 - 7.37 (4H, m), 8.12 (1H, s), 8.29 (11, s), 11.63 (1H, 5)
MS m/e MH+ 510

TH NMR (500.13 MHz, DMSO-d6) 3 1.31 - 1.41 (4H, m), 1.44 - 1.48 (7H, m), 1.68 - 1.71
(2H, m), 1.90 - 1.98 (2H, m), 2.21 (611, m), 3.54 - 3.56 (2H, m), 4.38 (2H, 1), 4.73 (1H, d),
6.58 (1H, q), 7.15 (1H, q), 7.32 - 7.37 (4H, m), 8.12 (1H, s), 8.29 (1H, s), 11.63 (1H, 5)
MS m/e MH+ 510

The compounds of the invention listed in Table F below were made from the appropriate

starting materials using a process analogous to that described in Example 26.

Table F
No. | Compound Name Structure NMR / MS

50 4-amino-N-[(15)-1- ! IH NMR (400.13 MHz,
N DMSO0-d6) § 1.39 - 1.47
(4-chlorophenyl)-3- ENJ (2H, m), 1.84 - 1.97 (44,

(4-methylpiperazin- m), 2.13 (4H, s), 2.19

- g (2H, 1), 2.31 - 2.34 (7H,
1-yhpropyl}-1-(7H- Ny NI, m), 3.54 - 3.57 (2H, m),
pyrrolof2,3- c1/©/\H 4.38 (2H, m), 4.82 (1H,
dlpyrimidin-d- y m), 6.57 (1H, d), 7.14 -
7.16 (14, d), 7.31 - 7.37

yhpiperidine-4- Nk)p (4H, m), 8.12 (1H, s),
carboxamide S 8.55 (1H, d), 11.62 (1H,

s)
MS m/e MH+ 511t




z g Z 1H NVR (400. 13 Mz,

DI\/ISOd6$61.38(3H, d), 1.40 - 1.46 (2H, m, i
WOROPMI¥Yrrol o[ 2,3- 1.87 - 1.91(1 H ), 1. 9FCI/GB2008/050925
dipyrimdin-4- -2.01 (In, m, 2.16 (2H s), 3.50 -

3.58 (2H, ),

yOpi peri di ne7d-

f I uor ophenyHet hyl k

4.35 - 4.43 (2H, m,

4.84 carboxam de

51 4-amino-N-[(18)-1-
(4-chlorophenyl)-3-
morpholin-4-
ylpropyl]-1-(7H-
pyrrolo[2,3-
d]pyrimidin-4-

Ny NH,
H
cl

1H NMR (400.13 Milz,
DMSO0-d6) § 1.43 (2H,
m), 1.83 - 2.00 (4H, m),
2.20 (2H, 1), 2.27 - 2.37
(4H, m), 3.51 - 3.63 (61,
m), 4.35 - 4.41 (2H, m),
4.85 (1H, m), 6.57 (11,
4y, 7.15 (1H, @), 7.32 -

7.37 (44, m), 8.12 (1H,
ypiperidine-4- NL/ N | ), 8.65(1H, d), 11.62
carboxamide SN N %I;’ni}e MH+ 498
52 4-amino-N-{(1S)-1- O 1H NMR (400.13 MHz,
DMSO-d6) §1.33 - 1.50
(4-chlorophenyl)-3- N (8H, 1) I.)82— 1.90 (4H
piperidin-1- _/’ m), 2.15 (2H, 1), 2.25 -
2.34 (4H, m), 3.53 - 3.57
yipropyl]-1-(7H- /@/\N NH, QH En) 41?9 (21, m)
pyrrolo[2,3- - " 4.82 (11, m), 6.57 (111,
L d), 7.14 - 7.16 (1H, d)
- N » » Uy
d]pyrimidin-4 7.30 - 7.37 (4H, m), 8.12
yl)piperidine-4- r\lf\/ TN | (1H, 5), 8.64 - 8.66 (1H,
carboxamide Sy N ;l/)[’slrlnffhs[l}?_; 2)9 6
53* | 4-amino-N-[(1S)-1- H 1H NMR (400.13 MHz,

(4-chlorophenyl)-3-
piperazin-1-
ylpropylj-1-(7H-
pyrrolof[2,3-
d]pyrimidin-4-
yl)piperidine-4-

carboxamide

DMSO-d6) & 1.40 - 1.47
(ZH, m), 1.82 - 1.99 (4H,
m}, 2.11-2.25 (6H, m),
2.67 - 2.69 (4H, m), 3.54
- 3.57 (2H, m), 4.35 -
4.41 (ZH, m), 4.83 (IH,
m)}, 6.57 (1H, d), 7.15
(1H, d), 7.31 -7.37 (4H,
n1), 8.12 (1H, s), 8.61
(1H, d), 11.62 (1H, s}
MS m/e MH+ 497




-4.92 (In, m, 6.57 - 6.58 (1H, m), 7.10 - 7.15
(3H, m), 7.34 -7.37 (2H, m, 8.12 (111, s), 8.28
wq AMP047563 11. 62 (1H, s) MH+ = 383 PCT/GB2008/050925
71

54 4-amino-N-[(1S)-1-
(4-chlorophenyl)-3-
{1H-imidazol-1-
yDpropyl}-1-(7H-
pyrrolo[2,3-
dlpyrimidin-4-
ylpiperidine-4-

carboxamide

{3

1H NMR (400.13 MHz,
DMSO-d6) 5 1.41 - 1.53
(2H, m), 1.86 - 2.04 (2H,
m), 2.13 - 2.25 (41, m),
3.52 -3.61 (2H, m), 3.96
-4.00 (2H, m), 4.34 -
442 (2H, m), 4.69 (1H,
m), 6.58 (1H, d), 6.89
(1H, s), 7.15 (25, 1), 7.31
(2H, d), 7.36 - 7.38 (2H,
d), 7.56 (1H, s), 8.12
(111, 5), 8.44 (1H, d),
11.62 (1H, s)

MS m/e MH+ 479

55 4-amino-N-[(15)-1-
(4-chlorophenyl)-3-
pyrrolidin-1-
ylpropyl]-1-(7H-
pyrrolo[2,3-
dlpyrimidin-4-
yDpiperidine-4-

carboxamide

N

NF N\

1H NMR (400.13 MHz,
DMSO-d6) 6 1.42 - 1.58
(2H, m), 1.71 (5H, s),
1.84 -2.02 (5H, m), 2.33
(ZH, m), 2.55 (2H, m),
3.51 -3.59 (2H, m), 4.36
-4.43 (2H, m), 4.86 (1H,
t), 6.58 (1H, d), 7.16 (1H,
d), 7.30 - 7.38 (5H, m),
8.12 (1H,s), 11.63 (1H,
5)

MS m/e MH+ 482

* Made by the same methodology as that described for Example 26 starting from 1-(2,4-

dimethoxybenzyl)piperazine. The TFA deprotection in the final step was heated at 80°C to

remove Boc and dimethoxybenzyl groups.

Example 56: 4-amino-N-(1-(4-chlorophenyD)-2-sulfamovlethv)-1-(7H-pvrrolo]2.3-

dipyrimidin-4-yl)piperidine-4-carboxamide

QP
Sy
N O

=z
Z
T




RT = 1.47 nm WD 2009/ 047563PCT/ GB2008/ 050925 67 45
4-am no-N-[ (4- chl orophenyl) (cyano )

WOrmeeaB#73631- ( 7Hpyrrol o[ 2, 3- d] pyri m di n- 4- PCT/GB2008/050925
yl ) pi peridi ne-4- carboxamde izx x" ( z4\ z z_// o
zx -- [ in NWR (400 MHz, DVp®) 8 1.42- 1.58 (3H, m,
1.84- 2.04 (2H, m, 3.49- 3.64 (2H, m, 4.30 - 4.44
(2H, m, 6.16 (1H, s), 6.57 - 6.63 (1H m, 7.13 -7.19

Tert(-lﬁl_hi/l AfQ b-(4-chlorophenyl)-2-(methylsulfonamido)ethylcarbamoyl)-1-(7H-
pyrrolo[2,3-d]pyrimidin-4-y}piperidin-4-ylcarbamate (Intermediate 76) (100 mg, 0.17
mmol) was treated with trifluoroacetic acid (2 mL). The solution was stirred for 1 hour at
room temperature. The mixture was concentrated under reduced pressure. The crude
product was purified by ion exchange chromatography, using an SCX column. The residue
was loaded onto the column in methanol and washed with methanol. The desired product
was eluted from the column using 2M ammonia in methanol and pure fractions were
evaporated to dryness to afford 4-amino-N-(1-(4-chlorophenyl)-2-
(methylsulfonamido)ethyl)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidine-4-carboxamide
{79 mg, 95 %) as a colourless solid.

"H NMR (399.9 MHz, DMS0-dé6) & 1.38 - 1.53 (2H, m), 1.85 - 2.07 (2H, m), 2.20 (2H, br,
s), 2.85 (3H, s), 3.57 (2H, m), 4.34 - 4.46 (2H, m), 4.87 - 4.94 (1H, m), 6.57 - 6.60 (1H,
m), 7.12 -7.19 (ZH, m)}, 7.35 - 7.43 (4H, m), 8.13 (1H, s}, 8.46 (1H, br, 5), 11.64 (1H, s)
MS m/e MH" = 492

Example 57: 4-amino-N-(1-(4-chlorophenyl)-2-sulfamovlethyD)-1-(7H-pyrroloe}2.3- .

dipvrimidin-4-vhpiperidine-4-carboxamide

Tert-butyl 4-(1-(4-chlorophenyl)-2-sulfamoylethylcarbamoyl)-1-(7H-pyrrolo[2,3-
dlpyrintidin-4-yDpiperidin-4-ylcarbamate (Intermediate 81) (153 mg, .26 mmol) was
treated with trifluoroacetic acid (4 mL). The solution was stirred for 30 minutes at room
temperature. The mixture was concentrated under reduced pressure and the residue was
purified by ion exchange chromatography, using an SCX column. The desired product was
eluted from the column using ammonia in methanol (ZM) and pure fractions were

evaporated to dryness to afford 4-amino-N-(1-{4-chlorophenyl)-2-sulfamoylethyl)-1-(7H-



7.46 - 7.55 (4H m, 8.13 (1H s), 11.64 (1H, s) MH# =
410 RT = 1.79 min 46 4-amno-N-(1- V 4X cp\V [/ z e 4X
WQ 20000R5¢3400. 13 MHz, phenylethyl)-1-(7H DVBQI16K2088/050925
1.38 (3H, d, 1.89 -2.03 (2H, m, pyrrolo[2,3-

2.17 (2H, s), 3.50 -3.57 73

pyrrolo[2,3-d]pyrimidin-4-yl)piperidine-4-carboxamide (125 mg, 99 %) as a

colourless solid.

"H NMR (399.9 MHz, DMSO-d6) § 1.35 - 1.53 (2H, m), 1.86 - 2.04 (2H, m), 3.35 - 3.40
(1H, m), 3.52 - 3.62 (2H, m), 3.68 (1H, dd), 4.33 - 4.41 (2H, m), 5.24 - 5.29 (1H, m), 6.56
- 6.60 (1H, m), 6.88 (2H, s), 7.13 - 7.17 (1H, m), 7.39 (4H, s), 8.13 (1H, s), 8.68 (1H, br,
s), 11.63 (1H, s}

MS m/e MH" = 478

Example 58: N-(2-acetamido-1-(4-chlorophenvlethy])-4-amino-1-(7H-pyrrolof2.3-

d|pvrimidin-4-vDpiperidine-4-carboxamide

Cl
)(j\
o (8]
11\31 NH,
N
X
fﬂ
N N

H
Tert-butyl 4-(2-acetamido--(4-chlorophenylethylcarbamoy!)-1-(7H-pyrrolo[2,3-
d]pynmidin-4-yl)piperidin-4-ylcarbamate (Intermediate 84) (97 mg, 0.17 mmol) was
treated with trifluoroacetic acid (2 mL). The solution was stirred for 1 hours at room
temperature, The mixture was concentrated under reduced pressure. The crude product was
purilied by ion exchange chromatography, using an SCX column. The residue was joaded
onto the eolumn in methanol and washed with methanol. The desired product was eluted
from the column using 2M ammonia in methanol and pure fractions were evaporated to
dryness to afford N-(2-acetamido-1-(4-chlorophenyl)ethyl)-4-amino-1-(7H-pyrrolo[2,3-
d)pyrimudin-4-yl)piperidine-4-carboxamide (80 mg, quant.j as a cream dry film.
"H NMR (399.9 MHz, DMSO-dg) § 1.43 (2H, 1), 1.79 (3H, ), 1.83 - 2,04 (2H, m), 2.20
(2H, br, s), 3.32 - 3.38 (2H, m), 3.58 (2H, q), 4.32 - 4.42 (2H, m), 4.82 - 4.88 (1H, m), 6.56
- 6.60 (1H, m), 7.14 - 7.18 (1H, m), 7.33 (2H, d), 7.38 (2H, d), 7.94 (1H, 1), 8.13 (1H, s),



dipyrimdin-4- (2H, n), 4.37 -4.43 (21-1, m, 4.84

- 4.92 (1H m, yl)piperidine-4- 6.57 - 6.58 (1H,
WOrPQ9/087368 car boxam de (1H, dd), 7.19 - 7. 26P(CTHB2008/050925

m, 7.31 -7.32 (4H m,

74

8.42 - 8.50 (1H, m), 11.63 (1H, 5)
MS m/e MH™ = 456

Example 59: 4-amino-N-(1-(4-chlorophenvl

pyrrolof2.3-d]pyrimidin-4-yDpiperidine-4-carboxamide

(\NH

N

Cl H 2

D
N b
Trifluoroacetic acid (5 mL, 64.90 mmol} was added to tert-butyl 4-(1-(4-chlorophenyl)-2-
{1-trityl-1H-imidazol-2-yl)ethylcarbamoyl)-1-(7H-pyrrolo[2,3-d|pyrimidin-4-yl)piperidin-
4-ylcarbamate (Intermediate 89) (310 mg, 0.38 mmol) at room temperature and the
resulting solution stirred for 30 minutes. Water (5-6 drops} was then added and stirring
continued for a further 30 minutes. The resulting solution was diluted with methanol and
applied to a 10g SCX column which was then eluted with MeOH followed by 2N NHj (in
MeOH). Product-containing fractions were combined and concentrated by evaporation
then triturated with MeCN / DMF (1:1) to gtve a pale yellow ppt. The precipitate was
collected by filtration, washed with MeCN and dried under vacuum to afford 4-amino-N-
(1-(4-chlorophenyl)-2-(1H-imidazol-2-yl)ethyl)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-
yhpiperidine-4-carboxamide (130 mg, 72.8 %) as a cream solid.
IH NMR (399.902 MHz, DMSO) & 1.36 - 1.40 (2H, m}, 1.85 - 1.93 (2H, m), 3.08 (2H, d),
3.55(2H, m), 4.29 - 4.35 (21, m), 5.18 (1H, q), 6.57 (1H, d), 6.85 (2H, s), 7.16 (1H, d),
7.25(2H, d), 7.31 (2H, d), 8.12 (1H, s), 8.89 (1H, d), 11.63 (1H, brs)
m/z (ESIH) (M+H)+ = 465; HPLC (R = 1.62 min.



812(1H s) 8.28 (1H, d), 11.62 (1H, s) M =
RT = 1.40 mn, The conpounds of the invention
Wq %Og?f%"ﬂs‘?sn Tabl e E bel ow were made fromthe api§iidpBI0AB/Es0925
starting materials using a process anal ogous to that
descri bed in Exanple 25. 5Table E No. Conpound Nane
Structure

Cl

TFA (0.7 mL) was added to a suspension of tert-butyl 4-(1-(4-chlorophenyl)-2~(1H-
pyrazol-1-yl)ethylcarbamoyl)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidin-4-ylcarbamate
(180 mg, 0.32 mmol) in dichloromethane (Intermediate 93) (7 mL) under argon. The
resulting solution was stirred at room temperature overnight. The solvents were removed
in vacuo and the reaction mixture was purified by preparative HPLC using a Waters X-
Bridge reverse-phase column (C-18, 5 microns silica, 19 mm diameter, 100 mm length)
and decreasingly polar mixtures of water (containing 0.2% ammonium carbonate) and
acetonitrile as eluent. The fractions were evaporated to dryness to afford 4-amino-N-[1-(4-
chlorophenyl)-2-(1H-pyrazol-1-yhethyl]-1-(7H-pyrrolo[2,3-d|pyrimidin-4-yl)piperidine-4-
carboxamnde as a white powder.

1H NMR (500 MHz, DMSO-d6) & 1.33 (2H, m), 1.83 (2H, m), 2.14 (2H, s), 3.53 (2H, m),
4.28 (2H, m), 4.43 (2H, m), 5.22 (1H, d), 6.15 (1H, 1), 6.56 (1H, q), 7.15 (111, 1), 7.30 (2H,
d), 7.36 (2H d), 7.44 (1H, d), 7.55 (1H, d), 8.11 (1H, s), 8.81 (1H, br d), 11.64 (1H, s);

m/z (ESI+) (M+H)* = 465.



NVR / MS 47 4-am no-N-[1-(4- chlorophenyl)-4-
pyrrolidin-1 - ylbutyl]-1-(7H pyrrolof2, 3-

WOPa¥B di n- 4- yl ) pi peridi ne-4- carboxam de @CTAEB20U8I0925
NON. NI 2\ NI HNW(400.13 Miz, DVMsO-d6) 8 1.31
- 1.49 (4H, m, 1.65 (4H, sy 1.69- 1.77 (2H, nm, 1.88
- 1.98 (2H, m, 2.15 (2H, s), 2.34 (4H, s), 236 (2H,
s), 3.53 -3.58 (2H, m, 4.34 - 4.41 (2H, m, 4.73 (1H,

Exafflple 8124 afnihb Njplh(47chwropthﬁ-Z(-(]_’;Hneﬁl)yhsta%&'5 Zz])gt?wﬂdfﬁﬁH-

= m, 8.1Z (IH, S), 8.30 (IH, a) TI. 62 (I1-1,
Y DAY S % OA4cagBoxamide

0
N N

4-Amino-N-[1-(4-chlorophenyl)-2-(3-methylisoxazol-5-yl)ethyl]-1-(7H-pyrrolo[2,3-
d]pyrimidin-4-yl)piperidine-4-carboxamide was made from the appropnate starting
materials using a process analogous to that described for Example 60.
TH NMR (500 MHz, DMSO-d6) & 1.35 (2H, d), 1.87 (2H, m), 2.14 (2H, s), 2.15 (3H, s),
3.17-3.33 (2H, m), 3.53 (2H, m), 4.31 (2H, m), 5.15 (1H, d), 6.06 (1H, s), 6.56 (1H, d),
7.16 (1H, t), 7.39 (4H, m), 8.12 (1H, s), 8.60 (1H, br d), 11.65 (1H, s).
m/z (EST+) (M+H)+ = 480

Example 62: 4-amino-N-(1-(4-chlorophenyl}-2-(thiazol-2-yl}ethyl)-1-(7H-pyrrolo]2.3-
d

iperidine-4-carboxamide

/N
]

vrimidin-4-vi

oz

Cl

N\\

N g

TFA (2.0 mL) was added to a suspension of tert-butyl 4-(1-(4-chlorophenyl}-2-(thiazol-2-
yhethylcarbamoyl)-1-(7TH-pyrrolo[2,3-d]pyrimidin-4-ypiperidin-4-ylcarbamate
(Intermediate 96) (918 mg, 0.95 mmol) in dichloromethane (20 mL) under argon. The
resulting solution was stirred at room temperature for one night, The solvents were

removed in vacuo and the reaction mixture was purified by preparative HPLC using a



M5 nmle MEI+ 496 48 4-am no-N-[1-(4- chlorophenyl)-4-
hol i n-4- yl butyl]-1-(7Hpyn-ol o[ 2, 3- d] pyri m di n-4-
W%"?g Mie¥i di ne- 4- carboxani de Sz om z- RCz \ z RETHGBRR08/050925
a 1H NWR (399.9 Miz, DVMsO-d6) 5 1.32- 1.37 (1H, m,
1.44- 1.51 (1H, m, 1.57- 1776 (4H m, 2.10 - 2.17
(2H, m, 2.26 - 2.35 (6H, m, 3.47 - 3.56 (6H, In),
4.51 (2H, d), 4.79 (1H m, 6.62 - 6.64 (1H m, 7.19

Wai(eilsHK Brldge fevd2se=phhssbol{phl(CA)8, 5 taidrbns silic8A ki disheter, 100 mm
16 (1H s), 8.49 (1H, s), 11.68 (1H ) M5 me M

' lengh)ganqlgleq:eamg{@ priar plfupres(qﬁ W@Fﬁm@lgmgﬁ_ Y% ammonium carb0nate)

ancl@lcﬁgﬁlltrgk rzlsd L:I;L]léllxtg*ﬂl% gljré g)o)?éﬁ]\!_el' g‘yfﬁ%agédéb%ﬁ@%ljﬁ}éﬁﬁr‘? 4~ ammo N-

(1 ((lfbﬁﬁ)rd;ﬁlefﬁﬂ 2~ @N&Bid@l)&h)ﬂl) B3Y7H- p:bflT:E)YO[Q 3'?di]pjﬂiimlcﬂ-n~43yl)p1per1dme-
4- c&irbé)%im@e %9({17% 56,%%) as %SVélte powder. " 200 (2R m,

1H NMR (500 MHz, DMSO-d6) & 1.35 (2H, d), 1.85 (2H, m), 2.07 {(2H, br s), 3.41-3.56
(411, m), 4.30 (2H, m), 5.20 (1H, d), 6.56 (1H, d), 7.15 (1H, 1), 7.36 (41, m), 7.54 (1H, d),
770 (1H, d), 8.11 (1H, s), 8.75 (1H, br ), 11.70 (1H, br s);

m/z (ESTH) (M+H)+ = 482

N

Nog

TFA (1.0 mL) was added to a suspension of tert-butyl 4-(1-(4-chlorophenyl)-3-
(dimethylamino)-3-oxopropylcarbamoyl)- 1-(7H-pyrrolo{2,3-d]pyrimidin-4-yDpiperidin-4-
ylcarbamate (Intermediate 98) (770mg, 0.24 mmol) in dichloromethane (10 mL) under
argon. The resulting solution was stirred at room temperature for one night. The solvents
were removed in vacuo and the reaction mixturc was purified by preparative HPLC using a
Waters X-Bridge reverse-phase column (C-18, 5 microns silica, 19 mm diameter, 100 mm
length) and decreasingly polar mixtures of water {containing 0.2% ammonium carbonate)
and acetonitrile as eluent. The [ractions were evaporated to dryness to afford 4-amino-N-
(1-(4-chlorophenyl)-3-(dimethylamino)-3-oxopropyl)-1-(7H-pyrrolo{2,3-d]pyrimidin-4-
yhpiperidine-4-carboxamide (74.0 mg, 64.8 %) as a white powder.




3.58 (2H, m), 4.34 - 4.40 (2H, m, 4.73 (1H, m, 6.57
(1H, d), 7.15 (1H, d), 7.31 -7.37 (4H, in), 8.12 (1H,
WOop09/@73%3 (I H, d), 11.62 (1H, s) M5 me M+ S5PET/GB2008/050925
Exanpl e 49A and 49B:
4-am no- N-1(1S) - 1- (4-chl or opgenyl) - 4- pi peri di n-1 -yl but
yll-1-
(7H-pyrrol 012, 3-dl pyri m di n-4-yl) pi peri di ne-4-car boxam
1H NelgR 850 MiBDIMSANLATS 143 (21, m), 1.94 GH, m), 2.75 (3H, 5), 2.8 (211, m),
(4-chl orophenyl) - 4-pi peridin-1-yl butyl |
2.89 (BH, PH3p52r(2HL 1102440 f3H, my 5ilgi(dHnd % 6.58 (1H, d), 7.16 (1H, t), 7.35 (4H,

| perigi ne-4-ca L.de .69 The individual

s ggﬁeelgoisgﬁer s(qgf é’f@eﬁf‘%z%&fs& Exanpl e 49 were

nﬁﬁggﬁgﬁzﬁtj{)u&imthe same met hodol ogy as that descri bed

for anples 11A and 11B. 1H NMR (500. 13 MHz, DWMSO- d6)

51.31 - 1.41 (4H, nm), 1.44- 1.48 (6H, m, 1.68- 1.71
1.90+; 4. .2 4

d]pvrididig =3y piperidind2d-carboldmidd]l, m, 8.12 (1H, s), 8.29
(1H, s), 11.63 (1H, s) Ms me M4+ 510 1H NMR (500. 13
Mz, DVMBO-d6) 5 1.31 - 1.41 \4H n), 1.44- 1.48 (7H
m, 1.68- 1.71 (2H, n), 1.90F 1.98 (2H, m, 2.21 (6H,
M, 3.54 - 3.56 (2H, n), 4.38 (2H t), 4.73 (1H d),
6.58 (1H, q), 7.15 (1H/ &, 7.32 - 7.37 (4H m), 8.12

(1H, s), 8.29 (1H, , 63\ (1t s) M5 mie M+ 510
The conpounds of the inventi g \isted in Table F bel ow
were nmade fromthe appropriate rting materials

usi ng a process anal ogous to that jdescribed in Exanple
26. IsTable F No. Conpound Na tructure NVR / M
50 4-am no-N-[(1S)-1-

N7 ™% A

9

Hydrogen chloride (4M in 1,4-dioxane, 1.151 mL, 4.60 mmol) was added to tert-butyl 4-

H

(1-(4-chlorophenyl)-3-methoxypropylcarbamoyl)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-
ylpiperidin-4-ylcarbamate (Intermediate 101) (50 mg, 0.09 mmol) in a mixture of DCM
(5 mL) and methanol (2 mL) at 22 °C. The resulting solution was stirred at 22 °C for 2
days. The mixture was evaporated and the residue was purified by ion exchange
chromatography, using an SCX column. The desired product was eluted from the colummn
using 2M NH1/MeOH; pure fractions were evaporated to dryness and the residue was
triturated with diethyl cther to afford 4-amino-N-(1-(4-chlorophenyl)-3-methoxypropyl)-1-
{7TH-pyrrolo[2,3-d]pyrimidin-4-yl}piperidine-4-carboxamide {39.0 mg, 96 %) as a white
solid.

IH NMR (399.902 MHz, DMSO) 6 1.44 (2H, m), 1.88 - 2.02 (5H, m), 2.46 (2H, s), 3.21
(3H, s), 3.28 (2ZH, t), 3.55 (2H, m), 4.39 (2H, m), 4.87 (1H, dt}, 6.59 (1H, dd), 7.16 (1H,
dd), 7.33 (2H, d), 7.37 (2H, d), 8.13 (1H, s), 8.45 (1H, d), 11.63 (1H, s);

m/z (ESI+) (Mt+H)+ = 443.4; HPLC tR = 1.87 min.



( 7-2/7 rTh z 1H NWR (400. 13 MHz, (4-chlorophenyl)-3-
DVSO-d6) 5 1.39 - 1.47 (2H, m, 1.84 - 1.97 (4H,
WQINATRRA pi perazin- ), 2.13 (4H s), 2.19 HCT/GB2008/050925
-yl)propyl]-1-(7H (2H, t), 2.31 -2.34 (7H,
79

Example 65: 4-amino-N-(1-(4-chlorophenyi)-3-sulfamoylpropyl)-1-(7H-pyrrolo[2.3-

dipyrimidin-4-vhpiperidine-4-carboxamide

c1
HN—S
n 0
N NH,
N
‘“@3
o
N
N°q

Hydrogen chloride (4M in dioxane, 0.676 mL, 2.70 mmol) was added to tert-butyl 4-(1-(4-
s chlorophenyl)-3-sulfamoylpropylcarbamoyl)-1-(7H-pyrrolo[2,3-d ]pyrimidin-4-
yDpiperidin-4-ylcarbamate (Intermediate 105) (16 mg, 0.03 mmol) in a mixture of DCM
(5 mL) and methanol (5 mL) at 22 °C. The resulting solution was stirred at 22 °C for 20
hours. The mixture was evaporated and the residue was purified by ion exchange
chromatography, using an SCX column. The desired product was eluted from the column
10 using 30% (2M NHj3; in MeOH) in DCM and pure fractions were evaporated to dryness to
afford 4-amino-N-(1-(4-chlorophenyl)-3-sulfamoylpropyl)-1-(7H-pyrrolo[2,3-d}pyrimidin-
4-yl)piperidine-4-carboxamide (12.00 mg, 90 %) as a colourless gum.
ITH NMR (399.902 MHz, DMSO) 6 1.48 (2H, m), 1.90 - 2.06 (2H, m), 2.09 - 2.24 (2H, m),
2.87 (1H, ddd), 3.02 (1H, ddd), 3.56 (2H, m)}, 3.56 (2H, d), 4.41 (2H, m), 4.91 (1H, br.s),
15 6.59 (1M, dd), 6.80 (2H, s), 7.16 (1H, dd), 7.38 - 7.43 (4H, m), 8.13 (1H, s), 8.46 (1H, s),
11.64 (1H, s):
m/z (ESI+) (M+H)+ = 492 4,494 .3 ; HPLC tR = 1.60 min.
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m, 3.54 - 3.57 (2H, n-), pyrrolo[2,3- 4.38 (2H m,
4.82 (1H, d]pyrimdin-4- nm, 6.57 (IN, d), 7.14 -
WOZORRTIN, d), 7.31 -7.37 vyl)piperidine-4- (PAH/GHY08/050925
8.12 (1H, s), carboxamde 8.55 (1H, d), 11.62 (1H,
80

Example 66: 4-amino-N-(3-amino-1-(4-chlorophenyl)-3-oxopropvl)-1-(7H-

pyrrolo[2.3-dlpyrimidin-4-yDpiperidine-4-carboxamide

N
|
kN/ E

HClin 1, 4-dioxane (4M) (0.228 mL, 0.91 mmol} was added to tert-butyl 4-(3-amino-1-(4-

chlorophenyl)-3-oxopropylcarbamoy!)-1-(7H-pyrrolo[ 2,3-d|pyrimidin-4-yi)piperidin-4-
ylcarbamate (Intermediate 108) (99 mg, 0.18 mmol)} in DCM (4 mL) at 20°C. The
resulting solution was stirred at 20 °C for 3 hours. The reaction mixture was filtered
through a PTFE cup and the collected solid was purified by preparative HPLC (Waters
XTerra C18 column, 5p silica, 30 mm diameter, 100 mm length), using decreasingly polar
mixtures of water (containing 1% NHj3) and MeCN as eluents. Fractions containing the
destred compound were evaporated to dryness to afford 4-amino-N-(3-amino-1-(4-
chlorophenyl)-3-oxopropyl)-1-(7H-pyrrolo]2,3-dJpyrimidin-4-yl)piperidine-4-carboxamide
(9.00 mg, 11.1 %) as a cream solid.

IHNMR (399.9 MHz, DMSO-d6) 6 1.40 - 1.43 (2H, m), 1.93 -1.96 (2H, m), 2.18 (2H, s),
3.54-3.56 (2H, m), 4.36 - 440 (2H, m), 5.12 (1H, d), 6.58 (1H, d), 6.81 (1H, s), 7.15 -
7.16 (1H, m}, 7.32 - 7.37 (5H, m}, 8.13 (1H, s), 8.76 (1H, d), 11.63 (1H, s}, (no NH2
visible).

m/z (ESI+) (M-+H)+ = 442; HPLC tR = 1.47 min.



S) M5 me M+ 511 70 51 4-amno-N-[(1S)-1-

(4-chl orophenyl) - 3- norpholin-4- yl propyl]-1-0H
WORMPYBA78432, 3- d] pyri mi di n-4- yl)pi peri di ne- 4- PCT/GB2008/050925

carboxamde Fr x" z_ [/Th 0z-V0 z C../ Th, ZZ* 0

(1H, s) in NWR (400.13 Mz, 8DV5O-d6) 6 1.43 (2H m,

1.83 -2.00 (4H, m, 2.20 (2H, t), 2.27 - 2.37 (4H, m,
3.51 - 3.63 (6H, m, 4.35 -4.41 (2H, m, 4.85 (1H m,
Ex#inBié 671 i ansbho-N.(1L

S

d]pvriniidin—Zl-vl)i;iperigine’-4-caf'b0xainide

TFA (3 mL) was added to tert-butyl 4-(1-(4-chloropheny!)-3-ureidopropylcarbamoyl)-1-
(7H-pyrrolo[2,3-d]pyrimidin-4-yDpiperidin-4-ylcarbamate (Intermediate 112) (379 mg,
0.66 mmol). The reaction was left to stir at 20 °C for 4 hours and then vacuumed to
dryness. The crude product was purified by ion exchange chromatography, using an SCX
column. The desired product was eluted from the column using 0.35M NH3/MecOH and
pure fractions were evaporated to dryness to afford crude material. The crude product was
purified by preparative HPLC (Waters XBridge Prep C18 OBD column, 5u silica, 19 mm
diameter, 100 mm length), using decreasingly polar mixtures of water (containing 1%
NH3) and MeCN as eluents. Fractions containing the desired compound were evaporated
to dryness to afford 4-amino-N-(1-(4-chlorophenyl)-3-ureidopropyl}-1-(7H-pyrrolo[2,3-
d]pyrimidin-4-ylpiperidine-4-carboxamide (14.00 mg, 5.60 %) as a white solid.

1H NMR (399.9 MHz, DMSO-d6) 6 1.41 - 1.49 (2H, m), 1.78 - 1.88 (2H, m1), 2.01 (1H, d),
2.91 (1H, v), 2.97 (2H, t), 3.55 (2H, d), 4.37 (24, d), 4.78 (1H, d), 5.40 (2H, s}, 5.95 (1H,
t), 6.58 - 6.59 (1H, m), 7.15 - 7.16 (1H, m), 7.33 - 7.39 (4H, m), 8.13 (1H, s), 8.36 (1H, d),
11.63 (14, s);

nm/z (ESI+) (M+H)+ = 471; HPLC tR = 1.50 min.
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4 am no-N-[(1S)-1- (4-chlorophenyl)-3- piperidin-1-
propyl]-1-(7Hpyn-ol o[ 2, 3- d] pyri m di n- 4-
WO}P‘)%!“Efé?l di ne-4- carboxami de (7) 1H NVR (400 PCI/GRIH08/050925
DMSO-d6) 6 1.33- 1.50 (84 m, 1.82 - 1.90 (4H m,
2.15 (2H, t), 2.25 - 2.34 (4H, m, 3.53 - 3.57 (2H,
m), 4.39 (2H, m, 4.82 (1H m, 6.57 (1H d), 7.14 -
7.16 (1H, d), 7.30 - 7.37 (44 m, 8.12 (1H, s), 8.64
Examlﬁe 68 4-dhlingIN-(114-GhokobHend)-2M5 afib&nVht-¢38 pIirelo2,3-
4-am .no- N-[(lb) I- T4-ch or ophenyI)-=3-"pI perazi n- 1-
dlpxuimidip £rd piday] pyri nmi di n- 4-
yI)plperldlne4 carboxargdelzx,- ---( rThz c4C 11
.-rizz \/ 11, '0 1H NWMR (0. 13 MHz, DWVSO-d6) 6 1.40-
1.47(2H, n), 1.82 - H, , 2.11 -2.25 (6H m,
2.67 - 2.69 (4H, m, F ¥ 2H, m, 4.35 - 4.41
(2H, m, 4.83 (1H M 7§ 2 7.15 (1H, d),
7.31 -7.37 (4H, m, 8. (1H, .61 (1H, d), 11.62
(1H, s) Ms me Mt 497 71 54 ino-N-[(1 5)-1-
(4-chl orophenyl1)-3- (1Him dazoINl yl)propyl]-1-(7H

pyrrol o[ 2, 3- d] pyri m di n-4- yllz d| ne- 4-
car boxam de k
Z N

HCl (4M) in 1,4-dioxane (2.011 mL, 8.04 mmol) was added to tert-butyl 4-(1-(4-

chlorophenyl)-2-cyanoethylcarbamoyl)-1-(7H-pyrrolo[2,3-dlpyrimidin-4-y!)piperidin-4-
ylcarbamate (Intermediate 114} (0.281 g, 0.54 mmol) in DCM (8 mL) at 20°C. The
resulting solution was stirred at 20°C for 18 hours. The reaction was vacuumed to dryness
and was purified by preparative HPLC (Waters XTerra C18 column, 5u silica, 19 mm
diameter, 100 mm length}, using decreasingly polar mixtures of water (containing 1%
NH;) and MeCN as eluents. Fractions containing the desired compound were evaporated to
dryness to afford 4-amino-N-(1-(4-chloropheny!)-2-cyanoethyl)-1-(7H-pyrrolo[ 2,3-
d]pyrimidin-4-yl)piperidine-4-carboxamide (0.096 g, 42.2 %) as a white solid.

1H NMR (399.9 MHz, DMSO-d6} 6 1.42 - 1.46 (2H, m), 1.52 (2H, d), 1.95 (1H, d), 1.98 -
2.01 (1H, m),3.08 (1H, 1), 3.56 - 3.59 (2H, m), 4.38 - 4.42 (2H, m), 5.18 (1H, s), 6.59 -
6.60 (1H, m), 7.16 (1H, t), 7.44 (4H, m), 8.13 (1H, s), 11.65 (1H, s), (no Visible NH2),
m/z (ESI+) (M+H)+ = 424; HPLC tR = 1.82 min.



| H NVR (400.13 Mz, DMBO-d6) 5 1.41 - 1.53 (211, m,
1.86 -2.04 (2H, m, 2.13 -2.25 (411, m, 3.52 -3.61

WO 2PR/04163 3. 96 -4.00 (211, m, 4.34 - 4.42 (2BRCTHB2008/050925
4.69 (H, m, 6.58 (111, d), 6.89 (111, s), 7.15 (2H,
t), 7.31 (211, d), 7.36 - 7g38 (211, d), 7.56 (111,
s), 8.12 (114, s), 8.44 (1H, d), 11.62 (1H s) MS ink

MEl + 479 _ RC?/ Z--/ ITh\Z 55 4-am no- N-[(lS) 1-
Exflple 5004 OR
ngrcaln@z-dmxd'ﬂnﬁdm 4I—1>m_ﬁper1d}ng mmoialildé -- fI oz 0 Thz,
/
N—§=0
O
0
NH
cl N 2
N7 RN

/=
\
Iz

N

HC1 (4M) in 1,4-Dioxane (1 615 mL, 6.46 mmol} was added to tert-butyl 4-(1-(4-
chlorophenyl)-3-(methylsulfonamido)propylcarbamoyl)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-
yl)piperidin-4-ylcarbamate (Intermediate 117) (261 mg, 0.43 mmol), The resulting
suspension was stirred at 20 °C for 1 hour. No reaction. TFA (1mL) was then added to the
reaction and stirred for 16 hours. The reaction was vacuumed to dryness and was purified
by lon exchange chromatography, using an SCX column. The desired product was eluted
from the column using 0.35M NH3;/MeOH and pure fractions were evaporated to dryness
to afford crude material. The crude product was purified by preparative HPLC (Waters
XBridge Prep C18 OBD column, 5p silica, 19 mm diameter, 100 mm length), using
decreasingly polar mixtures of water (containing [AP-HPLC Buffer]) and MeCN as
eluents. Fractions containing the desired compound were evaporated to dryness to afford 4-
amino-N-(1-(4-chlorophenyl)-3-(methylsulfonamido)propyl)-1-(7H-pyrrolo[2,3-
dpyrimidin-4-yl)piperidine-4-carboxamide (142 mg, 65.2 %) as a white solid.

IH NMR (399.9 MHz, DMSO-d6) 6 1.40 - 1.48 (2H, m), 1.86 - 1.90 (2H, m), 1.93 - 1.97
(2ZH, m), 2.17 (2H, s), 2.88 (3H, s}, 2.93 - 2.97 (2H, m), 3.53 - 3.60 (2H, m), 4.37 (2H, 1),
487 (1H, d), 6.57 - 6.59 (1H, m), 7.00 (1H, t}, 7.15 - 7.16 {(1H, m), 7.35 - 7.40 (4H, m),
8.13 (1H, s), 8.38 (1H, d), 11.63 (1H, s),

m/z (ESI+) (M+H)+ = 506; HPLC (R = 1.62 min.




111 r3 1H NMR (400. 13 MHz, DVMSO-d6) 5 1.42- 1.58 (211,

m, 1.71 (5H, s), 1.84 - 2.02 (51-1, m, 2.33 (211,
WOp/@7%8 (211, m, 3.51 - 3.59 (21-1, m, 4. IET/GBROAHHS0925

(2H, m, 4.86 (1H, t), 6.58 (1H, d), 7.16 (111, d),

7.30 - 738 (5H, m, 8.12 (1kh s), 11.63 (111, s) Ms
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4-carboxylic acid as pale grey solid (105g, 63%).

IH NMR (400.13 MHz, DMSO-d¢) 6 1.40 (9H, s), 1.88 - 1.95 (2H, m), 2.02 - 2.06 (2H,
m), 3.44 - 3.51 (2H, m), 4.30 (2H, d), 6.60 - 6.61 (I1H, m), 7.16 - 7.18 (1H, m), 7.29 (1H,
s), 8.14 (1H, s), 11.68 (1H, s).

MS m/e MH" 362.

Intermediate 2: (4-chlorophenvl}(cvclopropvlimethanone O-methyv] oxime

Methoxylamine hydrochloride (2.004 g) was added to (4-
chlorophenyl)(cyclopropylimethanone (2.71 g) in pyridine (60 mL) at 25°C. The resulting
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, 1.79 (3H, s), 1.83

} no-z. phepvliacetonitrile 3 38" (2H, ),
3.58 (2H, c), 4.32 -4.42 (2H, w), 4.82 - 4.88 (1H ),
6.56 -6.60 (1H, m), 7.14 - 7.148 (1H, m, 7.33 (2H, d),
7.38 (2H, d), 7.94 (1H, t), 8.13 (1H s),

i
Lithium bis(trimethylsilyl)amide (42.7 mL) was added to 4-chiorobenzaldehyde (5 g) in
THF (100 mL) at -40°C under nitrogen. The resulting solution was warmed (o room
temperature and stirred for 4 hours. a-Hydroxyisobutyronitrile (acetone cyanohydrin, 6.50
mL}) was then added, and the reaction mixture was stirred at 25°C for a further 12 hours,

then quenched with saturated NaHCO; (50 mL), extracted with EtQAc {3 x 100 mL), the




74 8A2 -8.50 (1H, m, 11.63 (1H, s) MoSnileMt= 456
Exanpl e 59:
WOZ0M4AS3N- ( 1- (4- ehl or ophenyl) - 2- (1H i m dazol PRI{GB2008150925
[)-14711-
pw ol 012, 3-di mi ri m di n-4-yl §gi peri di ne- 4- car boxam de
7-1\ H Trifluoroacetic acid (5 nL, 64.90 mml) was
added to tert-butyl 4-0 -(4-chlorophenyl)- 2-
orga{n;c ltagéllvyegs d}fél‘d'o%ldﬁ%gb 2Rl I &2 (9@ Yife dude HaR¥ial 9hs then
rimd |per|d|n4 car bamat e
purlﬁboh be ﬂmﬁrblhcweclﬁ@)lat@gm@hmlut@miﬁadwmIO) to aOOV«iEtﬁQAc in isohexane.

Pur%%r%%ﬁg%wggeeevaﬁgrgfeg%% Id%rrnggsutlatéqlf 0| Ll 82%-&&3{ l?acetomtnle
as a%blo'hﬂhs@g)ﬂc Q/'Mdh%ﬁﬂlffeﬁ on 3tah Bk 18 5iv3Q WRikWES - (3 Ibg 57.4 %).
resul ti n% solution was diluted wth nethanol

TH Hpgt [Aé)& I8MEz| CHCEER 16 (2 swHileH 11as), 7 HEn 7a4u2Ed myi T.A9 -
743I\@ oI | owed by 2N NH3 (in MeOH). Product-cont ai ni ng
ons wer e conbi ned and concentrated by
evaporation then triturated with MeCN/ DWVF (1:1) to
give a pale Xel | ow ppt. The preC| p| tate vvas 15
Intexrped ;—{teﬁt] [ q 8 1 : 8

I. A
EH%@?%&% | i fidin 4, leyrbamate . qazol - 2-yl) et hyl

)-1-(7H pyn-ol o[ 2, 3-d] py}li m d n-4-
yl ) pi peri di ne- 4- car boxa |de 130 ng, 72. 8% as a cream
solid. 1H NWMR (399.902 : @ 8.1 1.40 (2H,

m, 1.85- 1.93 (2H, 3 Nl 755 (2H, .
4.29 - 4.35 (2H, i A (AH b 6.057 (1H d), 6.85
(2H, s), 7.16 ( 7 207. 2 fg H d), 7.31 (2H d),
8.12 (1H s), 8.89 (1H d), 1163 (1H br s) mz

(ESI+) (MeH)+ = 465 HPLC tR>N.6¢ m 75 Exanpl e
60:

4-am no- N-(1-(4-chlor ophenylg\]@ pyrazol - 1-yfl et hyl
| -1- (7Hpyrrol 012, 3-dl pyri m di n- 4- ybpi peri di ne- 4- car box

o P Bl SO BRI

0.455@)waaz@Hdeti—tyl4)(eérhjahmaydmalﬁmwlamﬂm)( j’d K—F}ﬂasplyﬁeldpﬂ 3; Gpdipidin-4-

mdin-4-y peridin-4-y Icarbarrate% 0. 32 nmol)
yhpinsriding - feﬂr K2R (ntspeediats Bi(@-363%), (27dwp Ztfer
o e Pl e Dike SR @0 077 24 N op B Mmine 0523
mL \Ba(d{Lmnw@dntDMAr(éanL} @RS XEherresuhars qnﬂutldnnmt shnyred at 50 °C for 1

houTR3E % BYSHFSE, S5 B e ens KBl doe  eyer o phose
colungN %@}iesucd product was eluted from the column using 7M NHy/MeOH and pure
fractions were evaporated to dryness to afford tert-butyl 4-((4-
chlorophenyl){cyano)ymethylcarbamoyl)-1-(7H-pyrrolo[2,3-dlpyrimidin-4-ypiperidin-4-
ylcarbamate as a white solid (0.343 g, 67.3 %).

