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1 WD 2009/ 047563PCT/ GB2008/ 050925 PYRROLO [ 2, 3-D

PYRI M DI N DERI VATI VES AS PROTEI N KI NASE B | NHI BI TORS
wab@opsBsent i nvention relates to a novel groupCDGB2008/050925

bi cyclic heterocycles which may be useful in the

treatnment or prevention of a disease or nedica

PYREBLE) o by PR AN A8 % BRATF ARy Bifneimors

useful in the treatnment or prevention of a nunber of
different cancers. The invention also relates to

phar maceuti cal conpositions conprising said conpounds,
to ocesses for. the manufacture of sal compoun

to Bt REENLHTVepHih ekt OgmayrsEquRel exs @t@@rwcgmﬁm may
be H§éfﬁ19n S tgeaﬁﬁgﬁ%ﬁl E%el’lﬂl(ﬁ? 3B diSeate GlotﬁP&l@eﬁ '&m&lﬁoﬁ H{%dm‘[ed through

phosphati dyl 3-kinase (Pl 3K) signalling pathway which
prqbetlaymasmBl(HﬁBr tlamknpam s AKT()eSBlichp;pmppﬁmlsana}omelatmie be useful in

i ncl ud| ceIIuI onses r owt h

thes’[ of wgﬁptg)n Hﬂéln‘gjpr é‘if%(ﬁn CHIGERS of I he ﬁg?ntlé))lggrlﬁs)l rglates to
phaﬁﬁiagﬁftﬁﬁl' cotfpdtiiong @&h}%sdg’fﬁa corhountls, t& fdceé‘s’éﬁ foree

receptor tyrosine ki nase, for exanple EGF receptor

mapE@FRye oftsaisl qosmpnds and tprenpditieass od tridatmneteelgbesgses mediated by PKB

Qph rylation. This autophosphorylation event
u“ﬁé%?& &%B?thBS kDa regul atory subunit of PI3K (p85)

t o PRBek acbmpbhdht bhtherphogiiandyle-kinsse (BI3OGIdnalltNg pattBvay which
an adaptor protein, for exanple growh factor

play%%lzegﬁmﬂasbnﬁaramﬁatpé@lrfe@ﬂem§urv1é(ﬁ1@| inchtinghgekar rerppRses to
grotv&nﬁ factdds. Lg?o Gt%&%h% bFg MH [f'éc% Of" r'c <%r g)fldg)mallé?g\gth factor

activati at a yses the phosph ation
(E(EF])) Kpinsattal]f.b)akﬁacmﬁbembr Hrdirei lﬁlmi“se,stbh axgenp(lPEBI)red:eptor (EGFR), the

produyce phosphatldylln03|tol hat e
recemp yerigesae eli%@%%%ﬁ@é‘ros%’f}ﬁ%ﬁl% ffhédp OpRiOFYJptiqn event
all@% fhe @b@éﬁr}@% IQ&SH Qoshit of Pﬁs@p@)@mﬁﬁt 1niékefé@§/@thjfhe( REMMr either
and PKB to the pllasma menbrane where
dirgttlysyshvar 3l adapior ardeiactor vednede BRByth fmrae@peorthﬂueé protein 2

(GRRE) P R e e R iy btk B DBKET6). Upon

actRatiby, 3111 0 Bat@fys&KBa ph&spR&S Rtioa e ghwphﬂlcﬁy@hbs1ﬁﬂ1gr§ablls¢mphate
events that nediate cell prollferatlon and surviva

(PInde erasiuge phesphatistylisesitpbBiiE)-gi Qsm@sqf@ﬂ%st)@dseﬁmdwmessenger
el YRS TR b, A RSB A B0 i o

thel;ﬂasmaﬁémbrahe RdicrrRIBIND ph@ﬁph@rytaa@tamslpumés BBl e the

BAD, procaspase-9 and forkhead éFKHgQ{transcrlptlon
f actbers argifeecdarrndsafpgns ofdHsR € T btk e/ Akqkd and

PRI R L UG SR IS BORS AL B TPRa ¥ GGl vien

celPQphdlliltéRnisahfehddig eyl g lli fdP¥ti dnek@tsuiaydl ORh308facRPation of
vi a phosphoryl ation of Simlarly, activated PKB

PKiBfids essocigtsidiwigy inladiey, matidity mgd iasulinyaedingpd presalwiligprocesses.

AT BRE S setd Oh ealps Paap b bt on o EX iy o

exdnfpl @@l B/ADI pf@c@fpageh@aﬁtﬁfmm{ehamtﬂ[{g ahnRti ﬁ@tpﬁmb@é RAnd activating
(nMrOR) and via gl ycogen synt hase ki nase- g

traypRBpHetfagtosdthet unreguaati entiapopiosc Igewofqrfeéatraplﬁ @MclahdMP response
f.av

e SN N T R —

of M3 Vik rphbdibﬁo@'lzﬁién of MDM2. Similarly, activated PKB mduces cell proliferation

by activating proteins involved in cell growth and metabolism, for example by a pathway
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5 pathway are conmmonly found in cancer. For exanple,

mut ati on or anplification of the genes encoding the
w@idd/oises orns of Pl 3K are found in breast caneer/€B2008/050925