MS m/e MH" 510.



i o and decreasingly polar mxtures of water

(contai ning 0.2% anmoni um car bonate) and acetonitrile
WO200%04703t . The fracti ons were evaporated to dIGIHeEH0§/50925

afford 4-am no-N-[1-(4-

chl orophenyl) - 2- (1H pyrazol 81-yeethyl ]-1-(7H pyrrol o[ 2

, 3-d] pyrimdi n-4-yq:)i peri di ne-4- carboxam de as a

white powder. 11-1 NWMR (500 MHz, DMSO-d6) 8 1.33 (2H,
Intdﬂnediatsa {&Hbuﬁ)m 2- aﬂ.ﬂm&ﬂm ShlorcbIBa &itly1cal bart8A)-287H-

4.43 (2H,_m, 5. (IH 15 (IH 1),

pyeeolal2 3—dhvrnmdlrr-4~ﬂd)mnmdmw—vha@amm d), 7.36 (2H d),

7.44 (1H d) 7.55 (Nﬁ d) 8. 11 (1H s), 8.81 (1H, br

d), 11.64 (1H s); m z (CESI = 465. 76

Exanpl e 61:

4-am no- N- 11- (4- ehl heni1 yl i soxazol - 5-yb
ethyll-1- (7prrro| -di pyfim |cm 4 )p| peri di ne- 4-
car boxani de cl

4- Am no- N-[ 1- (4-chl orophenyl)
ethyl]-1-(7H pyrrol o[ 2, 3-

5d] pyri m di n-4-yl) pi peridi nek4 d
fromthe appropriate starting ials using a
process anal ogous to that descrl be for Exanpl e 60. 1H

1.87 (2H,
Rarf é%H(d\%Z? g)%d&gtg?}t bigyhEll- 5 (2H, (, s

5 chl((erll;enm)CcymOBme(l@H,arh’&)noyﬁ I].-SH@ Dirokd]?, 361. 106 1ngitl-4-5))piperidin-4-
yieaggannayd Hteribgaiqfe 55 (0.3 11 b i@ kg Rhiey i tyfiroxide (0.039
mL{ Widldtied ﬂﬁ@m@@ﬁm% fdsed under a baIloon of h¥drogen and stn’red for 48

4-am no- N- (1- (4-chl orophenyl)-2-(thiazo hyl)-1

hours( The me@q mmurg.was ﬁitered through celite and the solvent evaporated to
d YR L.n-4- th peri i di 4{11 rboxam de %éﬁ 9
rynr?dJ He L reac wchian gn%(tu R LGLDGed S )f’ynte%s ztndbreihssfo ved in (200

0O a suspension o

10 mLYakd Qvéshéhhﬁﬂrﬂpﬁneﬂwk)hﬂ)( trhé 87@hicdayer was dried over MgSO4, filtered
yeet hyl car bamoyl) - 1- ( 7H pyrr ol oigz 3-d] pyrimdin-4-yepi
and ﬁ@%ﬁoa@tﬁd i 3ffrd cpislewrduct rrPh 2-@m@r§) (#18 ny, 0.95

chldF ey D B B O e AR DAY P S et - o
ylcaobeenate gthd coldindess ghme 0544 wet @) Yrithiechatanal aasiosedrgudelie the

ﬂex{fg%%’}tg ut%rttcli!rp%n}%stm%u“ fied by preparative HPLC

15 MS m/e MH' 514.

-(3-nmet hyl i soxazol -5-yp

rbopxam de was nmade

Intermediate 7: 1-tert-butyl 4-ethvl 4-cvanopiperidine-1.4-dicarboxvlate

A solution of LDA (107 ml, 214.01 mmol) was added to a stirred solution of tert-butyl 4-
20  cyanopiperidine-1-carboxylate (30 g, 143 mmol) in THE (250ml) at -78°C, under nitrogen.

The resulting solution was stirred at -78 °C for 30 minutes. Ethyl chloroformate (16.37 ml,



77 Waters X-Bridge reverse-phase colum (C 18, 5

mcrons silica, 19 mmdianeter, 100 nm | ength) and
wWogedaEsdngl y pol ar m xtures of water (contai RCAEERPSE50925

amoni um car bonate) and acetonitrile as eluent. The

fractions were evaporated tggdryness to afford

4- am no- NO

- (4-chl orophenyl) - 2- (t hi azol - 2-ypethyl )-1- (7H pyrrol o

171 bgnﬁog]\h%waﬁﬁ'éacg 'I‘;he 4’63?1.‘1%g%%fdt1@h Rz sﬁrréd &?f Q%@éﬁ' 19239 room
temmmredﬁ')e I'Ba(lmﬂfinl@(mfb watp qudncBsd (vﬁH saﬂtr)a,tedZN @HCO‘Z IfIZSCbml)

extr;é?t% tli' ﬂ_ﬁ?&é) aGnd(?tﬁgl grg(r%i_cl lgjg 39 2H’ h%&‘ﬁitl? ﬁiztgra%eldsbzlin(e%ﬁ_po mtl) then
drle&i))ver_'M QOK H‘I’Lere@and%v&ﬂorﬁtkd 'l'@) aﬁ&rd the c?r'i_iclé H"terﬁ[ asdQ erange oil. This
hr s); mz (ESI+) (MH+ = 4 Exanpl €
mat@gl was purlﬁed by flash silica ¢ omatography, elution gradlent 10% EtOAc in
1-(4-ehloro 1 | | met.hvl ) X
1soh%xa%eyf\.’re %—ag y“rf?r S g qgﬁ] g’; (}r&l/ersl\(s&g rdl] tegrgutﬁ 4- gfh)?l P
cyaﬂd)pg:e yid et W[cﬁtﬁb&y?ﬁteﬁ(&ﬂw amﬁdﬁ) as a yJ Eﬁv 6il. 0 nL) was
dto a suigenm on of tert-

IH NMR @90 dAdpHeny R 5 133 (3H, 1), 199 (XH ), 296 - 2.00 (2H, m), 2.04 -

' ' )-1-(7H pyrrol of

208%@9‘?5?%{/??’% oﬁogjp%?g &XEQ?&@FPé?‘}barmte

(I'ntermedi ate 98) (770rrg, 0. 24 mml) in

di ch] or¢ net hane (10 m_ under ar The resul tin
Intexmediate 8: 1-tert-butyl d-e | methylipi linel.4-dicarboxvlate
ni ght . The soI vents were rermved in vacuo and the
reaction mxture was purify ed by preparative HPLC
using a Waters X-Bri :}Ehase colum (C 18, 5
mcrons silica, 19 fim dPanef® &0 mm 20 | ength) and
decreasingly polar m xturd wat er (containing 0.2%
ammoni um car bonate) and a onitrile as eluent. The

=
R

4-am no- N(1- (4- chl or ophenyLly

opyl)-1- (7H-pyrro| o[ 2, 3-d pyrl ydi n- 4-

yppi peri di ne-4-car boxam de (74<0 ng, 64.8 % as a

white povvder. 78 1H NI\/R( 00 , DMSO-d6) S 1.43

(2H, m, . 1.94 (2H 75 (3H, 2.8 (2H, m, 2.89
Platlpgﬂ(ws))qm@ (B2 ngH’_" lﬁ)mmgl),ggd 2qt— yl 4epthpg 4(c]y|a|pow))er1dme-l,4-
dicafhoR 1&%ght¢ t i Libere

IC&%O, § 8a. - (el)ﬁredga 4 ((9%;5'11 %%nna%l')_l?hs%c%ﬂglfu’nﬁm ()Z(ﬁnzlééfle%lyfrrcd under

an a(ohdsplhere of hymogtxramﬁ ear@dd 25 °C for | day. The crude product was filtered

4-am no 4- chl or opheny1) - 3- net hoxypropyl)-1-(71}-
throyg i b ﬁifrﬂﬁmwﬁ L) 34;??(51&%%?‘? PR BoHh T deX
colubfP The desired product was eluted from the column using 7M NH3/MeOH and pure
fractions were evaporated to dryness to afford 1-tert-butyl 4-ethyl 4-
(annnomethyl)piperidine-1,4-dicarboxylate (7.59 g, 83 %) as a colourless oil.
IH NMR (400.13 MHz, CDCI3) 6 1.27 - 1.28 (3H, m), 1.30 - 1.37 (2H, m), 1.41 (2H, s),

1.45 (9H, s), 2.10 (2H, d), 2.78 (2H, s), 2.91 - 2.97 (2H, m), 3.89 (2H, s), 4.21 (2H, q).



Hydrogen chloride (4Min 1, 4-dioxane, 1.151 nlL, 4.60
mmol ) was added to tert-butyl 4- io(l

WQ 3089/847P@r ophenyl) - 3- met hoxypr opylcar banoyl) - RQI76B19$/950925
ol o[ 2, 3-d] pyri m di n-4- yppi peridin-4-yl carbamate
(I'nternediate 100 (50 ng, 0809 mmol) in a m xture of
DCM (5 nmL) and nethanol (2 nL) at 22 C. The resulting
solution was stirred at 22 C for 2 days. The m xture

Int¥@Fe @@ 09 iy -3t d hahV AR IpdHAINES R dxbiagd by 1on
exchange chromatography, USIng an colurmm. The
desired product was eluted ¥Yromthe columm 15 using 2M
NH3/ MeOH; pure fractions weie evaporated to dryness
and the residue was tfitwat wi INHdi et hyl ether to
afford
4- am no- N- (1- (4-chl or ophenyl) - 3-Jmet hoxypr opy1) - 1-

(7H pyrrol o[ 2, 3-d] pyri m di n- 4Ny Opi peri di ne- 4- car boxam
de (39.0 ny, 96 % as a whiteHsolid. 1H NMR (399. 902

Hy r9gen G?T}'\gl% Z;{ 1@@1(0;0;%]12 F’?? r?rgl %éﬁ? ?ﬂqnolg)wa glc?@egin?()’ér_i%i‘tﬁ;gltyl 4-ethyl
4- (ﬂalfl&nétﬂggp?lndﬂe? - @1@5‘1‘1)053}1)1& (ﬁst@ﬁnédﬂﬂe ﬁq@’ 6 72@@ n(uilﬁﬂ) in
dioxappi(34ml). Tk Iggﬂ(nlg-sohgt)on mszstmgmyo C o) }hwrw,zﬂﬁa.ezt;mde product

e iiel By X (ol sou AT Ssap SRt om g depipd product

was-dhited ool Be 30}udinméiﬂégmhleH4Mé®M PRI e nﬁct{b‘n@ a«reb@é\aﬂ/sbfheed to
Hydr ogen chl ori 4AM i n di oxane, 0.676 nL

c
drypgsp (9 afﬂgg ega'@j édamglop@,t}ty_lmeyqdnw ¥ g_arpqulatc (3.34g,67.6%)asa
yeHBF’gR@ aphenyl) - 3- sul f anoyl propyl car banoy1) - 1- (7H pyrr ol

o[ 2,3-d] pyri m din-4- yepi peridin-4-yl carbamat e
1H NIMIR @400eth bifter, COR8)I3Y86.289,1.30.(08, ampl.26 i 0.3a (BHxd)E1 D2H, d),

26550 de P i Er R 88000 -SPL oMb h ) The m xt ure

was evaporated and the residue was purified by ion
exchange chromat ography, usi ng an SCX coI um. The
A ) 13 > 1 7 4 ‘

O% 2M4NH3|n I\/EOH) in DOM and pure fractl ons were
ness to afford
4-am no- N- (1- (4-chl orophenyX) - 3- sul f amoyl propy1) - 1- (7H

(12.00 ng, 90 %9 as a colW®ur s Ydm 1H NMR (399. 902
MHz, DMSO 5 1.48 (2H, m, - 2.06 (21-1, m,
2.09- 2.24 (2H, m, 287(1H ddd), 3.02 (1H, ddd),
3.56 (2H, m, 3.56 (2H, d), 1 (2H m, 4.91 (I H,
br.$), 156.59 (1H, dd), 6.80 (2H, s), 7.16 (IH dd),
7.38 -7.43 (4H, nm), 8.13 ( .46 (1H, s), 11.64
(1H, s); mz (ES1+) (MtH) + = 49 "4 494.3 ; HPLC tR =
1.60 mn.

H

N-Ethyldiisopropylamine (3.70 ml, 21.26 mmol} was added to ethyl 4-
(aminomethyl)piperidine-4-carboxylate (Intermediate 9) (3.3g, 17.7 mmol) and 4-chloro-

“TH-pyrrolo|2,3-d]pyrimidine (2.72 g, 17.72 mmol} in DMA (35ml)}. The resulting solution

was stirred at 60 °C for 18 hours. The crude product was purified by ion exchange
chromatography, using an SCX column. The desired product was eluted from the column

using 7M NH3/MeOH and pure fractions were evaporated to dryness to afford ethyl 4-



10

WO 2009/ 047563PCT/ GB2008/ 050925 80 Exanpl e 66:

4- am no- N- ( 3- am no- 1- (4- ehl or ophenyl) - 3- oxopront h-1- 17
WOPR809/047563 PCT/GB2608/050925

pyrrol o[ 2, 3-di pyri m di n-4-ybpi peri di ne- 4- ear boxam de

m 12 HCL in 1, 4-dioxane (4b) (0.228 niL, 0.91 mmol)

was added to tert-butyl 4-(3-am no-1-(4-

chl or ophenyl) - 3- oxopr opyl car banoyl) - 1- (7H pyrrol of 2, 3-

| L

(amgioﬁ%égﬂry'pe gl(‘glg él;yilﬁlgigo;p (@9 épﬁﬁrﬁld‘ﬂn 4?1%&@% éﬁcarbcn%ylate (308 2,95
%) @O(belgdm)hﬂesul ting solution was sti rred at 20 C for 3

SRR M EMRB A] 28 T o A AR RG24 207

m), greeqanaa)l ye3H3LG (gmhgrmﬂm @, £88 - QA myPs.59 (L), 7.16 -
nm di anet er, I'engt h),” usi ng decreasingly
7. 17p(dHaﬂl)p§ 12 Mkl (WRSEr (cont ai ni ng 1% NH3) and
MS'\nfr‘ﬁ cfﬁl uents. Fractions containing the desired
corpound” wer e evaporated to dryness to afford
4- am no- N- ( 3-am no- 1- (4-
Int chl or ophenyl) - 3- oxopr opyl) 1 (7H-pyrro| o[ 2, 37 d] pyrl m d
ntermediage | -H& X A rolej2 g

DI\/SOd6) 6 1.40 - 1.43
t'MIZ 18 (2H, s), 153.54 -
M52 (11 d), 658
6/&C(m, n, 7.32 -

76 ToH, d), 11.63 (1 H,
ML) + = 442: HPLC

3.56 (2H, m, 4.36 -
(1H, d), 6.81 (1H,
.7.37 (5H, m, 8. 13
s), (no NH2 visi bl e)
tR=1.47 mn. 20 81 Exanpl

4-am no- N- ( 1- (4- ehl or opheny) - 3- ur ei dopr opy1l) - 147H pyr
rol o[ 2, 3- dl pyri m din-4-ylijpi peri di ne-4-ear boxam de

(2H

4-(1-(4-chl orophenyl) - 3- pyl car banoyl) - 1-
5(7H pyn-ol o[ 2, 3-d] pyri m & MOpi peri di n-4-yl car bama
te (Internediate 112) (379 ng, V.66 mvol ). The

Di-GE A dalE e B B8 g% Flide QRA S
pynbwpz §§i§f5§%ﬁﬁﬁlnﬁbfy%'ﬂ5eﬁﬁ[@m¥arbéb%llﬁg (ﬂﬁeﬁ%;ml mmszﬁ%ez 15

desir product was eluted fromthe columm usi

mmppErdECHEdHEnRg P 809 ndcE- ﬂ%n@%@@%@@nﬁi éfdje F@HEWWGS@H&OH
was sarr@(ﬁ Etogn%éﬁtl{%p%% *‘0@'2 hou eThe %‘E%Stu?r{ 1%1)( e Wilituted with

DCM (50 mL), and washed sequentially with water (50 mL) and saturated brine (50 mL).
The organic layer was dried over MgSQ,, filtered and evaporated. The crude product was
purified by flash silica chromatography, elution gradient 20 to 100% EtOAc in isohexane.
Pure fractions were evaporated to dryness to afford ethyl 4-((tert-
butoxycarbonylamino)methyl)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-y[}piperidine-4-
carboxylate (468 mg, 53.9 %) as a colourless oil which solidified on standing.

IH NMR (400.13 MHz, DMSQ-d6) 6 1.22 (3H, t), 1.36 - 1.38 (9H, m), 1.42 - 1.49 (2H,
m), 2.05 (2H, d), 3.13 (2H, d), 3.20 (2H, t), 4.09 - 4.14 (2H, m), 4.45 (2H, d), 6.58 (1H, d),
6.94 (1H, 1), 7.16 (1H, d), 8.13 (1H, d), 11.65 (1H, s).

MS m/e MH™404.



JO purified by preparative HPLC (Waters XBridge Prep
C18 OBD colum, 5)2 silica, 19 nmmdianeter, 100 mm
WQ 269047963 usi ng decreasingly pol ar m xtures ofPGRAEBI08/050925
(containing 1% NH3) and MeCN as eluents. Fractions
contai ning the desired conpeund were evaporated to
dryness to afford
4-am no- N- (1-(4-chl orophenyl) - 3- urei dopropyl)-1-(7H py
Intérofddhed 131 4!#&%»%%&143%@{@&&@ ﬂ}m.g%gmglmg
(12700 ng, 5.60 9% as a € SO
diprimidinvs@)giergline-d-carb axviio a¢igH, nr), 1.78 - 1.88 (2H,
m, 2.01 (I H d), 2. 9]0(1H t),~2.97 (2H, t), 3.55
(2H, d), 4.37 (2H, d), ®.78 (I d), 5.40 (2H, s),
5.95 (1H, t) 6.58 - 715-7.16(1H, n,

7.33 - 7.39 (4H, m HG. HY s),98.36 (1H, d), 11.63
=71 PLC tR = 1.50 nin,

(1H, s); rn/z (ES1+) (
20 82 Exanpl e 68:

4-am no- N- (1- (4-ehl or ophejlyl) - 2- cyanoet hyl ) - 1- (7H-pyrr
olo[2,3- dlpyrimdin-4-t peri di ne- 4- ear boxam de HCl
(4M in 1,4-dioxane (23011 jfL,\8. 04 mmol) was added to

tert-butyl 4-(1-(4- %ﬂy
schl or ophenyl) - 2- cyanoet cai}barmyl) -1-(7Hpyrrol of 2,
3-d] pyri mdin-4-yfipiperidin-4- ylcarbamte

thﬂlﬁﬁthgefﬁ%&h@n&%)atm%%lg 93 28-rfto IRy )ad&agi M § p*a)t

The resulting solUtion was stirre
butd:§ chibon glamitvgme taa Ot 1-6iH -ywaus o o Srdipealintiding- yhplsasrldmd-ﬁlwas

cory i oDl S e ahel oDl T DehgE 7S mb) and
ethdt®l gm mﬁneaﬁé ARG Cl\g@&aﬁornm UrRe RHoveatsr 1 (&eNHRIkH-A8n
1% 10 NH3) and Me as eluents. Fractions cortaining

mixyye e gilpied VoLl 2lernle) adaprshed with vatal(yheds. The aqueous
?a(d#t%ie% l(A)' rp%{go‘fgh Wé‘itl’&) acu{] donlif cﬁ)ﬂﬁg Qtracteﬁ%&o@tg}i}/(:l 33 éO mL).

The(:dr]gmg ettt wére Yas e ith aamﬁte@ bi—alrelmam) dleen(&e@%eﬂMgSO4,
ﬁltegech_a@zevaggr,g%dvg Iiltifgrdﬁ;fels;rg_d Brlg)rd]*(lglq ((@)’t buj_o@gar@@m[_fg/gg)o)methyl) I-

(7Hﬁ§ﬁﬁalog% %zﬁhﬁilg 21%_1)1?]%%%1&61&' gal?%ﬁylfc é}@% (O.%Sggg 6(3.21|_‘%) asa

whikBlo80. (I n, m), 7.16 (1H t), 7.44 (4H m, 813(In

1H m%%%goﬁﬁ_ﬂﬁi}pwé%ﬁ Q\{fél@%lg )[':'5'24)4 1%2@35 L9%92 04 (2H,

m), '-3', @I\ (0k: 4(Iéﬂcgd qriaphiey G A @%@(Mﬁ syl d anam, QPM%C(@H s),
)-147Hpyrro 3-dlpyrim di n-4-ylipi peridi ne-4
8.1 kléfnshél &Q(IH S)

MS m/e MH" 376.

Intermediate 13: (S)- tert-butyl (4-(1-(4-chlorophenybDethvlcarbamovl)-1-(7H-

pyrrolo|2.3-d]pvrimidin-4-yl)piperidin-4-yDmethylcarbamate

LA~ L
N N
Cl
N

N/\
.

NT




0 HC1 (4M in 1, 4-Dioxane (1.615 nL, 6.46 mmol) was
added to tert-butyl 4-(1-(4-
WO BHaI3eny 0- 3- (et hyl sul f onam do) pr opyl car baeoy@B20eg/050925
H pyrrol o[ 2, 3-d] pyri m di n- 4-
yl ) pi peridin-4-yl carbamate ghnternediate 117) (261 ny,
0.43 mmol ), The resulting suspension was stirred at 20
C for 1 hour. No reaction. TFA (1nL) was then added to
HATU‘TOQ@?% 0%@ nﬁﬁgl ek LAGS iﬁghs\g HORYS 8- (ggﬂ?e r.eac“ on

was vac ryness an puri fi

butceoych‘hngdamhro@maﬁmgﬂampym@bm -dipysendinel- yl)j)lpeﬂ'(ﬂl.ﬁe—il—
carky bt oo PR Enal S s s (e E0 e apw gl tegamine

(0.098 ¥NE 36 n{rﬁ’ol%ﬁ@D@EA Wl 1 R e igBlmmdhén Wﬁ 1P lalpisoc under
was purified by preparative HPLC (Waters XBridgé Prep

nitr@ed. CBDresdlingroluton wasstitiariat 60 §Crfm 4 hawret Bhre, craidOpnotiuct was

B AR s e e R e e 2R B 2 TR T roduct was

elutfd 864 (B SoleMAtRING AGhirde. s EHATORAUREGOVBA 8y passing the
evaporated to dryness to afford 4-

metg%ma,l AJuRp @q@h@mll@ﬂaoggﬁgw@ caghqngigtdejungiy| The crude product thus

7H-

o RS R R AST B S0 (a2 g, 65, 2
chlda@pt&aylaetmbmamoyl)d (7H|—p33rrd‘ﬂb{|§ 1 SE)erﬁn(MhlZZL—ylﬁ%Nﬁ@lcﬁﬁ-)ﬁl 3

é - 1.90 (2H_m, 1,93 - 1.97
yl)nzei}p_ylcq{?amgei 2?&81 35‘5/)31@31 ggo?réqqs g, Tleglfgatergilgmsclgqq directly

37 (2H, t), 4.87 (1H d

in dleHet gepg%é%é'(tﬁftﬁi%@"rﬁ@%“ &, (1|(—| t), SR Ty (1)H,
1H MMR @5 3-MIRODMBD)-d6) § 1 30§9H3s)( LB (39, 4)81.38 - (1194, (2H) m), 2.17

(zﬁmgﬁzgﬂq@g H@g}f gé E§"3E)(2ﬁ1'\/r+¥5')4+95: S ILS &8 GritsP40s -
7244t1H t7@9t(mys§8€ PO, QWSW@UJH (-;YFh@W(szﬂ 9)12 3- dl pyrim

- yl ) pi péridi ne-4-car boxylic aci
MS nﬁ/ Mﬁl e5 ot
4-[ (2- et hyl propan- 2-yl ) oxycar bonyl am no] pi peri di ne- 4-
5carboxylic acid (115.6 g) in CH3CN-H20 (6 L) was
Intergdathté 04 NahiCOB(4- &Iﬂlpr(ﬁ?henﬁnhﬂ-ﬂm}iobﬁnﬁn&)Bhﬂﬁﬁate
7THpyrrole[2,3-dlpyrimdine (/2.7 g). The mxture was
heated to reflux overni ght uhder nitrogen for 24 hrs
and then extracted with EtQA% (1L x 4). The aqueous

| ayer was concentrated andjMeOH (k 5 L) was added. The
m xture was shaken f 5-C and filtered.

The filtrate was con at ed a in and di ssolved in
H20 (300 ni) Cl

4-(4-Chlorophenyl)-4-oxobutanoic acid (2.0 g, 9.41 mmol), methoxylamine hydrochloride
{0.982 g, 11.76 mmol) and sodium carbonate (0.472 ml, 11.29 mmol) in ethanol (30 ml)
were stirred and heated at 80 °C for 4 hours. The resulting mixture was allowed to cool to
room temperature and filtered. The filtrate was concentrated by evaporation then purified
by flash silica chromatography, eluting with 13% TBME in isohexane. Pure fractions were
evaporated to dryness to afford ethyl 4-(4-chlorophenyl}-4-(methoxyimino)butanoate
(1.790 g, 70.6 %) as a colourless oil.

IH NMR (399.902 MHz, CDCI3) 6 1.23 (3H, t), 2.53 (2H, t}, 3.01 (2H, t), 3.98 (31, s),
4.11 (2H, q), 7.33 (2H, d), 7.58 (2H, d).

MS m/e MH" 270.



106N HC1 was added until the pH reached 4.5 (ca. 80

m.). The m xture was filtered and the cake was dried
WQgeP479e@cuum t o afford the crude product, whiRGT/GEZI08/050925

further purified by silica gel chromatography (eluting

with MeOH DCM=1:3) to yiel &34-[(2-nethyl propan-2-

yl ) oxycar bonyl am no]-1-(3 ,5, 7-tri azabi cycl o

[4.3.01nona-2, 4, 8, 10-tetraen-2-yl) pi peri di ne4- car boxyl

ic acid as pale grey solid (105g, 63%. 151H NWR

(400.13 MHz, DMSO-d6) 5 1.40 (9H, s), 1.88- 1.95 (2H,
Ltmmm&menhemmmmoxmmm@_mJ 30

(2H, d), 6.60 - 6.61 (1H, m, 7.16 - 7.18 (IH m,

7.29 (1H, s), 8.14 (IH s), 11| 68 (1H, s). MSnie M-E

362. 20 Internediate 2: N
(4- chIorophenyl)(cyclopropyl)nethang) O0- net hyl oxi nme
sz 004 g) was
pyl ) met hanone (2.71

cl Met hoxyl am ne
added to (4- chlorophe
g) in pyridine (60 gl 25C. The resulting 85
.solution was stirred at 25 C for 24 hours. The
Lithgymi hyidrpxided§-638 ep ¥ @ d0 nrmeli sas addeddn phe peision ¢ul °6 dbiagolution
of q lr4 c%?or%%;ﬁeny@téih 1eth('):x| ; 11n%5bu?anoaped(1§t\éfa|%gdla e PAB (? 78 g, 6.60

['Ven € Cr

mn{o‘ﬂ)-lﬁ I’ﬂHIT @Dhﬁﬂ) yihd @@bee tzmlhgpwhe) f&ﬁiﬁﬁg o618t Fas e doat irfdEn
(2.75 yellow gil. This nmaterial was used

termipiabige [ 6 Hpuen e e ntg HOHL bt EEicd with TBME (%), The

o R SaTs 1 Cycl B By 1 Rer A AT Ve o aive 44
chldrephealyi)et-Ghethanyimombexncid Mid 0. THFg, %E%ﬁamgcoimsadaad

1 SR B M BT 265 Vs G R, 09035,y 280 88

7.58d€rgyni trogen. The resulting solution was stirred at
reflux for 3 hours, then cooled to 0OC. Water was
carefully added, follomed by aqueous NaOH (20% 100

.;Jr rgsultlgy 'E%ﬁ: Iutlrr'd at reflux

SNA &4 e et Ot : Gom t enper at ur e.

The product was extracted |mﬁg hexane, then dried over

sodium sul fate, 15filterg evapppated to afford

(4-chl orophenyl ) (cycl o nam ne as a clear

oil (2.205 g, 93%. R (400. 13 MHz, CDC13) .5 0.24

- 0.29 (1H, m), 0.36"~ 0713 (In, n), 0.45 -0.50 (1H,

4 MQEHOQ‘%’iﬁ‘%“%l)%E@lAbﬁﬂl"g}Hﬁ“%}’“%@% i Qgﬁiﬁfjﬁrﬁtmsﬁ h:287e, 26,00

mm@@hh tdl‘r)ahchI@fdrﬁlt € mpdiateeokd, under an atmosphere of N, in an ice-

2- -2-(4-ch] orophenyfl acetonitrile
methanol bath then treated dropwise with borane-tetrahydrofuran complex (1.0M in THF)

(26 ml, 26.00 mmol) over a period of 20 minutes. The resulting soution was allowed to
warm to room temperature, stirred for 1 hour then heated at reflux for a further 6 hours.
After cooling in ice-water the mixture was treated with water (6 ml) dropwise with stirring
over 1 minutes. The mixture was again allowed to warm to room temperature and stirred
for 2 hours before evaporating the bulk of the solvent. The residue was then cooled in ice-
water and 50% NaOH(aq.) (6 ml) added dropwise with stirring. The resulting mixture was
stirred and heated at 90 °C for 4 hours then cooled to room temperature and extracted with

Et,0 (3X). The combined extracts were washed with water followed by brine, dried over



A Lithiumbis(trimethylsilyl)amde (42.7 nL) was

added to 4-chl orobenzal dehyde (5 g) in THF (100 rnL)
wWO0a00%40E3 under nitrogen. The resul ting sol uti CTWER008/650925

warmed to room 25t enperature and stirred for 4 hours.

a- Hydr oxyi sobutyronitrile (agetone cyanohydrin, 6.50

nm.) was then added, and the reaction m xture was

stirred at 25C for a further 12 hours, then quenched

I t o

M98l AR, DT S e L L B A 1800081200 o
a comﬂexs vfsccbltsemledhiamtfaeuaepbmhcw furiitee porifickeionat er i al was

11 PGB g N (e 02 s hTBReRRRe el B i dcth oher .

m), %Be 3e)mgr aheras erdraynese (A, Hf ford
2- am no- -(4-chloro henyl)acetonltrlle as a col ourl ess

hﬂSGﬂ¢B4HMﬂ09h SO|IdIerd on standing to give a white
solid (3.40 g, 57.4 %. 51H NMR (400.13 Mz, CDCI3) 5
1.85 (2H, s), 4.82 (1H s), 7.30 - 7.34 (2H m), 7.39

Intermédihée { ZHertButyl £ E(IRHofdPhenyDL L0 d Ry Bhitylcarbamoy])-1-(7H-
44(4 chlorophenyl (cyano)ne%hylcarbannyl) I-(711-

10CI

yﬁlcoa d (Internedlate
- jﬁbﬁéLyfiacetonitrile
(Internmediate 4) (0.167 g) agd N<%®thyl dii sopropyl am ne
(0.523 15nm, 3.00 nmol) in (5 nm) at 25C. The
resulting solution was stirr 50 C for 1 hour. The
crude product was purified b xchange
chr omat ogr aphy, using an SCX @bldﬁn The desired
Ffroduct was eluted fromthe col um using 7M NH3/ MeOH
O-(Tafr@alsoreirinzadde YIOAENWE M- tetvampsh diediure heraflversaphpsphate (166 mg,

044%&{18{)%5}%%38?%%&%%%\%%& q ¢ )(/ ert buboxr}ftt):ar&oiylfm?ﬂoayr g}’cl)-{ 8yrrolo [2,3-
pﬁﬁhﬁnﬁqpwpnﬂmﬁn344mwﬁnwneamdwhﬂénnaﬁyhﬁaqbanﬁ@eoasnﬁnd)4-

amlr\il\cmi t(é? cgl%lrép%er(lyl)bu%e?n -0l (Intes;‘m?dlat'(\a/? 6) (83 nlix/g-l- 0. 4?213111101) and N-
ethyldiisopropylamine (0.087 nil, 0.50 mmol) in DMF (2.0 mL) at 20 °C . The resulting
solution was stirred at 20 °C for 3 hours then quenched in water (10 mi) to give a pale
yellow ppt.. The precipitate was collected by filtration, washed with water and dried under
vacuum to afford tert-butyl 4-(1-(4-chiorophenyl)-4-hydroxybutylcarbamoyl)-1-(7H-
pyrrolo[2,3-d]pyrimidin-4-ylpiperidin-4-ylcarbamate (152 mg, 67.4 %) as a cream solid,
which was used without further purification,

IH NMR (399.902 MHz, DMSO) & 1.40 (11H, s), 1.69 - 1.74 (2H, m), 1.93 - 2.09 (4H, m),
3.38-3.43 (2H, m), 3.51 - 3.61 (2H, m), 4.19 - 4.27 (2H, m), 4.38 (1H, br s), 4.76 (1H, q),
6.65 (1H, m), 6.95 (1H, s), 7.20 (1H, m), 7.33 (4H, s), 7.89 (1H, d), 11.78 (1H, s).

MS m/e MH™ 543.



87 Internediate 6: tert-butyl

4- (2-am no- 1- (4- chl or ophenybet hyl car banoyl) - 1- (711-
WORMKATH32, 3- dlpyri ni di n-4-yl ) pi peri di n- 4- yl c RATAGBI0ES/050925

NH2 C RaneyTM ni ckel (0.257 g), was added to

tert-butyl 44(4- 95

chl or ophenyl )(cyano) nmet hyl car banoy1) - 1- (7H pyrrol o[ 2, 3

- di pyrim di n-4-yQpi peri din-4- yl carbamate

2

Intérida@i R gi: 3h:Q-

48 hours The reactlon glxture mas flltered t hr ough
celite and the solvent ev=poDat%f (ﬁzgryness The
reacti on m xture was evaj ness and

redi ssolved in DCM (1§ [ shed with water
(125 nlL). The or gam s drled over MySO4,
filtered and evaporated to afﬂ rd crude product,
tert-butyl 4-(2-am no-1-(4-

chl or ophenyeet hyl car banoy1) - H pyrrol o[ 2, 3-d] pyrim

di n- 4-yQpi peri di n-4- vyl car ba s a col ourless gum
(0.514 g, 100 %9. This materi al vvas used crude in the

0- (Mgabéizﬁ&a\ﬂblthQHiN,N{NtTh%tr%éﬂh m@@&m@mexéfﬁl\%ﬁﬁo@pﬂ\éke &48 mg,
514. Internedi ate i-tert-butyl 4-ethyl

0.3%mendh ok peddaddn wae momuomt@alsb@@@w@t@rmf Mrt-

utgngggrggéy?%qg’n% g /—&Ilquoic%[ﬁsf %na}g 1%—7 3k YIER‘B?‘{A‘?H% gFﬁ%{,%%c acid

(Inﬁemwiam 1)yq 180018, DSTREnHAD uﬁ@NTmylﬂﬂﬁ@hb@lrmﬂmwow ms 0.44
uenched with saturated NaHCO3 (250 ml), extract
nmw)tlﬁ%/( whd theembyganyas tileagaém\ha%ama@h%w ﬁkﬂpwphenyl)cthanol

(70?1?%‘ Wﬂ%gﬁi ﬁ étﬁ%ﬂﬁ 109 ﬂ‘gh ] %Q%” §2”q} Y(ﬁ)r04w:~s‘8?‘?relpﬁgalﬁon). The

ter evaporated to afford e crude ma
darlasolati@ramgeireilfor hh@rdatmabterteraberamse. Atk infikede Bys pdrddbned

silica,chromat raph el utio r adi nt 10% Et OAc . i n
bet DA AEH LS PARL AP RAEY S P g BB R B Ky wes
wash€d ﬁvﬁlE@mhlVatt&rahd Wi BhdWisafhic solution was dried over magnesium
cyanopi peri di ne- 1, 4-di car boxyl ate (20.8 g, 51.69% asS a

sulfyt@l ﬁkme@ ad ev:aplomm (howsitze Mas pudhel By f16shisiBa: hampatbyraphy

on snlica us! n:gzg‘re(ug%‘it egljuon 41 ééngtg rgiHPf;}?/l ’t?,? 5‘9 anggcntog EID% Pi%iuct
conlaittieg Meeticat Q.re&} colnslﬁdsct totiblertdn@fi {1 -(4-chlorophenyl)-2-

4- (am nonet hy eridine-1, 4-di carboxyl at e
hydroxyethylcarbamoy[) ] F H- pyrrolo[2§ dlpyrimidin-4-yD)piperidin-4-ylcarbamate (152
mg, 80 %) as colourless solid.

'H NMR (399.9 MHz, DMSO-dg) & 1.42 (9H, s), 1.93 - 2.12 (4H, m), 3.45 - 3.63 (4H, m),
422 -433(2H, m),4.75 - 4.88 (2H, m), 6.59 - 6.61 (1H, m), 7.14 - 7.24 (2H, m), 7.33
{4H,s), 7.76 (1H, d), 8.14 (1H, s), 11.65 (1H, br, s) m/z (ESI+) (M+H)+ = 515; HPLC tg =

1.99 min.
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Plati nun(lV) oxide (0.724 g, 3.19 mmol) and

1-tert-butyl 4-ethyl 4-cyanopiperidine-1,4-
wOo20eb/@asdboxyl ate (Internmediate 7) (99, 31.9 mPIT)GB2008/050925

acetic acid (100nl) were stirred under an atnosphere

of hydrogen at 5 bar and 259 for 1 day. The crude

product was filtered through celite and the filtrate

purified by ion exchange chronmat ography, using an SCX
Interhh eﬁfﬂ?glﬂ?@)—&i ot Q%(@F%&véﬂ?ﬁoﬂlgﬁ%ﬁj—m the col um
US| MNFAS7IVEOH and pur e fractrons wer e-evapor at ed
chldrophenyigpsepdmmastd f ord 1-tert-butyl 4-ethyl 4-

25(am nomet hyl ) pi peri di ne- 1, 4-di carboxyl ate (7.59 g,

83 % as a colourless |oil. |LtH NVR (400. 13 MHz, CDC13)

5 1.27 - 1.28 (3H, , 1.%}% 1.37 (2H, m, 1.41 (2H,

s), 1.45 (9H, s), 2. aH, 1 2.8 (2H, s), 2.91

-2.97 (2H, m, 3.89 (21-1, s) (2H, ). 89

I nternedi ate 9: ethyl

4- (am nonet hyl ) pi peri g

chloride 4Min di oxang

to 1-tert-butyl 4-ethyl

TodqR BB Bt QO 7ITB0] s hRsi FoFiesp (e crt-

nyld BB o5-8 4! ! | 1 . n '
o TR SO AP EDA08 11550 Bl
carberah & 22 ghy.Ohatmogd)y mpPylF (1S imig. dhe SEXtiagsuypansidineras stirred at

fesi roduct was eluted fromthe col usi n
50 {10 37 Rabbs TG ptien Pt i eomg sy 250 AR " EDAC (50
mL)YAL XD RS (5D ﬁi?.oﬂfcl ®b 1ayer was dried over MeSO,, filtered and evaporated
4- (am nonet hyl ) pi pefi di né-4-car boxyl at e (é. 34 g, 67.6

to affyrdd§)-meyhall Boligrt-befak xtartiany lnivR-I-¢b ohlo® phetzy ) pBER8) te §1.340 g,
23 - 1.30 (.3H, - ) H, .i 2 |
128 73 5 st 3o Ty v bl ards, B 6ide) 636,015 8, § 2 74

(1HMN), 2474212 6@ HH ), 3|37t (@ HMBH 81 €11X0a), @BRBYLH, d), 7.39 (2H, d), 7.49
4- (am nonet I&}/Iﬁ%-_lﬂll-g%rroliol 2, 3-dl pyri mdin-4-
(IHyhpmyetididdl-IDcadbddyi e &R = 2.57 min.

4- car boxyl afe 0 Hydr ogen
2 m, 132.7 mmol) was added

Intermediate 20: (S)-methyl 3-amine-3-(4-chlorophenyhpropanoate (hvdrochloride)

cl
Hydrochloric acid (4.0M in 1,4 Dioxane) (4.18 mL, 16.73 mmol) was added in one portion
to (S)-methyl 3-(tert-butoxycarbonylamino)-3-(4-chlorophenyl)propanocate (Intermediate
19) (1.05g, 3.35mmol) in DCM (20 mL) at 20°C. The resulting solution was stirred at
20°C for 5 hours. The reaction mixture was evaporated to give (S)-methyl 3-amino-3-(4-
chlorophenyl)propanoate (hydrochloride) (0.850 g, 102 %) as a white solid. 1H NMR
(399.9 MHz, DMSO-d6) 6 2.98 - 3.04 (1H, m), 3.16 - 3.21 (1H, m), 3.58 (3H, s), 4.62 -
4.66 (1H, m), 7.50 - 7.52 (2H, m}, 7.57 - 7.59 (2H, m), 8.66 (3H, s). m/z (ESI+) (M +H)+ =
214; HPLC tR = 1.71 min.



N- Et hyl di i sopropylam ne (3.70 m, 21.26 nmmol) was
added to ethyl 4-
WO 9PHI4I8Fet hyDpi peri di ne- 4- car boxyl at e (| nt er rRSIVGB90H)S0925
(3.3g9, 17.7 nmmol ) and
4-chloro. 7H pyn-ol o[ 2, 3-d] pgrim dine (2.72 g, 17.72
mol) in DVA (35nl). The resulting solution was
stirred at 60 C for 18 hours. The crude product was

Intd¥widdid@21b

evaporat ed to dryness to gfford et hyI 4- 90

(am nonet hyl ) - 1- (7H pwrgl o[ 2, 3-d] pyri m di n- 4-yQpi peri

di ne- 4- car boxyl ate (5. @ L. 95 % as a bei ge solid.
MRO- d6)

1H NMVR (400. 13 Mz,
267(2H d), 3.23 -
1.51 4.44 (2H, mS 2)e4
t), 716- 57.17 (1H, m,
Ms ink M 304.

9 1,22 ( 1. 44- m,

{ 2H 4.39-
m)N\ﬁ/sg (2 O7q)(2H (1H,

8.[12 (14 s), 11.67 (1H s)

i
O-(7-azabenzotriazol-1-yI}-N,N,N',N'-tetramethyluronium hexaftuoro-phosphate (1.157 g,
3.04 mmol) was added in one portion to 4-(tert-butoxycarbonylamino)-1-(7H-pyrrolo[2,3-
d|pyrimidin-4-yl)piperidine-4-carboxylic acid (Intermediate 1) (1 g, 2.77 mmol) and N,N-
diisopropylethylamine (1.006 mL, 6.09 mmol) in NMP (10 mL) at 20°C. The resulting
solution was stirred at 20 °C for 5 minutes. (S)-methyl 3-amino-3-(4-
chlorophenyl)propancate (hydrochloride) (Intermediate 20) (0.692 g, 2.77 mmol) was
then added to the solution and stirred at room temperature for 3 hours. The reaction
mixture was diluted with EtOAc¢ (100 mL), and washed sequentially with water (2 x 50
mL) and brine (50 mL). The organic layer was dried over MgSQy, filtered and evaporated
to afford crude product. The crude product was purified by (lash silica chromatography,
clution gradient 0 to 5% MeOH in DCM. Pure fractions were evaporated to dryness to
afford (S)-methyl 3-(4-(tert-butoxycarbonylamino)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-
yDpiperidine-4-carboxamido)-3-(4-chlorophenyl)propanoate (1.27 g, 82 %) as a white
solid. 1H NMR (399.9 MHz, DMSO-d6) & 1.40 (9H, s}, 1.99 (2H, s), 2.04 - 2.07 (2H, m),
2.79 - 2.84 (ZH, m), 3.56 (3H, s}, 3.60 - 3.66 (1H, m), 3.67 - 3.70 (1H, m), 4.20 (2H, ),
5.20-5.26 (1H, m), 6.73 (1H, d), 7.13 (1H, s}, 7.27 (1H, 1), 7.35 (4H, q), 8.14 (1H, d), 8.21
{1H, s), 11.98 (1H, s). m/z (ESI+) (M+H)+ = 557; HPLC tR = 2.12min.
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I nternediate 11: et hyl
4-((tert-butoxycarbonyl am no) net hyl)-1-(7H pyrrol 012, 3
WO200/3§¥63m di n- 4-yl ) pi peri di ne-4- ear boxyl at e ®PCTHEB2008/050925

D -tert-butyl dicarbonate (470 ng, 2.15 mmol) was
added to et hyl 08

4- (am nor net hyl ) -1-(7Hpyn-ol o[ 2, 3-d] pyri m di n- 4-yepi pe
ri di ne-4-carboxylate (Internediate 10) (653ng, 2.15

Inté}HRld)at@Qg g?['t@lttmﬂﬁ% !Elig’ﬁ%%y;% !@ yRaHMhovi)-1-

; -elimprenimidi f-dnu-enﬂnumskmmhnnaﬁact|on m xture
mas dlluted with 15 DCM Qg, and washed
sequentially with water QR? nL) and saturated brine
(50 nL). The organic |ayer was drled over MySO4,
filtered and evapor ateg.

ct was
1@g{ Eﬁ?? el ution
= hexane' Pure fractions
were evaporated to dryness tq affo Fd ethyl 4-((tert-
but oxycar bonyl am no) met hyl ) - I pyn- oIo[2,3-d]pyrim
di n- 4-yDpi peri di ne-4- 20carboxyl ate (468 ng, 53.9 %

as a colourless oil which soli d on standing. IH
NVR (400. 13 MHz, DMSO- d6) 81\22 t), 1.36 - 1.38
(9H, m, 1.42 - 1.49 (2H, m, 5N(2H d), 3.13 (2H,

d), 3.20 (2H, t), 4.09 -4.14 (2H m), 4.45 (2H, d),
LIABLE@.2R0mL d).28 Hin8d) widadiled thopwiselio (S)Irhtethj/) 3- (8 (ﬂeat (1H,

buto?%bar%%ﬁngm&lls_l’l (’72[ py%%l&g% Mp&gmﬁdo rAf 4- yl)p1per1dn ne- 4 car IO}?EEI’SIC[O) 3-
(4- cﬂro&gﬁh%ﬁﬁjﬁ}%%){{éfﬁmmb@ime”?l)) r(?tzh%lz) 281m§1¥01-)]mpﬁﬁlf wo%ﬁ) cooled

rimdin-4-yl)pi peridi ne-4-%arboxylic acid
to 01 tnhdem mttqundfdledesmmg)Wdrm\EaS(S@HEE@t g0 °(I Jor2bhemo IT)le reaction
added

mixE e B e b T it R e @M pdates (amy) oGhs sgution

was|filiefed4myOphP@ihiteld Hah LEtOA@r(@Wmmtaﬁd(wdah&r géqdézﬁia mh water
2.65 mmol) in water (6.25 m), THF (25 n?

(1 Oé@%nmtelz@go od-)nand safmseied g ti0AgnisblThe pmnwdgy@twasﬂ@@d over

s o eyt BERGARSLARLLL O M FANE,

hydﬂﬁypmpglcm&snmll)usmﬂpymolpms \MriyhniMncA pl)plpera@mdl—ylcarbamate
(1039 b0 ER Hh B0 G 02528 35 %R ™ 00 min.

Intermediate 23: 2-(tert-butoxycarbonvlamino)-2-(4-chlorophenvl)ethvl

A

/\\

0o O

methanesulfonate

Cl
Methanesulfonyl chloride (1.451 mL, 18.74 mmol) was added to tert-butyl 1-(4-
chlorophenyl)-2-hydroxyethylcarbamate (4.63 g, 17.04 mmol) and N,N-
disopropylethylamine (6.23 mL, 35.78 mmol) in DCM (40 mL) cooled to 0°C over a
peried of 5 minutes under nitrogen. The resulting solution was stirred at 20 °C for 2 hours.

The reaction mixture was diluted with DCM (100 mL}) and washed sequentially with water



25

30

10 The organic extracts were washed wth saturated

brine (25 nmL) then dried over MgSH, filtered and
WO08H2%3%ed to afford desired product PCT/GB2008/050925

4- ((tert-butoxycarbonyl am no) nmet hyl ) - 1-

(7H pyrrol o[ 2, 3-d] pyri m di n94- yQpi peri di ne-4-car boxyl i

c acid (0.628 g, 63.1 %9 as a white foam 1H NWR

(400. 13 MHz, DwWs0-d6) 5 1.36 (9H, s), 1.44- 1.51 (2H,
(10@)11L)1 T99 org'énQAaﬁe%HJas B over NlléSOZ Hiiltefdd and, 635p((r8ﬂe|d t& dfford

4.43 -4.46 (2H, m, 6.64 (| s), 6.84 (1H, t), 7.21

crutée_]_‘[pqodg()t The crgdq padugg yvas ppriged bjﬂ_ ﬂashsglhcp@g:hmr@atpgpapby/ glution

b
o B T R A oG R racthbveres vnorse dompty g gford >
(ter@bﬂnpydarbmgllannﬁe)yl (@tmefdpﬁerl}ﬁl)@thyﬂ )rmatalnvsumhbta e g, 923 %) as
EA 251 &W&ﬁ n one

aw qzqh@ra%m%ﬁa?ewr S ROy ES (U b b lp - 4.28
Iy | | | — .

(2Hdhﬂ%’dé ?%dl émt)? z{%b (Qg (gfgsﬁ?ﬁ"ss @@fm%fi%(/‘z (BSASIFL-1)- = 348; HPLC

tRffEﬁErnﬁA chlorophenyl)ethanan1ne (0.093 g, 0.60 nnDI)

cindHE e i oot PR oS o Hels Vb f g

rea&i@n@as%[‘epﬁré@i%ﬁ‘é]lov&@@ ARHRE2 -1 RIphAR 8@%6 {di& (jIZb% 64.65

i on exchange chrongmégraphy usi ng "an col umm
mm@@smédrrpﬁ mﬂ]HF (YR(5mé) aneebdivro pordigddds (nd2 219iSAE7 mmol) was

Res noved, b
addffE i R BT A e R BTREE A S BT B Binklapd & o405
mm@l)hnl MBRLF (Th enlCy witherdae® driplvidehbisin@biigg ﬂ@derﬂ@@atﬁy@m&@tlsw using
to dryness to afford (S)-tert-butyl

an iggah.othsgREl RS 2 BarBY ey Iqropwmémeéa@u(@ prd stirgdpatrelux
ovegg ighe s XhRIRGI Helerta tY SHPALM GPSRACRLS () 25 Bpoftidn of
as gum erla was use

a colourles
thisdbluaiot was remded (A@xtl)aheé pai\t\ntlbhﬂUEel\vadfrt ¢1Ry1 acetate and water. The
org%)rgq_iagzlgr;: xgatts;_c%%gertl@'_q:ldl_l M‘T\;‘f&g(g?% p%%sglvrglz T@ql?rl\e/:g%lg gv)zs gl;mtlgj_py MPLC
on s‘ijﬁoa 1%11'%%_'%1%@@1&)41!;(’0 1) @%4}1&§ano‘f'/ @@\Iﬁ)z e @snreﬂ pg(%uct 2-amino-

2- (@c@@ophﬂylkyhanﬂ (1618 ng 1.8 l3 %)BWathh@a Holase)d aslalcogmlr(eid—lsolld

1h g VR st Sl A 2o o S BB 366~ 76 (11, m),

4020404 {l}mlpr?%hemﬁmn?@}byfmq &/1- ﬁgi € 28228 gHPRCAR =220
mol ), net hoxyl am ne hydrochl ori 982 g, 11.76
IHmrmnl) and sodi um carbonate (0.472 n|I 11.29 mmol ) in
et t fror,
R LR A L S R
mmbbhami ﬁemﬂtelmﬂj/ll.thaarhdmﬁtef {1ut1areed4. 6T membi)] Thexh&uwasvas stirred for 2

concentrated by evaporation then purified by flash
hougs; gt Feom EMRSHHEG G §emé|pawlﬁge%%tweqn ety hegktais 4d water. The

orgz%ng@gé?@% drﬁa‘drv@ﬁ}f At RRS s MBTE RRRURRS AhEthiffedi¥RFRFuced
preséul(eé‘rden‘eelldep hampm)lﬁéﬂ- teyietPhakyri stiiceo)ding grad@abhieclution (10% cthyl
acetate / DCM to 50% ethyl acetate / DCM). The desired product, tert-butyl 1-(4-
chlorophenyl)-2-hydroxyethylcarbamate (7.91 g, 45.0 %), was thus isolated as a colourless
solid. Impure fractions were repurified by MPLC to give a second crop (2.41g, 14%).

1H NMR (399.9 MHz, DMSO-d6) § 1.37 (9H, s), 3.41 - 3.52 (2H, m), 4.42 - 4.58 (1H, m),

479 (11, v), 7.23 (1H, d), 7.31 (2H, d), 7.37 (2H, d).



(1.790 g, 70.6% as a colourless oil. 1H NWR (399.902

MHz, CDC13) 5 1.23 (3H, t), 2.53 (2H, t), 3.01 §2H,
WORP0I78 (3H, s), 4.11 (2H, q), 7.33 (2H d) PCT/GRR008/050925

(2H, d). M5 me M+t 270. 93 Internedi ate 15:

4- (4-chl orophenyl) - 4- (met hox§ m no) but anoi ¢ aci d Nat)

CH C Lithium hydroxide (0.632 g, 26.40 nmol) was

added in one portion at 20 Cto a solution 5of ethyl

Inteén{eéia@@t&rt@ﬂhwll-wcﬁmbﬁ%' % -ﬁﬁhﬂi&ﬂ@‘ﬂﬁ)ﬁmme
(I'nternmedi ate 14) (1. g, ©. m

and water (20 nl). The resulti gl utlon was stirred

at roomtenperature for 6 hqt acidified with
dilute HCL and extracted wty The conbi ned
extracts were washed w_tH dr| ed over MySO™ and
evaporated to give 4-(4
chl orophenyl) - 4- (rretC Xyi#1 no)jput anoi ¢ acid (1.520 g,
95 % as a colourless solid. 1H NVR (399. 902 MHz,
CDC13) 8 2.61 (2H, t), 3.01 qﬁZH 3.99 (3H, s),
Sodipngayapiie, (1% mg7234 npel) waiy addask te Prieti-heiex3@rbonylamino)-2-(4-

chiol b3}t Gty R b Aedr Al B Bub e mpty n e o

mL)(dt R0ET, TEig Rb@tid® Juspbnsish @as éiﬁre@Qit 80OC)fot Nhours. The reaction
_tetrahydrofuran (8 nml) was cool ed, under an atnosphere

MIXyEe Was Cyaporied @@Wﬁh%ﬁdﬁwiﬁeq Herater @A nde. arbpathsd

S AL SR 5L LB T e

evap‘oeaetil ta afg)rs otide prodsas T&blcm&k@rﬁ@cmnpﬁ@ﬁéwwmash silica

ure, stirred f r then heated at refl ux
chrogRoERentyy ERP ks 8.0 SEbATOA it GOPrEe; e dectigseyere
evaﬂ(}i‘ﬁemdﬁryﬁ&s Vs lagad %gt})l"'lt(ﬁ cﬂ@rﬁﬁhe&?l) ;1 ayagf)&HWc%amate (209

stifring over 10 mnutes ture was” aga
mg, §I7I°/@)/%dx Whlta/\milm 110 NMBBYeapéHatMSCade) St3 + k42 (SH{ 52, 2.82 -

25903 et hgLi T 28 oraa el Puct (Bt dinavEdssiRibneli S
Hpﬂ(ﬁt}m:)z_@c{ﬁﬁg dropwi se with stirring. The resulting
m xture was stirred and heated at 90 'V for 4 hours

then cooled to roomtenperature and extracted with
Intermediate 25: tert-buty]l 3-amineo-1-(4-chlorophenyl)prepylcarbamate

X

HN O
Cl

Lithium aluminium hydride (0.712 mL, 0.71 mmol) was added dropwise to tert-butyl 1-(4-
chlorophenyl)-2-cyancethylcarbamate (Intermediate 24) (200 mg, 0.71 mmol) in THF
(4mL) at 20°C under nitrogen. The resulting solution was stirred at 20 °C for 2 hours, The
reaction mixture was quenched with NaOH (1M) (1 mL) and the solution was filtered. The
solution was diluted with EtOAc (20 mL), and washed with water 2 x (10 mL). The
organic layer was dried over MgSQ,, filtered and evaporated to afford tert-buty! 3-amino-
1-(4-chlorophenyl)propylcarbamate (203 mg, 100 %) as a gum. m/z (EST+) (M+H)+ =
285; HPLC tR =2.33 min.



25Et-, 0 (3X). The conbi ned extracts were washed with

water followed by brine, dried over 94 MySH4 and
W%%Pél?f%‘i"’a‘ii‘ed to give PCT/GB2008/050925

4- am no- 4- (4-chl orophenyl ) butan-1-01 (1.100 g, 21.2 %

as a col ourl ess, viscous oill0nhi ch was used w t hout

further purification. 1H NMR (399.902 MHz, CDC13) 5

1.58 - 1.84 (4H, m, 2.39 (3H, br. s), 3.57 -3.67 (2H,

Intedmediat@86: Serfbubyl 3-adamifo3(4: aﬂor(ﬁ)henﬁ}ﬁlcbn(v%ﬁrbﬁ}mt@
MS nfe M+ 200. Internediate 17: tert-buty

4-(1- (4-chl orophenyl) - 4- hydrox but ?( car barmyl) 1- ( 7Hpy

rrol 012, 3-di pyri mdi n-4-yl) -4-yl carbamate HO
Jo0- (7- Azabenzotri azol -1- 34 , I\ 11-t et ramet hyl ur
oni um hexaf | uor ophospha ,NIQ 44 mmol ) was

added portionw se to
‘éHi\m/rrol o[ 2, 3-
car

N

4-(tert-butoxycarbo
d] pyri m di n- 4-yppi peri di ne- oxylic acid
AcdtichinBydredd (81084 hIL, (0180migb) @a%dﬁ@l@% wikto tert-butyl 3- am)mo 1-(4-

am no- 4- ( 4- chl orophenyl)butan | -ol (Internediate 16

chlgrgghapy)pEpyzarhapizie Anigrmediag 2)i(E8hrap)7ammel) cod HgY-
sisDblopy Ry ETRE L 24 T e udoThLRR 5ot 178 The i

sohtthmnw@u;eneh erl20 TC ¥@tlerhoQis0 Tht jeatRorginbuid wal@e@lcl Sith
Nlﬁg@ The precipitate was collected by filtration,
a B

M HOHM Inhtrisk Wl 18P e and: peferctspav i RGN (3wt d'he organic
layér%;fs (91%536%1’ Mgs%h, filte 5red anrc]i ega oratte):d to ?ffordbcgun% Wf?dlict (% crude

chl or enyl utyl car
prodlm Mca[s pustia lp)jyﬂas’m stliaa- c«hr(;tmpogmp]n)d ichrtidn o abierh Ara & %4 1/&2)1-1 in

ocT R e o W Bk ST 58 s
chl&oﬁ%n@%%ﬁpy&hrbaﬁ}a@alﬂ ilng7él ()axt'} asré) whhl.e s%’hd;r)l?} ﬁﬁﬂ( @d@ 9 MHz,
D 04‘116)(521l—36 . sk 1§§ (13591 (ZHr mé,)l 791(3716 SI 27 @H. 9B 46’5) ((HKd), 7.32
Hy, 7553 d17.8)27.45 A%, m), 7.79 (1H, s). m/z (ESH) (M+HYT = 327; HPLC
tR = 2.03 min.

Intermediate 27: N-(3-amino-3-(4-chlorophenvylhpropyl)acetamide

NH,
NH

Cl 0
tert-Butyl 3-acetamido-1-(4-chlerophenyl)propylcarbamate (Intermediate 26) (142 mg,
0.43 mmol) was added to TFA (2 mL) at 20°C. The resulting solution was stirred at 20 °C
for 40 minutes. The reaction mixture was evaporated and purified by ion exchange
chromatography using an SCX column. The desired product was eluted from the column
using 7M NHi/MeOH and pure fractions were evaporated to dryness to afford N~(3-amino-
3-(4-chlorophenyl)propyl)acetamide (39.0 mg, 39.6 %) as a colourless gum. m/z (ESH)
(M+H)+ =227; HPLC tR = 1.32 min.



(1H, m, 7.33 (4H, s), 7.89 (1H, d), 11.78 (1H, s). M

me M+ 543. 95 Internediate 18 : tert-butyl
WOLIMTH3Ichl or ophenyl) - 2- hydr oxyet hyl car banoy PCTIGR2Pp§#950925

rrol o(2, 3-di pyri m di n-4-ybpi peri di n-4-yl carbamate HO

0 d 102

0- (7- Azabenzotriazol -1-y1)-N, N, N, NL-t et ranet hyl ur oni um

hexaf | uor ophosphate (148 ng, 50.39 nmmol) was added in
Int@RRARAE b8 ORrLPuf] ALB1HcEANTAD UL A GHopfieaifiropylcarbamoyl)-1-

] oxycar ony an1no - 1- pyrro 0 pyr1 m di n- 4-

piirplofl. dtdheyramiding iperidi hamaﬁﬁlate 1) (134
ng, 0. 37 ol ) and N—ethyldllsopropylanlne (0.077 mi,
0.44 mmol) in NWP (3 nL). The mixture was treated with
2- am no- 2- (4- chl or ophenyiyethanol (70 ng, 0.41 mmol)
(CASTM no. 179811-64-4, sSee US2006/ 0004045 for
preparation). The io dark jsol ution s stirred for 16
hours at room tenper Thg rH xt was partitioned
bet ween et hyl acef u ‘ﬁbdi m bi car bonat e
sol ution. The organic | ayer S shed twice wth
wat er and then brine. The ordani ¢ solution was dried
over magnesium sul fate, filter&d and evaporated. The
resi due was purified by flash (lica chromat ography on
silica using gradi ent elutlo (1% ngt hanol / DCMto
15% met hanol / DCM . Product {/aining fractions
were conbined to give tert- butél H

4-chl
O-( LB o d 3 bSO lesmmetByiragivp Sexalopy PhosPhRie (98 me.
0.26 Iylmomj xp%rald@lb@ ufloa@ M&@Ngm( ggg%g?o Ng&m%%/éaglgg;i: -(7H pyrrolo[2,3-

colourless solid. 7TH N
d]p)(rgmd1rg§ -yhpipggdineA- g_EQb{Q)QII-HC an@d (IstenBediag: HI 6L 2Hng.r). | ]7 mmol) and

N, (—c?lus‘g'prowleﬁy %ﬂmb (6;?)554 1&2@' 52Iﬂlm0§ %éﬂ%@{%) aé:%% (%ur}%er nitrogen.

The(rbdudting) sohBioh4vdskre@ ht 2019C €& s(rihrﬂ,utd@rN (S)anﬂﬁ@-E»((ESl +)
(MtH) + = 515; HPLC tR = 1.99 mm
chiorophenylpropyl)acetamide (Intermediate 27) (39 mg, 0.17 mmol) in NMP (ZmL)

was then added to the reaction and stirred for 1 hour. The reaction mixture was
concentrated and diluted with EtOAc (20 mL) and washed with water (20 mL). The
organic layer was dried over MgSQ,, filtered and evaporated to afford tert-butyl 4-(3-
acetamido-1-(4-chlorophenyl)propylcarbamoyl)- 1-(7H-pyrrolo[2,3-d]pyrimidin-4-
yDpiperidin-4-ylcarbamate (1.04g, 86%) as a white solid. m/z (ESI+) (M+H)+= 570;
HPLCtR = 1.95 min.

Intermediate 29: 3-amino-3-(4-chlorophenyl)propan-1-ol
Cl

OH
NH,

Borane-tetrahydrofuran complex (94.0 mL, 93.92 mmol) was added dropwise to a stirred
suspension of 3-amino-3-(4-chlorophenyl)propienic acid (2.50 g, 12.52 mmol} in THF (75
mL) at 0 °C over a period of 20 minutes under nitrogen. The resulting suspension was

stirred at 0 °C for 30 minutes then at 22 °C for 5 hours. The reaction mixture was added



15

I nternediate 19: (S)-nethyl
3- %tert but oxycar bonyl am no) - 3- (4-
WEHPYPHRenybpr opanoate C | odonet hane (1. 038 RT/GEBIHB50925
nol ) was added in one portion to (S)-3-(tert-
5but oxycar bonyl am no) - 3- (4- dbiBor ophenyl ) propanoi c aci d
(1g, 3.34 mmol) and potassi um carbonate (0.922 g, 6.67
nmmol) in DMF (15 nmL). The resulting suspension was
pornwiseth @tth88] C5H0ML2AThOmiAure M doRaGiiaRa, FidxELIVE] Was
oncentrated and diluted with Et0Ac (50 nij W th wat er
mefglwlﬁ%é 0 1, éﬂ@fegalaﬁeetrﬁtﬁgl éhisypiecesy wasirepoeied NgSOames). The
SHROF t
res@hé Ré% ?ﬁ but oxlglc ar bo(% g’%)%g?wf%% ]ﬁ% or oplaeﬁ%)(/ S)Opr}ﬂﬁ%)
aquaties 1¢yler 3B egiraded 28h %CMS(SJ@ 10@ ﬁﬂlgenﬁ tHel ditradtchiWned with the
39?.9 NH% O d6) 1.36 s), 2.71 -2
orgdnic layer, shex ?qf_j'_@rgmlcs wgerg-pva@@q.q w§1)| satyrateql lt(rggq (2)@)150 mL},
T -
d 16(?1 o?v@r Kd%ﬁ() galc’" cgnc%%re(thd'k_o ézﬂor% erfﬁte(s%r# g(?irre aefcg&%ﬁn}o&uct was
pur(f@)ibn'tﬁahly biliga almomat@r{phy céthiborogphadiayd J pr 1p amn atMcOH/cone, NH;

NO2o C 151 d hl ori d (4.0Min
o) G0 PR B, e Gt S s & G- Dl
chld?@ﬁﬁdn?l)plto@aﬁ ol TEBAY L, 56.8 %) as a white solid.
-(tert-but oxycar bony 1am no) - 3- (4- chl or ophenyl ) pr opano

(3 Yk AaC@Ci@)é 187 688, mB 238r@Hl, br.9)n3.DEKH,20), #Ll)3 (1H,
ting solution was stirred at 20C for
b, ?%@ufs?’ e(rzfﬁng:'ti on m xture was evaporated to give
MS@SeMHt hgd  3- ami no- 3- (4- 20chl or ophenyl ) pr opanoat e
(hydrochl oride) (0.850 g, 102 %9 as a white solid. 1H
NVR (399.9 Mz, DI\/SOd6) 52. 98 - 3. 04 (1H, m, 3 16 -

n?elila(t , :{Qr

Internmediate 21: (S)-ne

344-(tert-butoxycar bony

dlpyrim di n-4-ybpi peri

henyl ) pr opanoat e

0- (7-azabenzotriazol -1-ye-I4 N, NcN -tetramet hyl uroni um

hexaf | uor o- phosphate (1.157 g, 53.04 mmol) was added
Di-teni-tohe dpearhdnete (6(5’05 g, 3.23 mmol) was added to 3-amino-3- (4-

chloé;'c_);;hteg}rfISprolpjatmoﬁ(%? ?lrntoryeda ate 38; (0. 50(07gl_,|-2p6y9rnr11?1|0% in DC M (30 mL) at

22°C. The resulting solution was stirred at 22 °C for 2 hours. The mixture was

I ne- 4%arboxam do) - 3- (4 chl or op

concentrated and the residue was purified by flash silica chromatography, elution gradient
0 to 4% (10:1 MeOH/conc. NHj u)) in DCM. Pure fractions were evaporated {0 dryness to
afford tert-butyl 1-(4-chlorophenyl)-3-hydroxypropylcarbamate (0.759 g, 99 %) as a white
solid,

TH NMR (399.902 MHz, CDCI3) & 1.43 (9H, s), 1.81 (1H, m), 2.04 (1H, m), 2.74 (1H,
br.s}, 3.69 (2H, m), 4.88 (1H, br.s), 5.04 (1H, d), 7.23 (2H, d), 7.32 (2H, d).

MS m/e MH™ 284, 286



10

15

d] pyri m di n- 4-yppi peri di ne- 4-carboxylic acid
(Internmediate 1) (1 g, 2.77 mol ) and N, N
WOR%YBISpy| et hyl amine (1.006 ni, 6.09 mmol) PETIRE20P81§50925
m.) at 20C. The resulting solution was stirred at 20 C
for 5 mnutes. (S)-nethyl 3ie4n no- 3-(4-
chl or ophenyl ) propanoat e (hydrochloride) (Internediate
20) (0.692 g, 2.77 rnnol) was iothen added to the
Int&aledi:iteB1 @Sl-@teﬁi-bﬁfoﬁﬁca&boﬁﬂ@ﬂﬁﬁ(ﬁﬂﬁﬁf—aﬁluFcﬁﬂi‘eﬁ?l)ﬁr rs.
The Teaction mxture was diTuted wih E OAc (I00 niL),
methanesudfonate sequentially with water (2 x 50 nL) and
brine (50 nL). Thecprganic |ayer was dried over MySH4,
filtered and evapor atg p afford crude product. The
crude product was pur 1 b fla§h4§|I|ca
chr omat ogr aphy, el ution”gradi en SQ\SWbNbOH i n DCM

Pure fractions were.8vapor aygd tO(ﬂryness to 15 afford
(S) - et hyl

3-(4-(tert-but oxycarbonyl@m no)-1-(7H pyrrol o[ 2, 3-dl py
e e 4.
Metga;n;gpill;ﬁcgryil dhlosdd (09 hokahi2d oyma) Ms adlﬂe@ircbmbmiw o) tortemayid -(4-
t whi_t 99. 9
chicfpghchyRE sy oG ana's Upferbiegarty 30 0CHE & T4 mimoly
trwt(@i"'nm’f@ (0.1914801.37 §14nc(l)2i'ﬂ D@M 18 n51§) z{ta(bl"cs")"h% %sﬁgn%gelﬁﬁon was

, 3.67 - 3.70 (11- ,
st1rr§d 26221 (Hfor@houes. 7f§h§ mtu@)wasﬁ:o];gcr(tmped agiyl the7regr¢lu@ wials purlﬁed by

ﬂas% %1,[_10&1 cl;'r%m rnlogza(p%&I B,ltl(( {gﬁjﬁght f%t;og /%é}_(b’gcto }(:13 1801’?)%%“%?—{1‘

fracﬂ&ld Wt ehpshrate t&&yn&sﬁko BEEGd- 3bué1’j/-|butoxycarbonylammo) 3-(4-
(4- chloroghenyl hydroxg ropyl car bampy1) - 1-
Chlqrmeaylaprepb‘@et ar(ﬂﬁlilﬁwfthﬁoeﬁfﬁ 4 5 ()1 gevliiti s9lid- y| car bam

1H RMR (399.902 MHz, CDCI3) § 1.42 (9H, s), 2.19 (2H, m), 3.01 (3H, s), 4.24 (2H, m),
4.82 (2H, m), 7.22 (2H, d), 7.33 (2H, d).
MS nve MH 362, 364

Intermediate 32: tert-butyl I-(4-chlorophenyl}-3-(dimethylamino)propvlcarbamate
Cl

\QT/O\E,NH

3-(tert-Butoxycarbonylamine)-3-(4-chlorophenyl)propyl methanesulfonate (Intermediate

NS

31) (0.075 g, 0.21 mmol) and tetrabutylammonium 1odide (0.015 g, 0.04 mmol) were
dissolved in a solution of dimethylamine in THF (2M, 5.153 mL, 10.31 mmol} and sealed
into a microwave tube. The reaction was heated to 150 °C for 30 minutes in the microwave
reactor and cooled to ambient température. The reaction mixture was concentrated, diluted
with DCM (25 mL) and washed with water (25 mL). The organic layer was filtered
through a phase-separating filter paper and evaporated. The crude product was purified by
flash silica chromatography, elution gradient 4 to 8% (10:1 MeOH/conc. NH3 (ag)) in DCM.



014 Li AlH4 (2.280 nL, 2.28 mmol) was added dropw se
to (8)-nmethyl 3-(4-(tert- s butoxycarbonyl am no)- |
WQ 209046963 ol o[ 2, 3-d] pyri mi di n- 4- yOpi peri di ne- 4RCHEBROSAT0925
i do) - 3- (4-chl orophenyl) propanoate (Internedi ate 21)
(1.27g, 2.28 mml) in THF (74@5nmL) cooled to OC under
nitrogen. The resulting solution was stirred at 20 C
for 1 hour. The reaction m xture was quenched with
Purs @Rt tidAshye exdpdatéM driLatt ) - J -3-
solution was filtered and &H?ﬂg?wﬁfg@”&??ﬁ*&?%ggw?%68
(dimethylagwed) preplilsarbsmgled A1054 gy 8ki% haswatodoures ¢i11.00 nl) ,

U0 o B L BB 99, T T 225

s), 2YGpIH ahgd. 11q 1Bl bed)de.( &) HH &rts), bt ivl2H, d), 7.29 (2H, d).
4- 1-§§-chloropheny1)-3-

MSp@MdRy ptopyl car bamoy1) - 1- (7H pyrrol o[ 2, 3-d] pyri ni di n-
4-yepi peri din-4-yl carbamate (1.04g, 86% as a white
solid. Mz (ES1+) (M:H)+ = 529; HPLC tR = 2.00 min.

Intérmk enliste 38 d i -d4-@hB3opheny)-N3.N3-dimethylpropane-1.3-diamine

2-(tert-butoxycarbo% I am no) - 2- (4- ehl or ophent het hyl

met hanesul fonate 0 ChABthanesul fonyl chloride (1.451

m., 18.74 mmol) was ado tert-putyl 1-(4-

chl or ophenyl) - 2- hydr oxye¥hyhcdr barrdte (4.63 g, 17.04

mol ) and N, N- 20 diisopropyhﬁthylanine (6.23 i,

35.78 mmol) in DCM (40 ni) cbt ed to OC over a peri od

f 5 mn nder_ nit n resultin lutio
et ARG O wRe o P b7 €01 e Mt e el 1-60
chlovaghegy )18 @midh I:anﬁm\ygf Raffain wambankts SHUBNISI 3l hY 6

mﬁ%h aéte§ﬂmV[§2009/ £$g6§PCTﬁ%?ggOOSIOSOQ%@HQQ (%%O
mmg)yin FRExEEYRNPEM ayat.) arbmaihpeet (3vdy) GBS0, Thd leswtingisolution

£ f . roduct. The. crud

R S T LR R R R Blen RGP s
puriied tbiy don grchah genthrémitogrkple, MsBAGnISTIOENMIMBUT e ddsaed bAIISct was

chuigq BB, ?ﬁi%ggm i\yh?i@)%ot@of{%fé% g?éﬁﬁ’é MFEREHpprated to
dry RS RATRSY 1&@%1&015}%5%/@-1@3 N@%ﬁﬁiﬁ%y%a;@-1&@&?@@&0@3’ g, 92 %)

1H NMVR (399.9 Mz, O-d6) 8
as agplouglessnil. 4. 28 (2H, m), 4.90 (1H, d), 7.40 - 7.46 (4H

11 g R pc TS f/ff-lf)ssg(%fﬂnj, 1900850 B Gl BT em, o),

39@g¢ﬂfghngnqghqughﬂ2-hydroxyethyIcarbanate used in the
above reaction was prepared as follows.

MS m/apido2 2. (4- chl or ophenyl Yacetic acid (12 g, 64.65 it)
nmmol) was stirred in THF (200 nL) and sodi um
bor ohydri de (5.82 g, 153.87 mmvol) was added in
portions to the stirred m xture under nitrogen. A
solution of iodine (16.41 g, 64.65 mmol) in THF (20
nm.) was added dropwi se maintaining the tenperature
bel ow 15C using an ice bath. The resulting m xture was
warmed to roomtenperature and stirred at refl ux
overnight. The reaction was quenched by the addition
of nmet hanol (40 nL) A portion of




15this solution was renoved (50 nL) and partitioned
bet ween et hyl acetate and water. The organic | ayer was
woco@ariss at ed under reduced pressure. The resPdTaGBIAGS/050925

purified by MPLC on silica using gradient elution (O
to 10% net hanol / DCM . The;ggesired product, 2-am no-
2-(4-chl or ophenyl ) et hanol (1.318 g, 11.88 9%, was thus
i solated as a colourless solid. 1H NWR (399.9 M1z,

‘ G- 58 (14 m, 3. 68

. ), 7.23 - 7.39 (4H,
( dlmﬂlhvlm‘rﬂn(()ﬁﬁbm%lc:(rhhhﬂovl)zl (Zlﬂ—pi’f&ﬁ)loIZHPlﬂ.]@vi'iﬂllanél-E@)@Gndm 4-
The remai nder of the solution was treated with
!ﬂaﬁﬂﬂéﬁﬁylanine (18.02 m_, 129.31 nmol) and
di -tert-butyl dicarbonate (14. 11 g, 64.65 mmol ). The
m xture was stirred for 2,-hQurs at roomtenperature
bef ore bei ng parthloned Ween et hyl acetate and
wat er. The 25or gani ayey=vas dried with nmagnesi um
sul fate, filtered, cgnceptrat ed under reduced
pressure. The reS|due wasypyrifiied by MPLC on silica
usi ng gradi ent elution (1@@6 Ty ate / DCMto 50%
ethyl acetate / DCM. The prioduct, tert-butyl
1- (4- chl orophenyl)-2-hydroxyet hyl carbamate (7.91 g,
45.0 %9, was thus isolated a' a col ourl ess solid.
| mpure fractions were reput by MPLC to give a
second crop (2.41g, 149%. (399.9 MHz,
DMSO-d6) S 1.37 (9H, s), 3. - 52 (2H, m, 4.42
-4.58 (1H, m, 4.79 (1H t), 7. 2% (1H, d), 7.31 (2H,
O- (ﬂ)&za‘tyen%riﬁfdﬂl ﬂ) N NW@P@QQ(%IQ&K@@I?UD fkh M%Jﬁ%g%te]@%drﬁl o,

Internedi ate 24: tert
0. 121ml@41)01‘ﬂ8@ﬁd‘§d1@rﬂrﬂﬁ9?ﬂ @Wacﬂrmmmmbéffa}l@@m@t[? 3-Hogiiuedin-4-

R e P ar b RO D0 BI0 0 0 spmegng b

diisdpeiadBguhienatoe3 (nhmtosrmoaj 8 229P (6300) 4122 °0. Ble FeE®iting
in DMF (5 5nL) at 20C. The resulting suspension was

suspgpsien was srregiet COf g rionl hairaes. ke mighEe ek cooled to ambient
temperature and 1-(4-chlorophenyl)-N3,N3-dimethylpropane-1,3-diamine (1ntermediate

33) (0.023 g, 0.11 mmol) was added as a solution in NMP (2 mL). The mixture was stirred

at 22 °C for 3 days. The mixture was diluted with methanol and purified by ion exchange
chromatography using an SCX column; the desired product was eluted from the column
using 30% (2ZM NH; in MeOH) in DCM and product-containing fractions were evaporated
to dryness. The crude product was purified by flash silica chromatography, elution
gradient 2 to 6% (10:1 MeOH/conc. NH; (aq)) in DCM. Pure fractions were evaporated to
dryness to afford tert-butyl 4-(1-(4-chlorophenyl}-3-(dimethylamino)propylcarbamoyl)-1-
(7H-pyrrolo| 2,3-d]pyrnimidin-4-yl)piperidin-4-ylcarbamate (0.047 g, 76 %) as a white
solid.

1H NMR (399.902 MHz, DMSO) 6 1.43 (9H, s), 1.82 (2H, m), 1.90 - 2.04 (5H, m), 2.14
(64, s), 2.16 (2H, m), 3.54 (ZH, m), 4.25 (ZH, m), 4.86 (1H, dt}, 6.61 (1H, dd), 7.09 (1H,
br.s), 7.17 (1H, dd), 7.33 (4H, s (roof effect)), 8.14 (1H, s), 8.45 (1H, d), 11.65 (1H, s).
MS m/e MH™ 556



m xture was evaporated to dryness and redissolved in
water (10 nmL), and washed sequentially with DCM 3X (10
WOR099/04753 or ganic | ayer was dried over MgSO4, POTVGRALRIN50925

and evaporated to afford crude product. The crude
product was purified by flagpysilica chromatography,
elution gradient 0 to 25% Et OAc i n isohexane. Pure
fractions were io evaporated to dryness to afford

Intdrdfddife 8% mbthyd 35l %r%h Lrbdns WA IRk AR [ £3-

ny, as a € soll ;
ﬂm&@i@eﬁ:ﬂmm-%zaEMamdo) -P(Behlorapieavigtepanpate

4.89 (1H, d), 7.38 - 7.455(4H, m, 7.76 (1H d). mz

(ESI+) (MH)- =279; NPLGtR = 2.42 mn.

151 nter nedi ate 25:

3-am no- 1- (4- chl or oppeng hr Y @%xe 0 HN OTh NH,
I i tde—{0 0.71 nmol ) was

- e
chl or opheny1l) - 2- cyanoet hyl car ba at e (I nternedi ate 24)
at 20C under
nitrogen. The resulting solutian was stirred at 20 C
for 2 hours. The 20reaction i &, was quenched with
NaOH (1M (I nlL) and the sol ¢ as filtered. The
solution was diluted with EtOAc (20 nlL), and washed

O-(Wa&ﬁe%o%%zo?—# ZSIIFHQ\I N*N H‘ﬁwﬂ{ hgm‘{ P}J% Cphosphage (84 mg,

er e &r&v apor a
0.22 mntol}w:tsydddad ﬁmam:Q}ortlor(% ZBN:I@%Q@B@WB@I@H@@M[)Fﬂif(bﬂfﬁih%lo[fl 3-
rrg 1009%. . as g i\'i H) + = 285;
Ldlrz s@p}HEHdlnefoqar PRtvdie ﬁél&.( té“?Sd‘af“elf)t(j% dtrye, ©. 207 mmol) 3-
{ e
aml§0 @“{Q rc?lgﬂé‘g ?h%&ﬁ?p@?l&%@%@%ﬁ% ?ﬂ% @ﬂg(%ge 1 r(%% %% b, b@ mmol)
andtl‘éNtdlbupbepyIBthamnne 0. [0 mEh0.66 aphainyd anﬂbyll—?:—ayhahmhﬁﬁle (1.5

L DS R G ha R o e HeS ot 05 rassian picure
waslf'_ﬂgilﬁéﬁ bﬁ Bfeparkfi®c HPS ! {diii0a HRLME KOBrUBSTeFLsE- bﬁ%e@%l%@x &-18, 5

16 hours. The reaction m xture was quenched w

miciggpietica,(IOvpm(digmetey. 188 shmadangth, @pmye @4@ r@bdtmmtewnh

decifpAbiP et BEEes of AP LR Fa Y ab Rl PRS0 anc

acetphindle at eludie TEE ﬂﬁnﬁm@lﬁ deblﬁirllﬂ@,ﬁﬁe Beditellicoghpbind Waghevaporated to
silica chrorrato @f‘r elution gradient 0 to 2. 5% MeOH
dryriess oCRO DL PR S @H@Xx&é?b@né%w)alr@éi-pm@!p%%g@wmdm-
_ I 0
AR PR 1
whilghirysealbed $odid. 1H NVR (399.9 MHz, DMSO d6) 51. 36 (9H

7-_1. H 9 3 .97 (2H
1 by oD DR T Sle byl BB Sl By 58 - The sag. da),
3.54%(%?1; 3}?38%7-%7(% (Q%ﬂgm),sa.w W13, §, 53271 M) s 31847 06.5 4 Gor ),
7.13 (1H, d), 7.33 (4H, q), 7.98 (1H, d), 8.12 (1H, s), 11.53 (1H, 5). m/z (ESI+) (M+H)+ =
557, HPLC tR = 3.18 min.




Internedi ate 27:
N- ( 3- am no- 3- (4- ehl or ophent hpr opyl ) acet am de NH

WORAIY UEBYy | PCT/GB2008/050925
3- acet am do- 1- (4- chl orophenyl ) pr opyl car bamat e
(Internmediate 26) (142 ng, Q0%3 mmol) was added to TFA
(2 mL) at 20C. The resulting solution was stirred at
20 C for 40 mnutes. The reaction m xture was

Int@WRAK A6t Bu Y Bi(l (8L hRi o hREL VDX S-FDBS vH RS VTR D RN -(7TH-

using an SCX col umn. The deS|red product was el uted
lpi.3-H iy 4y 3 I -vips Meand pure fractions

were evaporated to dryneS§Hto afford

N- (3-am no3- (4-chl or ophenyl ) propyl ) acet am de (39.0 ng,

39.6 %9 as a colourless g mz (ES1+) (N%FD+ = 227;

HPLC tR = 1. 32 mn. medi a} 8: tert-butyl

4- (3-acet am do- 1- ( pyhcar banmovl) - 1-

(7H pyrrol 0} 2, 3- dlpyr eridi n-4-yl car bamat

e H\-1 0 0 C O0-(7-azabenzotlri akol -1-y1) -

N, N, N, N -tetranet hyl uroni um h&xaf | uor o- phosphate (98

ng, 50.26 mmol) was added inN rtion to
4-(tert- butoxycarbonylanino)le ( Fﬁ~yrro|o[2 3-
d] pyri m di n-4-yQOpi peri di ne-4 ylic acid

(Internediate 1) (62.2 ny, O. 17 ol ) and
swiﬂd\b%hﬁ&%@pmgﬂg e bR 1 PadBRed R o eSB! &) stirfed NMP

und&r nitrogen. The resulting sol ution
suspeasion of medg1 344 2@ty carbenylamese)- IN7EBpamo 0B, Bd{pyrimidin-4-

R R s U b e LS R

1.80 @8l dgsobrd 18 EtoR e d L) dndt@ dfpon ThE: fe@ﬂﬁh% @i@i&ﬂlﬁvﬁs stirred
was concentrated and dil ut ed mnth Et OAC

at 2QstesdOlouts. efewdrmoimafer wive addegdn |q@en6&yb¢ EXRE8S @frhy@lade and
the @Yﬁ@re@?@{l f%fll lgptu?rﬁ% ﬂ&%é%@%b%&?%é & (f‘ryIu%s (And the residuc was

partﬁmédimztda@cri CH4€t‘ah1]nd mﬁ%@ﬂwka)t@:t A0 5)8 INMHI bﬂfﬁl)tgémd. phabbtwRy dried
rol o[ 2, 3-d] pyri naidj n-4 1g% i peri 4-yl car bamat e
and inmgatefé é%roasdeﬂ% nreduchpg Uhlt‘? ﬁ‘iyitakSE@\lerSW(lWFb@CWaS

purlﬁz@ no 3&% olgraﬂahghen Cfl g?lg egfé 3 3{1 B¢ C%Qt()]()/-(l) methanol in

dlchloromethane The pure fractions were evaporated to dryness to afford tert-butyl 4-(1-
(4-chlorophenyl)-3-hydroxypropylcarbamoyl)-1-(7H-pyrrolof2,3-d]pyrimidin-4-
yl)piperidin-4-yicarbamate (286 mg, 30.1 %) as a white solid.

1H NMR (500 MHz, DMSO-d6) & 1.41 (9H, s), 1.79 - 1.99 (6H, m), 3.31 - 3.37 (2H, m},
351 (2H, m), 4.21 - 428 (2H, m), 4.55 (1H, s), 4.90 (1H, q), 6.59 (1H, d), 7.06 (1H, s),
7.16 (1H, d), 7.31 (4H, s), 8.01 (IH, d}, 8.12 (1H, s), 11.67 (1H, s). m/z (ESI+) (M-H)- =
529; HPLC R = 2.93 min.



NH, Borane-tetrahydrofuran conplex (94.0 nL, 93.92

mol ) was added dropwi se to a stirred 70suspensi on of
WOR0B%9475633- ( 4- chl or ophenyl ) propi oni c aci d (2. FETYGB2008/050925

12.52 mol ) in THF (75 nL) at O C over a period of 20

m nutes under nitrogen. Thejpesulting suspensi on was

stirred at O C for 30 mnutes then at 22 Cfor 5

hours. The reaction m xture was added 103 portionw se

Intdrendiitd 39 Otert- 59%1 gh(')laglé'ﬁﬁ;%g' Hé%lf-s-;q%&cﬁ&ﬂﬁﬁ?ﬁ&(ﬁm@ﬁa
rEISSO ve =) et

(150 nL). The aqueous ¢{

®r was extracted with DCM (5x
100 nL) and the extract onbi ned with the 5organic

| ayer. The conbi ned gegarics were washed with
saturated brine (2x 1505mL), dried over MySOH4 and

elution gradient 5t 9 04, nc. NH3 (4) in
DCM Pure fractions s dryness to

af ford 3-am no- 3-( Iorop‘- vl)propan l-ol (1.320
g, 56.8 %9 as a mhlte solid. tjolH NNR (399. 902 WMHz,
CDC13) 8 1.87 (2H, , 2.34 3.79 (2H, lﬁ,
4.13 (1H, t), 7.24 (2H d), Fi d) M5 nle Mt
169 Internediate 30: tert-buty H

mat e Cl

g (4 Qﬁa{)gg@ﬁ“yet@gg%gg@?m %Q%J:dggi?gﬁemebwwd&ed@%

port%FPdo)a M2 d0RGHN b 1@{13(;4(«61110 henyl)-
chl or ophenyl ) propan-1-o0 er me Pat 29) (0.500 g,

hyd@;c@prqwmayba'mmymv(ﬁ%@ymlp 23-dAR@midined-yBpipktidingl-ylcarbamate

I t . h ., .The, i
i Bt e il i PG O S s P8 Dt . The
resusmﬁg SoAutfRoAEBkiagE aP0YC 8 3 @Gl BB azdflcbd:814%70.093 mL)
1 MeOH conc. NH3 (aqg)) in DCM Pure fractions were

WaSé\sid%ér@p@feﬁetaé 0dkydssargen. difeopsltingrsuspupsiph was stirred at 0 °C for

o by TSN TP Ry e
TheIl.“ HB w@lg H:m(&bed id v8dhio(zhtthadque@usOrhagd dxtiactetIwith?DTM. (Thelorganic

phas;e \ﬁ%} f%rgqq ana)cone]engg?efl écp_lprod}d(elcl;ludebgro?uct TSheOc?uéelpHrodl(ljcl was purified

by flash chromatography on silica gel eluting with 0 to 10% methanol in DCM. The

product was purified by fla3| smllcqﬁﬂpronatography,

solvent was evaporated to dryness to afford tert-butyl 4-(1-(4-chlorophenyl)-3-(1,3-
dioxoisoindolin-2-yl)propylcarbamoyl}-1-(7H-pyrrolo[2,3-d Jpyrimidin-4-yl)piperidin-4-
ylcarbamate as a white sohid (14.00 mg, 21.23 %).

"H NMR (500 MHz, DMSO-dg) § 1.37 (9H, s), 2.01 (4H, m), 2.09 (2H, m), 3.58 (4H, m),
4.23 (ZH, m), 4.84 (11, q), 6.60 (1H, d), 7.00 (1H, m), 7.16 (1H, t), 7.27 (2H, d), 7.33 (2H,
d), 7.82 (4H, m), 8.12 (1H, d), 8.13 (1H, s), 11.67 (I1H, s).

MS m/e MH™ 658.