bowel cancer, ovarian cancer, head and neck and

cervical squanous cancers, gastric and |ung cancers,

angi opl asti ¢ ol i godendroglionas, anmaplastic

astrocytonmas, glioblastoma nultiforme and

r

lcalfR 1 AR AL SRS muanb A ik STl BPOR) B spgen
wﬁmméknﬂmaa(@SKeynd |n pancreatlc breast and ovari an

t umurs. Further encodlng for PTEN (a

pho%ﬁ*ams%teﬂﬁrl@ﬁ ¥ 0%6?159@?5%&%06» a@dpgotpgtig from apoptosis
theR@SR! vl %ﬁ&lﬁlg‘%ﬁ&‘f&eﬁrﬁ et‘?cf diShFRnt & cﬁqc g“%])Ohél‘[S within the PI3K

I nactivated i n nmany tumbur types, Including ovarian,
pathwhjz) pegroaimorly éasitl,in ghricondor meingniomaytaliemy, anhBiflcasen alsthe

corB Ppe DT 050fehipd BT Hlig s o i S il e avcer,

ovARahbaRder | Heall HAPHECKGRU ceRi@l bdirhduk @RRdgsuivintalng 8dhéers,
conpound that disrupted this pathway, |nclud|ng P

anglemasjmtcrblrggdemla%l@ela@sﬁémmlasnﬁ astreytonesat pheavlasgfimampliderme and
meEi)e ltloablas? a{seg n? r’%l n}u‘iau%npl 3 Iﬁf %atg)n alnld/ or %Vgraegc%m%s\(%nagfdthe genes
I S I nvo unouri gent sis are

enddﬁﬁfgﬁﬁé PKBt 1s@’fbrms Natfoure] iRph@waid, bB’a&tgmﬂ)loS@IﬁNﬁtﬁmours
Decenber 2005) Vol. 4, 988-1004. and Cully et al., 20

riogs, thegeaqsngodaenios T Ewaﬁa@hom@ye vhich hes a 1@&“@9216 to
L RS, ap S TR
inctwalingd mean l«@}ore@hleblremstr €l pmheg medatonan lung, ltehleaennas and lymphomas;

ventri.cul ar car jon potential. Changes in its
thisgyepylls lfl)?‘:t%aél@gé’gbgﬁ/‘ggrtﬂ by inherited nutations of the

geng, %@%Qﬁ@l’?&nﬁ{ortﬁﬂ&r il getd ﬁ@kalﬁ@fga&h&%ﬁ InQimoGA¢t1l
| ead to prolongation of action 25 enti‘al duration.
profiidratiaraand ssadval caryraingregad ihah dl@fuptddeth@pathv\taer ingluding PKB

orded el ectrocar di.o r and t
oS8 St eyps Pl i e Bt ol BB PRI o Rk
sighAlif@pAth®ay bMBNERRBEEB L indmolrdREk)s ard pRNEEd by Hennessy et al.,
Pharmacol . Sci. 22, 240-246 Recent requl atory
Nay¢ Bevipwe s DraPisco d@@ﬁ@@gerr@@%‘ﬁ@nﬂ akOOélnandrﬁully etal.,
fest f test
Na%ﬂré Fegbeﬁ\g‘s/%j nc%}h@%g% glr?%&e lg{%& % geoonee:I ement of

a pfrﬁe colidpeaizberdidat paivyn eiathelgnteddgdrtgdhe humhbeether- a-go go-
i keli hood that new chemcal entities will prolong

rel@d geied PERO) iebedicyeshiolmanakeroiolai replaiisagen PEﬁhs gﬁ%tﬁﬁcular

carfic 3HGSh pdibifiad! Cﬂér%ég [oRs R4 VW%@\J@d%@tﬁéﬂ'@ gﬁéﬂt\é&i Hﬁtaﬂons of the
remai ns an | mportant consi derstion in the devel opnent

gergfsequnca enplirmgeolo@cal modificationuedndeadod pralopgatiod »f hetion

bee cri hed that tar t e PL3K pat hway. For .
oG5B 20 b/ 65930 BT WBID0E) BAGDLI ALireseried in man on an
cledRaRREhmCd b prf%%alﬁeﬁ@dl QiR Wkih ?ﬁinn@ NhbWORET&REes de

deazapuri none conpounds that inhibit or nodul ate the

Poiatasi(Vandenbérgy at €200 1ki Trasds Hha(irx®). S@m&%%ﬁ@ﬁﬁ) IR:CeﬂfaEe
re Alag(frﬁ g?,udeﬁ%\gﬁ@y%&ﬁké%ﬁ)@heﬁ%&@lﬁﬁéﬁq &) g bno)(z é‘ﬁ ssaycfrrlvestigating

theagRtR S té-s’f%tﬂ{ﬁﬁhdi ata By ARR 6gSakt:] RBYEbe dhe Bfeﬁﬁﬁf (Bﬂ #jsre-clinical
(for exanpl e, her aqueous solubility, hig

StrdREynEBIg ﬁOtpyedl%mg? Bkelihoqg thap peys ﬁherm%lt f‘élruﬁewﬂbpw@ng the QT
/
GO S UMyl QXL AERE RSt B SHBIRLE e

blowkeinghotivity I]Bmfl’lshﬁSmpﬁI“[m npmdlaammmntﬂlm dehkexpnienOWanE}ﬁBw drug.
i nhibitors. 10The applicants have surprisingly found
that certain bicyclic heterocycle derivatives are
particularly effective at inhibiting PKB activity and
may therefore be useful in the treatnment of disease
states in which PKB activity is inplicated, for
exanpl e cancer. Accord| ng to a f| rst aspect of

T Y - o o
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1Z2"2/ NH (1) wherein: Y represents CH or N, Z1-Z2

represents a group selected from C(R6)=CH, N=CH and
wWELH6x1Np3 wher e 20R6 represents hydrogen, fl uorOT/GB2008/050925

chloro, brono, cyano, nethyl, ethyl, difluoronethyl,

trifluoromethyl or cyclopropyl; nis 0, 1 or 2; R1

represents G _4al kyl, C2_4 al kenyl C2_4 al kynyl

C _4al koxy, Cl_4al koxyCl _4al kyl , f1 uor oC1 _dal kyl

1% RS2l oA BEXGRsA AP SYPARLy s K g For
exand T ) O EMBIRIGER3 and wmqm&m&wmmmymummm déscribe
DTG T —
profdig Rinhs 2B BKBREnd FRM&ES RIFhS RYPKAGEoWEyE thd@lskN kxists the need

for further improved agents having superior potency against PKB and/or advantageous

=

physical properties (for example, higher aqueous solubility, higher permeability, and/or
lower plasma protein binding) and/or favourable toxicity profiles (for example a
descreased hERG blocking liability) and/or favourable metabolic profiles in comparison
with other known PKB inhibitors.

The applicants have surprisingly found that certain bicyclic heterocycle derivatives
are particularly effective at inhibiting PKB activity and may therefore be useful in the
treatment of disease states in which PKB activity is implicated, for example cancer.

According to a first aspect of the invention, there is therefore provided a compound

of Formula (I), or a pharmaceutically acceptable salt thereof:

R1 0 ITIHz
CH
N (CH,),
\ H
R
R’ N

Y/

Z,
I~
NS
N
N g

@
wherein:
Y represents CH or N;
Z'-77 represents a group selected from C(R®)=CH, N=CH and C(R®)=N; where
R® represents hydrogen, fluoro, chloro, bromo, cyano, methyl, ethyl,
difluoromethyl, trifluoromethyl or cyclopropyl;
nis0, 1 or2;
R! represents C;.qalkyl, Cy4alkenyl, Coalkynyl, C_salkoxy, C;.4alkoxyCalkyl,
fluoroCjalkyl, aminoC;alkyl, hydroxyC;alkyl, cyano, cyanoC;_salkyl, C;_cycloalkyl,
-(CH»),NHCOCH3, -(CH,),NHSO,CHj, -(CH,),NHCONH2, -(CH,),NHCONR’R’,
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5R3 represents C _3al kyl; and R7 represents phenyl; R7
represents a 5 or 6 nmenbered nonocyclic heteroaryl

WO 20vg/o¥tssch conprises 1, 2 or 3 heteroatons sePer/GBA008/050925
fromO, Nor S; or R7 represents a
monocyclic 4, 5, or 6 nmenbergd heterocyclic ring which
conprises 101, 2 or 3 heteroatons selected fromO, N
or S; wherein R7 is optionally substituted by 1 or 2

2t 61€ e ' Wryuo t 53

R PR A L RSO o My U R IR R or

-(Omp;)ﬁle%&rhbﬁe hydr ogen, fluoro, chloro, brono, cyano or
trifluoronethyl; and R5 represents hydrogen, fl uoro,

chl BF%(_)’olr 26’?3!?10. 15l n one enbodi ment of the invention,
thege,d es@ﬁ@%?ﬁh%%e@o@@[.‘}%ﬁ&md of Formula (1), or a
y a

phargm euti ca acceptabl’e salt thereof: (1)
wheReérapresets Cinadpylessht s CH or N, Z1-Z2 represents a
ar ogﬁ sel ectt e?l fromCH=CH, N=CH and CH=N, n is 0, 1 or
2; AnEFPRSCPEprEddnts G _dalkyl, aminoG _dal kyl,
hy dROXfedseAdlakydr,6 mbfaben-@ MdaBEic helctdddy 1, Al¥RAM3h @6mprises 1, 2
C3_6cycl oal kyl ; where 25R2 represents hydrogen or
C _onb keleroapmny sefpeteddrme OCN @alileyl ; and 5
R’ represents a monocyclic 4, 5, or 6 membered heterocyclic ring which comprises
1, 2 or 3 heteroatoms selected from O, N or S;
wherein R’ is optionally substituted by 1 or 2 substituents selected from Cj_salkyl,
trifluoromethyl, C;_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 embodiment of the invention, there is provided a compound of Formula (1),

or a pharmaceutically acceptable salt thereof:

R1 ) ITIHz
N (CHz)n
H
Cl
N
Y« z

N
P
N g

@

wherein:
Y represents CH or N;
Z'-77 represents a group selected from CH=CH, N=CH and CH=N;
nis 0, 1 or 2; and
R! represents Cj.alkyl, aminoC,alkyl, hydroxyC,.alkyl, -(CH,),NHCOCH;,
-(CHz)qNRzR3 or Cs.¢cycloalkyl; where

R” represents hydrogen or C;.salkyl;

R’ represents C;_jalkyl; and
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p and g i ndependently represent 2 or 3. In a
further enbodi nent of the invention, there is

wo b@weisse provi ded a conpound of Formula (1), POT/GB2008/050925
pharmaceutically acceptable salt thereof: 5(1)
wherein: Y represents CH or {\; Z1-Z2 represents a
group selected from CH=CH, N=CH and CH=N, 1Z1
represents C _4al kyl, am noG _4al kyl or

C3_ i 1 or 2. The term
Ci?&éﬁh&@kﬁ%%hﬁﬁ?gﬁé&%n%% ﬁ%an a saturated carbon
chaima Gifrthtr ¢rabddim@niaith@ineomtidnn tHeenig tterotcCromiglyd Beompound

st rai ght - chai ned or b anched, However eferences to
of Forgud duar 2 hripracgytisg ga%%en %fssawg " are specific
for the straight chain ver iron_onl Hand references to

i ndi vi dual branched- chaln y gr s such as t-butyl
are specific for the nversion only.
For exanple, "G 4a| |ncHu es thyl, ethyl,
propyl, isopropyl &hd t butyl . The term

"C2_4al kenyl" is intended to ne an unsat ur at ed

carbon chain of 2 to 4 carbon atRmns n | engt h, which

may be straight-chai ned or brayich cgntalnlng at

| east one carbon to carbon doﬁg%e on&,. However

references to individual aIkeny‘Ngroﬁps such as

20" propenyl " are specific for the straight chain

version only and references (fp individua

branched chai n al kyl groups such as tert-butenyl are
whensbi f i ¢ for t he branched chain version only. For

4a|keny| i ncludes, but is not limted
Yﬁ%@%&ﬁhf nf1 ‘pr openyl , |sopropenyl but enyl and

7' Zé rdprézahte ra)groupTdedaactadrfmrﬂ m{i@HWﬁQH"andSCHﬂFN ended to
,mean an saturate bon haln f 2 to 4 25carbon

R’ Eipggnt @R AR CHIH) Gt 9albgiandnai ned or
braﬁg@@q>lqpnta|n|ng at Ieast one carbon to carbon

triple bond. However references to individual alkynyl
gr olips tesmc 16’1 aslkyl” is intended to mean a saturated carbon chain of 1 to 4 carbon

atoms in length which may be straight-chained or branched. However references to
individual alkyl groups such as “propyl” are specific for the straight chain version only and
references to individual branched-chain alkyl groups such as t-butyl are specific for the
branched chain version only. For example, “Cj.salkyl” includes methyl, ethyl, propyl,
isopropyl and t-butyl.

The term “C,.salkenyl” is intended to mean an unsaturated carbon chain of 2 to 4
carbon atoms in length, which may be straight-chained or branched, containing at least one
carbon to carbon double 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 fert-butenyl are specific for the branched chain
version only. For example, “Cs.4alkenyl” includes, but is not limited to, ethenyl, propenyl,
isopropenyl, butenyl and fert-butenyl.

The term “Cs.4alkynyl” is intended to mean an unsaturated carbon chain of 2 to 4
carbon atoms in 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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6 "propynyl" are specific for the straight chain
version only and references to individua

wheanoksds chai n al kyl groups such as tert - but ypgl/GaBe@®8/050925
specific for the branched chain version only. For
exanpl e, "C2_4al kynyl" inclydes, but is not limted
to, ethynyl, propynyl, isopropynyl, but ynyl and
tert-butynyl. 5The term"Cl 4 al koxy" is intended to

R e e e

bralnbliﬁdedlatmalbyd)@@[ps sEdt asemmfmlltﬁ].yl aekpecifit Kexlyé bianceddtsin

but not limted taq, hoxy, thoxy [ Opoxy . an
VerB‘&fl@%fV Fehexampl eg@%ﬁ; @deag}w ot isgited e ﬁ@@’a}qt propynyl,
wo A, %ﬁnahggypgﬁ?gﬂ>chaln of 1 to 10 4 carbon

t in

engt h h" may be strai ght-chai ned or
braﬁhh@@mehnkEOXVimummy@dnonmaaa@mmenatambnmnmuhoflt04

h f.1.to 4 b
eGSR SE PaRgeb b " B AR B SRyt een o
exantple A€ karky” ety bul iRabiE@Red R mctixPOdthlyThidpexy Bad
nethoxyethyl nethoxypropyl ethoxypropyl,

bu@Kbpoxyethyl and butoxypropyl The term

" 'f[LH %{ 4el1(1¥0>&y(; 6allfyfieg] 1% e de((i) to %an 2 sasf rayed ctaﬁoon cha1|r]1 of 1 to