25 Msink MT 284, 286 WO
2009/ 047563PCT/ GB2008/ 050925 104 Intermedi ate 31:
WORIYE7$63but oxycar bonyl ani no) - 3- ( 4- ehl or ophenySHYGRRHNS/056925
nmet hanesul fonate 0 Met hanesul fonyl chloride (0.097
m., 1.25 nmol) was added dropgi se to tert-butyl 1-(4-
5chl orophenyl) - 3- hydr oxypr opyl carbamate (I nternedi ate
30) (0.326 g, 1.14 mmol) and triethylanm ne (0.191 mi,
IntcrmeAidEBR) tek Ab Iy 51 nlhd- 184- dAbrophRRvINS DR ich AShmovh)-1-(7H-
SOTutTon Was Sl rred at 2zZ Ctor Z noars. Ihe mxtare
@lg i gicdcbmmats purified by flash
sili ca chr orrat ogr aphy Ngll ution gradient 20 to 40%
Et OAC in |sohexane Purfe’fracti ons were evapor at ed to

0.366 g, 88 %
CDC13) 8 1.42
.24 (2H, M,

as a white solid. 1
(9H, s), 2.19 (2H,

4.82 (2H, m, 7.7 ( M5riVe MT
362, 364 15I nt er nedi ate 32 tet but yl

1- (4-chl orophenvl) - 3- (di et hy | ) propvlear bamate C
0

3- (tert-Butoxycarbonyl am no) Lﬁ\q I;dfhl or ophenyl ) pr opyl
nmet hanesul fonate (Internediate 31) (0.075 g, O.

m“}llgdrﬁiﬁe &sﬁém%tytmmmg Qe 4 gtr%%ugpenglog%f tert-butyl

were dissolved in a solution of dinethylamne in
4- (lTG‘IFt?f(lmrph@yDSl%(hi leB@iSBmdMZ)yimw)é@abmﬂDﬂﬁf’H fgrrrolof2,3-

APy Dol LD Rl BB AR pnF e AR 1 S B iah .0 )

undarip &N The eFRa Mtk Rensibievas 88&ED SYoBinXEMP&aM@Sfor 3 days. The
.concentrated, diluted with DCM (25 nL) and washed w th
mix{yge ws fiterefiand wippushgrhby preparpive HBLChisingey WatarnXdiggec

e? PHRE ar@t)

revers U]E}‘?a% ?%guct(evvaégg nfncl‘o §'§1é1@€,§1 frrlgwgkﬁmg?tl@ggg@tnﬁg len-gﬁs and

decmhsnmg‘l’@lpogir apklyireseif Mtatﬁm ticataaking 0294 atnnd@ar( tbdnate) and
l\/b.OI,—{/ cong. NFB \/1&0 in DCM 105

acetonitrile as eluent. Pure fractions were evaporated to dryness to afford tert-butyl 4-(3-

amino-1-(4-chlorophenylypropylcarbamoyl)- 1-(7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidin-

4-ylcarbamate as a white powder (5.00 mg, 44.5 %).

*H NMR (500 MHz, CDCl; + CD;0D) § 1.43 (9H, s), 1.93 (2H, s), 2.19 (4H, m), 2.74

(2H, s) 3.57 (4H, m), 4.39 (2H, t), 5.01 (1H, t), 6.53 (1H, d), 7.07 (1H, d), 7.28 (411, q),

8.19 (1H, s).

MS m/e MH" 528,

Intermediate 39: (R)}-methyl 3-(tert-butoxvcarbonylamino)}-3-(4-

chlorophenvDpropanoate

lodomethane (0.987 mL, 15.85 mmol) was added in one portion to boc-(R)-3-

amino-3-(4-chloro-phenyl)-propionic acid (950 mg, 3.17 mmol) and potassium carbonate



10

Pure fractions were evaporated to dryness to afford
tert-butyl 1-(4-chlorophenyl)-3-
WO HTH6R ani no) propyl carbamat e (0. 054 ny, 84 FGI/GB2088/050925
colourless oil. 1H NWR (399.902 Mz, CDC13) 6 1.40
(9H, s), 1.80 (1H, br.9$), 1194 (1H m, 2.23 (6H, s),
2.26 (2H, m, 4.71 (1H, br.$), 6.16 (1H br.$), 7.21
(2H, d), 7.29 (2H, d). 5 M5 me MH313 Internedi ate
(87@3} 6.34 mmol) in DMF (15 mL). The resulting suspension was stirred at 80 °C for
- (- chl or opheny1) - N3 di met hyl'pr opane- 1, 3-di am ne
24 lmurle filyc2 TI%WIODQEIHEIE@WN c@me(lmmd mddibiethwith F1042 (M_mL) with

dd d
W 2R oS L ARBT TORT Hiat AR TN Gy gy aporaed to afford
(R)(nhdiﬁ)ﬂBﬂ@éﬂ Bh©x Pk bdndP8iho03- (@-Cﬂl@rd’ﬂl‘i@ﬂl))c)ﬁr% oﬂ@e@% 20100 %)
DCM (5 nL) and nethanol (2 nl) at e resulting
asaéﬁﬁuﬁﬁéhdmas stlrred at 22 C for 4 hours. The mi xture

-ggg%ggge c gﬁ%gggbﬁh%éégﬁkgu§6wa i%gg uhﬁqz?ﬁ b3 (11, m),

3.5068, 5Rd. qar(owud} NVEs- B3R rhy, Orpgt-ed(c@y ), Tgd 0oH 2
NH3/ Me014 an ure fractlons were evaporated to
MS TBaN oS ;0 df Hor @57 Tin.
1- (4-chl orophenyl) - N3, N3- di net hyl propane- 1, 3-di am ne
(0.032 g, 92 %9 as a colourless oil. 1H NMR (399.902
Intdvirredia@D@0 3)R ométhy P 3-anid86-X @ hlogoph2ndiPpropandite (Rydronhloride)
2.21 (6H, s), 3.99 (1H t), 7,2557.31 (4H m. Msme
M 213 20 106 Internedi ate : ‘ert but yl
4- (1- (4-ehl orophenyl) - 3-
(di met hyl am no) propyl carlp |y1)-1-&7H-pyrroI012,3-ci
pyri m di n-4-yl) pi peridirn-&- ylearbanate NIT-1
50 7- AZabenZCIr|a201 1-A-N N- Ter aMet hyl Ur Onl UM
drody irhesdd (BN 1p dlmae)gﬂ 8@ n112, Fivisl mghisvascdded troone

o S A P AR ™
(Inttymeaxamm)qwmmgﬂ mnimolamwzodnmamoe@yn&hhwlmfg sution
e T e b B Gt e v
3-ailinaUE-EEchIdRBhSy ot RndRs (5 EhAR) ATDIRS0S %) as a yellow solid.
"H NMR (399.9 MHz, DMSO-d6} § 2.99 - 3.05 (1H, m), 3.18 - 3.23 (1H, m), 3.58 (34, d),
4.62 - 4.65 (1H, m), 7.49 - 7.53 (2H, m), 7.57 - 7.61 (2H, m), 8.72 (3H, ).

MS m/e MH" 214; HPLC R = 1.71 min.

Intermediate 41: (R)-methvl 3-(4-(tert-butoxvcarbonvlamino)-1-(7H-pyrrolof2.3-

dipyrimidin-4-yhpiperidine-4-carboxamido)-3-(4-chlorophenvDpropanoate




10t enper at ure and

1- (4-chl or ophenyl) - N3, N3-di net hyl propane- 1, 3-di am ne
WO0dre2di ate 33) (0.023 g, 0.11 mmol) was ad§ad-BE08950925

solution in NW (2 nL) The m xture was stirred at 22 C

for 3 days. The m xture wasjgiluted wth nethanol and

purified by ion exchange chromat ography using an SCX

colum, the desired product was eluted fromthe colum

usicgy- %%%ﬁz%%zﬂbﬁllﬁ‘) NBON N &tr@g&}@'monlum hexafluoro-phosphate

product - cont ai ni ng “fract’i ons were évaporated 15t 0o
(0.5 gnesSImniipwes abiled pmt onkupdrtioasn pteitfivgakyiogrbbhyaimino)-1-(7H-

PYTRlgbh s CUE e R OB eSOt b e Tialy L' 05 & 1.8

mm@ly @MD@FE& (0.903hN N8R rhﬁioﬁfnfl NM’P (?frIL) RULOAC. The resulting solution
4-(1-(4-chlor ophenyl) 3- (di net hyl 'am no) propyl car banoy1l
was ptirred at 20 °C for 5 minutes. (R)-methyl 3-amino-3- (4 chlorophenyl)propanoate

(TS Rl g 05 TS 2144 BRI a0t R o

and Mrﬂied @W&Ql té&nﬁerrﬂtﬁre( &H3 heyrs, T h%&ea(cﬁbh nif}turelw@0dituted G4h EtOAc
(5H m, 2.14 (6H, s), 2.16 (2H m, 3.54 (24, m,

(100qmby and pyaspgd scqueggially prithgyater @OenLy water g2 miy, ang watey (50

ml) Sﬁ"&‘%r(giﬁ :%)Se(‘ k;vgls_lgggqj éﬁ:rq\géébgg[ Tﬂgg&l a E]%gégo%t%g% Q%Ormrude

produb6 Thi 0ridE preiucedaaprei {8kl bynidshyilica chromatography, elution gradient 0
3-(4-(1e but oxyear.bonyl am n TH

o3 éﬂéﬁ?ﬁfﬂ&?‘?% YieYcHens %Frﬁévapgga%g@x a%)to épfl 7 @mww 3-

(4- (@h%&%ﬁ%aﬂﬁ%ﬁm) 1 (7H- pyrrolRP 3- ﬂpmgmﬂdm— -yIt)%lperldme-ﬁi-

0- (7-azabenZotri azol - 1- tetranet’hyl uroni um
carbhmﬁbhéﬂéﬂblm&;ﬂhaﬂép@gmm (0500 22200 1ay awdsteaddéd in

R @5 0l PSUURA LD K- [ pBBH o, 500 - 201 CH. )

2.83d] By A, i g3 -1 & nl%’)eBISSI(BH % @aobmyd)lxéapzm 8), 5.23 (1H, d), 6.60

| nt er redi at e bé [ )
- 6.631fil Hotd, 1. 46 c RIS pméﬁyar%gé% api %o c8-a¢ (FH.mak Hy165d$Hes).

20 mmol ) and
MS W%l soprop;?l( itohgl%z‘al)%%}}e (0.104 nm., 0.60 nmol) in

N- net hyl - 2-pyrrolidinone (1.5 nL) at 20C under argon.
tThe r(tasultlng[stol utlfn vvas stl rred for 5 h. The

C£S1RPRRfafeO] UM (C18, 5

00 | ength, flow
’i h decr easingly pol ar

and acetonitrile as . The fra ons cont ai ni ng
t he desired conpound CRE oL %(o dryness to
af ford met hyl ¢l
3-(4-(tert-butoxycarbonyl am o) 1- (7H- pyn-ol o[ 2, 3-d] py
rimdin-

54-yl ) pi peri di ne-4- car boxam d - 3-.(4-chl orophenyl ) prop
anoate (71.0 ng, 63.8 % as |t crystalline solid.
I H NWVR (500 MHz, DMBO d6) 5 N(9H, s), 1.94- 2.00
(4H, m, 279-286(2H dqg), 3 4(3H s), 3.52

- 316AIH 21,398 4. APmbdit wis added 3roplhtd toqk)-nfett%@ 3(@fdxert-
d), 6.9 (1H br s), 7.13 (1H, d), 7.33 (4H,

butogYFarbenylangnep 1(THpystolo[2; @Byr(lmrqhné)yl)mez’lde@gﬂ J;gtrboxamldo) 3-
(4-chiMtdhEni g piRde (fteimbBate /) F379Mh, 1.40 mmol) in THF (40 mL)
cooled to 0°C under nitrogen. The resulting solution was stirred at 20°C for 3 hours. The

reaction mixture was quenched with water (1 mL) and neutralised with 2M HCI. The



WO 2009/ 047563PCT/ GB2008/ 050925 108 I nternedi ate 36:
tert-butyl
W(hlqﬂafﬂfﬁﬁ%hl or opheny1) - 3- hydr oxypr opy| car banoy2T/GB0pg/a50925
- pyrroloi 2, 3-dlpyri m di n-4-y1) pi peridi n-4-yl car bamat e
CH N Sodi um bor ohydri de( 11819 g, 26.93 mmol) was
added in one portion to a stirred 5suspensi on of
net hyl
rea@idpAn{xti@t tvab uieyed RAUYARTaROIedksbivER BYIBC Q08 nd-)HnBYvashed

rimdin-4-

with magr H 0 wihelhg- ogmbam W) dr@:i(mzex:MgSO@pﬁi@anw arpk@pamted to

I t 5 olved in
oM@ EEHIE) T Gt ol S R n TR B S B G
elu@sgratlientr o Hl% B/DE@H af DT .ok purc Arat €dsdi@P sombind@hed
were added to quench the excess of hydride and the

evapprRtedrie S5(Ci @)eﬁsﬂfb@iﬂlf (HdﬂrchlorﬁléhWLMulﬂéirwa@rwé%bm@d) 1-

e e R S

'H Nm&&mmz BEMSDdI6E Sricant I.4l €1, 5y 1méov1 elb(;rH uﬂ)el 94 (2H, d),

2B P sk L Sttbgrhgine Gfh 01 524 et L9 U(HERg). 6.60
_ 6. m £, 9.03Q%Bt hagoly 1'8 t 6&2} ﬂﬁ?g@&,{h@'}a TREPYEE m), 8.14

ractl ons were evapor ate ryness ord

(15 &) 81 6T {H
]ws(ékéghp y@ “ %1 Bép xypropyl ear banoyl) - 1- (7H pyn-o
qye f% Bgﬁﬂ 3, Q% bamate (286 ng, 30.1 % as a

white solid. 111 NWR (5 O MHz, DMSO- d6) S 1.41 (911,
s), 1. 79 1. 99 6H n), 3. 31 - 3.37 (211, m, 3.51
termedigip 432 19 ) o v N GBEIpe mﬂmegcl calzbogghcacld
(11-1, q), 6 59 (1H d), 7cp6 (111, s) 7.16 (1H, d),
7.31 (411 s), 8.01 (1H, d)j (1H, s), 11.67 (I H
s). mz (ESI+) (MH)- =-HB2S<HPLC tR = 2.93 mn. 20
109 Internediate 37: tert-
4-(1-(4-ehl orophenyl) - 3- (1, 3xd oxoi soi ndol i n- 2-
thpropylcarbannyl)-l-(?ll-%%ﬁiolo[2,3-d1pyrinidin-4-y|
i pi peridin-4-yl carbanmat e nyl phosphi ne (158 ngy)
and phthalimde (22.11 ng) we added in one

An aqueous solution of lithium hydroxide (2M, 39.0 mL., 77.92 tmmol) was added
to a stirred solution of 1-tert-butyl 4-ethyl 4-cyanopiperidine-1,4-dicarboxylate
(Intermediate 7) (5.5 g, 19.48 mmol), in THF (78 mL) at 25°C. The resulting mixture was
stirred at 25 °C for 3 hours and monitored by TLC. The reaction mixture was diluted with
diethyl ether (150 mL), and washed with water (100 mL). The aqueous layers were
combined and then acidified with citric acid (1%, 200 mL). The product was extracted into
DCM. The organic layer was dried over magnesium sulfate, filtered and evaporated to
afford 1-(tert-butoxycarbonyl)-4-cyanopiperidine-4-carboxylic acid (4.50 g, 91 %). This
material was used in the next steps without further purification.

'"H NMR (400 MHz, CDCI3) & 1.40 (9H, s), 1.87 — 1.97 (2H, m), 2.04 (2H, d), 3.08 (2H, 1),
4.05 (2H, s), 8.23 (1H, s).
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20

S5portion to a stirred solution of tert-butyl
4-(1-(4-chl orophenyl) - 3-
WORYWdYSHPr opyl car banoyl) - 1- (7H pyrr ol o[ 2, 3- d] PEHIGB2008150925
4-yppi peridi n-4-yl carbamate (Internediate 36) (53 ny)
di ssolved in THF (10 nL) angjgfooled to O C under
argon. The resulting solution was stirred at 0 C for
30 mi nutes. Diethyl azodlcarboxylate (0. 093 m) was

Inte"i‘%ﬁﬂlﬂgﬁ@' W

overnlght at room tenperatuye. {The syspensi on was
guenched with water. The Tr r ved in vacuo and
t he agueous phase ext
phase was dried and csqce provi de crude
product. The crudecﬁroduct was ffied by flash
chromat ography on silica gel elutding with O to 10%

o G rarit il yi- A K bR rs T SRERGI fosh ySradfiossire
(1.254li g 0K 96 SRhIPRhd ﬂtd%d YA b ﬁ&ﬁbﬁ & h&@ﬁy&a}sxhér%bhﬁy.ar ol o 2

d] pyri mdi n-4-yQpi peridin-4- ylcarbamate as a mhlte
Cyarmmead(nﬁzﬂ oobeny]! lcmldz@nwmediate\m (508 eNVBImENER)-d dy

chl()ﬁ?p%eﬂ)glgegl’la(nﬁh’me @)4]62&14]'8_' 43 ?qﬂngo&ogndsﬁ?@&nllﬁﬁﬁlﬁ &fﬁg%umol) n
DMAYPD niM), at Z5C6uddbtnit %en ﬁf%}es(ﬁtﬂlg gblutioh. Wb s(tn?rléd adé()"C for 4

7.82 (4H, m), 8.12 ( 13 (1H, s), 11,67 (1H
houzg) Thezwamnrﬁl@ﬁtw Pras Gworatﬁ@ drpiness pRdrediseolyed 1 B DbM (150 mL),

and AR gl N pioes i 2 (0P CL N o
satutatdd sodiuahh hydrbgeld(tanbcﬁ}atd‘(p Dpetli)diTne degyhic a.i)leamt dried\lb'l(er

maggl'%/ﬁg{nséhlr}%tﬁs)ng Qﬂﬁpéré?qd%% aﬁL%d crude proguct Thc crudc product thus

obtaﬁﬂsd(vaas(cﬁn&l?llt@feﬁpﬁl@ﬁ‘}ﬂi)iﬁgﬁ ﬂﬂﬂ%h%l%%‘h?&heﬁg&abﬁy 2rifloh RERlient 0
pyl car banoyl) - 1-pyrrolof

to 1¢)°%pyAtOrkc din rsoh@ga@l fb&ﬁ frdetmng vgdr@awaparm&@o(afﬁotdaﬁtbadrtdiu@l 4-(1-

(<Pl B R bt TESb PR L 400§ 94 ) s 2

colohifiEssFudPYhich FHRdifk& bl Gy iM@snder highhaehnan dTM@ﬁlaEélﬂifal h@then
preparative HPLC u3|nﬁ a Waters X-Bri

by
redwsebf@dsreDﬂMé@ %mmn@@m BOToBCaic @eigg- 331l |n%ea7>0 Opgmpgl) was
addeqi % g(ﬁ{lflo%\%gs dearﬂ %c{yé te%b%réltﬁr%gg}c k] ﬁgt?ljs naq{e¥ Wi hatBC tcr1.1)de

ures (containin anmmoni um car bona

pro@ﬁdw%:}atrﬁ”mdtbyl Ibﬁ eﬁrﬁhaﬁ‘ge,leiﬂbmaﬁgf@h_f/ nadig @r&?mnmmn The desired
evaporated to dryness tqQ afford tert-butyl

proc vie: qluicd fom &E&ah@?ry%%’p’w peERaadAr HHH @Lnd(wae Wﬁuwso’fere

t
cvarfretaflh Gy ¥ Ak RENDEY 6o b B RRTPLE s B Pt 4-
carb@x@iﬁ@laﬂ) 72(5g,1824%) QQh-Ipols)lrles]i 2881, TR magrial 2vak sé¢ddddrecnly in the
2.74 s) 3.57 % , 4.39 (2H, t), 5.01 (1H,
HBXHS}‘?P‘%I ﬁi gyrifieatiyy. (1H d), 7.28 (4H, q), 8.19
MS 6%&\414?9292

The organic



M5 ink M 528. Internediate 39: (R)-nethyl
S-E’tert-butoncar bonyl am no) - 344- 20
WO2RYMEPRent hpr opanoate d | odonet hane RUT/©B2P08/050925

m., 15.85 mmol) was added in one portion to boc-(R)-3-
am no- 3- (4-chl or o- phenyl) - pnopi onic acid (950 ng, 3.17
mol ) and potassium carbonate 111 (876 ng, 6.34 mmol)
in DMF (15 nL) The resulting suspension was stirred at

dlnmmldmw-vhn_u.wgmﬂad;@més dri ed over lvgso4
filtered and evaporated to affgrd (R) - et hyl
3-(tert-butoxycarbonyl am n) -3l (4- or ophenyl ) pr opano

ate (990 ng, 100 %
MHz, DMSO-d6) 6 1.36
2.71 -2.80 (1H, m 3. %7 (3H
-7.34 (2H, m), 7.38 - 7.40 (2H,
me M+ 312; HPLCtR = 2.57 m
(R) - nmet hyl 3-am no- 3-(4-chl orop\her} bpy opanoat e
(hydrochloride) Nti2 o C rchloric acid
(4.0Min dioxane) (7.89 ni, 31.55 mibl) was added in
e 1part 5 . AL
DIPEACHRRUIBEN ) it W) Qed 1o By (1 (hioblorophenvsiylte
cyaIanepe(ridmtee%-na@DMrmdB Qynteﬂﬁéﬁm’(y 443 (10 mggtﬁ 47 inmdDGMd(62€hloro-7-

deaiEpge 67t <L B BT RO 2 e Pe s iop vas
stir@ddl bS5} 3 'E%IUQYThechIﬁHé pRdde (WasGRligeaBY %Véx)cﬁﬁr%éan oate

(hydrochloride) (777 fig, 98 %9 as a yellow sol1d
chromogr3pley, 9sinean SONVEEds). ‘B @8ired Brod§ot(wastkdutad | 1‘031. th8celumn

usm% 737\73@& 1?51%/%?6)13[ a%%g%?eﬂ’ra}cq%}fs ?v&%zevﬁyoragg.}é %Eyélf%? tb @%fort:ﬁ%{) N-
(1 (mhlowheamethwmym% F-(IHAy 1612, 320 pl iR B o i Seridnie-4 -

cafbs?@am(qee(flg 250k Bapcarmsiplidnt tibyag vierrp gipmest gapyahout further

purﬁlc dl m di n-4-ybpi peri di ne- 4- car boxan do) - 344- chl or oph
enybpr opanoat e WO 2009/ 047563PCT/ GB20081050925

"H NMR (400 MHz, DMSO) & 1.38 (3H, d), 1.94 — 2.09 (34, m), 2.19 (3H, t}, 4.72 (2H,

d), 4.92 (1H, dd), 6.61 — 6.72 (1H, m), 7.23 (1H, dd), 7.30 — 7.41 (4H, m), 8.18 (1H, s),
8.77 (1H, d), 11.77 (11, s).
MS m/e MH" 409,

) olid. NVR (399.9

4.91 (1H, d), 7.32
7.49 (1H, d). MB
rmedi at e 40:

Intermediate 46: {(S)-4-(1-amine-3-hvdroxypropyllbenzonitrile

OH

)

Z

N
Sodium borohydride (1.039 mL, 29.48 mmol) was added portionwise to (S)-methyl
3-amino-3-(4-cyanophenyl)propanoate (2.23 g, 10.92 mmol) in methanol (20 mL) at §°C
over a period of 5 minutes. The resulting solution was stirred at 20 °C for 24 hours. The

reaction mixture was quenched with saturated NaHCOs (50 mL), extracted with EtOAc (3
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0- (7-azabenzotriazol -1-y1)-N, N, N, N-t et ranet hyl uroni um
WOREATMIWSr o- phosphate (0.579 g, 1.52 mmol) waPCIAeRG08/650925

one portion to

4- (tert-butoxycarbonyl am no)td- ( 7Hpyrrol o[ 2, 3-d] pyri m

di n-4-yl ) pi peridi ne-4-carboxylic acid (Internediate 1)

(0.5 g, 1.38 mmol) and DI PEA (0.503 nL, 3.04 mmol) in
X ldﬂl\fEL%F{’hé%rg?lﬁ% la?yngﬁ&vtag Eﬁsl{e@)%&l{ht éaﬁgaté@ bithd 073 MRSk V&S gsO,,
ﬁlte&damdrwaﬁ}r(md thifdord pheteydrygrco ri?’;’u&@:a}lcb frbdat eak porifietehy flash

t te 4 0.,34 .38 | th ded
stich sPRAGERES oo areiant R h PO B B ma R OGS Pare
frachw\serezb@dm@&td @G XS LTS dMB fﬂﬂlaﬁhﬁ‘&i.%w th Et OAc

( and washed sequentially with water (50 niL),

hydmypmpyg‘@emmtrﬂgﬁ@36\&ge} A30) st ) calherlessgdni ¢ | ayer was

1 I It r evia af.f
AR SB Deme  fde BPSL B Sas 0P By £5°- 425 o
n), 17]4aqhH§ml)|”,c@5 cheeprtagy.aphy, elution gradient 0 to 5%
in DCM Pure fractions were evaporated to dryness
MS%’@MHO}U(R) net hyl 3-
(4-(tert-butoxycarbonyl am no)-1-(7H pyrrol o[ 2, 3-d] pyri
m di n- 4-yQpi peri di ne- 4-
IntamreldimaM:c[@)-33mﬁi4m€3+t®nhxph&méﬁphﬁﬂﬂfmat—el (0.800 g, 100
% as a white solid. HNI\/R(39919I\/HZ DMSO- d6) 8
1.40 (9H, s), 1.94- 1.98 (2H, M} 2.00 - 2.01 (2H, m,
152.83 (1H, d), 2.85 -2.87 (2H~m, 3.55 (3H, s), 3.60
(2H, s), 4.21 (2H, s), 5.23 (1H, d), 6.60 -6.61 (1H,
n, 7.16 - 7.18 (1H, m, 354y gq), 8.09 - 8.14
(2H, m, 11.65 (1H, s). kI\/I—H557 HPLC tR =
2.29m n. I nt er meditat e~¥42: (R)-tert-butyl

4-(1- (4-ehl orophenyl)- 3- h dr oxypropylcar banpyl
%ﬂénept)?F?lMdB‘iprm@yC&%]ﬁ%ﬁ e mlry ,%7 ¥ |F6)§ Frpeh Fas )la/}d dyqr@%wqge toa

stlrr%sgex%}onlof (S)-3- ammo lS' @Lﬁﬂﬁ)r&ﬂheﬁ?ﬁp%mcﬁc 494 {TPL)50%Smmol) in

dr opw se
THIBES02 nQIL)ea’ttOb)@tqmym aem)w:(hgﬂ @rmmu)e«s uhder(idtregayr Tb¢ esulting

ST DS RO oA BUES IIERP b 18 SHIER o reagtion

mixdrd@ashdiRl pottbnkkile to48tMdabl @)@Qﬁﬂ,ﬁ TFhé @01@@019%@&1%861 élt room

nitrogen. The resulting solution was stirred at
tempesptum fopiliree dapsel heembt g v asicrepnaaasredgen edted mtadnol (250

mL)Vﬁtd%cogl%er{Heda(ﬁus 81%%Esrs%!fz{ssr§pdea¥md tpnree tm{:a%. T-Ee resm%‘ue was dissolved

in DCM (75 mL}) and washed with 1N NaOH (50 mL). The aqueous layer was extracted

with DCM (3x 100 mL) and the extracts combined with the organic layer. The combined
organics were washed with saturated brine {50 mL), dried over MgS8QO, and concentrated to
afford crude product. The crude product was purified by flash silica chromatography,
elution gradient 2 to 6% MeOH/ammonia in DCM. Pure fractions were evaporated to
dryness to afford (S)-3-amino-3-{4-chlorophenyl)propan-1-ol (5.76 g, 61.9 %) as a white
solid.

"H NMR (400.13 MHz, CDCI3)  1.84 - 1.93 (2H, m), 3.76 - 3.81 (2H, m), 4.13 (1H, t),
7.23-7.25 (2H, m), 7.30 - 7.34 (2H, m).

MS nv/e MH" 186.



reaction m xture was evaporated to dryness and

redi ssolved in DCM (100 nL) and washed with water (100
WORMPY0478E or gani c | ayer was dried over MgSat, BGT/@B088/050925

and evaporated to afford crude product. The crude

product was purified by flash7silica chromatography,

elution gradient 0 to 10% MeOH in DCM The pure

fracti ons were conbi ned and 5evaporated to give
Intérit edifte 48D (B)Werdhiityl 4-(tert-butoxycarbonylamino)-4-(1-(4-chlorophenyl)-

(4- chlorophenyl -3-h ydroxypropylcarBanDng %

3-hydugxxpronylearbamoyl)piperigine- heaybexlabesr i di n- 4- y| car bamat

e (160 ng, 21.63 %9 as asghld NVR (399.9 Mz,

DMSO-d6) 8 1.37 - 1.41 (9H) s), 1.86- 1.92 (2H, n),

1.94 (2H, d), 2.00 (2H, &, 8.38 (2H, s), 3.53 -3.55

4;

(2H, m, 4.25 (2H, s) 0 1 (1H d),
6.60 -6.62 (1H m, \Eg.f§<9718(1H m,

.14 to(1H, s), _
PLC tR = 2.01 mm

7.33 (4H, m, 7.98
11.67 (IH, s). MSni
Internedi ate 43:
1-(tert-butorycarbonyl)-4-cygfiop, peri di ne-4-car boxylic
acid 0 HO)1>eN 15An aqueous sol ion of lithium

hydr oxi de (2M 39.0 nm., 77.92 ) was added to a

t d { f 1t t-b .

o OSSR S oy eepati sluSimiinte A7 (LR 75 87 mmob
was(a@dédgmo@%oéﬁorfmottén bldxJEdrbdngP)- Artg)mat 25C. The

resulting mxture was stirred at 25 C for 3 hours and

buteigysimberddmpyp)mperidimd-ceeway lioacidibatermeedizie 79) (ih@ile?dg 5.87
t 5 18
oy ST RT3 0} 08 PRSDSSCM BBl

N, NIt i itﬂ:iﬁﬁhel\h)ﬂhroﬁhirﬁ h@(aﬂﬂbﬂaph(bd}dhaﬁ(lﬁ) 4863, 6.36 ﬁnﬂcﬁ@@u@ hdded and

was extracted into . organi c | ayer. was dried
the FRsRIMESGHERT Hidd §UF?da%t@0 @ |f<i>rt?é1rlwr%%e é@ﬂéa@m BYEYTe Was

evaq&fa@ﬁ 5 dryness then dlluted with EtOAc (300 mLP washed seq entlafl with
tert- lby t oxycar bonyl) - 4- cyanopi peri (II}I ne- 4- carB ?(
wataoﬂsa nil4). Bd sgt;uraﬁad Bgne (FRinsL)nBhe pigahicag:r wssdricd 0V¢ré'\/IgSO4,
ﬁlte]r(]ﬁ%i%r(js LePS WI t ho L §§rgtrpg\]v§trh &Elgl{_%t}?eg;tog orgi-/:ruck: (gc‘.}tf(rkpptyl 4-
(ter?lutoﬁyc)@ﬂaoﬁ?ldnnﬂd)ﬁ 8- Qﬁc}(i&'ﬂphéﬂyl) ?—ﬁﬂd&%yﬁr%b&'lc%%amgy@ﬁpendme—
: | nt er nedi at
1-cariyxyfate §4.46 ehl Br'opmenwhie bylid) - 4- eyanopi peri di ne- 4- earb

111 REREA, O RrENDMS0do)d 139 (15Hy Sy 1T 1197 6l G 336
(2HI, gm bex afﬂsqaﬂpmn,osmwat}g tx, 3,8255H0q), 8. 8@Q1Hﬁ@l )f 2vag . Addedm).

one portion to 1-(tert-butoxycarbonyl)-
MS m/e M-+Na™ 534.

Intermediate 49; {S)-4-amino-N-(1-(4-chlorophenvD-3-hvdroxvpropylpiperidine-4-

carboxamide

J

A NH,
N 2
Cl
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5cyanopi peri di ne-4-carboxylic acid (Internediate 43)

(0.763 g, 3 mol), (R -1-(4- chl orophenyl)ethanam ne
WwWO@200948256f1., 3.00 mmol ) and DI PEA (1.572 ni, 9.POU/GBASIY/050925

in DVA (20 nL) at 25C under nitrogen. The resulting

solution was stirred at 60Cifor 4 hours. The reaction

m xture was evaporated to dryness and redissolved in

DCM (150 nl), and washed sequentially with 1M aqueous

ci tI—f))d?o GicflichRQ 4V In dﬁ'ﬁ@ir[%r(l( g@ nfﬂ-)4’6 Sa/r}ﬂmog ﬁe%taﬁﬂéﬂ fbd(S)-tert-

sodi'um™hydr ogen car bonat e The ordanic layer
butyhdqtet- blﬁdxmdronmgnms)l-Mm éﬁljbﬁlato@heriyl) ser ed and

evaporated to cr ud u r .
ya i SR Reabmuny (e ne araraaBie Thissmpiaty AEHCRY OB StpoD in
chox%hcl: gc | nW’I@l@‘%E&QLMI%‘%YUHO%'MS' ARcdheth aNEod ffurd qq)le/"reachon

i sohexane Pure fracti ons were evapor ated to
m1xglfr¢ wasdd@ﬁ)lqugntm@hﬁg@ﬂ aupurified by ion exchange chromatography, using an

chl en Icarb r.n - nopi peridine-I-ca
SO} Byoal B 1 bg e GRogthn B S BRRNLBE e ani ch
aliéIM O thdpurd fﬁ\ébﬁ@'lsbw&e eviiogdied degmss ThhFordaEREiadlino-N-
was then redissolved in DCM (20.00
(1- (‘HhlPFQP(bP@)d?:éthYél”(a‘éfP@PQ@P@mdlﬂE-4 @@bmmmﬂ 1)9% 188 &eds a
tion was stirred at roomtenperature for 3
colg Hgss??lhgfter whi ch the crude product was purified by
'H NMR @86hangdz, dbkiSaai ) Griapihy].28$imgman . BCX. ¢D(4HMn), 2he - 2.83
desi_red %‘éoduct was eluted fromthe colum using 7N

CHetron 2ot 2A4 (Pl ??%C?ﬁé’rﬁ@l{m@e 20evaporated to

MS iy Rassyto afford
?’[/%/ N-(1- (4 chl orophenyl ) et hyl ) - 4- cyanopi peri di ne- 4-

car boxam de (0.720 g, 82 % as a colourless gum This
l[:lm wi t hout

- cyano- 1- (7H pyrrol of
2,3- dlpyrlmd|n4yl)p - 4- car boxam de DI PEA
(1.101 nm, 6.17 mol)
(R) -N-(1-(4-chl orophenyl E

5cyanopi peri di ne-4- car boxam defi(I nternmedi ate 44) (720

ngy 47 rmol and. 6-chloro-7- deazapurine. (379 :
2 R’rﬁmm%m?lﬁ oA S Bt Snhiss oV Bl Bty 10 ctloro-Tit
pyrr§@| B lapsy rwaslinel (s fgr egl sahmia&w oeNVs dwm mL)‘lﬁ Br @ﬁder nitrogen.
duct was puri by i on exchange chronat ogr aphy,
The u@uhglg@nsmmoe GES) r&hrredrh@(b"é‘sfqrédwpr odgataaias nellxurr@was

Ge calu sin 7N a
evarip R WFE Gl g0 s TR 1G0T BRG RO G myon st
whu(hlwéﬂcdlllél:t@ﬂ @p mﬂmwm mié Prude sylan@aslirindiateg Woiktoh@ MeGHA) Bive a

%rlm din-4-y eridine-4- carboxani de (46.2 % as an
soli wawaefv@émi@medr Bluggien yEhedhqt rituppsiop evas regeaipdyip gh§ut bromo-4-

KO 5 1.38
o TR g 24 L1504, O 5 1
'H NMR (40923 (M, ToldSO-66)@17.946 (112, §,18.68 (11, 5), 1223 (( M) dd) ,
-.1.41 (4H, m, 8.18 (1H, s), 158.77 (1H, d),
M8 T’ieWJ(zﬁé’l; s). M5 mle M# 409. Internedi ate 46:
(S)-4-(1-am no- 3- hydr oxypropyl ) benzonitrile OH



i0

20Sodi um bor ohydride (1.039 nL, 29.48 nrnol) was added
portionwi se to (S)-nethyl

W20490478633- ( 4- cyanophenyl ) propanoat e (2.23 g, PXO/GB2008/650925
mrol ) in nethanol (20 nmL) at OC over a period of 5
m nutes. The resulting sol utliign was stirred at 20 C
for 24 hours. The reaction m xture was quenched with
saturated NaHCO3 (50 ni), extracted with EtO0OAc (3 WO

Int&Q@&ﬁMBﬁﬁ@@éﬁﬁ%ﬂ@ﬁ&%@%?h&@pﬁoﬁ&mfm) the
organi ¢ Tayer was washe saturate rine (75 nL),
dried over MgSO4, filtered and efyAporated to afford

crude product. The crude produc was purified by flash
silica chromatography, elution:gradient O to 8% MeOH

with anmonia in DCM Pure QRS were evaporated to
dryness to afford (S)-4-( i no- 3-
5hydr oxypr opyl ) benzoni #1T™e~(0. 368 g, 19.13 % as a

colourless oil. NVR (400.13 MHz, CDC13) S 1.84 -
1. 9¥oramtetahydrg{urgn ca@mgex (72H miy 71.20 a@ne wasadded, drm[)wise to a
stirget {ek8Ebn 0 0905 8o 3 (LrolifophenPpropantic held (3,52, 14.34%mot) in

THE 80 2130 070-c3ref 4 psiddsommhanytes Rhegaindgddl TRE i'es@tmg suspension
Bor ane-t et rahydr Ofl tran conpl ex (376 , 375. nmol )

was,isred @t thr SPwigutes Brea a5 22 rfon S wauisefe @ﬂCthn mzxture was added

ok A A RGO RPBAELR el g
hourd. Tht esxturdess qintengenl, reiioives i imkthgndlSSSERENShON Was

stirred at. 0 C for 30 mnutes then at 22C for 5 hours.
recopgentraigtbithis RTafE et RReHbEre dinger s Aviidee Wi HisohgAdr DCM

(75 %519%1%&%59"\91@ @N‘Né@ﬁ )S%L%t rhE 88hieBhs fa?%%seé%&%& Wifh pcMm
for three days. ture’was concent
(3 xr et sk pdndalle ﬁmm dmbmhed(ﬂﬁiﬁ) thelorgand!lay ec Ghe eombat & drganlcs

e BB S0 R AT PRl ATSDh o Do RPAG i
ThE®u w r

cmj%@o%% s o on ek b

gra

iggterto SYhdcsYhmmuaion diaMe $wiefrectigas etk ewaphrated to dryness to

TN e L

"H NMRIH00. I\B/a\ﬁHIZU{E‘DCIlﬁé 12 f1.a@{R15inh), saécmmm%ammy(lH £),
elution gradient 2 to 6% MeOH anmonia in DCM Pure

T1% 1% (Dhner® eVvAptht®d to dryness to afford
MS(11§2) amo- 3- (4-chl orophenyl ) propan-1-ol (5.76 g,
as a white 25solid. NVR (400. 13 VHz, CDC13)
5 1.84 1.93 (2H, m, 3.76 - 3.81 (2H, m, 4.13 (1H,

.2 7.2 7. MS nle
Intt i 7at ethv154 ?3 Ic_lﬁ](nr:[(z];’shenv] -4- (metﬁoxvlmmo)@utanoate

N

|
O
0
Cl

4-(4-Chlorophenyl)-4-oxobutanoic acid (10 g, 47.03 mmol), methoxylamine
hydrochloride (4.91 g, 58.79 mmol) and sodium carbonate (5.98 g, 56.44 mmol) in ethanol

(150 mL) were stirred for 4 hrs at 80°C. The mixture was then cooled to room temperature

before being filtered. The filtrate was concentrated by evaporation and purified by flash



117 Internedi ate 48: (S)-tert-butyl

4- (tert-but oxycarbonyl am no)-441- (4-chl or ophenyl) -
WO0MNId78sy pr opyl car banovf | pi peri di ne- 1- car box PCE{EB20§349509235

) O (S)-3-am no- 3-(4-chl orophenyl )propan-1 -0

(Internmediate 47) (1.09 g, @7 mmol) 5S5was added in

one portion to 1-(tert-butoxycarbonyl)-4-(tert-

but oxycar bonyl ami no) pi peri di ne- 4-car boxylic acid

silich 'cﬁltoﬁ’(a‘i%,ﬂlﬁlﬂ{yqeﬁlgﬁt 12582 %107 i hdXaRd)) PRRITRIRESweR: 08
m., 17.61 mol) in DVA (20 ni).
eva@r{igd trdiyaess to aﬁf@zlcﬂthﬂ 4y(éP¢,hMrhpheNyL)tﬂetm@th®tyﬁuyﬂnmmame

hos 6 6.46 nmol) was added and
2SR SRR SRR bl s oa At 2bc for 24
'H mwc«aoo The Mg astison) 1m3xt yy E}H\&§ 214k E\gam&t) ezdsd 0. 52 (lH qu),
ness then diluted with EtO 300

2. 945% GEHLItalBISA Wi B, dei0et 0% G re)) 7. 4 4§a[t°- ¥ é)s écﬁ6b7r 6%2H d).
(50 mL) The organic |ayer was dried over MgSOH4,
filtered and evaporated then triturated wth diethyl

Inteeinddiaté 83:af-{(Peloesphdav)d)-Gh@hbxyibiiNd)bdtancic acid

(tert-butoxycarb onylam no)-4-(1

- (4-chl or ophenyl ) - 3- hydr oxyp 1opy

| car banoyl ) pi peri di nel-carbgx§l ate (4.66 g, 155% as a

white solid. 1511-1 NWR (40 DVSO-d6) 8 1.39

(18H, s), 1.71 - 1.92 (2H, s), 3.36 (2H

t), 3.54 - 3.65 (2H, : t), 4.89 (1H, q),

6.89 (I H s), 7.2947 734 (4H, m). MS ink M 1Nas 534.

Inte

( S)L élhl“ﬁ%"ﬂﬁf PP SpREng 1S 3PSl 3RV IBHYP b -
chlofdihicfie-4- (rr%@mﬁ(gfrbﬁ&ﬁﬁlsﬂll@ale (fkB8rmediate 3AYArDYLR £ L) in

AMin dioxane (11.72 nm, 46.87 nnnl%‘mas added to
watqrggs. fl@}lt)bm—lﬁ (1 2 mL) and ethanol (102 mL). The resulting solution was stirred

t I - 3-

a0 2T Tl HEUEAIFEVIO el In RSO OPRE T wihed

with(WaiteEoe dﬂ@t @hé@uebﬁgwaﬁacﬂﬁsEMI pHA withlil bk eing: {3 sdthdion then
was stirred at 20 C f

extfgfgfﬂ with %FQAF g%iﬁ'ﬁ 13 HPS Rt 61 yasteg frith saturated brin
(25 FEY bR %%:PM?SU ooy érfztrbv%g&%ﬁ% aﬁi%%@ﬁ&%ﬁeﬁé{ 4-(4-

using an SCX col’'um. The desir product was e
chkﬁmﬂmnﬂhé(U@Munmnmgpﬁgu®OENcamﬁbﬁigkﬁﬁo%nammhgmn@uowsohd

' 1{1\@ o3 MR 59/308'3HCH, 181 988y ! 29214101, 7.47-7.49 o,
d), Xé}@@g@ﬁMngpbgp m}1§Onﬁdroxypropyl)p|per|d|ne 4-car bo

xam de 70 g, 108 % as a colourless gum
MS m/e MH™ 242

Intermediate 54: 4-amino-4-(4-chlorophenvyibutan-1-ol

NH,

D)WOB
Cl

4-(4-Chlorophenyl)-4-(methoxyimino)butanoic acid (Intermediate 53) (6.43 g,
26.61 mmol} in tetrahydrofuran (30 mL) was cooled, under an atmosphere of nitrogen, in
an ice-methanol bath. Borane-tetrahydrofuran complex (1.0M in THF} (93 mL, 93.12
mmol) was added dropwise over a period of 20 minutes. The resulting solution was

allowed to warm to room temperature, stirred for 1 hour then heated at reflux for a further



i 01H NMR (400.13 MHz, DMSO-d6) 8 1.20 - 1.28 (2H, m,
1.75 - 1.91 (44, m, 2.67 -2.83 (2H, m, 3.30 (2H, m,
WORBY0473¢3, s), 7.30 -7.37 (4H, m. M5 me Mr BU2GB2008/050925

I nt er nedi at e 50:
5- brono- 4- ehl oro- 7H-pyrrol 0(;3;3-dl pyri mdine CBr 15
N- Bronosucci nimde (6.84 g, 38.42 mmol) was added
portionwi se to 4-chl oro-7Hpyrrol o[ 2, 3-d] pyrim dine (5
. I .
6 b P T Sy hge“@&;%%ﬁéf?ﬁﬁtaséléﬁ%t?ﬂéﬁwaoww
witl simljh gloer10 mimtesedbe mbtture wdsuigeinsdiswey ap@tah &ﬁroaﬁd

oS 4 Bromm, setid vee T sl b bl to
Was‘c th!:ﬁ E@lé@i‘ﬂ icd D@iek %h'&'i SoB LA SH \&F) %@: ey egfal@g §/lmpWseI\9 fth stirring,

to give a solid which was'c
Th@fne‘ﬁltlhm morturcTe stoed end heated atO0° Wby 4rlapmsaﬁhexﬂ c0cdecgi0vzeom

A e RS LRI P A ke B i

watbr/foBéwed bly bSihe, (ﬁteﬁ%vérll’blgS@} and vaPerateiio dSYnedS THd Guid¥roduct
234. 25 2009/ 047563PCT/ GB2008/ 050925 119
was| th@repwﬁéqdahyeﬂ@h :silica chromatography (eluent 0-10% 7N ammonia in MeOH /

) h ) propan- 1-ol, Br
Cy e O PR s AR A BB o phony gy 1-of (.85
g, m@s%adﬁ@ebldﬁmwtmsp@eﬁ oaibd. rred suspension of
M am_no- 3- 4 bromaglhe L%)ropanm c acid E‘ .Séﬁ,
MR YIFh L ST G0 A, Lh1-0] G858 (3R, 8376
t trpgen. The resulting suspensi on was
3'791}??923 32@%%%&20 m nutes then at 22C for 5 hours.
The reaction m xture was added portionw se to net hanol
Intd 25e0.m_) . The sol tlon was st |Irr d at room tenperature

) ! ) carbamate
r edi ssol ved in met hanol (250 mL oand reconcent r at ed
(this process was repeated three tines). The residue
was di ssol ved in DCM

Di-tert-butyl dicarbonate (1.588 mL, 6.91 mmol) was added in one portion to 4-
amino-4-(4-chlorophenyl)butan-1-ol (Intermediate 54) (1.38 g, 6.91 mmol) in DCM (20
ml.) at 25°C under nitrogen. The resulting solution was stirred at room temperature for 24
hours. The resulting mixture was evaporated to dryness and the crude oil was triturated
with isohexane to give a solid which was collected by filtration and dried under vacuum to
give tert-butyl 1-(4-chlorophenyl)-4-hydroxybutylcarbamate (1.800 g, 87 %) as a white
solid.