carbon car on a

4 chityn RN ik dér@H, wHhied med be Etriiglartmhﬁﬂdwhefaﬁchbdahnkeaasa oxygen to
one of the hydrogen atons have been replaced

anqlhesgpiupied paborestittpplel lowf sasberbatpma i l,@ygt Wh@lhmsbe Figtght-
chdfl edr&tbréuicﬂk(? %{ F)Qamglé uet, 9;5@5)%9@1 f“fﬂfk(k; aﬁaeféylbut is not limited to,

uor opr opy uorol ’'sopr opy
mefHonpetbyls nieﬂtoybfprobiflu OmOXypeopylmlbpd)xyethyil ﬁﬂldﬂmtoxmirbmll

pen fluor e tafluor rop
noniﬁ? {?Sﬁno 1 z@lg 3 a? g’rﬁnﬁ%ﬁ saﬁgp@parhog chain of 1 to 4

carbbtt §t@ﬁ|ﬁ% Qg ﬂﬁeﬁﬁ‘lcﬁ ?t‘t}érsﬁf‘a%ﬂt -SRI GRBcRe Pivhdrefr®it feast one of
car bon atons In whi'ch may be straight-chai ned

ﬂwdwdb@anaﬁgwlwwahpﬂu@phgudweﬂwnuwaFgremnmh:gﬂmmpClﬁ@nW’
inCEﬁ%g‘g)lélf ﬁﬁ%nhnot%lnﬁf; %P%%ﬁthch g%%tﬁ%lgpggg%ropx "fluoroisopropyl,

ﬂuamamyn QIuDEREDRKI, ARSloAer2BLI0 LY romEMS 1, tpehtTuoroethyl,
@a dr oxyCi 4a|ky|" IS intended to nmean a saturated
hept eprepdiand apnafluosobptyls car bon atons in | ength,

whi %g [, Bkl ab@gf i§ H&én’éi?&* tooﬁe%{ QE‘@%‘S%Q gﬁ%&ﬁ%iﬂn%l to 4

a hydr oxyl ‘grou

carboie hwdﬁﬁn tmgmo whivtthyy be irtmiiglmc}dahbd/ br brancHey deoonpyireme
3- hydr oxypropyl, 1-hy droqélsopro

, and
pﬂ@awlaw&ﬁpy For emmpleramineS-glyE laalluﬂ% amingnietyb ggdgeethyl,

b
BRSSP L R HRGHE o oo

cycﬂhp&mmy%ymwyyCQbﬂanw1ﬂ@mymhop&mhthmndatynb@h@xmioflu)4
The term ! heter nt e n a.5 or

carfop R IEee P RSl sk hed S helTe st e hydroxyl

grdub ngorve&hﬁbleeqawm@ §4a1ky1 2inRludds RRI8XRARYBhyldroxyethyl, 2-
i ndependent |y sel ected from nitroger, oxygen or

hydsakyrhiapy! , Briwkedkypiapyh 1Fiydgoxyasopompyharshd-bydroxybutyl.

The term “Cs.scycloalkyl” is intended to mean a saturated 3 to 6 membered
monocyclic carbon ring. For example “Cs_¢cycloalkyl” 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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a ring nitrogen atomwhere a bond froma nitrogen is

possi bl e, for exanple no bond is possible to the
wordwogsns of a pyridine ring, but a bond is poBsi/BBe008/050925

through the 1-nitrogen of a pyrazole ring. Exanples of

5 or 6 nenbered heteroaryl rings include, but are not

limted 5to, pyrrole, furan, im dazole, triazole,

tetrazole, pyrazine, pyrim di ne, pyridazine, pyridine,

1nd8é %ﬁgﬁgg eiléc% : alzngt 0 ﬁagx?ggn ?I}?L@hﬂlre ang@éha{ fin carbon atom or

arihp mttagrematdmewaemcayadndcfrdm agitrdgsn isicesidkRd fdr@xﬁl’ﬁp]le na bfbnd is

5.0r rrerrbered fully saturated or. partjally saturated
PO%&)&%W&@ pirogemgt wrefﬁn%ﬂgarhugé ond 182306%1513 thopeh Bistlottogen of

a pyRSEkLe geﬂxaﬁﬁﬁ& o4 Blo@ﬁl'émb@?&)d%%{%r&&ylsrﬂlg@ hﬁt’lude' Bﬁtea‘i’e ¥bimited

a ring arbon atomor a ring nitrogen atom anp es
to, pyrrdle, Biray, irBidarotbgriedblh étteazoley pyraging.ipygsnidine] pytielazine, pyridine,

ti.di tetrah f tetrah ) , .
YR dh OISR b el ar BRHES TR Rct 2 dariazole and
thigphege.i di ne, pi perazine, di hydropyridine,

i hydr opyrl m di ne and azepane. In further enbodi ments
of hetarmvaptcrasticlicangy isintetded fomcani dgd> deé msnticodsuby

satltu’ate é)é)pa%aﬁ sa'%lu%atte%monocyghc 1‘1%%8%1&11 ggmlp 01 ﬁ [ ﬁ%r %Hl tc’er&gtgms

seleqstbiro@tnidopenl 6xygoner Qﬂplhh&mkémeia afridd @ﬂb(ﬁ?@tom or a ring nitrogen
definitions to limt the broadest definition of