'"H NMR (400.13 MHz, CDCI3) § 1.40 (9H, 5), 1.48 - 1.66 (2H, m), 1.78 - 1.83 (2H, m),
3.63 - 3.68 (2H, m), 4.61 (14, ), 4.84 (1H, s), 7.21 2H, m), 7.29 - 7.31 (2H, m).




10 (75 nL) and washed with IN NaCH (50 nL). The
aqueous | ayer was extracted with DCM (3 x 100 nL) and
Wotdieo/@gsasact s conbi ned with the organic | ayer PCEnGEB2008/050925
conmbi ned organi cs were washed with saturated brine (50
m.), dried over MgSO4 and cemgentrated to afford crude
product. The crude product was purified by flash
silica chromatography, elution gradient 2 to 6%
Inte!u\‘%%[ y”eagggl's’ga_?tfg{l?b%&[ u’vc:ﬁ-%ﬁvlfaﬁﬂﬁé)ulfh%cﬂﬁhﬁ)h%\ﬁ@ﬁﬂﬁﬁz‘i ed to
methShesdfanateo- 3-(4-brormpheny|)propan 1-ol (2.160 g,
65.5 % as a colourless gum "H NWR (400.13 Mz,
CDC13) 1.82 - 1.90 (2H, m), 3.06l;03.82 (2H, n), 4.12
(1H, t), 7.17 - 7.20 (2H, n), 7.45 -7.49 (2H, m. M
rrile M+ 230. 20 Internedi ate et hyl
4- (4- ehl or ophenyl) - 4- (et honi m no) but ancate ,t0 C
4- (4- Chl or ophenyl) - 4- oxobut angic acid (10 g, 47.03
mol ), nmet hoxyl am ne hydrochl pride (4.91 g, 58.79
mmol ) and sodi um car bon 598; 9, 56.44 nmol) in
et hanol (150 m.) we tir ed for 4 hrs at 80C

The m xture was then ed t m t enper at ur e
25before being filtered. The Fi %te was concentr at ed
by evaporation and purified by
47563PCT/ 0 OS||ca raph
(o e R el o gAE (- | SREnERm5oD pas atdy EopaRG o el-buty!
5 1- (M&ﬂ@roﬁﬂéi%ﬂﬁﬁh?&irok @ﬁm@&&atwhﬁ&fzﬁécﬂa@tml(1 80 g, 6.00 mmol) and
4- (4-chl orophenyl) - 4- (et hoxyi mi no) but anoat e F g,

triethylagginesd . (4 rok 4 nm@h@@@‘@(@mq rqh) at.25°C over a permd of 15

minf5 bnd o 9% M gbEhor yacfte bl dlagrgyre op g0
mintijes. "ﬁle%SL(I&’rg m$>bture4va@%vlépdt}§tf§m %&ll;lrgfiéess Saﬁd fhic résidle Qvaé‘lsuspended
n

in Dsz félﬂﬁr@@ @rbch@ﬁ §f Hiyatg, p(léﬁ“é%fhbx(w% el B pEr2pley. ¢lutan eradient
0 20thi zbb%dwgdmgg "i’%sth %idég%}fﬁk%r% Wete R9adratéP el BndWR dtord 4-

was a
(tert- blﬂmk)@aﬂmhghyﬂﬁe)%(mlhl@pwnﬂ)bm)ylbnteﬁmna&tuﬁonate (2.270 g, 100 %) as
rmsdl ate 52) (12.33 g, 45 71 mmol ) in

a nglte solid
'"H NMR (400.13 MHz, CDCI13) 6 1.41 (9H, s), 1.67 - 1.87 (4H, m), 2.99 (3H, s), 4.23 (2H,
t),4.62 (1H, s}, 4.75 (1H, s), 7.20 (2H, d), 7.30 - 7.33 (2H, d).

15 MS m/e M+Na' 400.

Intermediate 57: 1-(4-chlorophenv])-N4.N4-dimethylbutane-1.4-diamine

NG

NH,
Cl
Dimethylamine (84 mg, 1.85 mmol} and 4-{tert-butoxycarbonylamino)-4-(4-
20  chlorophenyl)butyl methanesulfonate (Intermediate 56) (700 mg, 1.85 mmol) were

dissolved in THF (10 mL} and sealed into a microwave tube. The reaction was heated to



water (25.4 nL), THF (102 nL) and ethanol (102 nL) The
resulting solution was stirred at 20C for 1 day. The
WQ 289/047663 mi xt ure was diluted with Et OAc (200 RAI/GREHS/050925
washed with water (200 nL). The aqueous was adj usted
to pH5 with 1IMcitric acid gehkution then extracted
with Et0OAc (3 x 150 nL). The organic extracts were
washed with saturated brine is (25 nL) then dried over
120\/@3@40 iy &r ﬁQh@ﬁQr@%Mé’&&deQ:o@feﬁ Y PP Rint d:)%fjatur_e. The
product 4-(4- chlorophenyl)-4-(methoxyi m no)bdtanoic
reagigindnixuré 9/ag cmﬁ@nttat% arcbthan Idisgbltyedy ml DOW @@l{]OdnL) EANMRA (2

IIIL§4]81E r%zg’c'_y"é)/rlilz as's g%d]gtgﬁgg (12%411 "31'? ﬁ@g%gyc?e?prg (‘(t gﬁs tpgjﬁiﬁed by ion
excﬂiing%khfolﬁhtoﬁlﬁ%dhsmé’@n Et@( MV 2The c[bts§é([%1‘§|>'dﬁ$tewa%4eluted from the

-am no- 4- (4-chl or ophenyl ) but an- 1- ol
Coham(l gsigy B piMaOk aad Ip@;q/ﬁrfmtms bfutqm@p@'a@dm dryness to

aff r!é?r c'ﬁ?q gﬁ?}%%gg r{%e%g bu?aggl ik laee&égﬁng, 87 %) as a yellow

gumt rmsphere of nitrogen, in an ice- met hanol bat h.

Bor ane-t etrahydrof uran _conmplex (1.0Min THF) (93 nL
'H YY1 00051 Y Hza§ Déddiei0-d¢ oB\Mgs(éHoV’érO % i GHlon),2P3 - 1.09
u I I 0 lh to warmto
(ZHnng Igisﬁp t‘g tllrﬁﬁg&ﬁs’ttl rreglgbp qsﬁgﬁr@t( lgh eat ed at
MSrrefel MK 227. a further 121 6 hours. After cooling in
ice-water the mxture was treated with water (20 ni)
dropwi se with stirring over 10 m nutes. The m xture
Int¥@teBH2I58: &hlWesdyP1 \atllok l{te W3- RUBEASb M1 & amate
stirre or ours bero orating the pufrk of thne
sol vent. The residue was then cgd8led in ice-water and
50% NaCOH (aqg.) (20 nL) added dropwi se with stirring. 5
The resulting m xture was sti€éred and heated at 90C
for 4 hours then cool ed N Lenperature and
extracted three tines W The conbi ned extracts
were washed with wat ef brine, dried over
MySO4 and evaporated to dryness. i!ge crude product was
then purified by flash silica c t ography (el uent

0-10% 7N ampni a in DCI\/ID pure fractions
evapoicsttagy! tdé,caglpqn@FedS 04 mL 3 mmo}) was added in one portion to (S)-3-

8
g SO Sl PLOEPIST ATk ) (375 Pl
(200vkid)) a1 2 2%+ 1i|nd417n1¢r2;gbn d"rhija ,resilltﬁig shlubibn (W2, stm‘}d at3o3hr t8mP&rature
3.79 5’3 7.38
for é%p(él}rﬁ,él&h@d’?%l g mpgpr Wte}yﬁporate {o dryness and the ¢rude oil was
tr1t&at@&u9@ﬂh§8’h@9ﬁ%ﬂ¥ %)veda fvid »\Q?éé/l'p%ﬁé' &&%Et@@%gtfﬁtrgtﬁ Gnd dr;ed under
Di-tert-butyl dicarbonate rs
Vdcgld'd galgiva (Drertportyli lof@-¢tdordphenyl)-3- hydroxypropylcarbamate (9 20 g,92
y §t4 (gl 4- chl or ophenyl ) but an- 1-ol (I nternedi ate 54)
) B BTSSR 51 ol i DOM (20 n) at 25C under
H NMH omen. MH&GCD@LS?SI ng(ml 11,90 V&g (S| ¥ @Al H, @M 74 (11,
n’peraturefor 24 hours. e resul ting mxture was

s), ?e%péfl A(Hd mp 4diSylEs &), ard (ﬂHed)e 7dde 7034 (QRasn)t 7 B0 uaBe@H, m).
MS m/e M+Na" 308.




20

20w th i sohexane to give a solid which was coll ected
by filtration and dried under vacuumto give

WO 280904338y |  1- (4- chl or opheny1) - 4- hydr oxybut y| F4THER0%050925
(1.800 g, 87 %9 as a white solid. I1-1 NWVR (400.13
MHz, CDCI3) 3 1.40 (9H, s), 12448 - 1.66 (2H, m, 1.78
- 1.83 (2H, m, 3.63 -3.68 (2H, n), 4.61 (1H, s), 4.84
(1H, s), 7.21 (2H, m, 7.29 -7.31 (2H, m. 122

Intdrid eQiA¥B 81 2{S3-35@ert-butoxycarbonylamine)-3-(4-chlorophenyhpropyl
4-(tert-butoxyearbonyl am no) -4-(4-chl orophenyl ) butyl

methanesalonatef onate  Met hanesul fonyl chloride (0.511 niL,
6. 60 nmmol ) was added dropwi se todert-butyl
51- (4-chl or opheny1) - 4- hydr oxybut il car bamat e

(Intermediate 55) (1.80 g, 6.0®mfitol) and
triethylamne (1.004 nm., 7.20 [) in DCM (30 0 nl)
at 25C over a period of 15 mifiutes under nitrogen. The

resulting solution was s red _at roomtenperature for
30 mnutes. The resulti xt e was evaporated to
dryness and the residge Wwas ded in DCM filtered
and the filtrate purified by fladr silica

chr omat ogr aphy, elution gradie 20 to 100% Et OAc

gBleaic, Pure 101 LanS e SYapoLalen 0. )
tiemt g o] ' = 3 I
o R o g a1 .1
mmpiyRnd #0hyvi8mivied 5. 38DAL.PB.@ mnel) 10 I MAL) 61 Ml At 25°C. &72r a period

44 . 2.99 (311, s), 4.23 (2H t),.4.62 (1H s),
of 1§ g g 2B T Sl Sepdit wad it sdotentipkaty for 30
minties. MeNasuld@DmiltlcarARIbFIBed (6 dryness and the residue was purified by
1-_&_4- chl orophenvl) - N4, N4- di nmet hyl' but ane- 1, 4-di am ne H2
flasiopilica chromatograpbyy nglnhgil aiediened( ®410080 EOAG mngickapm Fure

- (¢ - r bonyl am - s G4~ :
o b o B AR TR o s bwoprsapapviaping)d -
chldbéphebyQfropW, mdth@festif®miale (MO8 &i86 36) asedwhite sbHE. (10 nl)
..ahd seal ed into a mcrowave tube, The reaction was
H Uk BI0OMHERSDEINE |35 - AGTHPHUTSS-Th(AHhe) it @il 4.10 - 4.29
r r cop! re. The reaction
O A B RO Lonconts Bk ance ¢ han e isDs1 ved - DOM
MS @16 MENari386and TFA (2 nL). The reaction was stirred at
20C for 2 hours. The crude product was purified by ion
exchange chr omat ogr aphy, using an SCX colum. The

1nteqlﬁfemaesi6@!@cg-m%buﬁﬁﬂﬁsgﬁmmﬁ@r@!déni}sma]ﬂﬁae
. alhmonl a an pure racti ons wer ev d

to dryness to afford Liju
1- (4-chl orophenyl) - N4, N4- di et & tane-1, 4-di am ne

(366 ng, 87 %9 as a yellow gum/l

Cl

Diethylamine (0.426 mL, 4.12 mmol) and (S)-3-(tert-butoxycarbonylamino)-3-(4-
chlorophenyl)propyl methanesuifonate (Intermediate 59) (500 mg, 1.37 mmol) were
dissolved in THF (10 mL) and sealed into a microwave tube. The reaction was heated to
120°C for 50 minutes in the microwave reactor and cooled to room temperature. The

reaction mixture was concentrated and diluted with DCM (5 mL). TFA (1 mL) was added



11-1 NMR (400.13 MHz, CDC13) 6 0.70 - 0.79 (1H, m,

0.82 - 0.91 (1H, m, 0.93 - 1.09 (2H, m, 1.21 (6H,
W(s2009/047868 (2H, t), 3.23 (1H, t), 6.58 -6.66 (AET/GER2008/050925

M me M+ 227. Internmediate 58: (S)-tert-butyl

1- (4- chl orophenyl) - 3- hydr oxyps opyl car bamat e

Di-tert-butyl dicarbonate (8.04 nL, 35.01 nmol) was

added in one portion to (S)-3-
and| tﬁ@@a&%ﬁvﬁﬁﬁtf?ﬁh% Qﬁﬂ@ﬂﬂll)%ﬁppﬁl@ c;udélpr&(ilﬂ:% %Qggﬂlﬁéc?by ion

6.5 g, 35.01 mmol) DCM (200 i) at 25C under

excmntge@gmmatﬁrgrephye gsihg am §C§b¢qlmwm nleabsmd productagasreboed from the

t Th t t
congGARGPEe o raRbryaSH 2R hra et vore i Bt o fesae
affoMl {$)- 1 -SLBIESRAPEch)-BI3 WS- QicBRifropaal CH apRSne 01086, 88.00%) as a
filtration and dried under vacuumto give
yello®yait er t - but y!

l.ar e ypr I e . 20,
Y R O S LA R BLBA S RaD -y m
3976(1]{{4)37(29'H731)(4H],.n7)8 1.84 (1H, m, 2.05 (1H, d), 2.74
3.67 - 3.71 (2H, m, 4.88 (I H s), 5.04 (1H,
MSd?/EMHzi‘* 7.24 (2H, ™), 7.30 -7.33 (2H. n). MS nie
MtNat 308. 124 Internedi ate 59:
(S)-3-(tert-butonearbonyl am no) - 3- (4- ehl or ophenyl ) pr op
Intgrimedéd te s eS-dirb moat-ehloro-MabHdTéEphifroto) 2 Jatiberinmiding?. 74
m., 35.41 mmol) was addeg dropwi se to (S)-tert- butyl
1- (4- chl orophenyl) - 3- hydrfoxypffopyl car bamat e
(Internediate 58) (9.2y \9 nmol ) and
triethylamne (5.38 rrL,k38| 637mmol ) in DCM (161 nlL) at
25C over a period of 15 nones, under nitrogen. The
resulting solution was sti rr,egi’at roomtenperature for

30 mnutes. The resulting nPxt was evaporated to
dryness and the residue was p yed by flash silica
chr omat ogr aphy, el ution gradi 40 to 100% Et OAc in

i sohexane. Pure Jofractions were vaporated to dryness
to afford (S)-3-(tert-butoxycarbonyl am no) - 3- ( 4-
chl i}deph@ﬁydh)%oﬁﬁnym@D Rahdpyrhodiat €intdion@Batg, S03 624, &)

mm(ogl_ztnd r;ngtolS Olaclﬂzsglf?%r_ll cﬁtﬁd&e%?%ﬁf? g%@ g%%%@%k%lhl%ggl %c'ﬂd_ﬁi%e (12
mmed Hir@ll uod&, mﬁ&»gcnﬁn@kooleﬂ 1@ Bethdbh -390 and 582 Fo this¥dlution was
addgd 2.0M %IaOH solution (5.50 mL., 10.99 mmol) while maintaining the internal
temperature at less than 5°C. The reaction was allowed to warm to room temperature and
stirred for Thour. The white solid was filtered off and washed well with acetone to afford
5-bromo-4-chloro-7-tosyl-7H-pyrrolo[2,3-d]pyrimidine (3.28 g, 99 %) as a pale cream
sohd.

"H NMR (400.13 MHz, DMSO-dg) 8 2.38 (311, s), 7.48 - 7.50 (2H, m), 8.06 - 8.08 (2H, m),
8.41 (1H, s), 8.84 (1H, s).
MS m/e MH" 387,
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M5 i nk MtNa+ 386. 15 Internedi ate 60:

(S)-1-(4-ehl orophenyl) - N3, N3- di et hyl propane- 1, 3-di am n
WO@02Nd75¢3 Di et hyl amine (0.426 ni, 4.12 mmol) &GWGB2008/050925

(S)-3-(tert-butoxycarbonyl am no) - 3- (4-

chl orophenyf | propyl mnethanegty fonate (Internedi ate 59)

(500 ng, 1.37 mmol) were 20di ssolved in THF (10 nlL)

and sealed into a mcrowave tube. The reaction was

Intepﬁghﬁ@e ﬁ?. ’ﬂgﬁ’&} i-gﬁ-bﬁ&nﬁiﬁfﬂsgﬁﬂﬁ-!h#%o!?é 4 &iﬁﬁﬁicﬁl‘?—ﬁ&g]ﬁﬁ-ﬁert—

butoxysaihonghntinaipdperidide-didarbexilaiet h DCM (5 nL). TFA (1
nm.) was added 125 and the reaction was stirred at 20C
for 1 hour. The crude prpdu t\fés purified by ion
exchange chromat ogr aphyy; I ng, ary SCX col um. The
desired product was el utéd roﬁ’rﬁe col umm usi ng 3. 5N
amoni a/ MeOH and pure fractilons re evaporated to

dryness to afford Br
(S)-1-(4-chl orophenyl) - -y et hyl propane-1, 3-di ani n
e (119 ng, 36.0 %9 as a elll oW oil. 1H NVR (400. 13

MHz, CDCI3) 6 1.00 (6H, t N5, 1.82 (2H, m, 2.40
2.54 (6H, m), 3.97 (1H, t), 2537 - 7.31 (4H, m. MB
me MH+ 241. iolnternediate &1:

5- br ono- 4-ehl oro-7-tosyl- 7H pyri 2, 3-di pyrimdine
5- Brono- 4-chl oro- 7H pyrrol o[ 2, 3xdKpyri m di ne
(Internmediate 50) (2 g, 8.60 nmol) ‘and

p-tol yenesul f.opyl ¢ ride (1.64 , 8.60 I
P ARG TOBTRHe hoey 8%9%-%5 nmz?ls 2R agilq%rtf’ gabrawam@:@wm@%ﬁ*m-
R T i el i 286G 8. 39 ntdhbl {HyPH-(WRS
Py e S T AR OB 205 O G REhPNIRE
butopp¢anberiytanmpigo iphstiditteet-parboxdate ¢ WA 080 AT 0P 60 faald . &8anmol) in
react i s_allowed to warmto room.t tur

Dm0 BN 2% S8 rauliPE SRR s S EREETRTS Bty rne
reac@bi maOreVaERe coMtlatedwint i laeatvaneE A @f200mel), and washed

5- brono-4-chl oro-7-tosyl- 7H pyrrol o[ 2, 3-d] pyri m di ne )
sequentially ith g/g_tm/(il?Sa@Léa%wéur@}cémng 673 @L). The organic layer was dried

over MgSQOy, filtered and evaporated to afford crude product. The crude product was

purified by flash silica chromatography, clution gradient 30 to 70% EtOAc in ischexane.
Pure fractions were evaporated to dryness to afford methyl -(5-bromo-7-tosyl-7H-
pyrrolo[2,3-d}pyrimidin-4-y[})-4-(tert-butoxycarbonylamino)piperidine-4-carboxylate (3.60
g, 69.7 %) as a white solid.

"H NMR (400.13 MHz, DMSO-dg) 8 1.38 (9H, s), 2.03 (2H, s), 2.38 (3H, 5), 3.33 - 3.37
(2H, m), 3.59 (3H, s), 3.84 (ZH, d), 7.41 (14, s), 7.46 (2H, d), 8.00 (14, s), 8.03 (2H, d),
8.40 (1H, s).

MS m/e MH™ 610.



20' H NWR (400.13 MHz, DMSO-d6) 62.38 (3H, s), 7.48 -

7.50 (2H m, 8.06 - 8.08 (2H, m, 8.41 (IH s), 8.84
WO2PPP/043563 MS mie. MET 387. 126 Internedi ate FXT/GRBAONYH50925
1- (5-brono-7-tosyl-7H pyrrol o[ 2, 3-dl pyri m di n-4-yl) - 4-

(tertbutoxycarbonyl am no) pi pevi di ne-4-car boxyl ate
Triethylamne (3.55 nL, 25.45 mmol) was added to
5- brono-4-chl oro-7-tosyl-7H spyrrol o[ 2, 3-d] pyri m di ne

Intdriftidedte R} Alethyd 1) (tdrd-bifoFcafb AR 1ARb)-135% v Bl 1-7-tosy}-7H-

4- (tert- butoxycarbony am no) pl pert dl ne-Z-car boxyT at e

Mo [P y in-(d3viiiperidine-4earbpwyitg n DMVA (50 L) at

20C. The resulting suspeBS|on was stirred at 70C for 2
hours. The reaction m xt{jre Oconcentrated and
diluted with EtOAc (209 ‘% shed sequentially
with water (75 nlL) and sdtur t@d*gﬁine (75 mL). The
organi c | ayer was dried v , filtered and
evaporated to afford crudelprodi€t. The crude product

was purified by flash S|k romat ogr aphy, el ution
gradient 30 to 7O%EtOAc5Li§F exane. Pure fractions

wer e evaporated to dryne fford nethyl
1- (5- brono- 7-t osy1- 7Hpyr r ol o[ 2,\3~U] pyr i ni di n-4-y1) - 4- (
tert- butoxycarbonylan1no)p|pemfslne 4- car boxyl ate
(3.60 g, 69.7 %9 as a white sol}j s1H NWR (400. 13
MHz, DMBO-d6) S 1.38 (9H, s), 2 (2H, s), 2.38 (3H,
s), 3.33 - 3.37 (2H, m, 3.59 (3H \s), 3.84 (2H, d),
7.41 (1H, s), 7.46 (2H d), 8.00 (1H, s), 8.03 (2H,
gé M&h?pl -(sLbkonso-7-tdds1-mHep Mo 6 B0d [pAmidig-4-JInugiqrdi at e
et hyl
butorycrdpRylpningxgipetidamd caronplpieiIn Srogdiatne D y.1-274 t&igymol)

pot%ﬂﬁléﬁg{h%'sﬁla?e SoLiPYL 55 G sl REL An0e Bt @18, 0.36

mmol} and cyclopropylboronic acid (0.438 g, 4.34 mmol) were taken up in toluene (10

mL) and water (0.400 mL). The mixture was purged with nitrogen for 30 minutes then
palladium(l1l) acetate (0.041 g, 0.18 mmol) was added. The mixture was heated to 75°C for
6 hours and then allowed to cool and stir at room temperature overnight. The reaction
mixture was diluted with EtOAc (75 mL), and washed sequentially with water (50 mL) and
saturated brine (50 mL}). The organic layer was dried over MgSQy, filtered and evaporated
to afford crude product. The crude product was purified by flash silica chromatography,
ctlution gradient 10 to 30% EtOAc in isohexane. Pure fractions were evaporated to dryness
to afford methyl 4-(tert-butoxycarbonylamino)-1-(5-cyclopropyl-7-tosyl-7H-pyrrolo[2,3-
d]pyrimidin-4-yl)piperidine-4-carboxylate (0.447 g, 43.4 %) as a cream sohid.

'H NMR (400.13 MHz, CDCl3) 8 0.72 - 0.76 (2H, 1), 0.99 - 1.04 (2H, m), 1.43 (9H, s),
1.90-1.94 (1H, m), 2.04 - 2.10 (2H, m), 2.17 - 2.25 (2H, m), 2.38 (3H, s), 3.34 - 3.41 (2H,
m), 3.74 (3H, s), 3.98 - 4.03 (21, m), 4.76 (1H, s), 7.12 (1H, s), 7.28 (2H, m), 8.03 - 8.05
(2H, m), 8.46 (1H, s). '

MS m/e MH™ 570.




Met hyl

1- (5- bromo-7-t osyl-7H pyn-ol o[ 2, 3-d] pyri m di n- 4-y1) - 4-
WO0e/q4758but oxycar bonyl am no) pi peri di ne- 4- car PETYGRADES/050925

(Internediate 62) (1.1 g, 1.81 mmol ), potassium

phosphate tribasic (1.343 gj286.33 mmol), tricycl ohexyl

phosphi ne (0.101 g, 0.36 nmol) and cycl opropyl boronic

acid (0.438 g, 4.34 nmmol) were taken up in toluene (10
IntéFed®itd 6W er(—Qm‘bQ czma))n lﬂ?ﬁn K3l TSR I [2.3-

rogen M NUTEsS
ipesdinem-varis

yHpipeSidims XV H d. The m xture was heat ed
to 75C for |a6 hours and then allowed to cool and stir
at room tenperature overpji ght. d reaction m xture
was diluted with Et 0Ag, , akhd washed
sequentially with water and saturated brine
(50 nmL). The organic |ayer S i ed over MySO4,
filtered and evaporated t d crude product. The
crude product was purifie lash silica

chr omat ogr aphy, elution'Eia lewt 10 to 30% EtOAc in

i sohexane. Pure fraction revaporated to dryness
15t o afford nethyl

4 ( :s%)(BblgEhZ)éé)c a&ebs%rpl}/tlon% %8)1111}) »(rgs Ef:d% 081¥VE'4 (tert osyl

butdKyBMbbig 1&g ABLRelobtipye74 cabx 63@4434
udﬂy as 1215} cr ea?n é‘glc?’gOplI?I3}NI\/RO%Kw(?b)lol%{%flr ) 5

yl)plgynﬂele(‘!zwrbmyiate (Bgermedjate(63)4(78¢)me, 1. 3Bmomi) £HF a1 O%L) at

20 A el Pty G0 0 hgr?ygﬁ% (Al vas

diluB:d98itk El@z@cS(S(OZhL) md, thé a@tﬁao@é H,ycxs‘).ras Jollbate(l hi'rl;l a@hil,ﬁeﬂ téﬁ BH4 with
%PFEI ., 8.03 -8.05 20(2H, @%:
M solufipy ZBW%ﬂ%dWa@QEW(b‘B’G@ M43 Xlsﬁtr@I“h%H}\ tg? grganic

1aye§§"comb1ne and washed with s turated rme 0 mL The or amc layer was dried
tert-but oxycar bony am no I opr opy pyrro

ovet MgSCB filghrgy andngvdporatbdyd !aﬁfmpienwbh preeimc—tédltdmxyl ic acid
butoﬁgb%&%g%tsoﬁ-gl (g%]y?%ég%og))ﬂ-q}% psy(l)”il‘olljo[b%nd]%yrlmldnrlnﬂ yl)p1per1dme—4-

carb%lszyn@afd@@m%ylm %9 ks & chRnCEHopr opyl 7-tosyl-7H pyrr
rimdin-4- %@é) eri di ne-4-carboxyl ate

QMR @A e BYISC266 (s - B3 13k, .36 O AAORRLRO OIL, 9,
T
9B B0 T ALt 8L 3 otre (arahiut S Broag 22 am

m}, §30 (MH) s)antl5t (ELaguenss(lHRyer was coIIected and
acidified to pH4 wth 2M HC1 sol uti on. The aqueous

MSI“H?MHV@@ extracted with DCM (2 x 50 nlL) and the
organic io |ayers conbined and washed with saturated
brine (50 mL). The organic |ayer was dried over MySO4,
filtered and evaporated to afford crude product
4- (t ertbut oxycar bonyl am no) - 1- (5-cycl opropyl- 7H pyrr ol
o[ 2, 3-d] pyri m di n- 4-yepi peri di ne-4- carboxylic acid
(375 ng, 68.2 %9 as a cream solid.

N



i H NVR (400 13 MHz, DMSO-d6) 8 0.66 - 0.73 (2H, in),
0.88 - 00 (2H, n) 1.40 (9H, s) 1s1.94 - 2.09 (5H
WO %95'9"3‘%56&1 3.53 (2H, m), 3.92 - 4.01 (2H m PCI/@B0P§/050925
H d), 7.18 - 7.22 (1H m, 8.21 (1H, s), 11.51 (1H,
s), 12.29 (1H, s). M5 me MiE9402. WO
2009/ 047563PCT/ GB2008/ 050925 129 Intermedi ate 65:
(S)-tert-butyl
lmé-n(ehw(té 630 | (S)-eqrbpu) 4-Bt-i g rofteAPN [ Ry 3Py vicarbamoyl)-1-
o-cycl opropyl - /H-pyrrol o(2, 3-dl pyrimdin-4-thprperidi
M@pmmﬁ?’ﬁhwmloiz 3-d]pyrimidin- -4-yl)piperidin-4-ylcarbamate

(S)- 3- ani no- 3- (4-chl oro:)rr:ggl)propan 1-ol (173 nmy,

0.93 mmol ) was added in on¢ 5portion to
4-(tert-butoxycarbonyl a 0)gl-(5- cycl opropyl-7H pyrro
l o[ 2, 3-dl pyrinidin-4- yfEpip Hdg’llne carboxylic acid
(Intermedi ate 64) . m'rna‘r d DI PEA (0. 489
m., 2 80 nmol) in 5 nIE)
0- (7-azabenzotri@zo -y1) - NN,
t et ranet hyl ur oni um hexaf | uoro
nmol ) was added and the resul
at 20C for 24 hours. The reatti xture was
evaporat ed to 10 dryness the j ed with Et0OAc (75
and vvashed sequentially th mater (50 nL) and

S b L b s .
porn%notgulc {iert- Eﬁt%xféaﬁ‘ﬂﬁl Parnﬁq f (R Clgl?%g‘?ent g%o%)l[%%?iﬁ%wudm—&

I i ca” chromat ogr aphy, ut 10
yl)mmﬂlmmbaxylm ammlnﬁrmthaw@)v(é??engy&ﬁa mateidl abd DIPEA.

(43 L ATk PO mlon Qe sigbrpiioal bARN NN -
tetrabdtRy 1GY RO hmo&)fha%ﬁhﬁsél (99 an% qﬂbms{m@m @Ua@ addPRRES |

di n-4-yl| car bamat e as a | ow gum
resultipaVIRIgtipo Ovap3time at Zﬁ}\/@(joﬁ% heurs. B8 reaqylon@qugmp wia§ evaporated to

o8B A A1, g g Bt S o

andtsatura‘ﬂedgirmel(ﬁg SlL()lH,le @fgamﬁ 1&%/21’ (N]LHdrl&:) ovef MEBQ,, TiltdRd (A,
11. (1H, 2
evaﬁﬁr@ewa%@é cmdf@@ﬂfllﬁf érrhﬁéé‘i‘dé?fiéo‘@@* W@gp@m@iﬁ@bf fach sillca

chrolwqéz%tﬁ%/rlﬁlgﬂr# ERﬂBBﬁ alﬂ)engz Q:g@ (J‘J%lleéﬁ RN RE acl"ﬁ nIp@I?P'F?ac%ns were

ne ga |ntoaso utio

eva@rfice td aﬂﬁmicé&)ytrar‘tbmﬁw @HMHdl)lerféphe(ngA)ehhpdmpmnwm:rbmpyjfl) 1-
th f t di 7 19 |
BT DI EE TE R MR

as a%néwrggnlms sealed into a nmcrowave tube. The reaction
was heated to 125C for 30 minutes in the nicrowave

'H R 146P. lérMIHa,d?éMé@ d0 Seth eRE'0 (Brhpe), A86r-<).9 TEREL mix  YPLYH, 3),
1.81"880SVAPYL 2589 AN LRE N\ HHYS MASHPYS S 588 1), 491 -4.93 (1n,
m), 6.92 (1H, s), 7.30 - 7.38 (4H, m), 7.96 (11, d), 8.20 (1H, s), 11.49 (1H, s).

MS m/e MH™ 569.

(391 ng, 1.03
plution was stirred
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by flash silica chromatography, elution gradient 4 to
8% (10:1 MeOH conc. NH3 (ao) in DCM Pure fractions
WOREPO4EPaporated to dryness to afford tert- buth@l/GB2008/050923
1- (4-chl orophenyl) - 3- 10(net hyl am no) propyl car bamat e
(52 mg, 90 % as a colourleg$spoil. 114 NVR (399.902
MHz, CDCI3) 5 1.41 (9H, s), 1.80 (1H, br.m, 1.93 (1H
br.m, 2.40 (3H, s), 2.59 (2H, m, 4.73 (1H, br.9),
IntePmiddiatd b6: teft-Butyl T-(£thlogbhhdivl)-T(BtHyZdinind) proPidaPkarvhte
290.5. IGInternediate 6/.
1- (4-chl or ophenyl) - N8>y
Hydr ogen chloride (4Mi
nol ) was added to tertbety
1- (4-chl orophenyl) - 3-( 6hy|-gino)propylcarbanate
(I nternedi ate 66) (SO\FE,\F mmol) in a mxture of
DCM (5 nL) and nethanol (25nm) at 22C. The resulting
20sol ution was stirred at 22C for 4 hours. The m xture
waMabylemiter @ik echs dobbitd énto e solatien wA3-(Rurbutd:8dathyniamino)-3-
cxchangc. chraomat ogr aphy, using an, SCX colum. The .
M-%&%%WM@@U@ee%@f‘ﬂéf%ﬁ@oﬂﬂeewﬁée b1 (A 8i1fgag)) in THE
(5 nﬁ?%@é@@ﬂe@ﬂ?eﬂbﬁ &t KiRnhieO NFhRE SufMARNAELE8Ghth A microwave
dryness to afford
tubel - Iredviion oph dpatdd toNRSFEH 3 pmbpaesen thlmdirawiveere¢30r and

cool%&%‘?bi?ﬁtg%fgr@%%.og% %?éul%&?%é?y%“{%eﬁ %?1 Q%?r%ﬁ%%v’as purified
by fthsidilitd hrofhtoglaph®, elﬂt-i(ﬁﬂ-%t('iﬂ'ilé’nt Mo 8%\MD: 1 MeOH/conc. NH; ,q) in
2009/ 047563PCT/ 008/ 050925 131 me M 4+199. 3.

DCMptParavselitione wes: cviaperatadie yiryness to afford tert-butyl 1-(4-chlorophenyl)-3-
-(1-.(4-chl or gphen - 3-( | ami,no) pr Ryl car banoyl) -

(meff b RPN e Lo T D BB P2y et ba

"H MEIRe(300.962 MHz, CDCI3) 5 1.41 (9H, s), 1.80 (1H, br.m), 1.93 (1, br.m), 2.40

(3H, ), 2.59 (2H, m), 4.73 (1H, br.s), 5.94 (1H, br.s), 7.21 (2H, d), 7.29 (2H, d).

MS m/e MH™299.5.

Y| propane-1, 3-di am ne CI NH
4- di ox%ﬁe, 0.50 nmL, 2.00
~

intermediate 67: 1-(4-chlorophenvi)}-N3-methvipropane-1.3-diamine

Cl

Hydrogen chloride (4M 1n 1.,4-dioxane, 0.50 mL, 2.00 mmol) was added to tert-
butyl 1-(4-chlorophenyl)-3-(methylamino)propylcarbamate (Intermediate 66) (50 mg,
0.17 mmol) in a mixture of DCM (5 mL) and methanol (2 mL) at 22 °C. The resulting
solution was stirred at 22°C for 4 hours. The mixture was concentrated and the residue
was purified by ion exchange chromatography, using an SCX column. The desired product
was eluted from the column using 2M NHi/MeOH and pure fractions were evaporated to
dryness to afford 1-(4-chlorophenyl}-N3-methylpropane-1,3-diamine (30 mg, 90 %) as a
colourless oil.

"H NMR (399.902 MHz, CDCI3) & 1.81 (2H, dt), 2.40 (3H, s), 2.58 (2H, m), 4.01 (1H, 1),
7.25-7.31 (4H, m).
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0- (7-azabenzotriazol -1-y1)-N, N, N , N-t et ranet hyl ur oni um

hexaf | uor ophosphate (44 ng, 0.12 mmol) was added to
WQ008/847863put oxycar bonyl ami no) - 1- ( 71- 1- pyr r ol o[ECT3GB2008/050925

d] pyri m di n- 4-yepi peri di ne- 4- carboxylic acid

(Internmediate 1) (40 ng, O.%33i1mvol) and

N, N- di i sopropyl ethylam ne (0.023 nL, 0.13 nmol) in NW

(5 m.) at 22C. The resulting iosuspension was stirred
MSath/eNEG 195310 mnutes. The m xture was cooled to

anbi ent tenperature and

1- (4-chl or ophenyl) - N3- net hyl pr opane- 1, 3-di am ne

Intéﬂ#‘éﬁgﬂeﬁ%‘ %rﬁ A 956 ngz{-ﬁﬁj 4—'%‘;181% th’gngwigﬁ&&&(ﬁ?ﬂwbamovl)-

1-(TigpyBralalp S-d [DieiniidasivIpiperidib4evidadh agidtblt ed with
Et OAc (50 nL) and washed wth water (50 nth). The
aqueous | ayer was passed throbgh an SCX colum. The
col um was 15eluted with wat\gr and net hanol to renopve
impurities foll owed\ by 30 M NH3 in nmethanol) in DCM
to elute the producﬁ he ape;oprlate fractions were
evaporated to dryness to wff tert-butyl
4-(1-(4-chl orophenyl) - 3- (&b aﬁ} ropyl car banoyl) -
1-

(7H pyrrol o[ 2, 3-d] pyri mi di nt 4- yQi peri di n- 4-yl car bamat

e (10.00 ng, 17 %9 as a whit@&'solid. 20 MS me
ML1+542.5. 132 Internediatej%ﬁiﬁg-tert-butyl 4- et hyl
[
p/' §

4-(tert-butoxycarbonyl am n erydi ne-1, 4-
di carboxylate 0 Methyl
4- (tert-butoxycarbonyl am no) pi pefi di ne- 4- car boxyl at e

109). 0 ol ved i
(A998 TR0y S8 L8 B B8 SR bRospr
mg ). Eambanpies 4dH0d 654 4tert- mlﬁo%aﬂwﬁﬂmmmm(om%g&ﬁuo afzer
the addition the reaction was stirred at

d]p}ﬁ%‘E}de“ﬂ’ﬁ’é)Pd?eﬂ]délep‘i’%h%’tyimlC\/@M‘Fé’a‘ema{t%l)s@@@%t@e’d mmol) and
Op
N T@Qﬁié ngng lﬂfl\l/g%%%t(g g%%?rﬁerl mﬂ)mﬁ’lﬁ\f} i 'Rﬁvlﬁ Gt DRVETRe resulting

drie being e aporat dryness
suspefnfion dvag stieed atfdCQ fordttmatriugds. The m1xture was cooicd to ambient

emrr 1 SO OP8o b SR o] A {18 afermeg s
(22 ﬁg@ 1% 311%2 wAIMBEd & a]so:ﬁﬁm(ngﬁh\](l@i’ {2 %})L%Qn& %r?ﬁ{lure stirred at

2H, td), 1.88-1
22°G ,f@faﬁglaysg ¢ re(a@p-pn gl)xtu@ wpas-Blugsl \(/Q}HEt(Mc (50.18B) fiot washed with

| nter medj at e
wa§ GO W soysaPbBRTEF BeLProrsthon o8 eulumyy e dappm ves
elulB@ wnﬂlmerﬁkmdInwEdan?@Mkhﬁvaﬁhﬂ.lrmes followed Hyi 30% WV NH; in
ydr oxi de nonohydrate (8.13 g, 193.62 mol) was added
metp@oi)_ indG MagtCWte merpé@c}wp The appropriate fractions were evaporated to

o PSS D G PEA L SR
(7HERtecdd| 213k Jpy idkdi§-86y | ypip erinel 4 mddilsantdie (BE00hY, 17T as a white
solid.

MS m/e MH" 542.5.




70resulting solution was stirred at 20C for 1 day. The

reaction mxture was diluted with EtOAc (75 nL) and
WORAVMASHRi th water (75 nmL). The aqueous was ad(J&eRY08/¢50925

pHS with 1IMcitric acid solution, then extracted with

Et OAc (3x200 nL). The organilg2 extracts were washed

Wth saturated brine (50 nL), then dried over MSO4,

filtered and evaporated to 133 afford desired product
Inteknlelfité 6DUL- ety GataAmbing 4{(t& - bubiitveXdhonk Reiin b P dine-1.4-

eridine-4- carboxylic acid (10.36 ¢, 78 % as a frne
dicaghpxdateo| j d. | HNVR (400 13 MHz, DMSO) 6 1.39 (9H, s),

1.40 (9H, s), 1.68-1.76 {2H, td) 1.89-1.92 (2H, d),

3.03 (2H, broad), 3 62 3|65 H2H, d), 7.16 (exchange),

12.36 (exchange). 5 Mper @?{1’: tert-butyl

' \Zf 4- ehl or ophenyl) - 4-

4- (tert-butoxyearbonyl a

hydr oxybut yl car banovf | pi

ine-1- earboxyl ate HO C

0- (7-azabenzotri azol - 1)¥N N -tetranmethyl uroniu
m hexaf | uorophosphate |o Zﬂg\ 13.77 mol ) was added
|n one portion to 1- (ter ycar bonyl)-4-(tert-
SRR RN %fng s tigro parooxyiste T $2008075109)
(10 g mmn{lo Zf\ﬂaseﬁigéaglx%@hﬁ‘ mdmgx@@ﬁa% % ik %@ wa*éa' cﬁ;t&t 161

and
dlcaﬂmma(edzo 67 rmLI) %rﬁﬁerrmml)tpoolgmmseTh@fwréh@ mﬂdmga gelredcition was

st 3, BEL 08T 8 e rileato R kis PR RR SR LalP

ALESPYRT i n
bicalSihaltl3 A OAC.) and iHehRFarh@Riy s @BedVol & Mt o) Béfﬁﬁé aporated

(150 nlL) and the organic fraction dried over

S
to dmnmsép@ﬁogiqh-tegvbw} wg- @f&rh@@gycamy@prgg@ﬁgg)endme 1,4-
dwa{ﬁcﬁc& atcf{lavga%%%%\p fd edpby Jil@sh silica chronatography

anmonia in MeOH / DCM . Pure
'H MMRC@00NS MEYEDMIE)) seVapanatsed 4000af, Epndot BrT chuty), 1.88-1.92

4-(tert-
(2Hpd) &0y éBH blargd)aioh ¢3H 45)(3.62-4-6SHRBE opheay fhroad, kyehasgg)bu

tyl ear banoyl ) piperidine-1- 20 earboxylate (5.06 g, 77

% as an off-white solid. 'H NVR (400.13 MHz, DMSO 6
Intekm2Qiaté 76:H -(18)t-bdiodPeal bbh1{-dHters®xjoxviathbmllaading Hiberidine-4-

q), .1 74 1.82 (2H, m, 1.87 (2H, broad), 3.07 (2H,
r .34-3.41 (2H, n), 3.53-3.61 (2H, t),
4.71- 4. 76 (1H, q), 6.79( 3xchange, broad), 7.29-7.34

(4H, m, 7.80-7.82 (exc
HPLC tR = 2.48 mm WO
134 Internedi ate 72:
4-am no-N-(1-(4-chl orop
e-4- carboxam de

n . me MH# = 527;
| Ot 7583PCT/ GB20081050925
O
) - 4- hydr oxybut yl ) pi peri din

O O

Lithium hydroxide monochydrate (8.13 g, 193.62 mmol) was added to 1-tert-butyl
4-methyl 4-(tert-butoxycarbonylamino)piperidine-1,4-dicarboxylate (Intermediate 69)
(13.88 g, 38.72 mmol) in water (21.51 mL), THF (86 mL) and methanol (86 mL). The
resulting solution was stirred at 20°C for 1 day. The reaction mixture was diluted with
EtOAc (75 mL) and washed with water (75 mL). The aqueous was adjusted to pH5 with
IM citric acid solution, then extracted with EtOAc (3x200 mL). The organic extracts were

washed with saturated brine (50 mL.), then dried over MgSQ,, filtered and evaporated to

e’



Tert-butyl4-(tert-butoxycarbonyl am no)-4-(1-(4-chlorop
henyl) - 4-

WEHOHPERGDUL yI car banoyl ) pi peri di ne-1 - car boxy| aR@I/GB2008/050925
(Internmediate 71) (1.98 g, 3.76 Mol ) was stirred in
THF (18.82 nL) and 4M hydrogsn chloride (14.11 ni,
56.46 mmol ) in di oxane was added with stirring. The
resulting solution was stirred at anbi ent terrperature

aff&ﬂ@%ﬁt@lﬁirodu@h@ (Wﬂﬁoﬂcﬁfﬂéh@l&%@erpﬁﬁﬂoﬁyﬁ% l E}&Werldme -4-

chr omat ogr ap é\il uent” 20% ammonia 7 MO
carlmmyéwfamédﬂ@éﬁg, Ve apodipovdiitegolid dryness to afford

' RT3 Mo PSS RIG L79 425, b0 AP LSS A76 42H o). 1cB0-1.92

, t
(2Hg E&B@@B ey, Hoa@% ggélzsﬁgﬂ?_/gzﬂ g@al@ ] g @%ﬁg%ﬂg%gsll% J@Q&ﬁﬁgéﬂ

129151(2H scpd), 170176(2H q) 175189
. 2,65+2 2 2. .

prmedia athony D). { roph
rbkkb ]ca?b:ﬁﬂo exﬁ&lﬂe ldéarbZX ﬁte7 39 (2H d)
8. 25-8. 27 15(exchange, e WH = 326; HPLC tR =

Otert- I
Iear amate 0O O\HH d

1.70 mn. Internmediate 73:
2-am no- 1- ( 4- ehl or ophent het
20A sol ution of

2- (tert-butoxycarbonyl anj no)/ 2- 4 or ophenyl ) et hyl

met hanesul fonate (Inte at'® 35 fig, 1.53
mol) in DMF (8 nl) eat Bd h sodi um azi de (199
my, 3.06 nmol) and the ni xture heated at 80 C for

1 hour. The m xture was cooled and allowed to stir at
room tenperature overnight. Thé®dlouti on was
partitioned between ethyl acetat nd water. The
organic | ayer was washed twice with ter then dried

Lo S el LA B i
(5.24290 1817y nandl) 10%npddd iadine posivngad i omt- bxﬁBx)mgrboﬁyI)-Zl (nm}l )
butﬁrcglibﬁgggwg}o higfbrrl(%lslg 4tc|a¥tf)%xyfJ ic Emgﬂnterm 1ate 5 egl lg 1%%
mmol}), 4-amino-4-(4-chlorephenyl)butan-1-ol (Intermediate 16) (2.5 g, 12.5 mmol) and
DIPEA (6.56 mL, 37.6 mmol) in DMA (62.6 mL) under nitrogen. The resulting solution
was stirred at 60°C for 3 hours and evaporated to dryness. The crude reaction mixture was
dissolved in 100 mL FtOAc and then basified with saturated NalICO; (150 mL) and the
organic fraction dried over MgSQ;, filtered and evaporated to dryness. The organic
fraction was purified by flash silica chromatography (eluent 0-10% 7N ammonia in MeOH
/ DCM). Pure fractions were then evaporated to afford tert-butyl 4-(tert-
butoxycarbonylamino)-4-(1-(4-chlorophenyl)-4-hydroxybutylcarbamoyl) piperidine-1-
carboxylate (5.06 g, 77 %) as an off-white solid.