atoprp Eprpimales of §, 5 o1 (apnepbered Brtesecyshpringy inglude agetiyling,
e BRREREN, T b Shaaf FABY B3R IR g yido .
p1p€:ﬁ§lm5{| p1p<£ﬁ{p):|{1f(ls, einit}si;@yrl«ﬂaiek &ﬂhyd(oﬁ?r1ﬁ?qdm@qmc’&ggpir&i |
am a represents r A AP 1
25( Ffe%}l%%déwé t)seéthedyl%naav Kprh 0%/ @f% PEPR 3%@1{1%“ of Y, Z'-
7’ @1 ﬂalﬁéoRyg a.rﬁlg 1@ﬂarag£elﬁﬁ§'(9@o'( &@ei‘eﬁ(ﬁafte@fﬂa?‘Bgused‘]mdlwdually or

‘al kyl’, hydr oxy
in mtawmofalﬂkgne of- th@p@p Hl@&ﬁﬁ}efm(t@ﬂg)cphjﬁﬁ@@@adest definition

of FoERURISoEN 15 (B Gerh Becie. - ( o) pobNRaRS  or

(1) Y represents N;

(2)  Z'-Z* represents CH=CH;

(3)  Z'-7Z” represents C(C)=CH;

(4)  Z'-Z* represents C(Br)=CH;

(5) R represents Calkyl;

(6) R represents aminoC.salkyl;

(7)  R'represents hydroxyC_alkyl;

(8) R represents Cs-¢cycloalkyl;

(9) R! represents Cj.alkoxyCj_salkyl, fluoroC;-salkyl, aminoC;-salkyl, hydroxyCi-
salkyl, cyanoC;-salkyl, Cs.ecycloalkyl, -(CH,),NHCOCH3, -(CH,),NHSO,CHj,
-(CH),NHCONH,, -(CH,),NHCONR’R’, -(CH,),NR’R’, -(CH,),SO,NH,,
-(CH,),CONH,, -(CH,),CONR’R” or -(CH,),-R’

(10) R represents -(CH,),-R’ 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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30(10) R represents -(CH2)p-R7 wherein R7 is selected
from phenyl, piperidinyl, piperazinyl, pyrrolidinyl,
woepheissayl , i m dazol yl, isoxazolyl, pyrazol yPCEHOB2008/050925
thiazolyl and R7 is optionally substituted by a single
met hyl group; 8 (11) R reprgsents hydroxyethyl; (12)
n is 0; (13) nis 1; (14) nis 1 or 2; 5(15 nis 0O or

(16) pis 1, 2 or 3; (17) R4 represents

rej (18) R4 represents chloro,
%WGP Rng%g&s?&$§¥gg8¥épresents chloro; 10(20) R4
Keﬁreﬁﬁﬂls br ono; (21) R5 represents hydrogen

igﬁ fepresents chl oro; (23) R6 represents
H ogént: (24) R6 represents methyl; 15(25) R6

eﬁgpf§rg|fluoronethyl (26) R6 represents
trlfluoronethyl Accordlng to anot her enbodi nent of
Khé)lmvghbnbn there is provided a conpound of Formul a
%, ﬁzph%rnaceutlcally acceptabl e salt thereof,
chpﬂ%

a)ﬂ ber dsdntk dhiehd, BFaRHIBNYahet hyl ) - 1- (7H-pyrrol of 2, 3-
yr|n1 n-4-yl eri di ne-4- 20car boxam de;

4Raﬁmﬁ§emﬁGhoqngﬁhp@rophenyl)ethyl) 1- (7H pyrrol of
ﬁﬂ i RO RCEEY B8 or pheny|) propy 1) - L-( 7H pyrr ol of 2, 3
(dmpnyﬂm&maﬁébyhﬁﬁlperidine-4- car boxam de;
(21) R’ represents hydrogen;
(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 (I), or a pharmaceutically acceptable salt thereof, which is:
4-amino-N-(1-(4-chlorophenyl)ethyl)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidine-4-
carboxamide;
(S)-4-amino-N-(1-(4-chlorophenyl)ethyl)-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]pyrimidin-4-yl)piperidine-4-

carboxamide;

(S)-4-amino-N-(1-(4-chlorophenyl)propyl)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidine-

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

yl)piperidine-4-carboxamide;
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25(S) - 4- am no- N- (1- (4-chl or ophenyl ) propyl)-1-(7H pyrro
| o[ 2, 3-d] pyri m di n-4-yl)piperidine- 4-carboxam de;
W@ R)0944B63 no- N- (1- (4- chl or ophenyl ) propy1l) - 1- ( 7€ PGBR@IBO50925
[2,3-d] pyrimdin-4- yl)piperidine-4-carboxam de;
4-am no- N( (4-chl orophenyl ) (aycl opropyl ) nethyl )-1-(7Hp
yrrol o[ 2, 3-d] pyri m di n- 4-
30yl ) pi peri di ne- 4- car boxam de;
4 i.n0-
O N ok KRR LR e by
1)121@@1%16415@&%@11&1@2008/ 050925 9 (' S)-4-(am nonet hyl)-N-(

g RSB P Fidr e B amela3: Dpyrimidin-d-

yl)ﬁ1 %1994'%&£90X&1§1ﬂf60h| oropheny1l) - 4- hydr oxybutyl) - 1
F Hpyrrolo [2,3 -d] pyri mdin-4-