"H NMR (400.13 MHz, DMSO) 8 1.39 (18H, s), 1.42-1.50 (2H, sex), 1.67-1.73 (2H, g),
1.74-1.82 (2H, m), 1.87 (2H, broad), 3.07 (2H, broad), 3.34-3.41 (2H, m), 3.53-3.61 (2H,
t), 4.71-4.76 (1H, q), 6.79 (3xchange, broad), 7.29-7.34 (4H, m), 7.80-7.82 (exchange, d).
MS m/e MH" = 527; HPLC tg = 2.48 min.



hydrogen at anbi ent pressure and tenperature for 1

hour. The m xture was filtered and the 5filtrate was
WO8MWMEATE at ed under reduced pressure to give PETIGHPOE8/150925

2-am no-1-(4- chl orophenyl) et hyl carbamate as a gum

(410 ng, 99% . Ms me MTE gBL71 Internedi ate 74:

tert-butyl

1- (4-chl orophenyl) - 2- (net hyl sul f onam do) et hyl car bamat e

Intddnfedisé 78 @Qhﬁﬁdmﬂ 10{4- élﬂ&to ¢h

phe y
carbigpanide 0 ny, O 81 nnDI) and N- et hyl di i sopropyl am ne
(0.281 n, 1.63 nmmol) in FHF (5 nL) was treated with
met hanesul fonyl chloride (0575 nL, 0.98 nmol). The

for 2 hours. The m xture was)partiti oned bet ween DCM
15and sodi um bi car bonat g_sqg ut| n. ~NEje organic | ayer
was concentrated and t S purlfled by fl ash
col um chr omat ogr aphy*an8i | i caj usijng gradi ent el ution
(10% et hyl acetate ¥'DCM to 309 yl acetate / DCM.
The desired product, tert butyl H (4-

hi Ifo do) et.hyl car ba wa
R e R
hydﬁ?§&%yl%aﬁﬁggpl eﬁ@'ﬂﬁfﬁ) 1 Q@@eﬁ?a@e ﬁné@n{eﬁﬁte $i) (12}8952 3(7%Hnmol)
S).,
wasglingd ym FHF ¢ 8.8%7 mj 3 apQW bydrogenahlqrizie (141) 1 n@,ﬁﬁ%é(awmpb).m
diorRp? 4 RS R s sraimactohyiomatvtinad o g gpersture
oveNkght HIN cide thibfd wasl@fiified by SCX chromatography (eluent 20% 7N

ammonia / MeOH in DCM). Pure fractions were evaporated to dryness to afford 4-amino-

N-(1-(4-chlorophenyl)-4-hydroxybutyl)piperidine-4-carboxamide (1.04 g, 85%), as a
colourless, transparent gum.

"H NMR (400.13 MHz) § 1.16-1.27 (2H, dd), 1.29-1.51 (2H, sepd), 1.70-1.76 (2H, q),
1.75-1.89 (2H, m), 2.65-2.72 (ZH, m), 2.74-2.83 (2H, dq), 3.37-3.39 (2H, m), 4.39
(exchange, broad) 4.70-4.76 (1H, q), 7.32-7.35 (2H, d), 7.36-7.39 (2H, d), 8.25-8.27
{exchange, d)

MS m/e MH' = 326; HPLC tg = 1.70 min.

Intermediate 73: tert-butyl 2-amino-1-{(4-chlorophenyhethvlcarbamate

KA

NH

Cl
A solution of 2-(tert-butoxycarbonylamino}-2-(4-chlorophenyl)ethyl methanesulfonate
(Intermediate 23) (535 mg, 1.53 mmol) in DMF (8 mL) was treated with sodium azide
(199 mg, 3.06 mmol) and the mixture was heated at 80 °C for 1 hour. The mixture was
cooled and allowed to stir at room temperature overnight. The solution was partitioned

between ethyl acetate and water. The organic layer was washed twice with water then dried
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tert but yl
ﬁ? chl or ophenyO- 2- ( net hyl sul f onam do) et hyl car bamat e
WORVMBSdi ate 74) (151 ng, 0.43 mmol) was tr SATEIBYI/H50925
trifluoroacetic acid (2 nL). The solution was stirred
for 1 hour at room tenperataB®. The m xture was
concentrated under reduced pressure. The crude product
was purified by ion exchange chromatography, using an

witlSsgaaluniBul fald) €ilRrddemid dufcentatcl 9ad Ptle TRk Ovdlae Gk umm
i n met hanol and washed with nethanol. The desired

apPEPHBHELY Wad- Efhaneld 20 ndm ankd O%opalledivgs pmearban Gismmai B07 n
%@%ﬁg %ﬁn?%g%%ﬁtlﬁééﬁs&;(;ﬁé‘én Vel S fARALAL el ity DESS

hydedgeanophbieyemtiryfamidhanpaututofvandar. (193 nﬁi@tur@ﬁra%iltﬁ‘éd and the

col ourl ess crystall|ne solid. 11-1 NMR (399.9
ﬁltr@m@)cog%nggteéypperﬁ ucgd P?CS%IHE‘HtO %y terigbuatyl %-@p:pncaé-)(ﬁi—

ey 7.29 (2H, d), 7.34

e ey b ¥ R0 it e e
MSteetMButy2714- (1- (4- chl or opheny1) - 2-

(et hyl sul f onam do) et hyl car banoy1) - 1- (7H pyrrol 012, 3-d

i pyrim di n-4-ybpi peridi n154- ylcarbanate _
Inténie@ting 2ReRELH LRI -chiotdphdl Neer tﬁﬁ'ﬁﬁﬁﬁﬂ'& WY a¢BAmate

exar | uoropnospnat € ng, nmo was a

one portion to a stirre ol uti on of

4-(tertbutoxycarbonﬁLgﬁ?nol-1-(7FprrroIo[2,3-d]pyrim
di n- 4-yO0pi peri di ne- 4- caiboxylNHc aci d 20( I nternedi ate
1) (79 ng, 0.22 mmol) and N thyﬁdllsopropylanlne
(0.046 ., 0.26 mmol) ¢ d — rﬂ)s/‘The m xture was
treated with N-(2-am
chl or ophenyl ) et hyl )e ’-'-sulfonan1de (I'nternedi ate
75) (60 ng, 0.24 mmol). The solution was stirred for

A s@btihooi sttty Qaarmﬁnsﬂp(@f-ﬁil@tbphenwethmc&fbaﬁﬁtéﬁ(ﬁﬁtermedlate 73)

(zzgartltloned bet ween et hyl acetate and water.

Pigaftd nmgls pndysetinddmegramdaaingd Q&8 el 63 maol) WWOTHF (5 mL)
was%%g%d%mglg un g@r %g u ng %(g?aefé%?g %[ﬁi& ]? esli d11 eglﬂtlxggbmuon

concentrate
wasptirted hezzinﬂdyntftbmahaumé {tm2 hohrsoivht ogxtaphyasgrarstidried between DCM

usi.n radi ent el uti 1% thanol /| DCMto 15% )
and S PO AT R0 A i b BB R S CPRAEE M eI e acsidue was
pur&'@ﬂ"@ﬂr mash écﬁuﬂh%ﬁrcﬁﬁaﬁ%g‘r@;&ﬂy%n 541'1051 using gradient elution (10% ethyl
4- chl or ophenyl | sul f onam do) et hyl car banoy

acet;l)e./ QMHQﬁQqujhyj[agetgte/ CM). The desired product, tert-butyl 1-(4-

chiog(g[l Coyl& (frjnertlhj}a}ffo%al%:e oilfﬂlkﬂca(rg g'gr ba t%ﬁé%e%m%sc iquﬁfss

soilcﬁ@lHAIﬁg,,SéiZS%@ (4H br s) 2. 81 (3H s) 3.52 -3. 69
Ié n’% (3 n? IH,_ q), 6.60
'HNYIR @9 ?M@HCQ@Q@M?@H@ 2922(352%3&? 35232 H; o, 468 4.84

ity s bn 2t I ot 65 (1 =) 18 e

MS 2+/¢ (MriH}-rusdxycar bonvlam no) - 2- ( 4- ehl or ophent het hyl
et hanet hi oate NH C

Intermediate 75: N-{2-Amino-2-(4-chlorophenyhethyl)methanesulfonamide

Cl
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A sol ution of
2-(tert-but oxycar bonyl am no) - 2- (4- chl orophenyfi et hyl
WORRHATE3 Ul f onate (I nternediate 23) (600 ny, PCTIHMA050925
in DMF (10 nL) was treated with potassium
15t hi oacetate (392 ng, 3.4313ml) and the m xture was
heated at 50C for 1 hour. The m xture was cool ed and
partitioned between ethyl acetate and water. The
teﬁ-@ﬁt?ﬁﬂ(&chl@%ﬁﬁeﬁ‘ﬁ%ﬂ(ﬂﬁﬂ%lﬂMh&ﬁid@bétﬁyl%bﬁhat% Bftehédigte 74)
wi th magnesiumsul fate,” filtered and concentrated to
(15 lgmgr&4E moH pweewtatedwith sriffearpddetid atig (2 ndohThosaintion was stirred

romat ogr aph n_sidica usin radi ent, elution ((10%
for ERRGTELRE! AR s BB o363 B aBuiap et Befhur. The
crude PRBRXENEY puriiil Wieish kRehadBP EidHBiography, using an SCX column. The
_2-(tert-butoxycarbonyl am no) - 2- (4-chl or ophenypet hyl )
resiguetygasdeaticd anto ths golumy ingrethane! endiwashsd Natheraeégncsl- %bfe%n’ﬁred

proo%%@gsg%lhéeg %?%%blugﬂ @@&?%gni%e%&%gmﬁel ctions
werbeyapsiatedSio @FyricdHo diford 3)-(2-Fndé-1@H, d), 7.31 (2H, d)

M5 in V1-H CH3QD)- = 286 138 |nternediate 78:
chlogcg)fhpnﬁm(t%,yl)methanesul 3namide 93 mg, 86 %) as a colourless crystalline solid.

1 - I bgihyl t
H R S e g o Y R B SR AR S 815, 00
4.749éHubi, ep 7619 2M, Hy dridaBHod) ¢ acid (0.8 L) in

ace LEri (10 nmL) The reaction flask was cool ed
hdsﬂ??h&gﬂyrégﬁbath to 510C and

2-(tert-but oxycar bonyl am no) - 2- (4- chl or ophenypet hyl
et hanethi oate (Internediate 77) (506 ng, 1.53 nmol)

epmedinde] 26 tertrbutyhdu( E€4-chilos

4-viee®haiage and wat er. The organic | ayer was washed with
brine, dried wth magnesium syl fate, filtered and
concentrated to dryness. tertg%utyl 1-(4-
10chl or ophenyl)-2-(chloro onypet hyl carbamat e (602
nmy, quant.) was thuy gbtai\ned' as a col ourl ess solid.
| FINMR (399.9 Mz, 1.44 (9H, s), 2.77 (1H
s), 4.06 (1H, dd), 4. (1H, Por., $). A.15 - 5.23 (I H,
m, 5.29 - 5.37 (1H, m, ﬁ. %zw; , 7.38 (2H, d)
islnternediate 79: tert-but %
1- (4-chl orophenyl) - 2- sul f anpvi ¢t hyl ear banate HO 0 CI
Ammonia (1.5 nL, 31.50 mol) s added to a suspension
of tert-butyl 1-(4-
chIorophenyl)-2-(ch|orosulﬁkﬁ§1) hyl car bamat e
(Intermediate 78) (0.542 g, ~#58ymol) in acetonitrile
(10 m.). The mixture was stirredifor 16 hours at room

erature. T xGLUur.e was rtitioned petween.e
O-CL R B S A BN Y e R By By S A Srhule Yk me.
0.23Whinbl) bR hNRddedME o BRADE tSObdORINRS Ful@di-wi th
magnesium sul fate, filtered, and concentrated under

butoxgepipenylpmiags i é-prelelé St dpprinedn-gu i pestlingy4-cpkehylic acid

r to i Sj [ | Wt i
e AR S22 Modted KSRt o BB FED Bty b8
mmdihén He Gedlpriogdugikiuré aat trbated vith-N«B-ehli-pphenyl ) - 2-
chlorophenyl)ethyY)methanesulfonamide (Intermediate 75) (60 mg, 0.24 mmol). The

solution was stirred for 65 hours at room temperature. The mixture was partitioned

between ethyl acetate and water. The organtc layer was washed twice with water. The
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139 sul fanoyl et hyl carbamate (0.351 g, 68.5 %, was

thus isolated as a colourless solid. "H NWMR (399.9
WORRI/M4HBO- d6) 8 1.36 (9H, s), 3.21 -3.28 (1HPUHGBBIGE0925

- 3.56 (1H, m, 5.02 (1H, br, s), 6.88 (2H, s), 7.35

(2H, d), 7.41 (2H, d), 7.491377.60 (1H m MS nme

(MH)- = 333 5 Internedi ate 80:

2- am no- 2(4- chl or ophent het hanesul fonam de NH 0 11 \ NH,

orghhic sdBltickeWhs &M trated under reduced pressure. The residuc was purified by
1- (4-ehl orophenyl)-2-sul fanoyl et hyl car bamat e

flash pﬁ@émrpélmra@tegmgbly o8 2EcagsindgRdienheliliomélss tredmnel ACvhto

159 el 3C R FoB Pl Ll PRl e e e B o
(1 (mclﬁtdddilﬂlem@l$-20(‘ﬂml%ﬂ§1ﬂﬁ)h@ﬂmwéiﬁﬁcirﬁﬁiﬁﬁﬁgi1F{Wﬁsﬁh‘kﬂo[@@

the residue was purified e&lﬁl on exchange

d]pw@ﬁhﬂd@pwﬁglm-%iq@aawt 3 @l UPYe) @W@Iwewhms

HW@%9‘?§4§I§"§M:& aaf‘glr[@]ﬁ efd)d@%i L%’él 5), 3.52 - 3.69

(2Hf mact. 1 HnS. 20216, reyamﬁr(aﬁeq? ;%Oﬁmﬁne)slsqumf gIQE)(j ;21 i) 7.22 (2H,
-.am no-2- (4- et hanesul f onam de ny,

m), é?ﬁ%‘ a8 %ghé}ﬁ @8538? T2 Lobi 0L 55111 NVR (399.9 M,

MS BVENE6)- 59923 13 - 3.25 (2H, m, 4.39 (1H, dd), 7.35 -
7.48 (4H, M5 me (MH)- = 233 I nternmedi ate 81:

Tert - butyl

A solution of 2-(tert-butoxycarbonylamino)-2-(4-chlorophenyl)ethyl methanesulfonate
(Intermediate 23) (600 mg, 1.72 mmol) in DMF (10 mL) was treated with potassium
thicacetate (392 mg, 3.43 mmol) and the mixture was heated at 50 °C for 1 hour. The
mixture was cooled and partitioned between ethyl acetate and water. The organic layer was
washed twice with water then dried with magnesium sulfate, filtered and concentrated to
dryness. The residue was purified by flash column chromatography on silica using gradient
elution (10% ethyl acetate / isohexane to 20% ethyl acetate / isohexane). The desired
product, 2-(tert-butoxycarbonylamino)-2-(4-chlorophenyl)ethyl ethanethioate (509 mg, 90
%), was thus 1solated as a cream crystalline solid.

'"H NMR (399.9 MHz, CDCI3) & 1.40 (9H, s), 2.35 (3H, s), 3.15 - 3.28 (2H, m}), 4.78 (1H,
br, s}, 5.07 (14, br, s}, 7.24 (2H, d), 7.31 (2H, d)

MS m/e (M-H-CH;CO)- = 286
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0 140

0- (7- Azabenzotriazol -1-y1)-N, N, N, N-t et ranet hyl uroni um
WORBYATII98r ophosphat e (128 ng, 0.34 mmol) was XETEEBI0PB/050925

one portion to a stirred sol ution of

4- (tertbutoxycarbonyl am no) 4118 (7H pyrrol o[ 2, 3-d] pyri m

di n- 4-yepi peri di ne-4-carboxylic acid (Internediate 1)

(115 ng, 0.32 mml) and N-ethyl diisopropyl am ne (0. 066
IntéFmedatd 98 SteFilPady] L4 WNRroghényl-2-(chibfosiifsiHiethVegsrbamate

treated wth Z-am no-Z2-(4-

chl or ophenyl ) et hanesul flonarf de (I nternedi ate 80) (75
ng, 0.32 nmol). The saldti was stirred for 1 hour at
roomtenperature. The m XX ur sOtreated with water

(5 nm) and the resulting colqg rlegs precipitate was
isolated by filtration, fiicivat er and t hen
acetonitrile to give teg
4-(1-(4-chl orophenyX)

N-Ci@ﬁyw@imb?iﬁ? 8319 Bgr - bt mirealiwes 3dsdedde b golntian of Serhydrashioric
acid&@élg&n %@tf@g%@ﬁ%@?ﬁ"h%s%gt?&gh%i v%aElﬁl(}%/l%l gﬁglg&glglc%h to

10°CG BuB3-(ettHhuteycadobllamth B2 -(@ldhlomophend )6yt etBankthibat,

m, 4.12 - 426 (2. m, 5.30 - 5.39 (1H nm, .6.59
(Interpediate 773 (H3 pgH .S%mmc}) pos added pgrtjoppyiscyylhe miggre warmed
durié% s aQiﬂ_h'ion@nd wis L8nbd Fr ®minBred It bk te%eraﬁlﬂ'eﬁﬁle(n]ﬁ]ture was

partitioned between ethyl acetate and water. The organic layer was washed with brine,

dried with magnesium sulfate, filtered and concentrated to dryness. tert-buty! 1-(4-
chlorophenyl)-2-(chlorosulfonyl)ethylcarbamaie (602 mg, quant.} was thus oblained as a
colourless solid.

"H NMR (399.9 MHz, CDCl3) 8 1.44 (9H, s), 2.77 (1H, s), 4.06 (1H, dd), 4.36 (1H, br, s),
5.15-5.23 (1H, m), 5.29 - 5.37 (1H, m), 7.29 (2H, d), 7.38 (2H, d}

Intermediate 79: tert-butyl 1-(4-chlorophenyl)-2-sulfamovlethylcarbamate

K

I

S
WoNH,
O =

Cl

Ammonia (1.5 mL, 31.50 mmol) was added to a suspension of tert-butyl 1-(4-
chlorophenyl)-2-{chlorosulfonyl}ethylcarbamate (Intermediate 78) (0.542 g, 1.53
mmol) in acetonitrile (10 mL). The mixture was stirred for 16 hours at room temperature.
The mixture was partitioned between ethyl acetate and water and the organic layer was
washed with brine. The organic solution was dried with magnesium sulfate, filtered, and
concentrated under reduced pressure. The residue was purified by flash column
chromatography on silica using gradient elution (10% cthyl acetate / DCM to 30% cthy!
acetate / DCM). The desired product, tert-butyl 1-(4-chlorophenyl)-2-



15 M5 mMe M+ = 578 Internediate 82: tert-butyl

2-acet am do- 1- (4-chl or ophenvf | et hvi carbanmate 0 0 NH C
WORaYI4Is630n of tert-butyl PCT/GB2008/050925

2-am no- 1- (4- chl or ophenyf| et hyl car bar nat e

(I'nternmedi ate 73) 20(0.208 g390.77 nmol ) and

N- et hyl di i sopropylam ne (0.266 niL, 1.54 mmol) in THF

(5 nL) was treated with acetic anhydride (0.102 ni,
sulflm@?lema}barﬁm@w 25Ul tis! "SQ%ﬁ Q?Léétthl%rlsc\ﬁ@t%d %E h E5 e solid.

nmbi ent tenperature Tor 2 hours. The m xture was

'H PMR (390N b BiVie@ 1l DEMB AYH s d3 .2 Bi284f Homaut3e47 - 3.56 (1H, m),

5 07 Qab Bren S BP0 it G b ok b DHAL WG Bbhy on

MSShki(§RHUS Eg3gr adi ent el ution (10% et hyl 25acet at e!
DCMto 40% et hyl acetate / DCM. The desired product,
tert-butyl 2-acetam do- 1

(399 9 M, CDC13) 6 1.41 (9HH?sP 1 98 (3H s), 3.46

- 3.67 (2H, m, 4.74 (1H,_br
5.89 (1H, br, s), 7.22
313 5 Internedi ate 83:
N- (2- am no- 2- ( 4- ehl artoph

.56 (1H, m
7\\\33 (2H d) MBSl eM

ybet hyl ) acet am de NH2

Tert-butyl 1-(4-chlorophenyl)-2-sulfamoylethylcarbamate (Intermediate 79) (325 mg,
0.97 mmol} was treated with trifluoroacetic acid (8 mL). The resulting solution was stirred
for 15 minutes at room temperature. The mixture was concentrated under reduced pressure
and the residue was purified by ion exchange chromatography, using an SCX column. The
column was washed with methanol and the desired product was eluted using ammonia in
methanol (2M) and pure fractions were evaporated to dryness to afford 2-amino-2-(4-
chlorophenyl)ethanesulfonamide (221 mg, 97 %) as a near colourless solid.

"H NMR (399.9 MHz, DMSO-d6) § 3.13 - 3.25 (2H, m), 4.39 (111, dd), 7.35 - 7.48 (4H,
m)

MS m/e (M-H-)- = 233

Intermediate 81: Tert-butyl 4-(1-(4-chlorophenyl)-2-sulfamoylethylcarbamovl)-1-

(7TH-pyrrolo[2,3-d}pyrimidin-4-yhpiperidin-4-ylcarbamate
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A Tert-butyl
2-acet am do- 1- (4-chl or ophenyl ) et hyl car banat e
WO20e/eriyedi at e 82) (148 ng, 0.47 mmol) was tr PLTEEBAE/ 50925
trifluoroacetic acid (2 nL). The solution was stirred
for 1 hours at roomtenperagmse. The m xture was
concentrated under reduced pressure. The I1) crude
product was purified by ion exchange chromatography,
O-(HAB8Lr3PRse- Lo W,N',Trhetefrﬁﬁa@l RirSm RS Hae(128 mg,
columm in nethano and washed th nethanol. "The
0.34dmgiohedaprddiddn owapombutt@ai stinrghsddtenadlduitert-usi ng 2M

buthgcgﬁgr?yéégmggtlg(?ﬂgpydmlo 2, r]%yxf'ixrlﬁﬁ}l—léio rﬁplpe rde nee %gl%ro%l?cdamd
(Intbhﬁamam ncn s ﬁ@,r g Bt PN Ry N @i doRsSiyRimide &d 86 fm 0.38

| ow crystalline solid. 15
mmebglg M&S an:Dcfié) m@ctareedas(i@ptedbyith Spminb-B74- 3H s)

chlo% é}%nyll)]e})fhaqgsvg}éon(aﬁe glgitedf'ldl'}edmg g@ ((7%.51’1%?3(2 ﬂ%}l’l%% Tﬁ%so:wtéon was

stirrdll for HZb3 at roond Bir@erGE alle Mdkiurt @at tstkd With water (5 mL) and the

4-(2-acetam do-1-(4-chloro hen?/fl et hyl car banoyl) - 1- (71
resujting colourless precipitate was isolated by filtration, washed with water and then
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di n- 4-yQpi Peri di ne-4-¢arboxylic acld nt er medi at
(1H(806. ﬁ@ (210, 2.27.0%rol ) 84D, ),6t I Uitd &0hropylari Hes) 8.194BH, d),
11({5"(3 27 5 mml) in NWP (3 nL). The m xture was
Iélt d with N-(2-am no-2-(4-
MS bk r@phanyl ) et hyl )acet ami de (Internediate 83) (52 ny,
0.24 mmol ). The solution was stirred for 65 hours at
roomtenperature. The m xture was partitioned between

Int%?mkatgggglt t%}f@ltglé!&g 2-$£t?1{nid(lq§(49crhgﬁ &ipﬁ%ll]ﬁze?é'yl@aaﬁ)a% Q ed

concentrated under reqguged?pressure. The residue was
purified by flash col i/ chromatography on silica
usi ng gradient eluti a% nigi hanol ! DCM to 15%

met hanol / DCM . Product conlai r{ﬂ;%/(ractions wer e

conbined to give tert- 4-¢2- aget am do- 1- (4-
chl or ophenyHet hyl car ba )-1- (7H@yn-ol o[ 2, 3-d] pyrim
di n- 4- yQpi peri di n- 4¢€1 yI ar bamat e (100 ng, 81 % as
col ourless solid. 11-]1NWR (399.9 DVSO-d6) 5 1.42
A sqlgtipn gﬁtert-@ug@ 2(&31}1.1110§)(4 lelcg'gpl(qlgql)etﬁylca@)apmga_ ermgdigte 73)

0250 oy i o 39,1
mL) (244, trejed WLtISﬁ)ceuc EnBy?dr(déffD lﬁj mL7 18)@ I’(lﬂlH) Bhig resl)llmg sdidtien was

. 8,17 nil}z n% t5 g?’.‘gp b me M- 1+
stirro et dr P@a@se 0 WT ﬂ“’t”f'ti“fey".{aslﬂflﬂl‘f*ﬁnﬁgf’éﬁ"@m DCM and
sodium bicarbonate solution. The organic layer was concentrated and the residue was
purified by flash column chromatography on silica using gradient elution {10% ethyl
acetate / DCM to 40% ethyl acetate / DCM). The desired product, tert-butyl 2-acetamido-
1-{(4-chlorophenyl)ethylcarbamate (0.151 g, 62.7 %), was thus isolated as a colourless

solid.



Triethylam ne (11.54 nL, 82.82 mmol) was added
dropwi se to 2-nethyl-1Him dazole (4.0 g, 48.72 mol)
WadY/e47b@r ot r i phenyl net hane (14.94 g, 53.59 nTROTYGBI08/050925
acetonitrile (120 nL) at roomtenperature over a
period of 20 m nutes under npjrogen. The resulting
25suspensi on was stirred at roomtenperature for 18
hours. Water (120 nlL) and i-hexane (12 nL) were added
1 Iy ' f
H R P R P £ W B OISR 8RR by ars
br, §)34.93 - 41596 (AHdndy 5.89 (b deys)vazu@H D, AT @1 d)
2-methyl -1-trityl-1H m dazole (15.41 g, 97% as a
MSTUEMITLS) b7 Whi oh wes usod wit hout Tubt her
purification. 1H NMR (399.902 M#z, CDC13) 5 1.65 (3H,
s), 6.70 (1H, d), 6.90 (1H, d), 7.11 -7.16 30(6H, m,
Intermpaliatg 835 Nc@Hamino-2- o € thyDa¢gtdnide= 325; HPLC
tR=2.88 nm Internediate 8f;
1- (4-chl orophenyl)-2-(1-trit TIZ'- 1#- i m dazol - 2- ybet hanol
5Butyl lithium (1.6Min héxares)-4.24 nL, 6.78 mol)
was added dropw se to @ hyl - | 751g/lrzl tyl-1H i m dazol e
(Internmediate 85) (239 U%6. 16 mmot) in THF (30 nl)
cooled to - 78C over a period of 20 m nutes under
Ternbuty birecetaniide- I-&sciilviophergdictkhyi @ apoitaifln termeslirts 82 (168 mg,

t -78 C for 30.m nutes then. ol utjon of. )
0-“@?&?@%%%%??2%{? %ﬂl%@“‘m%%e/ acd,g (Fmig %#ﬂtm vigpstipreg) for
1 hotss aﬁ@gﬁ%ﬂgﬁﬁtﬂré he TRQUEERES EQR MBI AhARMRALEQ %@ﬁﬁe. The
slowly to OCio then quenched with saturated NH4CL (50
crug Prody vess PREGedby wint g CIFRIGE chipx)atogrighye usibg AedCX column. The
.extrac shed wi.th brine, .dri.ed over S .
resifit LAEh Rt drig YRRt HefihdlSno SabRA DU hg VARG e desired

pro&udt was clefodaah agy @plyn ushy CVbameoadiie RictZol Sd30%e fractions
Et OAc in_isohexane. Pure fractions were evaporated to
werg eyHesaeq 9 dyness ¢ alfgrd N-(2-amino-2-(4-chlorophenyl)ethyl)acetamide (98
) - (1oLt :1H i m dazol - 2-y1) et hanol
mg"(:dzjl. %gg@%ﬁﬂ%%}q&%g %gfg[lg{eé%{%.u” ess solid. 151H NWR
'H NBUO(992 MHz, CDUBDS 6L (51, b2H), 97 (34,58 328 6837 LHY, m), 3.44 -
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Intermediate 84: tert-butyl 4-(2-acetamido-1-(4-chloroephenyhethvlcarbamovl)-1-(7H-
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D -tert-butyl azodicarboxylate (0.808 g, 3.51 nmol)
was added portionw se to 1-(4-
WOehIHOWheny1l) - 2- (1-trityl- 1H i m dazol - 2- yeet RETEFB2008/050925
(Internediate 86) (1.36 g, 2.92 mmuol ), phthalimde
(0.473 g, 3.22 mmol ) and trighenyl phosphine (0.921 g,
3.51 mmol) in 144 THF (25 nL) at room tenperature
over a period of 15 mnutes . The resulting solution
O-(WASatnzb 8 5b1 ALy 1) SOR N OPREH ARy fuRSni @R h@kﬁ%?&)hbgﬁﬁte (89 mg,
concentr at ed by evaporatlon and purified by
0.23sinmobawehadsied tio gnapdryion &b msmmﬂ gphetatineftd- (2@1—t 0 40%

bty P Ry oy oo B P e AT AR o acid
(Intﬁhﬂétﬁﬁfeoﬂ)'(gﬁ weebhy Bise raﬁi@N &ﬁyﬂiugogﬂd)lgﬂ‘éﬁni(n@ (. §4QmL 227

colourless oam 59
mmplpp_ M:P 8 IQLQ;GF hejmixture was treated with N-(2- ammo -2- (4-

chloiﬁ(gpﬁxleé%i. e(thlgyl acet nﬁ@%ﬁg%ﬁr{l@% ?%f(:;gén% I 0] d?iﬂ}%solxp ofl was
stirred G 651dk)s a’ﬂﬁﬁbrﬂ Wb REA LR, ﬂTMQ ﬁﬁit@re(@as%ﬁﬂﬂtﬁdned‘beﬂ»&emmiyl

i n met hanol (30 nLﬁ were refluxed for 3 hours. The )
acctplene takey Eceganiplayer was washeddmicervythowaler tldeggamic solution
was cSHEI%%[rgt‘eH %ﬁdé}ggé&'gg@eg%@t@ ﬁ ngg&g%eeg«a? %{J% déd' i qj]a%h%olﬁ%l
chrdmﬁﬁdsmmpﬂy dralﬂlmmg)gﬂ‘adﬁhhﬂ‘dﬂﬁ(d\rh(ﬂ% mefPaocluddCriontialsmathanol /

ct 15conbi ned t
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Foy ) WA 9 0 lid.
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(IHGmY‘B {0l 6glja, Einpa 1824, 28102,}11%1%64%9_ ldd, (1@'1) m)76 @§ 6.61 (1H, m),
7.14= h%héZPHm)gﬁﬁ ﬂﬁ(ﬂﬁ An7. iﬂlﬁlfm o &éar%ﬂé@ > M}, 1'_P65 (1H,
ert-butyl
-(1-(4-Zhlorophenvl)-2-(1-trity1-111-inidazol-

MS wbeMy1easdanovl) - 1- (7H pwr ol o[ 2, 3-dlpyrimi di n-4-vl)p
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br, s

Intermediate 85: 2-methyl-1-trityl-1H-imidazole

(;N(CPM

N

Triethylamine (11.54 mL, 82.82 mmol) was added dropwise to 2-methyl-1H-imidazole
(4.0 g, 48.72 mmol) and chlorotriphenylmethane (14.94 g, 53.59 mmol) in acetonitrile (120
mL} at room temperature over a period of 20 minutes under nitrogen. The resulting
suspension was stirred at room temperature for 18 hours. Water (120 mL) and i-hexane (12
mL) were added and the slurry stirred for 30 minutes before filtering. The filtered solid was
washed with water (3x15 mL) and dried under vacuum to afford 2-methyl-1-trityl-1H-
imidazole (15.41 g, 97 %) as a cream solid which was used without further purification.

IH NMR (399.902 MHz, CDCI3) & 1.65 (3H, s), 6.70 (1H, d), 6.90 (1H, d), 7.11 - 7.16
(6H, m), 7.29 - 7.35 (9H, m);



0- (7- Azabenzotriazol -1-y1)-N, N, N, N1- t et ranet hylur oni um
hexaf | uor ophosphate (166 ngy, 50.44 mmol) was added
WOHHOYPIEE se to PCT/GB2008/050925

4- (tert-butoxycarbonyl am no)-1-(7H pyrrol o[ 2, 3-

d] pyri m di n- 4- yepi peri di ne- 44gar boxyl i c acid

(Internmediate 1) (150 ny, 0.42 mmol ), 1-

(4 chl orophenyl)-2-(1-trityl-1H i m dazol - 2-y1) et hanam
@S HRdi 322 18)C (L93 8Wmi0- 42 ol ) and

N-ethy di i 'sopropyl am ne (0.087 nL, 0.50 mol) in DWF

(2.0 nmL) at roomtenperature. The resulting solution

Int%ecﬁajerlsrﬁ?lgegg [googgn?l%g}'gt 5 E‘;‘é ;a__ ¥ ﬁﬁﬁwg&

ppt..The precipitate was col ct,eelhby filtration,

mashed with water and drled’/noer vacuumto afford
tert-butyl 4-(1-(4- N=
chl orophenyl)-2-(1-trityl-1Hi mj)dazol - 2- yDet hyl car bano
yl)-1-(7H pyrrol o[ 2, 3-
d] pyri m di n-4-y1) pi peri.c yl catbamate (320 ng, 95
% as a cream solid, i ch~wWas used wi thout further

But?@{_]luuhf@téy thexgﬁes% Mﬁé &ﬁg %7% m%/gz was%@&%3 %rﬁplwmﬁ;%o 2-methyi-1-

tritfd- 35 im#ladde (Rkbrniddiate 838(A 0Lkl 6. 59 mnfl P THH.(30L)G0FR to -
6.93 (2H d), 6.97 -7.01 (7H, m, 7.13 (2H,

é)oveqa Q@lodpf 34 rpingias uwjer ngtrcgpn( The regl)ltmg dak req splutpgn was
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nll’lﬂ)-l)(llﬂ- TEH (dlt)amb)efm«ibd ﬂfo]::lvh@y Taz alactloryted dawadao Garm sleddy Ao 0 °C
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tenmperature under argon f days er was
evaperdaeh Immé'leé foetﬂaphl SIat@clwamafqgretpéy,e@utww@h@dnw& o 30%
|eth r ied in vac ive the

e oSS Pur Bt e SrPet R O it

chl@eﬁms}t)rmIeﬁltﬁmﬁa%nmm)@ehéﬁ’o@% 8 BBg 3)1 Y0 S8s @@Ql%drlés@ solid.
suspensi on of of the crude product in
THOORVE SRR IR EIRONE St 2P a4 0r- D6Y G mak 69P (WHi O .66

[ a enfLhte ed wwth a
O 1P B P2 S o B BTG 1 (-
m/zc(Eleir)oiphe}h)yﬂ%MQ},(mﬂﬂ:(bmchM thiny pet hanone (5. 04 g,
22.84 mol, 46.6 %9 as a pale yellow solid.
Reextractlon of the washings gave further product.

Inte-pi‘r I'h-. -ﬁ%?ﬁfﬁtﬁ%mbﬁ- tﬁ.“sgﬂdolme-

9
,&ﬂmnmjoronethane The solvent was evaporated to dryness
to afford 1-(4-chl orophenyl) - %jklkkpyrazol 1-

yeet hanone (2.78 g, 12.6 25.7 A) as a colorless
crystalline solid. NWR & = EN00228 12-01
0
al N
0

Di-tert-butyl azodicarboxylate (0.808 g, 3.51 mmol) was added portionwise to 1-(4-
chlorophenyl)-2-(1-trityl-1H-imidazol-2-yl)ethanol (Intermediate 86) (1.36 g, 2.92
mmol), phthalimide (0.473 g, 3.22 mmol) and triphenylphosphine (0.921 g, 3.51 mmol) in
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mz (ES1+) (M:H)+ = 221. 151H NWMR (500 MHz, DWMSO d6) 6
5.83 (2H, s), 6.61 (1H, dd), 7.48 (I H d), 7.66 (2H,
WOp09/0a75%63 (1H, d), 8.04 (2H, d) Internedi ate PTT/GEA08/050925
and (E)-1-(4-ehl orophenyl)-2-(1H pyrazol - 1-yfl et hanone
0- nethyl oxime 20 C Met hexyl am ne hydrochl ori de
(0.668 g, 8.00 mmol ), was added to a stirred solution
of 1- (4-chlorophenyl)-2-(1H pyrazol -1-yDet hanone
THE (7% AL Rb8hQeRRrabide 03 a %)erléd BFP5 hindbs "BRMesulting solution was
tenperature under argon. The resulting solution was
stitsdl At roeTh tampc@umfomﬂmnammhemwnmtgmd byltyeppsatipulamé purified

\ t lid
by 1F5F SRR R e B ot Bt 0 Rl E RN i iR, pure
{racE O w%@ygﬁ&a@@m@ﬁ%ﬁ@aﬁ&@ leO(m@ﬁloro H@iy%)oiJ(Iit 1)51H-

filtered, washed wat er and dried ford (

imidggal- %ﬂ))etilyt)womdpbmabﬁ@yqe) (1218(2 Hipy P/e)z&sla@lqplﬂ@tssr@ﬁmne

( as a dark yellow solid.
“]/ZKIF/EFQWS&% %}gﬁ%gu%lz%ﬁ %‘E81+) (MtH) + = 250. WO
2009/047563PCT/Gﬂ12008/050925 147 1H NVR (500 MHz,
DNBCEd6%853 99 (3H, s) 44 (2H, s), 6.19 ng dd)
Intermediate B8: r(4-chloneniyepp)- msl-thMHfmudaml -2-yl)ethanampine )
I nternedi ate 92:
1- (4-chl orophenvl)-2-(111-
Bor ane tetrahydrofuran conple
was added to a stirred solu
(E)-1-(4-chl orophenyl) - 2- (.
O-nmet hyl oxinme (Internedi S 0.749 g, 3 mmol)
di ssolved in THF (30 'oon1iénperature under
argon. The resulting solution was stirred under reflux

2- (1L QLB BEMS 1)- 2 P 1 T X F G i B S1- £ 98L& isoindoline-1,3-dione
(Intermediate 87) (1.78 g, 3.00 mmol) and hydrazine hydrate (0.204 mL, 4.19 mmol) in

a'ol 1 ybet hanam ne a 5
(15.00 nmL, 15.00 mmmol)
onvof (Z2) and

pyrazol 1- yCet hanone

methanol (30 mL) were refluxed for 3 hours. The resulting clear solution was left to cool to
room temperature overnight then filtered. The filtrate was applied to a 20g SCX cartridge
and cluted with methanol followed by 2N NH3(MeOH). Product-containing fractions were
combined and concentrated by evaporation then purified by flash silica chromatography,
elution gradient 2 to 5% MeOH in DCM. Pure fractions were evaporated to dryness to
afford 1-{(4-chlorophenyl}-2-(1-trityl-1H-imidazol-2-yl)ethanamine (0.942 g, 67.8 %) as a
colourless solid.

1H NMR (399.902 MHz, CDCI3) 6 2.16 (2H, d), 4.01 (1H, t), 6.74 (1H, d}, 6.90 (2H, d),
6.99 (1H, d), 7.08 - 7.13 (7H, m), 7.29 - 7.32 (10H, m);

m/z (ESI+) (M+H)+ = 464; HPLC tR = 3.13 min.
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io in ane ice/water bath and water (25 m) was
carefully added fol |l owed by 20% NaOH (25 ml). The
WO 28820475639 bi phasic mi xture was refl uxed over MCIHEBIADE/$50925
vi gorous magnetic stirring and allowed to cool.
D et hyl ether was added andignhe | ayers were
separeated. The organic |ayer was further extracted
with diethyl ether dried over MgSO4, filtered and

Int @Y 12 89 Jtek-RbHivY 8- 18- hidid

ddy. 442 (1H dd) 4§ ‘ %H, dd), 6. 54(1H dd) 714
(2H, d), 7.34 (2H, d) ¢ 7N60 (1H d), 7.88 (1H d)
I nternedi ate 93: Tert-g»-

vbet hyl ear banoyl) - 14(7 2, 3-di pyri m di n- 4- ybpi
peridi n- 4- ylcarban O 260910M7588RCF/ GB2008/ 050925
148 HATU (0 209 g, as |9 i i

0. 50 nmol ),
eet hanam ne
(Internediate 92) (0.202 g,
N, N- di i sopropyl et hyl am ne (0.1 ;, 1 00 mol) in
N- net hyl-2- 5 yrrolldlnone (3.0 nL) at room
O-(T-évgermapticeoloirtibr\. BN b O (166 g

e A T O e

d]pyrenﬂﬁrse eypqu;eeadﬁﬂwmrbd@lﬂ;&a&amem@ﬂﬁté1)I (|l§@mg19 A0hmol), 1-
gth, flow rate of /[ mnute

(@ C&%Pdozd@aiﬂéﬁsﬁldgw 1%!@‘13%@1)&)@9%%ﬂ@fﬂl%ﬂﬁe"(f@émt&ﬁﬁ (da% mg,
0.4 Tlﬁéq AT (ﬁﬁ)ﬁ%ﬁﬁﬁl Cbsa}%‘?ﬁ Qf‘%d %A ? ADREYSBnl ) at

ractlo con ng t e desire ound ‘wer e
room\apperatied The rebultimgsshitionaffctided etrrbellnutmberature for 3 hours then

4- 0-2- H- ..
quepd 3 rar (ALOEY Fars ARaF Drllay PPN Ao wer WgriEPy
ﬁltrQﬂ.dh Gra¥ifdarl e v i Qn&dﬂé&ﬁf#{éﬁ(’%{lﬁm(ig a?—f%ﬁi Gt b%@y@at @S(NI\/R

white crystalline solid
chlororn g 2801 2@ity) 1] H-midapNR - ylsﬂﬁylmamm@d}(da)«pﬁroio [20-

d]p)gr_lrgléhrk% l}il)]p r};i?e%d ljgérlcggqg'ma 8832@}%5'@4 9?}@ azs aooea S(h!?n}’\/il'l_fh was

usemthdmsardddunddauonzl 74 (1H dd), 5. 30 (1H dt), 6.14

' 7& ﬁh glkl diﬁ 25 (1H, s
bwﬁéqwozdwz el 4@159H7s PO 1H29 €91, rB) 15;56( b1 (2H, m),

4 35?)23# 4%(%% I%Z%'Slcj?o)lﬁé% .fi)%é %HPI §)27§I %nﬁlﬁ 6reitﬁg $ ne CI /- g\] (74,

m), 2. 15MIZdeiyU|26n 7035 G‘IIOHUWJ $.27 hiHm)( QQSQIHJ_br 32,01002(2 (TR b) ).
xane was added dropMAse to 2-methylthiazol e
I“&éﬁsbg 0’%¥%ﬁ¥qé?§%ol&§dnmn THF (35.00 nL) over a
peri od of 5 m nutes under argon at -70C. The resulting

pale yellow slurry was stirred at -
Intermediate 90: 1-(4-Chlorophenvl}-2-(1H-pyrazel-1-vl)ethanone

c
N N

N

1-(4-ch|orophenyl)-2-(1k¥py;3i;
Sz

ql
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2570C for 2.5 hour. 4-chlorobenzonitrile (2.75 g,

20.00 mmol ) in THF (35.00 nlL) was added dropwi se to
WO/ YiEdensi on, which was stirred at -70 C f BCTHEB2008/050925

mnutes after the end of the addition. The reaction

m xture was allowed to warmi4® room tenperature under

stirring and darkened. The crude was concentrated to

dryness and diluted with ethyl acetate 149 then

A sMBSHEEE Wrdddl NSt AY g, 49r98efmenand maﬁalmmwae&l@pl%n@ﬁ@(n 44 g,
concentrated. The crude product was purified by fla

49 rampb Wegselyrd Bhly Meh (i mL):‘aasg@med A reang tamehatm mlderlam% for 5
day?t]ﬁi’é Iy‘?%&lgxafvgs %{ﬂieglagg %él‘]ﬁ@ e&f nire was CHLRWACY diethyl ether

évapo g gud
and fdhbd) iroﬁﬁit&ﬂ‘ﬁﬂzém%h( tdgiaz CHe &udéfﬁﬁb(ﬂlﬁiﬂ,mémeg flp A6 6rhte cB/btalk.

% as a pale yeIIowsolld NVR & M5 = EN00228-45-01
Congentraiqaguanpoysypapania (45 3 mivresasided susesmens)of §. & grof the

orudg gty 7 B oy Bl b ol oy e ghEr wildh e enow

crystalg m@ﬁlmmpmweﬂ)wﬂh 6 tittleaaibr shdyriceltih amami tneffetd A(2N

chlo?r%ﬁ%%qlals %r@h 9\%{ Cgc h gg%qmgag\*ggA go%b géﬁ mmol r4%ogqﬁa) as a pale yellow
solid. ZRedafafri &b OhO Rﬁ%ﬁﬂés) 4%%(-: (ﬁ'irlfﬂe?éfgd'ugf Wﬁf‘st\b‘z%%?ﬂf@& by flash

(Internmedi ate 94) and traces of
chrdmaspgrephesl sipeag ehhtlsg Gsl'lﬁaefbltm Wb 4c¢5ﬂmmm)whjmtomethahe The

ti t f 5dar k d
solvEP Lt Pengr faub Pl T Dgn bR b L TasE N Tone
yDe@@hbAON. ’/TS% tmesosﬁmbr @51 790} Mtd QlorddRe cRERANGR s6RH.Or was
nmai nt al ne i ng dropwi se the 2N sol uti on of

NMRy@M%ﬁIENQQ?%ngOOh n net hanol at room tenprature.
Iy g, solvent was renoved under vacuum
m/zﬁf%ﬁerél(lkxf&fﬁtr 2 gken up into water, pH was adj usted
1H I&il\/lm(ﬂi)OZ\dey BMB(]SL@@HSB@W(EIHO&)% of (II-ﬂl&id%N’&S) {10, i 2”7 64 (2H, d),
drochlorjc acid in nethanol. The aqueous 20 phase
7~73\/€é§1 AaSHEAS 2 €h di et hyl ether tw ce then pH was
adjusted to 14 by adding a 6N aqueous sol uti on of
sodi um hydr oxi de and t he basi c aqueous phase was
Integrtedimde Btk (i) tain ddEe{l Hdtchddriopherivi)-2-¢ 1 Hiphe azoiclayi)eth phasec@-
e.washed with brine dried over magnesi um sul phat e
—ﬂﬂé@ﬁmet centrated to afford
1- (4-chl orophenyl) - 2- (t hi | - 2-ypet hanam ne (1.310 g,
90% as a colorless oil. 5 NVR = EN00228-47-01 1H NMWR
(500 MHz, DMSO d6) 52.10 (YH m, 3.22 (1H, dd), 3.26
(1H, dd), 4.22 (1H, t), 7.32 H d), 7.37 (2H, d),
7.51 (1H, d), 7.66 (1H, SN
2009/ 047563PCT/ GBZOOS/O 15(5)\I\nter nmedi ate 96:
Tert-buty

Met%oﬁy]rarﬁfﬁe‘ﬁ%l% HIBHQQY&éGSZg,(Bt(;U r?uzn(?)ll) %aé’ Eécﬁ:‘d% %ﬁﬁ@@@&ﬁx&én of 1-
(4- cbl?)l‘bgbl}tnym}l,’ZG(ﬂH Brralody ri et itinon d €y kdrpiedénte QONCI4H0B L rb@nh, at

room temperature under argon. The resulting solution was stirred at room temperature

overnight. The pyridine was evaporated in vacuo and the residual solid was triturated with
a saturated aqueous solution of sodium hydrogencarbonate (50-100 mi). The solid was
filtered, washed with water and dried to afford (Z) and (E)-1-(4-chlorophenyl)-2-(1H-
pyrazol-1-yl)ethanone O-methyl oxime (1.080 g, 87 %) as a dark yellow solid.

NMR & MS = EN00228-18-01

m/z (EST+) (M+H)+ = 250.
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/ HATU (0.418 g, 1.10 mml) was added in one portion
to 4-(tert-butoxycarbonyl arnino)-1-

WWW%?@ ol o[ 2, 3-d] pyri mi di n- 4- yppi peri di ne- FEEEBWRY/P50925
ic acid (Internediate 1) (0.361 g, 1.0 nmmol),
1- (4-chl orophenyl) - 2- (t hi azal72- ypet hanam ne
(Internmediate 95) (0.318 g, 1.00 nmol) and
N, N-di i sopropyl et hyl am ne (0.348 nL, 2.00 nmol) in

1H NMRKMMZ{Z PRMSOlde b BE93 (1550 5 Ak ) 28t s)r@@mmmrﬁw(m d),

der ar The resulting solution was stirred

74%(?&1 rﬁ)ag'/ng 5 (21,20, Wak(l3Hded to precipitate the rude
product, which was filtered, washed 10plentifully with
Et 20 and dried in vacuo to gi ve tert-butyl

Inteh-nfelliftd 92 hl-¢4-ohlveaplionyP-X-(1H 32 0hzol-1-yI)ethanamine

2-ypet hyl carbanoyl)-1-(7H pyrrol o 2, 3-d] pyri m di n-4-yD
pi peridin-4-yl carbamate (@550 g, 94%9. NVR & M5 =
EN00228-48-01 1H NMR (500 DMSO-d6) 5 1.23 (9H,
s), 1.74 (1H m, 1.89 (2H m; 2.00 (1H, m, is 3.10
(2H, dd), 3.52 (1H m, 58 m, 4.00 (1H :
4.19 (1H, m, 5.29 (1H, 6.57 %(1H, d), 7.17 (1H,
d, 7.30 (2H d, 7. 37(;1 d), 7.54 (1H), d), 7.69
(1H, d), 13 (1H, s .33 (1H, d), 8.47 (1H, d),
Borane f@gal(yﬁppfugap qqumple( gﬁ -Qp nQIMﬂH)OIO mn‘@g)zwgs)addbﬂlo a stirred solution

of (&Y FFar - Ny BbHT-aviorely L phanspy - Bgpa oxime
(Intd}mydiare wl)me 449 g) Phied]) &rsﬁﬁvé&hﬁqrmoeg@rﬂlgpan@orﬁélerﬁ r%ﬁe under

phenyl ) propanoate C QOLi Lithium hydroxide (1.4
argozl g1 replting Nufian e etirrodundsaerdbixilor Ahewrr Eé@jmlxture was cooled

in agyﬁzg%ér%t aQId VUEE\J@E ml)} was care ull{ g«}ﬁ followe? bi/ %’0 ?_IET%I)-/I (25

(tert-butoxyca 'am no pyrroro
ml} rThEl esuitidle Mbh@lcpﬁmxtﬁhewms refluxed overnight with vigorous magnetic stirring

oxa (4-chl or ophe | ) pr opanoat e
and @}lﬂ‘t"/ﬁ‘? nlt&%}e@s ) ctoararsgdcandinlayieys were sppergadel- iy organic
layeRbwak PR CRRRARE WIE diefhf cfheSHlidd ARGy r@;@gﬁ gﬁit%_{?_d gtk Sd¥rated to

went into solution and was then sti
giveoifie enidg iproduTh@ 4 izl BWiohgliemas nepdalinhily & the édiqiinateaction.

ad is was filtered and dried in vacuo to
NM ivg p%z%&? (4-(tert-

1H NWSM)@@H&@E tydaM 11 0)H, L 74H¢23MIH QP 1319l BYy, 6udi A, dd),
- car boxani do) - 3-
714(2HVDWO34(2H d), 7.60 (1H., d), 7.88 (1 )

Intermediate 93: Tert-butyl 4-(1-(4-chlorophenyD-2-(1H-pyrazol-1-

vl}ethylcarbamoyl)-1-(7H-pvrrolof2.3-dipyrimidin-4-v1}piperidin-4-vicarbamate

g
N N

N/

Soaierat

N \
| \

L2z

N

H




20

(4-chl orophenyl ) propanoate (396 ng, 100 A). NWVR & M5 =
EN00228- 39- 01 in NVR (500 MHz, DVBO-d6) 6 1.41 (9H,
WOSP0I/04788 (2H, n), 2.06 (2H, m, 2.27 (2H, m PCI/GERO08/050925

(2H, mpartially hidden by H20), 4.33 (2H m, 4.83
(1H, m, 6.57 (1H, s), 7.14144H, 15s), 7.22 (2H, d),
7.32 (2H, d), 7.58 (11-1, m, 8.10 (1H, s), 10.02 (1H,
s); mz (ESI-) (MLi)- = 541 152 Internedi ate 98:

HATEND. Qb@*gi\/(b S59nindolf a6 MRUAR Bﬁ@iéél&m?r 1d i éié?ttlm{!) BAaRhyBmino)-1-
car banoyl) - 147H- pyrrol oi 2, 3- rimdin-4-yl)

(7H%§§@Eq2[5arﬂ}mmm Baﬂhawrldmel-flb(wbpaﬁz (mtmmqmne)l) (0.181 g,
R L N O A E#'ainim%“ TGt 93,0202

g, 0¥fhpbhehd N, RetiAos@pheh3tindag (B174 mL, 1.00 mmol) in N-methyl-2-
(4-chlor gf)henyf | propanoate (Inter nedi at e 97) (200ny
pyrreh%om el 1L @i ieehipMmaRTaiee Hy@m@egﬂno Ahel éeseu@geowon was stirred

Ovel%. ggﬁ THmErgJF%Cﬂ?’Hqﬂwm% g) ‘%@{)y rr jﬂ"ﬁone %]3’&8" ?‘ﬁ%oa Faters X-

Bncrgeometmmﬁsa&o]ﬁmn taﬁdIGSr S aigns sfﬁh@, I9aa0 diamnetes dIOOtmIﬁ tength,
vvas rred overni Et Di.ethyl ether added to .
;%Otlak EnipEe) @Pg %Crwrr&%a@elf MfHREH Of BRFE froatpingng 0.2%
amn%ﬂ?ﬁm-ggllb%n arfd E[E%ﬁ‘)q EE ehleal @ qragﬁbl%dcotnf’dngh el d2Sired
s

crude gum (7 was used 1 n subsequen
compeaot Wcm&vmpdrhﬁ@dtto ﬂuyntstseo afford tertdatyil @1 -HErthdoropldingt)e2-(1H-

99: 't - but yl e C
pyragSic o B Py by L e ekl dppirisaidinstrabenering-ylcarbamate
(021@@011‘1%?%1@.’:{%1&&&: A2life 881id.0. 87 mml ) was added to

tert-b | or ophenyl) - 3-
WZIGE/WMMp%Bby‘-Iﬂér bamate (I nternediate 30) (200 ng, 0.70

10 mL) at O C under nitrogen. The
NMW#&PQ%?QL rred at O C for 15 m nutes. Methyl
1H NMR G0(MHRABMEO-d6) § @ AOTDIH) s)vvasz @ﬁej aﬁ) dYBJIRWHS a]) @001 (111, m),

resultin I% suspensi on was_stir

3. 53h(ébﬁs gV, rhé (Yéde Bott (MHs myubh hdd rw ﬁr?gr(ﬂ-@eﬂd)séﬁé}t(ulﬁndd) 530

(IH’(&‘[M act@g‘nd21 %rsﬁl(\e@?%q 7(]3651%?’_21 )’Z?zgo(lint?‘};,)??ﬁgﬁié\é‘@b?.neélﬂ, b,

7.53e( Hr a)g B 2uHes), 835(1H d), 11.67 (1H, s)

)

Intermediate 94: (Z)-1-(4-ChlorophenvD-2-(thiazol-2-yDethenamine

Cl
A 2,5M solution of N-butyllithium (8.00 mL, 20.00 mmol) in hexanes, was added
dropwise to 2-methylthiazole (1.983 g, 20 mmol} dissolved in THF (35.00 mL) over a
period of 5 minutes under argon at -70°C, The resulting pale yellow slurry was stirred at -
70 °C for 2.5 hour. 4-chlorobenzonitrile (2.75 g, 20.00 mmol) in THF (35.00 mL) was
added dropwise to the suspension, which was stirred at -70 °C for 90 minutes after the end
of the addition. The reaction mixture was allowed to warm to room temperature under

stirring and darkened. The crude was concentrated to dryness and diluted with ethyl acetate



washed with saturated brine (20 nL), dried over MySO4,

filtered and evaporated to give crude product. The
WQH8484 7385 duct was purified by flash silica PCT/GB2008/050925

chr omat ogr aphy, elution 153 gradient 20 to 60% Et OAc

i n isohexane. Pure fractiond4%ere evaporated to

dryness to afford tert-butyl

1- (4-chl or ophenyl) - 3- met hoxypr opyl car bamat e (80 ng,
theB&adhed)widswateitdrice osal ﬂlﬁgneiﬁhll\ﬂtﬂ)h(a&%d%ﬂcdﬂﬂltedcﬂ@ é’ﬁlde

1.40 (94, s), 1.91 (1H, s), 2.01 (1H, s)

progt}ct was pglzﬁ%@p.y ﬂﬁ&)h ch,gpn;@ogrf y o} s@):a g@ elpgmgmqth b(} to$})00% cthyl

B T e e LU eyl U L I

chl@oﬁl&‘nly'I)FQ (thrat@ilﬂﬁ’ifgl]ethtrmnﬂlﬁ)@(l 466 g, 31.0 %) as a pale yellow solid.

I n 3- net hoxypropan-| -am ne | o Hydrogen
N]\%}]&‘ﬁ\dg e&%ﬁﬁb‘% 4}/41614 di oxane, 0.667 nL, 2.67 mol) was
m/Agded hpriprd Autyl 1-

(4- chl or opheny1) - 3- met hoxypr opyl car bamat e
1H NMRéﬁGf’eMP&L @IJ@Q)) & 802 5L, 0. @74 (@FHIn), 694 1Hi oY, dr38 (0f 2H), 7.55

Hg)g#\/l( nd net hanol (2 rrL) at 22C. The resulting
(2 Jtﬁ%o(mg stirred at 22 C for 5 hours. The m xture
was concentrated and the residue was purified by ion

15 exchange chromat ography, using an SCX col um. The
Inteymaqdiag 987 bfdnGhiogpphenyl-2r{thinzoh2 vaethanamineysi ng 2M

NH3/ MeOH and pure fracti o?@ re evaporated to dryness

to afford 1- (4-chlorophegyly- 3-nmethoxypropan-|-am ne
(47.0 ng, 88 % as a col ourte oil. 1H NMR (399.902
MHz, CDCl13) 5 1.80- 1.96 (2H, , 3.31 (3H, s), 3.32
(1H, m, 3.43 (I H m, IMwt), 7.27 - 7.31 (4H,
m; 20 rniz (ESI+) (MtH) 00.2, 202.3 (M+H+) ; HPLC
tR=1.70 rrm 154 Inté medi ate 101: tert-butyl

N LT R e P
(2)X184\@lorophenyl)-2-(thiazol-2- -yhethenamine (Intermediate 94) (1.45 g, 6.13 mmol)
and traces of bromocresol green dissolved in MeOH (45 nmil.) until the sokution turned from
dark blue to orange. Sodium cyanoborohydride (0.481 g, 7.66 mmol) was added in one
portion to the stirred solution and orange color was maintained by adding dropwise the 2N
solution of hydrochloric acid in methanol at room temprature. After 1h stirring, solvent
was removed under vacuum. the crude was taken up into water, pH was adjusted around 2
by adding a few drops of the 2N solution of hydrochloric acid in methanol. The aqueous
phase was washed with diethy! ether twice then pH was adjusted to 14 by adding a 6N
aqueous solution of sodium hydroxide and the basic aqueous phase was extracted with
diethyl ether twice. The organic phases were washed with brine dried over magnesium
sulphate and concentraied to afford 1-(4-chlorophenyl)-2-(thiazol-2-yl)ethanamine (1.310
g, 90 %) as a colorless oil.

NMR = EN00228-47-01

IH NMR (500 MHz, DMSO-d6) 6 2.10 (2H, m), 3.22 (1H, dd), 3.26 (1H, dd), 4.22 (1H, 1),
7.32 (2H, d), 7.37 (2H, d), 7.51 (1H, d), 7.66 (1H, d)



0- (7- Azabenzotriazol -1-ye-N, N, N, N -tetranet hyl uroni um
hexaf | uor ophosphate (55.2 ng, 50.15 mmol) was added to
WOL0§% 7363 but oxycar bonyl am no) - 1- ( 7H pyr r ol o[ 2 FPETHFBAP8/450925
i di n-4- yDpi peridi ne-4-carboxylic acid (Internedi ate

1) (50 ng, O 14 mmol ) and Netdyl dii sopropyl am ne
(0.029 n., 0.17 mmol) in NWP (5 nL) The resulting
solution was stirred at 50 C for 10 m nutes then

IntérBRUEHe HE: milﬁ‘ﬁ%l ‘{“ﬁﬁ' embw@m@%ﬁ 1L AL 2PN ERY fohi Rimoyl)-1-
nme -1 - ) (Al.b ng,

(THEpvVEolni?el-Yi| mrsmidiineldy Bisiperidin-4-ylaarbamaien NVP (2 i)

The resulting m xture_was stirred at 22 C for 16

hours. The reaction/fixture was diluted with Et 0Ac (75
m.) and washed seque ally with water (6x 75 ni), and
saturated brine (50 rrL)

Thell or gani ¢ | ayer was dried
over MgSO4, filteregd and en Ot\%/afford crude
s purified by flash
Z el ut | radient 1to 4 % (10:1

product. The crude |
MeOH conc. NH3 (aq)) in DCM re 15fractions were

silica chromat ogrep

evaporated to dryness to aff t-butyl
4-(1-(4-chl orophenyl) - 3-
nmet hoxypr opyl car banoyl) - 1- (7 l o[ 2, 3-d] pyrimdin-

4-yepi peridi n-4-yl carbamate (52.0 Hrrg 69.2 A as a

HA%‘?E(E.%}%%! i(.g?_l’mntlgl’}{x!fé\'g@e@&ggé?%gwng +) %ut%?@glgdgﬂino)-}-

(7H31y%ld[2 Bl-d 1DYyrimzlibB- )ﬂmerlﬂﬁne-ﬂcﬁboiﬁib-al:id hrterhe8@thté 1H0.361 g,

10 ey, € frenlaroBhen 2 Gl he apiits (djermeiigs 255 Oy &
1 Odrﬁﬁob)anﬁW’N)—dilsopr%%g}eﬂlylaﬁﬁ%e'{30 348 C2 108 rimm8h 34 NOInBthy1-2-

155 I'nt er medi at )
pyrrsligmpne(stQ mld ekspoar homytaanr nojer3rgop. tht msolping sylujipe say stirred

i .eth t hi t Pot th
ovelpidfh RROLD TG (B SR TE M BuP B Bl e ithec
plen&lﬁxlwﬁm Enh)ea}wl drmqwhcmb %ﬁwlgﬁtéﬂﬂlbh@m at(e- (@Jdﬁtﬁﬁb@ﬂyﬁlﬁ(thmzol-

)
-ylkeé%sdvatrb%ogbﬂ d?Hdwmé@%tqﬂpy@@lca@—%d)p@qwn -4-heagbagnate (0.550
g9I reaction m xture was diluted wth Et0OAc (50 ni)
»“and’ washed sequentially with 20% saturated brine (4x
NMBQ& MLy =direbgas«dailed brine (25 nL). The organic | ayer

1o S A et e 1 7hed b TR GBIEE T Shridea gpir. m)

3.10%32}1f k@S h.so(h &l b 0331583 'V}P'Iﬁ)t 2903 PRYm) &, 19 {181 n§)°‘5‘Q9Q§H1(§%6 57

C In |sohex ur e ractlons were evap orate
(1Hdd)yﬁé§$11ﬂod)a7f36w1 a), 7.37 (2H, d), 7.54 (1H), d), 769(1H d), 8. 13(1H s),

| 3- (4-chl henyl
s> S TR abie) 5 (i enleropnemy ) pr o
e S ST 583 (o m, 4 67 LiH br.$) 488
S . , , . , r. , .
(1H br.$), 7.20 (2H, d), 7.30 (2H, d): 15 raiz (ESI+)
(MrH+ - C4H8) = 288.3, 290.3 ; HPLC tR = 2.80 min.
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Interrredi ate 103: tert-butyl
4- chl or ophenyl) - 3- sul f anoyl propyl carbamat e Cl
WON‘“ YgP%succi ni nide (90 ny, 0.67 rnnol) was RIFEEBIIGS/R50925
m xture of acetonitrile (3 nL) 20and 2M hydrochloric
acid (0.1 nL) cooled to 10CJj51
S-3-(tert-Butoxycarbonyl am no) - 3- (4-
chl orophenyl ) propyl ethanethioatc (I nternedi ate 102)
Intérhfediite 99; fithimiinl-j4-Wea-Reo eetadbOPMS S -GHE gV Eold]P3L N
acetonitrile (2 nL) and the resulting solUtion was
dipyrimidiad-yhpiperidined-carhpxamideinhi4-ehlosephenyhpropanoate
ammoni a solution (3 nmL,p63.00 mml) was added dropw se
and the mxture stirred for 3 days. The m xture was
evaporated and the residye @56 vvas part|t| oned
bet ween DCM (30 nl) pjat efl. us | ayer was
extracted with DCM ( ) ha ex racts combi ned
with the organic |2 The orrb rted rgani cs were
filtered through phase- sepa I ng paper and
evaporated. The residue was putified by flash silica
chr omat ogr aphy, el ution gradié to 80% Et OACc in
i sohexane. Product- 5cont ai ni&wg, tions were
evaporated to dryness to affor® tdit-butyl
1- (4-chl orophenyl)-3- sul fanoyl propyl carbamate (40.0
Lithmgn hg8rogidig)(1 8S 6 anlwil. § emsoll) 2N irlwatsiviRag 381190 2 stidrzd suspension

of na%"]l%)ﬁsfl@(tez‘l{'t-‘?}ﬁto%gﬁrb%zyl@izmg)zs[l-é'g%—(pi/ﬁo 0(%?3 (g% i -yg))plperldme—

4- c%'%(%(-énfl%(’ﬂrfi Agf)—chlﬂfrﬁﬁshé@} Tib%zinggtﬁgldl{tgiﬁg@?%? B4R mg, %?gmmol) in

THB (4hinkd a@ﬂemlémp@rﬁwﬁelﬁmryw@m@pemml aénikinriverel igo solution
and s tg@ﬁdgtﬁll%ﬁga C{erehﬁg} t( ﬁgé oﬂpwin%z(lﬁgfnin]g ao w%é pf‘éb%(i)tate had

fonﬁdsd dflﬁphemﬁﬂt&reaaﬁdlHﬁéﬂfﬁly\lraﬁﬁ@ﬂ)yélﬂahbﬂlmiB@@((tdﬂt-er nredu at e
a 15 m xture of

buﬂawaar&emgwmo)ﬂz(?mw@&lo!223 éﬂpmﬁ@dlpé’srﬂmlp%dl%ﬂwpmﬁamldo) -3-
(4- CWOQ{E'“?Q@'%P%& 366 by, lgélt/ﬂour Ss. The mixture was

evapor a o dryness and e residue was purified by
NMRO&MSe%ﬁﬁ@@.QLSh}%%t ogr aphy, using an SCX columm. The

1 5T PHESEISO B el SO B RS, 350 ot
3. 3(B3NoH @Iu@l@llff%d@i@ﬂ'ﬁ?%&@)oﬁléﬁf@l:{dm) 4.83 (1H, m), 6.57 d(iH s), 7.14 (1H,
3-am no- 3- orgg Q/éﬂ)@ro pane- 1- sul'f onanmi

s), - 20(25D dzw (%d% b Sllﬁmlﬂe@sl(bgh{l}lnsi (ESI +)
i AMEH) A3 24952, 2512 5 HPLCtR = 1.32 min.
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20

157 Internedi ate 105: tert-butyl

4-(1- (4-chl orophenyl) - 3- sul f anoyl pr opyl car banoyl) - 1-
WO/ Y3830l of 2, 3-di pyri m di n-4-yl) pi peri di n- 4-RAIT¢GEBA9ESEH0925

te Cl

0- (7- Azabenzotriazol -1-y1)-NsN, N, 1\ 11- t et r anet hyl ur on

i um hexaf | uor ophosphate (30.9 ng, s0.08 nmol) was

added to

Int(ﬂ‘n{etd@itEQDU{ei’iiBﬁ kqayhamidreph v S @t Ik G- 5] PYri m
I N- ryeplper% Tne- 4-car oxy yc act ¢ q erne‘late

(O 016 nL, 0.09 nrnoll~| NNP (5 m.) at 22C The
resul ti ng suspensi on stirred at 50C for 10

m nutes. The m xture cool ed to ambi ent tenperature
and 3-am no- 3-(4- chIé?op eny?lpﬁppane 1- sul fonam de

(I ntermedi ate 104) g, N ) was added
as a solution in N e, M xtyre was stirred
at 22 'V for 3 days. Wwas diluted with

met hanol and | oaded onto an SCGX col utmm. The crude
product was purified by ion exthange chromat ography;
the desired product was el utgd g t he col umm usi ng
2M NH3/ MeOH and pure fractio wer & evaporated to
dryness. The crude product was® purdfied by flash

ATl 57 oRALGHBSD R H09 T o POGRR (P A ciBine. wer e
but(%(\_ﬂl(@ﬁl‘_g%?l%ﬂo? gQZﬂnﬁfrﬁ)iB[? Rl fpotithidig L g1pibdt dine-4-carboxamido)-3- -

chl or ophenyl) -
(4-chldréphroyliprpmmpatalvemmyediatd 97RO Gryg. ol omdd), dimsthylaingic

nylif o By e 3 s G Ry sSSP 10y o B
mmbB it Nlm@&yNopyrréfdindR8(3. @hﬁg AEfboft RmbeRiurk @hllerbidon The

-am no- 1- (4- chloropheny]g oxopropyl car bamat e
resuj,tmg:;}pm.mc@ was stirred overnight. Diethyl ether added to precipitate theocrude

I

proglct SHERIOEREENL AT, i sl Vi B R AR LR, ke

gunofVa 0 patvioch tvas tedtin bmlisyhue&t ﬁm:ﬂitmsfiw(}{buc hirdeopitéfivakipn.
propanoic 5 acid (245 ng, 0.82 nunol), anmmoni um
chloride (131 ng, 2.45 nmol) and

Intd¥n¥did 18 997 QR &Y @B ob Herfhls Breth v Po fTTRhPb alnih PV

=

(& L) at 20T under nrtrogen. Tne resurtrng SusSpensi on
was stirred at 20 C for 18 hours. The reaction m xture
was evaporated to dryness and edi ssolved in Et0Ac (25
m.), and washed sequential ly

Cl

Sodium hydride (35.0 mg, 0.87 mumol) was added to tert-butyl 1-(4-chlorophenyl)-3-
hydroxypropylcarbamate (Intermediate 30) (200 mg, 0.70 mmol) in THF (10 mL) at 0 °C
under nitrogen. The mixture was stirred at 0 °C for 15 minutes. Methyl iodide (0.044 mL,
0.70 mmot) was added dropwise, and the resulting suspension was stirred at 22 °C for 4
hours. The reaction was quenched with KHSO; solution (1M, 0.5 mL) and water (15 mL).
The mixture was extracted with diethyl ether (3x 20 ml.); the combined extracts were
washed with saturated brine (20 mL), dried over MgSQs,, filtered and evaporated to give

crude product. The crude product was purified by flash silica chromatography, elution



water (25 nL) and saturated brine (25 nlL) The organic

| ayer was dried over MgSO4, Jofiltered and evaporat ed
WQH0YIK7343d tert - butyl 3-ami no- 1- (4- chl or ophenyPOT/§B2008/050925

oxopr opyl carbamate (200 ng, 82% as a white solid.

ni/z (ESI-) (MH- = 297, HPC€ tR = 1.91 mn.

I nternedi ate 107:

3- am no- 3- (4- ehl orophenyl ) propananm de C NH, NH, 15
gradiedt 204M0VNED Ac B 1@@?}%@&1&( buf Hachighs whc@9aporRed t9\@§ness to

added to tert-but am no-1-(4
atfoed m@mﬁbhﬁphigrq&g@ab@yn@mmm@camam@ (ROne8. 1 Bps o
Wh&g&ﬂ .67 mmol) in DCM (20 nL) at 20C. The

resuf tlng solutlon was stirred at 20 C for 4 hours.
1H NMRr(mmzoMHn RD®) vago egv;amrlame@nm@@l 24@13(1;91; @) fBi3d 3, ),

exchange chronmato

332 H: 7841 Hesi e Do ee vid CRulbd PrGR dhe col um
m/AEST0 y@gﬁ EL Wa0 Hoa 0 RN S 4o ROk SRR MEF CAYBRIALCHR - 2.58
mir3- am no- 3- (4- chl orophenyl ) propanam de (46.0 ny, 34.6

% as a white solid. 1H NWR (399.9 MHz, DWMSO d6) 15

0.99 (2H, t), 2.33 -2.37 (2H, in), 3.38 (2H, s), 4.24

Intérhitaidtk 106: & 4-ch1%r L EShithe g MH) + =

tert- but yl \
4- (3-am no- 1- (4-chl or opheny1) - 3-@xopr opyl ear barmoy1) -

1-(711-pyrrol o[ 2, 3-di pyri m din-

mat e NH2
0- (7- Azabenzotri azol - 1§71 @ , N, n' -tetramet hyl uroniu
m hexaf | uor o- phosphate (125 g, B® 34 nmol) was added
n on on to
HY%@%%% , ﬁﬁ@%%%ém%?nor%7 L 276¥ pprgibiat addgd to tert-butyl I-
i r
(4- ﬂﬁ?@ﬂﬁ,ﬁl@lﬁ“@l@?ﬁ%@%ﬁ% éﬁﬂm%ﬁg%ﬁgiﬁ?ﬁ%(ﬁmg, 0.27 mmol) in a
mixsrdlot DA 05 oy laet metembh@ D) 422 °6L , The 168 tmedo)ution vivstirred

o AT B S ARGl SR 3 by Ty fon
excgziﬂf@ rcﬁﬂﬂﬁﬁdér)i}ﬂ{yo RARRRNROX dditherTRAi-ak&al FBdlct (AR clBed from the

) mmol ) was then added to the ioreaction and
colynnp pying 2 MoNHy/ Mgdold and phis [rasteny were givanaupted {gadryness to afford 1-

(- GRREIRLLB=PsRRyrobt Pmihd A7 R A Ala Bl o
1H MyBO439%.902t Mifed Cand3)el PO F atoed 2 Homaf ¥, r GH, &), 13-10Ut1H, m), 3.43

4-(3- 4-chl oro hen 1) - 3-
(1H, m), MEUHQ?%??M@& yi)-

m/z (ESI+) (M+Hy+ = 200.2, 202.3 (M+H+} ; HPLC tR = 1.70 nmun.

A- ybpi peri di n-4-yl carba




oxopr opyl car banoyO-1- (7H pyrrol o[ 2, 3-d] pyri m di n-4-yep

i peridin-4-ylcarbamate (99 ng, 100% . 15 m z (ESl+)
WOQRRMOHIIS6: 542; HPLC tR = 1.88 nm | nternedi at ®CTEDB2008/050925

tert-butyl

N-i 1- (4-chlorophenyl) - 3- ( phespxycar bonylam no) -

propyl | carbamate 160 Phenyl chloroformate (0.132 niL,

1 05 nmol) was added dropwi se to tert-butyl 3-am no-1-
Ime@ﬂreamt@wpn@ftydat I £PhA£ehBpsit Y NhikE rg%ﬁ]@aﬁ%aﬁfﬁgﬁ—l-
) Sodr um DI car bonat e ng, 1.

] ; anbfematei t r ogen. The

resultlng soI ution was stirred at 20 C for 2 hours.
The reaction m xture was cpncentrated 5 and dil uted
with EtOAc (20 nL) and washed wth water (20 nlL). The
organi c | ayer was dried over MgSH, filtered and

evaporated to aff & t-out%j

NA1- (4- chlorophenyl) I

(phenoxycar bonyl am no) - propy (427 ng, 100%
as a gum mz (ESI+) (MH)+ 5]l HPLC tR = 2.85 m n.
10l nternedi ate 110: tert-butll v

1- (4-chl orophenyl) - 3- ur ei dopr @pyl carbamate 0 HN OTh
Ammoni um chl oride (113 ng, 2. 4 ) was added in one
portion to tert-butyl N41- (4}

chl orophenyl) - 3- (phenoxycarb no) pr opyl ] car bamat e

(Intermsdi ate 109) (427 ng, 1.05 Mol ) and

I am
O A LA R T et Pl opthaPotipre 53 2 me
0.15hamos). wéErae.décemt (ten-bitokly tdrBoMyAsm NG §MHLRRMo[28dd |pyrimidin-4-
diluted with EtOAc §/20 nm.) and washed with water F

yI)PPHEPdm‘FﬁeC%P‘@ﬁ’HF acrdd 'étlerma@lam D0 sige P- Igmmal) apd N-er ed
f
e B Py L e B oS G spalips gvion vas

stirrdd AOA0, *Cnfioz ]()Eﬁiuitks (bt ke A ed B2 BhiekRe@peRnure. 11-94- Ohiinroﬂ&nyl) 3-
| nt er nedi_at e

metla_o«ygro&aml Hoangmg ilnéfﬁr s diplisd 90} §5r o §-4f aunalyvas agdedgsfe

solutlbﬁlﬁ{ NRIB(OMBLE ENAROKIARE fhikir Al ¥NESS P2 Abd @erm hours. The
1- (3-am no- 3-(4- chl orophenyl) propyl)urea (151

reacgon mxwrmamy@d with fanc (H mmam%sl@dwbt{qenmmde)wa@er (6x
75 ni:[’ X %a?ﬂre%&lbngs: %ﬁs%zl 'Iil’?'_?rg%rbw Fa?/g as( ri{;_fd cmer §/I 4, filtered
and evaporated to afford crude product. The crude product was purified by flash silica
chromatography, elution gradient 1 to 4 % (10:1 MeOH/conc. NH; (aq)) in DCM. Pure
fractions were evaporated to dryness to afford tert-butyl 4-(1-(4-chlorophenyl)-3-
methoxypropylcarbamoyl)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidin-4-ylcarbamate
(52.0 mg, 69.2 %) as a white solid.

1H NMR (399.902 MHz, DMSO) & 1.42 (9H, s), 1.90 (2H, 1), 1.92 - 2.05 {(4H, m), 3.22
(3H, ), 3.29 (2H, t), 3.55 (2H, m), 4.24 (2H, m}, 4.89 (1H, dt}, 6.60 (1H, dd), 7.05 (1H,
br.), 7.16 (1H, dd), 7.33 (4H, m), 7.99 (1H, d}, 8.13 (1H, s), 11.65 (1H, s};

nv/z (ESI+) (M-+H)+ = 5434, 545.3 ; HPLC tR = 2.31 min.



20

5raiz (ESI+) (MtH + = 228; HPLCtR = 1.25 mn.
Internmedi ate 112: Tert-butyl
W@ 2q08/04746 hl or ophenyl) - 3- ur ei dopr opyl car banoy 1pcTi6EZibEH50925
pyrrol 012, 3-di pyri m di n-4-yl Thi peridi n-4-yl car bamat e
NH2 _ 155
| @- (7- Azabenzotriazol -1-yl)-n,n,ri,n' -tetramethyl uron
i um hexaf | uor o- phosphate (378 ng, 0.99 mmvl) was added

Intbﬂn&ﬁﬁtemt 59(tbR-butoxyearbo

__ammamm n- 4-yppi peri di ne- 4- carboxyl ic acid
(Intermediate 1) (240 ng, 0.66 mypl) and

N, N- di i sopr opyl et hyl am ne (O 32¥ L, 1.99 mol) in NWP
(2mL) at 20C under ni resulting solution
was stirred at 20 CforS oS, 1-(3-am no-3-(4-

i schl or ophenyl ) propyl ) urea tepmediate 111) (151 ny,
0.66 nmol) in NWP (2nL) was th ad ed to the reaction
and stirred for 18 hours. Thetre a{on m xture was
diluted with EtOAc (20 nL) and washed with water (20

. The organic layer was dried over MgsH4, filtered
POtgﬁ%amé(}'lé%[atg?ee(&?a Ponai By mnrody wasagded to 3- (tert-butoxycarbonylamino)-3-

- R BB PLERORI LIS Optesmenitte ) G0dp: g oymaoR. i3 DM
(5 ml/f dtt@2ﬁ€r bk resditiyih ealubamrahest(ried: 30 *0Hod 980Asay héreactlon

white s 3 g}r (ESI+) (M+rH)+ = 571; HPLCtR = 1. 88
Mmixfure was Ete WL EY BEH 508 mig)snd washed sequentlally with 20% saturated

i
bm% (amsn %L% Al gi&giag%cgﬁlé}%'mg@{@@ﬁ‘g&ﬂggﬁl 1€ % d%veé:!\/l%soq,
ﬁltﬁ@ﬁéarpkﬁ’vlap@‘ﬁteﬁ(ﬁo tiffoltd-dnudw;broduct The crude product was purified by flash
rophen 2-cyano te (Internediate
sl R ST SR e RS HREIoHate dbies MpRions were
evap@atetitid BYmeQl v P/ Y81 bhbSfktatongdnih @_%ﬁ dlh@%ﬁenyi)propyl

The reaction mxture was evapor at ed to
cthapetypai(ed-0 mech) %ﬁ@bhéih}lbﬁ@irtbpanem trile (HO salt)

AR (o D T BB ot st ) S0 TRy BF G

4.62(13%, bEOJHBRr(il Hi bk.9); "Az(th)}pld;eT 3@1(3}1 4ﬁy| car bamat e
benzotriazol N -tetramet hyl uroni um

Yy et rﬁﬂ%&)ha%?éﬁ?(é’«é@ 3@41’1639%1 7 Minnas added i n

one portion to
4- (tert butoxycarbonylan1no) 1 (7FprrroIo[2 3-

Inteimm : ol pé : 3
0. 54 mol ) and N, N isdii sopr opy[:et hyI am ne O. 533 ni,
3.22 mmol) in NW (3nL) at 20C der nitrogen. The

N-Chlorosuccinimide (90 mg, 0.67 mmol) was added to a mixture of acetonitrile (3 mL)
and 2M hydrochloric acid (0.1 mL) cooled to 10 °C. S-3-(tert-Butoxycarbonylamino)-3-(4-
chlorophenyl)propy! ethanethioate (Intermediate 102) (58 mg, 0.17 mmol) was added
dropwise as a solution in acetonitrile (2 mL) and the resulting solution was stirred at 22 °C
for 1 hour. Concentrated aqueous ammonia solution (3 mL, 63.00 mmol) was added

dropwise and the mixture stirred for 3 days. The mixture was evaporated and the residue




resulting solution was stirred at 20C for 5 m nutes.
3-am no- 3- (4-chl orophenyl)- propanenitrile

WOeMYMEiSeddi ate 113) (97 ng, 0.54 mol) in NVPPCIMAB200A50925
then added to the reaction and stirred for 1 hour. The
reaction m xture was concenis@ted and diluted with
Et OAc (50nL) and washed with water (50nmL). The organic
| ayer was dried over MgSO4, 20filtered and evaporat ed

was pRrtAfoh&d Between DCM (30 mL) and water. The aqueous layer was extracted with
4- chl or ophenyl) - 2- cyanoet hyl car banoyl) - 1-{ 7H

DCMy(B0 oilg[a¢d Brakixtwpcis wonibmed -with) the pegandi layef- Jhe aoinhimed erganics

weréggér%%ﬁttﬁpug}(%go aISFﬂg%;l?. g E}Sglé%%ér%@etﬁgg? _egl;JEF yfzp %e%i&u@wzas purified

by flsk itiehéiabaRRemphY: dution gradient 30 to 80% EtQAc in isohexane. Product-
(et hgl sul f onam do} pr opyl ear bamat e Met hanesul fong‘i 02
nyl})-3-

contghing frefdiopd weBXvaPorated 06 drsipgss) towdiordgtidu tvrlopwitderop

rt-butyl ,3- Lno- 1- G4 ¢hl or aphenyl ) propyl car bamat e
surb o3 B3ad o A1 SR Mg
1H NMR: dionsiop oy, €bay3) ani 42(9H) s§ 677529 2(ZH, ol 1)1 -i301 70CH, m),
(4. nm) at 20C. The resulti n? solution was stirred at
4.7438; pot) 483 hbdrtd. 7 Fheth dact 0@ Hhidt ur e was
el _04 . _ (2 ) and washed
nﬂz&@%‘lﬁ?&l&l&% %24 )did%h‘ﬁéﬁg?gézﬁgﬁ %e%'la/a@ndri ed over
MySO4, filtered and evaporated to afford crude
pr oduct was ] (1lpurjfied by flash
exmediate 194: J-amino-3-(dochloxophenyhpropanezl-sulfpnamide oy £ oA

in DCM Pure fractions were evaporated to dryness to
afford tert-butyl 1-(4-chlorop
(met hyl sul f onam do) pr opylgcar b
a white solid. 1H NVRu( :
s), 1.76 (1H, m, 1.82 - M. 1H m, 2.87 (3H,
s), 2.89 -2.91 (2H, m, 4.58 (M, d), 7.00 (1H, t),
7.32 EIZH, d), 7.39 (2H, d), 7.48 15(1H, d), m z (ES1+)

Hydeogepjchlogdg 64M ippiaganR .8 o, 28)0mnpol) wasedged ioded-bpid :1-(4-

chloﬁ?pfh,%ﬁ)ﬂ%&%Ifgﬁqgﬁppﬂy?ga% Y &ILPJ:’B%E&Q? biba(@%%‘é, fOQﬁ%Hlingﬁ ina

mixture of DCM (5 mL) and methanol (2 mL) at 22 °C. The resulting solution was stirred

(275 ng, 71.9 %9 as
=/ DMBO-d6) 6 1.37 (9H,

at 22 °C for 24 hours. The mixture was evaporated to dryness and the residue was
purified by ion exchange chromatography, using an SCX column. The desired product was
eluted from the column using 30% (2ZM NH3 in MeOH) in DCM and pure fractions were
evaporated to dryness to afford 3-amino-3-(4-chlorophenyl)propane- 1-sulfonamide (20.00
mg, 73.8 %) as a colourless gum.

m/z (EST+) (M+H)+ = 249.2, 251.2 : HPLC tR = 1.32 min.



Cl 20TFA (4 nmL) was added to tert-butyl

1- (4-chl or ophenyl) - 3-
WO2ReY447563ul f onam do) propyl car bamat e (| nt er mediPATEGB283/050925

(275 ng, 0.76 nmol) and stirred at 20C for 2 hours.

The reaction was vacuuned tq@sgryness. The crude

product was purified by ion exchange chromatography,

usi ng an SCX col um. The deS|red product was el uted

WEere evaporated. '
TH: T me& }zj])plperldm-4—vlcarbamate
N- (3- am no- 3- (4- chl or ophenyeprppypnet hanesul f onam de
(113 ny, 56.7 % as a colo ss gum 1H NWMR (399.9
MHz, DMSO-d6) S 1.69(? 1.7 H nm, 2.87 (3H, s),
2.94 -2.98 (2H, m},,N_?s - 9 (1H, m, 3.87 (1H, t),
7.35 -7.40 (4H m, §m ESlst+) (N%kb+ = 262; HPLC tR
= 1.43 mn. IMeHmmanal taH tw
4-(1-(4-chl orophenvl) - 3-
(nethylsulfonan1do)propylcar a (7FprrroIo(2 3-
dl pyri m di n-4-yl) pi peri di n4- rbanate 10
0- (7- Azabenzotriazol-1-y1)-N, N, N , NL-tetranet hyl uroni u
m hexaf | uor o- phosphate (245 \§5 mol ) was added
in one portion to w
4- (tert-but oxycarbonyl am no) - ( 7§ pyrrol of 2, 3-
d] pyri m di n- 4- yOpi peri di ne- 4- carboxylic acid
O-(T-Arnlanzeidiaatlel -¢)- N, M58, Wetetr@ndtBy rarob ham:ﬂuorophosphate (30.9 mg,

00 he)) i BHR8 I P uhor At e a2 o Qe By B cin4-

yDpYRSidElel 4- Ezﬁgoﬂﬂlc?e@lﬁfgi‘ﬂdmt@ v @8 mé\l'O(O%'rﬁHﬂoDQmaﬂ -

chl or ophenyl )'propyl ) met hanesul f onam de (I nt er nedi at e
diisqprepyylet 113‘1’11’@@ 0y mlwm@)mm 2t2ﬁé3nTh©Id?@d1t1ﬂg
al rr.e our.s, rea
surbh St SR AR 2 gl ST Bl PGS RSHH

temparitusghdashed-3M4- hhl\oﬁipaem(lgﬂoprﬂn): 1~51[m@n§mgl@a1:ﬁehﬂy¢ﬁﬁte 104)
s dried over MgSO4, filtered and_evaporated to
(19.2?% g OtSémpo)S &awaddpc%q@ a(s4>lut10n in NMP (2 mL). The mixture was stirred

at 22 @@ mr@f € I?M%)]llﬁll%ﬁ@%/éptlyl Lﬁ%ﬁl \vaH ﬁ‘[@tﬁ‘ﬂ)} PLRAYLEATRARY L0
Co]uysﬁpl Ti’@rqrddﬂprédydt@alsmanﬁtéby ﬂﬁﬂcxnhangiz@ﬁﬁ@natd}‘gmpl(yliﬁie-*c)eswed
prog] sy s TR e B PV SRS £ Ry TBeOpesYem
evatais@lio @heREMBWcrude product was purified by flash silica chromatography,
elution gradient 2 to 6% (10:1 MeOH/cone. NH; (aq)) in DCM. Pure fractions were
evaporated to dryness to afford tert-butyl 4-(1-(4-chlorophenyl)-3-
sulfamoylpropylcarbamoyl)-1-(7H-pyrrolo{2,3-d)pyrimidin-4-yl)piperidin-4-ylcarbamate
(16.00 mg, 34.9 %) as a white solid.

m/z (ESI+) (M+H)}+ = 592.4, 594.3 ; HPLC {R = 1.99 min.