(S)yd- ?mmeh*“(di+(ﬁ®hl©rmﬂlebwémwﬂe@xy5@®> M’(HﬂHPMUON{Z( 3-d]pyrimidin-4-
yl)pliqj:rb@)p?- i 9{11%% 4- hydroxybutyl)- 1 -(7Hpyrrolo [2,3

) pi peri di ne-4-car boxarri de;

(R)QB)MH@NL@q41\£h(oréphe&1flr)mhﬂ1>mr@gl’b@§ml){%prxy%m[y,bttqp@r)midln-4-
(7H-pyrrolo [2,3 yrimdin

yDyipyidipediagrboeamidsar boxani de; 4- am no N- ( 1
4-an((}1]no-cl\|'1‘ -l(Pr( ?@%ﬁ%}iﬂ}%g/? ﬁpoxxgtﬁ}yﬁ }_t%pfy 8@%%1%11@[1% 4?

yl)ﬁ@énélmamcfaﬂ;&aalﬁudk (4- chI orophenyl) 3 - hydr oxypr opyl) -

pyrim
(S)Sf} ?@F@éﬁ T(éT(ﬁ@thWBﬂ}%rﬁYdéoxmrqul) LCB-gyrelel2.3-d]pyrimidin-4-

r ropyl) - 4- am no- -(7Hpyrrolo [2,3
yl)plg 6@?#% l“gﬂp ) pi peri di ne-4-car boxam de;

N- (BEdbemrmdm-l m(chlméldmtnﬂ)mbpﬂb\émrﬂl)lea -(7H-pyrrolo[2,3-d]pyrimidin-4-
-‘.%di. II;L m no) propyl)- 1 -(7Hpyrrolo [2,3
yDpigeiidipg- C&F XaGE ) pi peri di ne- 4- car boxam de;

4- a(r@lo ?UM '1&"oﬁﬂeny()%—?ﬂn@fh?%ﬁﬁ%}op%l) 1- (7H pgrrolo[2 ,3-d]pyrimidin-

| am no) prop (7Hpyrrolo [
4- ydiﬂpmerudmedﬁi eerfoxan)igé;per i di ne- 4- car boxani de;

& e T hbr b AR e pg 17 5-pyrrolof2.3-

d]p%ﬁdh@mm W‘)ﬁiﬁéhcﬁn&h)o@fﬂb@ﬁ inglicne- 4- car boxam de;
(am nonet ; N-( 1 -(4-chloropheny

(R) w@a@cwrl c(ﬂycil arophenyi3- eret@mn{uzommp)yl) 1-(7H-pyrrolo[2,3-
d]pyﬁlrﬁ%ﬁ-ﬂl%lf}en(}l hé-ﬁlcﬁ%ro&%[h%, 4- car boxam de;
4-(aminomethyl)-N-(1-(4-chlorophenyl)-3-hydroxypropyl)-1-(7H-pyrrolo[2,3-d]pyrimidin-
4-yl)piperidine-4-carboxamide;
4-amino-N-(1-(4-chlorophenyl)-3-hydroxypropyl)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-
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-pyrrolo[2,3-d]pyrimidin-4-
yl)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-pyrrolo[2,3-d]pyrimidin-4-

yl)piperidine-4-carboxamide;
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4-am no-N-(1 -(4-chlorophenyl)-3 -hydroxypropyl)- 1
-(7Hpyrrolo [2,3 -d] pyrimdin-4-
w@Q kQopiops3 di ne- 4- car boxam de; 254-am no- N- (3 -POT/0B2M8/050925
-(4-chl orophenyl ) propyl)- 1 -(7Hpyrrolo [2,3
-d] pyri m din-4- yl)piperidingy4-carboxam de;
(R -4-amno-N-( 1 -(4-chlorophenyl)-3 -hydroxypropyl)-
-(7H-pyrro| o [2,3 -d]pyrimdin-4-

1
SRR G 2?4ﬁ@?%ﬁﬁ??{ﬂyﬁﬁxzf%@%féﬁ?@ﬁﬁflé[2}3'd]Pyﬁmidin""

yl)p@l}:@d&hdzmdiﬂmxémyde) pi peri di ne- 304-car boxam de;

hyl ) - N- 4- I hy
(S)z -q@rﬁyﬁr&)&%n}t é )aﬂ0ﬂf§l?33rﬁ]éng 1r(1) Eon )-Nn()i ()4ecth loro 1) 3-
XA WO
hyd%%@/ g@”?@%%#éﬁ%o%g/ 050825 10 (S)-4-ami no-N-(1
(S)-4-dminpeNdpliémhioyeienyydriodyprypmpy))- 1- H-pytezplpf 3, 6ipyrimidin-4-
r.imdin-4- yl)piperidine-4-carboxam de;