165 In Vitro MDA- MB-468 human breast adenocarci nonma
GSK- 3 Phosphoryl ati on Assay Thi s assay
WOPEPRMIPG3es the ability of test conpounds to iR¢HVGB2008/050925
phosphoryl ati on of Serine-9 residue in dycogen
Synt hase Ki nase-3beta (GSK-338) as a surrogate marker
of cellular PIKE (Akt) activity, as assessed using
Acumen Expl orer Fluorescent Pl ate-Reader 5 technol ogy.
InténMafrttBoG6R 2 3hihsiasi-@dan €h xoptédpViédtBamate
(C ronochem leddi ngton, €SEexX, , alogue
No. HTB-132) was rout'iget¥x nai ntai ned i n Dul becco's
nodi fi ed Eagle's growt ium (DMEM 1 nvitrogen
Li mited, Paisley, UK Cata¥ouye No-N41966-025)
cont ai ni ng 10% heat -i nactj vaﬁﬁd oetal calf serum
(FCS; Sigma, Poole, Q, , Eat al ogue No. F0392)
and 1% L-gl utam ne ( co, OCat al ogue No. i 0 25030-024)
at 37C with 5% CO2 up to a’confluency of 70-90 %
O-(Fzab&iLoRRSSIPNYNN AL NOX'-RESAYthy lAGhi 68 HeRa (RN 6 pASI ARG 6 mg,
fromthe culture flask using Trypsin-EDTA (1nvitrogen
1.23 inmialedas dsled iroereepaddaon R5: 063y anmind-sEeddorophtny Dt firepanoic

acidfdy Bl DB D PO RRE L0 e) B Pamp I REHR -
diisbfrogybk Rughe (0-8l16a5! £06 hirmé) iddSMICatal pauwe Mndd¥dogen. The

and DPS-130-020K) at a 15density of 5000 cells per
resujiing susper Ry asstired apt b tle [Yridviiowrsma B Eactpremidiiesvager e

. : . o ‘ _
cvep BN P e h Ao B T AL D E DB T BHRGR i
wattrg85 ndormpd aiasatahblinan@d bat e Thé orgaRichower Sva@dridd SvaMNIESO.,
5% . Test .conpounds. were prepared_ as 10mM. st ock
Fileg] 41 RO BRI 0 T P R BOPEdi T g
RAaAhtQB0b MO 88%5 hs YRIktS sbIfd. B9, POSE FQALRCL 297; HPLC (R =
Oxoglg)?gusti [ Zeg(di spéggsi nz St)f nul tszlﬂpl e %.@%nl}:@rﬂ]ggl ets ’ ¢
1.91difrect |y into assay wells) ECHO dosi ng technol ogy
(Labcyte Inc. Sunnyvale, California, USA). Each plate
contai ned control wells w thout test compound. 2011 of
Intdrinddige DOTf 2EmiRRITRRAI A o BifvEpeEpainiiae ( PBS)
contal ni ng 10% T ornmal dehyde; Sigma; Catal ogue No.
F1635) was then addétnte~aach well to give a final
25wel | concentration 1 Pl ates were then incubated
for 30 mi nutes at roomtefpe weNprior to the
fixative being renoved. Eachlwel lll wvas washed once with
250W of PBS and then 5001 PBBMadfed to each well. PBS
t.hen aspirated and | s penneabj | ised and bl ocked
HC%@&)ﬁEEbﬁglqﬁ)@m’e&C&%@H g% p)ﬁ'mglbwas #ded to tert-butyl 3-amino-1-(4-
hiPSIRARRIL L2 ANaPLARKL (8 edra®lie 4 %ze@m bR 8m0n PYDCM
© Tvveen?lgo ()%?gﬁ%?daCat al ogue Noe. P%Qg % and 5% Mar\}el)
(20 MIDket POWd dhe 3Gultigdo bisn Rhastimod/atl 20FC fdad dloest Tb¢ thaction
. Cheshire, UK t al ogu . .APC100199 for 1 hour. at
i it ETARRFARLTE B 08 D08 Frigree diggmitostaphy. tsing an SCX
colun@d. TRWIdBE rddgFBYRl wak BRI dEh aekcdpurhh 88ine INBNHOMOH and pure
primary anti-phospho-GSK-3P antibody (Cell Signalling
fractensiwierc oyyporMedicEdryness do Bifoldadbamngkd-(4-tldojophet phopapamide
rtfor Lre K: tal ogue No. 9336 diluted 1:400 in
(46. |H&Q?ﬁ‘gﬁ’gﬁ%%g}1y‘(‘ﬁfé “cont ai ni ng
IH NMR (399.9 MHz, DMSO-d6) 6 0.99 (2H, t}, 2.33 - 2,37 (2H, m), 3.38 (2H, s), 4.24

(1H, 1), 7.35 - 7.42 (41, m),
m/z (ESI+) (M+H)+ = 199; HPLC R = 1.14 min.
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5% Marvel and 0. 05% Tween/ Pol ysorbate 20) was added to
each wel | and incubated 5overnight at 4C. Each
WO 047386 washed three times in 250111 of wasHPQIUEB08/050925
(PBS contai ning 0.05% pol ysorbate 20), and cells
i ncubated for 1 hour at roomspenperature with 50al of
secondary fluorescently-labelled anti-rabbit Al exa
Fl uor 488 anti body (Ml ecul ar Probes, I nvi trogen
Intériniédifd 10824cpt-BAHE 41¥9-antihd 008) cHlby 11-3/3@ptébylcarbamoyl)-
bl ocking buTTer Plates Were washe ree tInes in
1-(Akpyrnole g kpiyrin A)pi %fu“wul;wuaim“ng 50al of
PBS at 4C unti | reqU|red Pl ates were anal ysed
usi ng an Acunmen Expl orer 5ﬁate-reader to quantify
| evel of fluorescent sbghngl that represents quantity
of phosphoryl at ed- GSK-30. /Acticve conp ungds caused a
decrease i n phospho ph spgo fon relative to
t he maxi mum (un scodgro ory\ each assay, which
i s neasured by the nunber o osphoryl at ed obj ects
per well, and enabl ed potencyl_of IPKB (Akt) inhibitors
to be determ ned. | C50 caj’culation - 1C50 is the
concentration of conpound requiled to give 50% ef f ect
over the range of activity affectigd\by the conpound,
bet ween maxi num (no corrpound)E i mum (excess
| evel of conpound) response coﬁ{roﬂgdata | C50 val ues
20were determ ned by fitting background corrected,
O- (ﬂ@szabempimelei-aﬁaay ngadtetrdneetisy [dropamah®taduotoggiospliate (129 meg,
urve fit ati on nmdel th.the m y esponse set
0.34 Fmal as Aiod T Reghe bt rtéﬂﬁthar:ﬁgagvgarawald gepyrrolo[2,3-
[ r
pﬁluglﬁgltl E'}ﬂjg écg*ra%ﬂgrag F@ggyl%b ﬁ?;‘gﬂgﬁ%"%’%g’ﬁ@“ (g@ e, @afzhﬁ&%l) and
N I\Eﬁmmrce}sflaﬂﬁylammel(w éhmlo@ 68enmot)as TAF (4nilh at 256 wender

l, l.cul . T
nit GRS B u R TR S el 2P ot S §hies Seimiin e e
chlc&ﬁﬁlﬁmyl)ﬂ'ﬂbp&n@ﬁﬁéﬂn@@ﬁﬂﬁﬁﬁe|Il)|ﬂ)ﬁ‘? r%g]so 20 mNSHwdsHKkBRAdded to the
ki nase activity usi Cal i per LC3000. The

reactigniape plised fog Rihgursn Egmapf@@n mﬁﬁmlems C§h¢emtra@ds139 dilgled with

[ f

B2 ER et Sy PO Bl (AT P SO DY Py oo MesO,
filtepedatdodvapyratd e sffecit tn-bulil na(SeamIime ~(@aiiipireplengn By me

reactiqgn is car ed ou mcr re . WD .
OXOEB’(E@;CG‘%?%@B(ET 9%%@?5%3@5@%3 4 AbRigeRgin-4 Herbamate (99
Ingq@@qghed The resulting stopped solutlons are serially

i pped' through a capillary onto the chip, where the

mfdpiEﬁH)dM*&HDbszt §4%; I PUtRohdi8hoiny | at ed product are

separated by el ectrophoresis. They are then detected

via | aser-induced fl uorescence.

Intermediate 109; tert-butyl N-[1-(4-chlorophenyD-3-(phenoxycarbonylamino)-

propyvllcarbamate

X

N o
WNH
Cl 04L‘
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Substrate and product are separated into two peaks by

the application of a high electric field and directly
WORSIHHTHd usi ng fl uorescence. The signature ofPGINEB2008/050925

fluorescent signal reveals the extent of the reaction.

For Echo dosing the sol vent 1g@s 100% DMSO. A nast er

pl ate was prepared with 40ul of 10nmM stock from our

Primary Liquid Store in quadrant 1 of a Labcyte 384

PheWgll dhl bRk Ratch0 130 ﬂ‘LquchQth'éD'v@ﬁ ARSd IR0 ARG ?»'anmo 1-
1 into quadrant 2 by renoving 0.4ul and 10adding i't to

(4-chreplenpiipropBcrbsubisdintermediate2 HEBOWingut DD nsnele prd sodium

bicBifqag i3 rnot) i O AP 20T R RSy e

res RA Wdsameaah2@e@dsanto@d. Theedvash alixitahes sficB8rated
dosi n% t echnol ogy (Labcyte Inc. Sunnyval e,
t

and@dutefidﬂm BIOAGRY rel) auhershee withevaiorda0 ming &he preenigdayer was

Th
o508 (5 e Rl FIG 0RO R SOEplo >
(phc&.oSyMb&i@Mml@opﬁmwl EnrBeidve (4270Q3,UNI0%0). 0@ TuM.
was backfilled with Dinethyl

WZéESbﬂéWéBﬂ“(ﬂ@@ﬁPtl&Qirét%mmm ume of 120n1, such

that when the enzynme and substrate m x was added the

final DMSO concentration was 1% DMSO was added to max
Integoredizgl 10@: test-astyl P-@é4-thlorbphenyih-B-anéidopropgidashavane

treated with 120nl of conpouiat a concentration that

i nhi bited the 20enzynme activify 100% Fol | owi ng

addi tion of conpound or copfr0 he assay pl ate,

6pl peptide m x containing 3pM substrate

( 5- FAM GRPRTSSFAEG angn40pM ATP in Ki nase

base buffer (100mM He H 7.5, % 015% Brij-35) and

6pl enzyne m x contarni 8nM 3a active enzyme

(Upst ate Bi ot echnol ogy, Cat No. 14-276), 8 25 nmM DTT
Ampnediv20oiNbivipd 19 3 inmg, Ri IHasmobasass dddéd aronsgeriaadiedert-Ahityl N-[1-(4-

buf.f er e made, up with ter. The plate
chle By A PSP By PR Y SRR (et afeciye 103157 me
10%&1&)6&@ thib@ylhgaed (0324AS, S PRRE] @NDMF@@ |, tihe Res@fting

10 pi stop buffer (100mV Hepes 7 5, 0.015%Brij-35

solugign weais sttredatiha Tomelanfprizddwers THS reasGommEnma, WBRODMBOp ed
and fgﬁaéﬁ 81V$ dAc( @0 I%qlﬁ)oz{n%t\g sh&?wng a{t({] 358 ggﬁf h%f 0%21%11% Fl)glyeg was

l'ates” wer e ana
drled $)ivélg\/lg594,@'ﬂ’[elr¢lﬂn dl.eﬁfb@ﬂhﬂad t3HPEHA BNy tyiDi S(chhﬁfryplﬁmﬂ)@n
I per Life Sci ences 1 Wellfield, Preston Brook,

urelﬁzeme@flﬁarb%wrwé?a@ Mgs qu()t he foll ow ng separation
2§28 (A = b1 BP0 i 5491yt ream vol tage, - 1700
trea o) tége sanpl e sip tine of WO

2009/ 047563PCT/ GB2008/ 050925 168 0.2 sec, post sanple
oelay of 120 sec.
iR AL NP BRPRCINEL nheaks was
carri ed out usi ng Cal i per LabCh ip software and | C50
curves were cal cul ated 0 o gi nNTM sof t war e
(OriginLab Corporation MA, USA).
Exanpl es of the inven ted in the in vitro
AKT1 enzyms assay afid 5the nean®1 C38l.val ues obt ai ned

re presented in Table G Table G Exanple Nu
Te tle]I gﬂr B)pl%ta/rll) 3 ure?dopropylcarbamate (Intglpmed:ate 110) (346 mg, 1.06

mmol) was dissolved in TFA (3mL} and stirred at 20 °C for 2 hours. The reaction was

vacuumed to dryness and was purified by ion exchange chromatography, using an SCX

column. The desired product was eluted from the column using 0.35M NH3/MeOH and
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pure fractions were evaporated to dryness to afford 1-(3-amino-3-(4-
chlorophenyl)propylurea (151 mg, 62.8 %) as a yellow gum.

1 NMR (399.9 MHz, DMSO-d6) 6 1.61 (2H, g), 2.98 (2H, m)}, 3.82 (1H, t), 4.05 (2H, s},
5.38 (2H, s), 5.94 (1H, s), 7.37 (4H, m),

m/z (EST+) (M+H)+ = 228; HPLC tR = 1.25 min.

Intermediate 112: Tert-butyl 4-(1-(4-chlorophenvyl}-3-ureidopropylcarbamoyl)-1-(7H-

rrolo[2.3-d]pyrimidin-4-ylpiperidin-4-vlcarbamate

NH,

H )
N
0

Jéjw( X

1 \; )

i
O-(7-Azabenzotriazol-1-yl)-n,n,n’,n’-tetramethyluronium hexafluoro-phosphate (378 mg,
0.99 mmol) was added in one portion to 4-(tert-butoxycarbonylamino}-1-(7H-pyrrolo[2,3-
d]pyrimidin-4-yl)piperidine-4-carboxylic acid (Intermediate 1) (240 mg, 0.66 mmol) and
N,N-diisopropylethylamine (0.329 mL, 1.99 mmol) in NMP (2mL} at 20°C under nitrogen.
The resulting solution was stirred at 20 °C for 5 minutes. 1-(3-amino-3-(4-
chlorophenyl)propyljurea (Intermediate 111) (151 mg, 0.66 mmol) in NMP (2mL) was
then added to the reaction and stirred {or 18 hours. The reaction mixture was diluted with
EtOAc (20 mL}) and washed with water (20 mL). The organic layer was dried over MgSQ,,
filtered and evaporated to afford tert-butyl 4-(1-(4-chlorophenyl)-3-
ureidopropylcarbamoyl)-1-(7H-pyrrolo{2,3-d]pyrimidin-4-yl}piperidin-4-ylcarbamate (379
mg,100%) as a white solid. m/z (ESI+) (M+H)+ = 571; HPLC tR = 1.88 min.
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Intermediate 113: 3-amino-3-(4-chlorophenvl)propanenitrile

a if
N

HCI (4M) in 1,4-dioxane (0.668 mL, 2.67 mmol) was added in one portion to tert-butyl 1-
(4-chlorophenyl)-2-cyanoethylcarbamate (Intermediate 24} (150 mg, 0.53 mmol) in DCM
(4mL) at 20°C. The resulting solution was stirred at 20°C for 18 hours. The reaction
mixture was evaporated to afford 3-amino-3-(4-chloropheny!l)propanenitrile (HCI salt)
(115 mg, 99 %} as a white sohd.

Intermediate 114: (4-chlorophen§l)-2-cvan0ethvlcarbamovl)-1-( TH-pyrrolo]2.3-

d]pvrimidin-4-vDpiperidin-4-ylcarbamate

@&%wﬁ(

\
|/\
N
H

O-(7-Azabenzotriazol-1-y)-N,N,N',N'-tetramethyluronium hexafluoro-phosphate (306 mg,
0.81 mmol) was added in one portion to 4-(tert-butoxycarbonylamino)--(7H-pyrrolo[2,3-
d]pyrimidin-4-yhpiperidine-4-carboxylic acid (194 mg, 0.54 mmol} and N,N-
ditsopropylethylamine (0.533 mL, 3.22 mmol) in NMP (3mL) at 20°C under nitrogen. The
resulting solution was stirred at 20°C for 5 minutes. 3-amino-3-(4-chlorophenyl)-
propanenitrile (Intermediate 113} (97 mg, 0.54 mmoli) in NMP (3mL) was then added to
the reaction and stirred for 1 hour. The reaction mixture was concentrated and diluted with
EtOAc (50mL) and washed with water (50mL). The organic layer was dried over MgSQ,,
filtered and evaporated to afford (4-chlorophenyl)-2-cyanoethylcarbamoyl)-1-(7H-
pyrrolo{2,3-d]pyrimidin-4-yl)piperidin-4-ylcarbamate (0.281 g, 100%).

m/z (ES1+) (M+H)}+ = 524; HPLC tR = 2.19 min.
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Intermediate 115: tert-butyl 1-(4-chlorophenyl)-3-

HNJOLOJV

H
1z0
Cl '\
O

{methvyvlsulfonamido)propyvlcarbamate

Methanesulfonyl chioride (0.082 mL, 1.05 mmol) was added dropwise to tert-butyl 3-
amino-1-(4-chlorophenyl)propylcarbamate (Intermediate 25) (300 mg, 1.05 mmol) and
N,N-ditsopropylethylamine (0.367 mL, 2.11 mmol) in DCM (4 mL} at 20°C. The resulting
solution was stirred at 20°C for 18 hours. The reaction mixture was concentrated and
difuted with Et20 (25 mL) and washed with water (25mL). The organic layer was dried
over MgSQ,, filtered and evaporated to afford crude product. The crude product was
purified by flash silica chromatography, elution gradient 0 to 20% EtOAc in DCM. Pure
fractions were evaporated to dryness to afford tert-butyl 1-(4-chlorophenyl)-3-
(methylsulfonamido)propylcarbamate (275 mg, 71.9 %) as a white solid.

1H NMR (399.9 MHz, DMSO-d6) 6 1.37 (9H, s), 1.76 (1H, m), 1.82 - 1,88 (1H, m), 2.87
(3H, s}, 2.89 - 2.91 (2H, m}), 4.58 (1H, d), 7.00 (1H, t), 7.32 (2H, d), 7.39 (2H, d), 7.48
(1H, dj,

nv/z (ESI+) (M+H)+ = 361; HPLC tR = 2.25 min.

Intermediate 116: N-{3-amino-3-(4-chlorophenvylipropvlmethanesulfonamide

NH,

Cl a\

TFA (4 mL) was addcd to tert-butyl 1-(4-chlorophenyl)-3-
(methylsulfonamido)propylcarbamate (Intermediate 115) (275 mg, 0.76 mmol) and
stirred at 20°C for 2 hours. The reaction was vacuumed to dryness. The erude product
was purified by ion exchange chromatography, using an SCX column. The desired product

was eluted from the column using 7M NH;/MeOH and pure fractions were evaporated to
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dryness to afford N-(3-amino-3-(4-chlorophenyl)propyl)methanesulfonamide (113 mg,
56.7 %) as a colourless gum.

1H NMR (399.9 MHz, DMSO-d6) § 1.69 - 1.72 (2H, my), 2.87 (3H, s), 2.94 - 2.98 (2H, m),
3.18-3.19 (1H, m), 3.87 (1H, t), 7.35 - 7.40 (4H, m),

m/z (ESI+) (M+H)+ = 262; HPLC tR = 1.43 min.

Intermediate 117: tert-butyl 4-(1-(4-chlorophenvl)-3-

(methylsulfonamide)propylearbamovl)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidin-
4-ylcarbamate

/
H o—
N”ﬁ'—o
O

O
G
c: NG
O

N

N\\

H
O-(7-Azabenzotriazol-1-yl)-N,N,N',N'-tetramethyluronium hexafluoro-phosphate (245 mg,
0.65 mmol) was added in one portion to 4-(tert-butoxyecarbonylamino)-1-(7H-pyrrolo[2,3-
d]pyrnimidin-4-yl)piperidine-4-carboxylic acid (Intermediate 1) (155 mg, 0.43 mmol) and
N,N-diisopropylethylamine (0.213 mL, 1.29 mmol) in NMP (2mL} at 20°C under nitrogen.
The resulting solution was stirred at 20 °C for 5 minutes. N-(3-antino-3-(4-
chlorophenyl)propylymethanesulfonamide (Intermediate 116) (113 mg, 0.43 mmol) in
NMP (ZmL} was then added to the reaction and stirred {or 18 hours. The reaction mixture
was concentrated and diluted with EtOAc (20 mL) and washed with water (20 mL). The
organic layer was dried over MgSO,, filtered and evaporated to afford tert-butyl 4-(1-(4-
chlorophenyl)-3-(methylsulfonamido)propylcarbamoyl)-1-(7H-pyrrolo[2,3-d|pyrimidin-4-
yl)piperidin-4-ylcarbamate (261 mg, 100%).

m/z (ESI+) (M+H)+ = 606; HPLC tR = 2.09 min.

The biological effects of the compounds of Formula (I) may be tested as sct out below.



30

0.0029 26 0.09 0.0056 27 0.37 0.016* 28 0.47 0.0045 29

1.6 0.041 30 1.1 0.03 31 1.1 0.024 32 0.42 0.012
WO 2009/047563 PCT/GB2048/650925

165

In Vitro MDA-MB-468 human breast adenocarcinoma GSK-3 Phosphorylation Assay

This assay determines the ability of test compounds to inhibit phosphorylation of
Serine-9 residue in Glycogen Synthase Kinase-3beta (GSK-3pB) as a surrogate marker of
cellular PKB (Akt) activity, as assessed using Acumen Explorer Fluorescent Plate-Reader
technology. A MDA-MB-468 human breast adenocarcinoma cell line (LGC Promochem,
Teddington, Middlesex, UK, Catalogne No. HTB-132) was routinely maintained in
Dulbecco's modified Eagle's growth medium (DMEM; Invitrogen Limited, Paisley, UK
Catalogue No. 11966-025) containing 10% heat-inactivated foetal calf serum (FCS; Siéma,
Poole, Dorset, UK, Catalogue No. F0392) and 1% L-glutamine (Gibco, Catalogue No.
25030-024) at 37°C with 5% CO» up to a confluency of 70-90 %.

A For the phosphorylation assay, the cells were detached from the culture flask using
Trypsin-EDTA (Invitrogen Limited, Catalogue No. 25300-062) and seeded into the wells
of a black transparent-bottom Corning Costar Polystyrene 96 well plate (Fisher Scientific
UK, Loughborough, Leicestershire, UK; Catalogue No. 3904 and DPS-130-020K) ata
density of 5000 cells per well in 100ul of complete growth media. The cells were
incubated overnight at 37°C with 5% CO» to allow them to adhere.

On day 2, the cells were treated with test compounds and incubated for 2 hours at
37°C with 5% CO,. Test compounds were prepared as 10mM stock solutions in DMSO
and dosed directly to required concentration into test wells using non-contact (acoustic
dispensing of multiple 2.5nl droplets directly into assay wells) ECHO dosing technology
(Labcyte Ine. Sunnyvale, California, USA). Each plate contained control wells without test
compound.

20pl of fixing buffer (Phosphate Buffered Saline (PBS} containing 10%
formaldehyde; Sigma; Catalogue No. F1635) was then added to each well to give a final
well concentration 1.6%. Plates were then incubated for 30 minutes at room temperature
prior to the fixative bemng removed. Each well was washed once with 250ui of PBS and
then 50ul PBS added to each well. PBS was then aspirated and cells permeabilised and
blocked by icubating each well with 50u] of permeabilisation/blocking buffer (PBS
containing 0.5% Tween 20 (Sigma; Catalogue No. P5927) and 5% Marvel Milk Powder
(Andrews Pharmacy Ltd, Macclesfield, Cheshire, UK; Catalogue No. APC100199)) for 1

hour at room temperature prior to staining.
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Following removal of Perm/Block buffer, 50ul of primary anti-phospho-GSK-3f3
antibody (Cell Signalling Technology (New England Biolabs (Uk) Ltd.), Hitchin,
Hertfordshire, UK; Catalogue No.9336 diluted 1:400 in Blocking buffer (PBS containing
5% Marvel and 0.05% Tween/Polysorbate 20) was added to each well and incubated
overnight at 4°C.

Each well was washed three times in 250pl of wash buffer (PBS containing 0.05%
polysorbate 20}, and cells incubated for 1 hour at room temperature with 50ul of secondary
{fluorescently-labelled anti-rabbit Alexa Fluor 488 antibody (Molecular Probes, Invitrogen
Limited, Catalogue No. A11008) diluted 1:750 in blocking buffer. Plates were washed
three times in 250l of wash buffer and stored containing 50ul of PBS at 4°C until
required.

Plates were analysed using an Acumen Explorer Plate-reader to quantify level of
fluorescent signal that represents quantity of phosphorylated-GSK-38. Active compounds
caused a decrease in phospho-GSK-3f3 phosphorylation relative to the maximum (undosed)
control for each assay, which is measured by the number of phosphorylated objects per
well, and enabled potency of PKB (Akt) inhibitors to be determined.

ICsq calculation - ICsg is the concentration of compound required to give 50%
effect over the range of activity affected by the compound, between maximum (no
compound) and minimum (excess level of compound) response control data. ICsq values
were determined by fitting background corrected, dose response assay data to a 4
parameter logistic curve fit equation model with the minimum response set to zero. This
was done using an in-house developed algorithm within the Origin graphing software
package (OriginLab Corporation, Northampton, MA, USA).

Examples of the invention were tested in the above assay and their mean 1Csq

values calculated. These values are shown in Table G.

In vitro AKT] kinase assay

This assay detects inhibitors of AKT1 (PKBa) kinase activity using Caliper
LabChip LC3000. The Caliper off-chip incubation mobility shift assay uses a microfluidic
chip to measure the conversion of a fluorescent labelied peptide to a phosphorylated

product by a respective kinase. The complete enzyme reaction is carried out in microtitre
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plates and then quenched. The resulting stopped solutions are serially ‘sipped’ through a
capillary onto the chip, where the peptide substrate and phosphorylated product are
separated by electrophoresis. They are then detected via laser-induced fluorescence.
Substrate and product are separated into two peaks by the application of a high electric
field and directly detected using fluorescence. The signature of the fluorescent signal
reveals the extent of the reaction.

For Echo dosing the solvent was 100% DMSO. A master plate was prepared with
40ul of 10mM stock from our Primary Liguid Store in quadrant 1 of a Labcyte 384 well
plate. A 1 in 100 dilution was made from quadrant 1 into quadrant 2 by removing 0.4ul and
adding it to 39.6ul of DMSO. Subsequent 1 in 100 dilutions were made into quadrant 3
from quadrant 2 and quadrant 4 from quadrant 3.

Multiple 2.5nl droplets were dispensed from each quadrant of tﬁe master plate
using ECHO dosing technology (Labcyte Inc, Sunnyvale, California, USA) to generate the
dose range that was required in the test. The dose range most commonly uscd was as
follows: IOOUM, 30uM, 10uM, 3uM, 1uM, 0.3uM, 0.1uM, 0.03uM, 0.01uM, 0.003uM,
0.001uM, 0.000TuM. Each well was backfilled with Dimethyl Sulphoxide (DMSO) to a
total volume of 120nl, such that when the enzyme and substrate mix was added the final
DMSO concentration was 1%. DMSO was added to max control wells as 120nl, minimumn:
control wells were treated with 120nl of compound at a concentration that inhibited the
enzyme activity 100%.

Following addition of compound or control to the assay plate, 6pl peptide mix
containing 3uM substrate (5-FAM-GRPRTSSFAEG-CONH2; CRB) and 40pM ATP in
Kinase base buffer (100mM Hepes pH 7.5, 0.015% Br1j-35) and 6l enzyme mix
containing 8nM AKT1/PKBa active enzyme (Upstate Biotechnology, Cat No. 14-276), 8
mM DTT and 20mM MgCl; in kinase base buffer was added. All buffers were made up
with 18ME water. The plates were sealed and incubated at room temperature for 50
minutes. The reaction was stopped by the addition of 10 ul stop buffer (100mM Hepes pH
7.5, 0.015% Brij-35 solution, 0.1 % coating reagent #3, 40mM EDTA, 5% DMSO) Lo each
well (N.B. plates can be frozen after stopping and read later). The plates were then
analysed using the Caliper LabChip LC3000 Drug Discovery System (Caliper Life
Sciences, | Wellfield, Preston Brook, Runcorn, WA7 3AZ) using the following separation

conditions; -1.8 PSI, -500 upstream voltage, -1700 downstream voltage, sample sip time of
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0.2 sec, post sample sip time of 30 sec and a final delay of 120 sec. Integration of the
subsirate and product peaks was carried out using Caliper LabChip software and 1C50
curves were calculated using Origin™ software (OriginLab Corporation, Northampton,
MA, USA). Examples of the invention were tested in the in vitro AKT1 enzyme assay and

the mean ICsg values obtained are presented in Table G.

Table G
Cellular PKB Mean | In vitro PKBo Mean
Example Number
1Csp (M) 1Cso (M)
1 0.2 0.0076
2 0.13 0.0038
3 0.14 0.0067
3A,3B 0.11,>3.10 0.0026, 0.27
1 0.23 0.005
5 0.27 0.0097
6 0.02 0.0012
7 0.14 0.0061
7A, 7B 0.10,>3.10 0.0045, 0.24
8 0.3 0.0071
9 0.09 0.0032
10 0.25 0.0042
11 0.1 0.002
11A,11B 0.11, 0.48 0.0028, 0.021
12 0.1 0.0027
13 0.09. 0.0042
14 0.94 0.003
15 >3.10 0.093
16 4.6 0.28
17 0.24 0.012
18 1.4 0.016




53 >2.4 0.0063 54 0.18 0.0034 55 0.043 0.0039 56 1
0.016 57 0.49 0.012 58 2.9 0.031 59 0.84 0.0063 60

PCT/GB2008/056925

WO 2009/047563
169
19 0.26 0.011
20 0.98 0.02%*
21 >3.10 0.059*
22 0.17 0.0075
23 0.08 0.0013
24 0.06 0.0022
25 0.13 0.0029
26 0.09 0.0056
27 0.37 0.016*
28 0.47 0.0045
29 1.6 0.041
30 1.1 0.03
31 11 0.024
32 0.42 0.012
33 0.24 0.014
34 0.35 0.0092
35 0.28 0.004
36 0.38 0.014
37 0.55 0.019
38 0.36 0.0054
39 1.9 0.05
40 1.9 0.032
41 0.54 0.016
42 43 0.032
43 0.87 0.031
44 1.8 0.0089
45 0.77 0.23
46 6.7 0.15
47 0.21 0.0036
48 0.16 0.0056




La

0.47 0.023 61 0.85 0.023 62 0.56 0.028 63 0.68 0.042
64 0.3 0.0095 65 0.87 0.0064 66 0.99 0.0066* 67 0.89

WO 2609/047563 PCT/GB2008/050925
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49 0.081 0.005
49A, 49B 0.077,1.2 0.0033, 0.048

50 0.19 0.0043
51 0.31 0.01
52 0.078 0.0037
53 >2.4 0.0063
54 0.18 0.0034
55 0.043 0.0039
56 1 0.016
57 0.49 0.012
58 29 0.031
59 0.84 0.0063
60 0.47 0.023
61 0.85 0.023
62 0.56 0.028
63 0.68 0.042
64 0.3 0.0095
65 0.87 0.0064
66 0.99 0.0066*
67 0.89 0.0077*
68 0.34 0.012
69 0.41 0.0069

* = tested once only

hERG Analysis

Cell culture

The hERG-expressing Chinese hamster ovary K1 (CHO) cells described by
{(Persson, Carlsson, Duker, & Jacobson, 2005) were grown to semi-confluence at 37 °C in a
humidified environment (5% CO,) in F-12 Ham medium containing I-glutamine, 10%
foetal calf serum (FCS} and 0.6 mg/ml hygromycin (all Sigma-Aldrich). Prior to use, the

monolayer was washed using a pre-warmed (37°C) 3 ml aliquot of Versene 1:5,000
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only hERG Analysis Cell culture The
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Ele $10 ch were used to adjust the voltage offset on
oM TGRS 0 EPRLSR, 05 4ol
Neagpe Tatzen&dl otlby, 2008y Beeflhatie tdehasloge Bdmbdiash HY84-well plate
(Pat(cﬁﬁlgtrea? 9nexcvhich a recording is attempted in each well by using suction to position
and hold a cell on a small hole separating two isolated fluid chambers. Once sealing has
taken place, the solution on the underside of the PatchPlate” is changed to one containing
amphotericin B, This permeablises the patch of cell membrane covering the hole in each
well and, m effect, allows a perforated, whole-cell patch clamp recording to be made,

A B-test lonWorks™ HT from Essen Instrument was used. There is no capability to
warm solutions in this device hence it was operated at room temperature (~21°C), as
follows. The reservoir in the "Buffer” position was loaded with 4 ml of PBS and that in the
"Cells" position with the CHO-hERG cell suspension described above. A 96-well plate (V-
bottom, Gremmer Bio-one) containing the compounds to be tested (at 3-fold above their [inal
test concentration) was placed in the “Plate 1” position and a PatchPlate™ was clamped
into the PatchPlate™ station. Each compound plate was laid-out in 12 columns to enable
ten, 8-point concentration-effect curves to be constructed; the remaining two columns on
the plate were taken up with vehicle (final concentration 0.33% DMSQ), to define the

assay baseline, and a supra-maximal blocking concentration of cisapride (final

concentration 10 uM) to define the 100% inhibition level. The fluidics-head (F-Head) of
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Neagl e, Trezise, & Worley, 2003). Briefly, the
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173 (i.e. the point at which channel activation was
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Exanmple 9, (S )-4-am
i no- N- (1- (4-chl orophenyl) - 3- hydr oxypr opyl) - 1- ( 7Hpyrr ol
Refeledesd- d] pyri m di n- 4- Api peri di ne-4-car boxam de, was
tested up_ to 100 uM according to the procedure

desitarswad -abeEonld. Hukfsal- KERG B0l (1038 Wpckirg gharagteristics
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Results of hERG Analysis
Example 9, (S)-4-amino-N-(1-(4-chlorophenyl)-3-hydroxypropyl)-1-(7H-

pyrrolo[2,3-dJpynimidin-4-yl)piperidine-4-carboxamide, was tested up to 100 uM
according to the procedure described above and a mean hERG ICs value of 177 uM was

derived by extrapolation of the curve.
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S.C. (subcutaneously) into the flank of nude m ce.

When tunours reached a volune of about 0.5 cm an
woamnoy®7skase of 150 or 300 ng/ kg of PCT/GB2008/050925

(S)-4-am no-N-(1-(4-chl orophenyl) - 3-

hydr oxypr opyO- 1- ( 7H pyn- ol o[; 3-d] pyri m di n-4-yepi peri

di ne- 4- car boxam de (E9) was given p.o. (oral gavage).

Ani mal s were eut hani sed at the specified tinmepoint and
In myﬂr@yr&llo | ssected out and snap frozen in liquid

-vivo tunour |ysates were prepared in 10%

PhatrhidogPnaai QBalY$ik 5 PYBI sBibQtkd fotGRNGSKBB BYd PRAKAA $Predfithse to

phosphat ase i nhibiti ors. using FastPrep 24
S u:_-‘.!l:. 2\ ﬁg.n“' NATORRGTY R - ORI XV OP 1 1 H4RZB M RN Y 3- DL

re estl mat ed agai nst a BSA standard
%ﬁ%iy%&%ﬁeﬁc@e BCA kit (#23225). pGSK313 was
neasiix ¢0° U$7-M6G teelln( AT OC tibm®erl BT TEPRASHOmbY; g%Dvbvbtfé injected
&@Ese sandvvl ch EL1SA (Bi osource_KH00421).
s.C. {ubepneops iyt nigigie fegh ol avrdscsnber @%@wae@f:@drﬁ veéw@e of

aboh @Bk, géﬂtéldgs%%?fg Kgdl ¢85 ﬂ@@zy(g)sﬁlfﬁﬂw e']églr%kg@rophenyl) 3-

pr e- cast I nvitrogen tr ans

hydtéxyprogyiQ- lEﬁng aymagbpcﬁé é]plyuhhndm-mlmlnpamhse @Ldanﬁob(amgﬁr(]?% was
1) . and i.ncuhat W t [ ry antiserum ( pGSK3f 3
ivegdr LOBL o TS Yo KRBT SdaS e Tia0 dmeEBich eid tumours

dissBe 20080 SAHCHHRA ik BRSIdHRIGZA2) and subsequently with
ei t her horseradi sh peroxi dase conjugated anti-rabbit

| g@xfﬁéb ﬁurgblgdﬁﬂaimgvcfr@pm@ﬂedgy 10720 wn-2611 08 Atris-Iysisdmffer

confofih rea \?gomﬁl o éﬁ%ﬁén i gllso %’@#% %S&I(j")ﬁ? 24 sihedglogy (MP

Bio®béivalk Hses65H0CH0§ #34R 1 dicaifBoPiNefedsGMaled Rdhiadt Mg
bands quantified wth a Chem Genius Il (Syngene).

stangqrgiopee HIETEercs Bovd ki €252 2k RESKSBivasinetasingA bgfvestern blotting
and ﬁ%@hé bg%&%@lﬁ%? g#d@w?l?ﬁ@é %Sgéurge ﬁHéngb oW Nng

ornmal I sat| on ota "I SA
(Errz)ywestbmmetcﬂmgmmmmﬁomeﬂﬁts bspydin g rasalveRby 4-12%
anounts of protein were added to a 96 well plate

gradﬁr@ Bigafiggo W@rﬁlaglld%grgtqut@elsdﬂrm@qgn%%ﬂﬁﬂ éransferred to Hybond

L

antisealon I(1b(éSlKa[B1Eer9,r®dﬁbSignhlg@ Erhhblogy .#9The taﬁfds@%Kl?)ﬁ Bben

tified ' t abi | d. 30T
Tra B aDh g DS S b SeamcaONIA: siiher hopssradisnepsaridase
conﬁ?ﬂﬂ@&‘ﬁnt[ Fﬂb%ﬁﬁl_%(thC 3] S@’n_%ﬁx@é TLafslo g&@#?b Sr ARG 9%@2(3611

he"results are shown in
Slgr@”mgmhm@ﬁgﬂ#m’) ltlmnmmreasumotesmsngere detected by enhanced

cherpitho oSO GBI A b i PR et Wik v R SR R it
ChefiGEfs II%Y@cﬂemltéﬂl%lde@W 1Heefdr &t ikethibh _?EEGSK?)B

were obtained from Charl es River Labor atories.
compreg tausthec! oo eds. dpldowiai rohslsatiomfos pael G 3P.

et & PERVRLFRPRABRE580R e SBlhst Lot s RaBRangf Rl & proten
werd alded 6 DO6 evellrat ﬁ&ncﬁoa‘iﬂdt\hlt}i%a Xcab @SR A $4IVdpke €0 @fbnok: Bnal
EDTA soI ution foll owed sus%ensn on in basic nedium

antibsly. Ahfelectigas Aatabad ngﬁ‘bﬁatpé’ s @465 then added followed

by aﬁ%gﬁ’np %{8@. Inan1 %1%1Y1g% Qrg ?fr#enaZs §nifén d&%nt?{ﬁcpﬁs?r?gt $tlbilised

TMB)(telrmsbmijllben\ﬂdﬁe)la@dOﬁmronl apleetreqlar. (NQEUF ingreAp is propational
cel | é CC nunber HIB- 22T n’)@ 1o(5 x 106 cells + 50%

to thﬁ/ﬁ?‘f“fe& R ONRITRA 40 B &F 480)s b Tvak e aSheVE I Kigerd lef t

flank of the



30

animal in a volune of 0.1 nL. Prior to inplantation of
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177 List of Figures Figure 1: GSK3f3 and PRAS40
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woRMNMI3grown in nude mce foll owi ng an acut ecatasEod/050925

150 or 300 ng/kg (S)-4-am no-N

5(1-(4-chl orophenyl) - 3- hydr exypropyl)-1-(7H pyrrol of 2,

3-d] pyri mdin-4-yfl pi peridine-4- carboxam de (E9), n =

5 per timepoint. Figure 2: Results of MCF-7
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d}pytidpdin-blyDppeBdinE plycarbocimdeltBM pypemi déanacd vea rebitxatil dem
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salt thereof, together with a pharnaceuti cal _
Metalpdspit & Bispagitioneiv05 38(DdBP4-dB11). Blingx ditfeneoeasdvere observed in the

plasEE RO P F B Tolwollo SRBGH e BREMY e’ SEERRODRG
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salt thereof, for use in the treatnent of cancer. 5

(where Fyriplsastignasbevs nglaserad) Himan ¥ sovanesimetefiedath thikeypsing
g ST B T A N
dog CTHas Ralk, pacmeaeiphay thee edjtistedid hioaadelitigh4 bg abirection for hepatic
extrettc:tqiggf L fsglgptitegggg lr(IEzFL))avrva?st sle?trg) e%fsur% tirlraﬁqflrgfgirrwegst HI f%g" Et9!q z? relatively
conservative value given that observed pre-clinically, and should equally result in a
conservative Cmax value for use in calculation of margins with respect to safety studies.
The clinical dosing frequency desired was assumed to be twice daily (BID),

Having defined the shape and magnitude of the human plasma concentration vs
time curve, the final step was to adjust the dose so that plasma concentrations are attained
that are likely to achieve efficacy. In mouse PD studies, inhibition of pGSK (a surrogate
end-point for anti-tumour activity) has been observed when free plasma concentrations
exceed 1-fold ICso for each compound as measured in the cell assay of AKT inhibitory
activity, corrected for binding due to Foetal Calf Serum present in the assay. Consequently,
the human PK model assumed that free exposure to E9 must exceed the free PKB ICsg to
ensure clinical efficacy.

Putting all of this data together, (S)-4-amino-N-(1-(4-chlorophenyl)-3-
hydroxypropyl)-1-(7H-pyrrolo[2,3-d]Jpyrimidin-4-yl)piperidine-4-carboxamide (E9) is
predicted to require a human dose of about 7mg/kg BID to achieve efficacy, with a half-

life estimated to be around 6 hours.
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179 7. Use of the conpound as clained in claiml1, or a
phar maceutically acceptable salt thereof, for the
wopoepansdsi on of a nmedi canent for the treat nentpcafGB2008/050925
breast cancer. 8. The compound:
(5)-4-an1no-N—(l-(4-chIoroph y1) - 3- hydr oxypropyl ) -1-(
7H pyrrol o[ 2, 3-d] pyri m di n- i yppi peri di ne- 4- car boxam d
e, as clainmed in claiml. 9. A process for the
LisPs arq;lon of a conmpound according to Claim1l, or a
——1#$§;%m€utlcally acceptabl e salt thereof, which
conprlses reaction of an acid of Fornmula (11) with

(S).-3-am no-3-(4-chl orophenyl ) propan- 1-ol : wher ei n
Figpp'l¢ @§Ké§@ﬁﬂ§’Ra\S§i@u phasphergrinrcleveing wrelgs: talsgagrom UB7-MG

tumu}l% &gg\(rttl ﬁ{rg}de rm?@ ?(?ﬁ)%vqﬁ%]an gél)te ﬁﬁs@% 1886 I31@0 ﬁgﬁ(tge(g —4 rhgnmo-N-

arnaceuflca
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claim9, wherein represents a tert-butoxycarbonyl
CaﬂBﬁ@Pé@tFﬁb“gr%@ﬁrHQﬁPmﬁ%e compound: (S)-tert-butyl
4- (1- (4-chl orophenyl) - 3- hydr oxypr opyl car banoy1) - 1- ( 7Hp
yrrol o[ 2, 3-4pyri m di n-4-yl) pi peri di n-4-yl car bamat e:
Figi@ki2: Regts of MCIEGrapgmatur study in SCID mice using a once daily (QD) dose
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, Oor a armaceutically acceptable salt thereof,
whi ch process conprises the reaction of
(S)-4-am no-N-(1-(4-
chl orophenyl) - 3- hydr oxypr opyl ) pi peri di ne- 4- car boxam de
with a bicyclic heterocycle of Formula (V):



wherein L1 represents a suitable |eaving group; and
thereafter if necessary, form ng a pharmaceutically
acceptable salt thereof. 181 15. The conpound:
(S)-4-anino-N—(l-(4-chIorqp@enyl)-3-hydroxypropy|)pipe
ri di ne-4- carboxam de:

CLAIMS

1. The compound: (S)-4-amino-N-(1-(4-chlorophenyl)-3-hydroxypropyl)-1-(7H-
pyrrolo[2,3-d]pyrimidin-4-yl)piperidine-4-carboxamide:

N
0
=
N
D i
or a pharmaceutically acceptable salt thereof.
2. A pharmaceutical composition comprising a compound according to Claim 1, or a

pharmaceutically-acceptable salt thereof, together with a pharmaceutically acceptable diluent

or carrier.

3. A compound according to Claim 1, or a pharmaceutically acceptable salt thereof, for

use as a medicament.

4. A compound according to Claim 1, or a pharmaceutically acceptable salt thereof, for

use in the treatment of cancer.

5. A compound according to Claim 1, or a pharmaceutically acceptable salt thereof, for

use in the treatment of breast cancer,

6. Use of the compound as claimed in claim 1, or a pharmaceutically acceptable salt thereof,

for the preparation of a medicament for the treatment of cancer.
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7. Use of the compound as claimed in claim 1, or a pharmaceutically acceptable salt thereof,

for the preparation of a medicament for the treatment of breast cancer.

8. The compound: (S)-4-amino-N-(1-(4-chlorophenyl)-3-hydroxypropyl)-1-(7H-pyrrolo-

[2,3-d]pyrimidin-4-y)piperidine-4-carboxamide, as claimed in claim 1.

9. A process for the preparation of a compound according to Claim 1, or a pharmaceutically
acceptable salt thereof, which comprises

reaction of an acid of Formula (IT) with (S)-3-amino-3-(4-chlorophenyl)propan-1-ol:

HO

(N

=

PR

N

I

wherein P! represents a suitable protecting group;
and thereafter, if necessary:
(i) removing the protecting groups; and/or

(i1} forming a pharmaceutically acceptable salt thereof.
10. The process as claimed in claim 9, wherein P' represents a tert-butoxycarbonyl protecting

group.

11. The compound: (S)-tert-butyl 4-(1-{4-chlorophenyl)-3-hydroxypropylcarbamoyl)-1-(7H-
pyrrolo[2,3-d]pyrimidin-4-yl)piperidin-4-ylcarbamate:
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12. The compound: 4-(tert-butoxycarbonylamino)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-
yl)piperidine-4-carboxylic acid:

HO%\E/OY

H

13. A process for the preparation of the compound claimed in claim 1, or a pharmaceutically
acceptable salt thereof, which process comprises the reaction of (S)-4-amino-N-(1-(4-

chlorophenyl)-3-hydroxypropyl)piperidine-4-carboxamide with a bicyclic heterocycle of
Formula (V):

L,

N‘k Y wm
=

N
N" W
wherein L; represents a suitable leaving group; and thereafter if necessary, forming a

pharmaceutically acceptable salt thereof.

14. The process as claimed in claim 13, wherein L, is chlorine.
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15. The compound: (S)-4-amino-N-(1-(4-chlorophenyl)-3-hydroxypropyl)piperidine-4-

carboxamide:

OH

z O

: NH,
N 2
H
cl

TZ