I %.2 3,.- d%h()é J
YDRIBFIYNe A RPoXIMIqCs by oo- 7H pyrrol o [2, 3
(S)=AhRiol Ni(Fingd iy L)-pink forog fl @M?Hfﬁ%ﬁﬂy 3)d1Byrimidin-4-

hydr oxypr opyl ) pi erl di ne-4-carboxani d

yDBps)dinc-4raappxpmidel - (4- chl or opheny1) - 3
(S)-#?nglgng))e(ﬁﬁﬁ ?R—){:?i A)ro é%‘l;g%él? lé)%}pgri é}g—éﬁlﬁﬁ%@llypmerf‘éﬁne -4-

carbbyuahiiaxy- 1 phenyl propyl) - -(7Hpyrrolo [2,3
yrim din-4- peri din car boxam
SO 14-s:{?l@rqpﬁp@flbamwp@pywdmw@a%

e-4- 10car boxam de;
d]p}]gf{-g #@%ge@dl# h@aﬁ%ﬁﬂ 4- chl or ophenyl) -3
(S)- @mmxl)l{(ﬂ Qﬂ)—}bi()moﬁhen{/l'}-lﬂ-lnwrmqlpmﬂyﬂ) B-(FH-pyrrolo[2,3-d]pyrimidin-4-
Ely dm di 3p| peri di ne- 4- car boxam de;
yDpt ? NGt o3 ‘N@%‘i € (4- br omophenyl) -3 -hydroxypropyl)- 1
4- aH(llZ(HT\er (40é190%§h§1y1)d4] P(Mﬁﬂemy%ﬁnﬁ)butyl) 1- (7H rrolo[2,3-d]pyrimidin-
yl') pi peri di ne-4-carboxam dé; 154-arm no- N X
4- yl)(ptpeuldir@fébwbwmld@ (di met hyl anmi no) but y1) -

SR R hTo e AT ngypropvii 3t eypplol2 >

d]pytifingialoy qﬁmbawﬂé 4Zartosh@idey! am no) propyl)- 1
-(7H-pyrro

(S wmol-ﬁﬂdﬂ1(4ﬁL&ﬂrgrﬂiem@lb13d1ﬁﬁ1é0wpmbokéiwwé®pr0pyl TH-pyrrolo[2,3-
d]pyrimidin-4-yl)piperidine-4-carboxamide;

4-amino-N-(1-(4-chlorophenyl)-3-(methylamino)propyl)-1-(7H-pyrrolo[ 2,3-d]pyrimidin-4-
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-1-(4-chlorophenyl)-2-oxoethyl]-1-(7H-pyrrolo[2,3-d]pyrimidin-4-
yl)piperidine-4-carboxamide;
4-amino-1-(3-bromo-1H-pyrazolo[3,4-d]pyrimidin-4-yl)-N-[(1S)-1-(4-
chlorophenyl)ethyl]piperidine-4-carboxamide;
4-amino-N-[(1S)-1-(4-chlorophenyl)ethyl]-1-(5-chloro-7H-pyrrolo[2,3-d]pyrimidin-4-
yl)piperidine-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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(S)-4-amino-N-( 1 -(4-chlorophenyl)-3 -hydroxypropyl)-
-(5 -cycl opropyl-7Hpyrrolo [2,3 -
wWQOwppyTss3ni di n- 4-yl ) pi peri di ne-4-carboxam de; PCT/GB2008/050925
4-am no- N- (1- (4-chl orophenyl) -3 - (nethyl am no) propyl) -
-(7Hpyrrolo [2,3 -d]pyri njdin-4-
yl ) pi peri di ne- 4-car boxam de; 4-am no- N
[ (4-chl orophenyl) (phenyl)nmethyl] -1 -(7Hpyrrolo [2,3
I o L -
4- aggﬁ&ﬂni(%cfmzl ?l%lo%#@fé}ﬂi@ kgr’gfbgcﬁﬁro‘lbggﬂ ﬁa%lgg) 7H- ggrrﬂloﬁ )3

d]pdrin(idin-4pyhpiptradih&4Tartkmyidem di n- 4-

kGBS g ee o AT B R e [( 1 9)-

I d 4- b d
gy DAL Sl e o b o,

4-anghd-OF K1 FH! f4-chlot aphpy B 3-ly iy propgli |pl-é-methyl-7H-pyrrolo[2,3-
i.di ne-4-car,boxa de 4-amno-1 -(3
d]PYB\F/lB&?ﬁ ‘ff}%lﬁ??r& BF-4-FDOXIDUR i i di n-4-y1)-N- [(1 S)-
4-atnind-A- RWSPI—Q@-BEMV@R?I)ethyI] 1-(5-methyl-7H- pyrr010[2 3-d]pyrimidin-4-
hydr oxypro i ne-"4- car boxam de;

pyl ] pi peri
yl)m@@@qhoear#s@smmm&zoom 050925 11 4-ami no- N- [(1 S)- 1

4 an{l T«Pt;?%?—gf ”Mlo Oﬁﬁxﬁlggrhyé}’o%y%}helhyibutylﬁ? L(7H-pyrrolo[2,3-
d]ﬁhmidmm ﬁu)lﬁipélnddhé ploaﬂfobcéim[t%- 4- car boxam de; 4-amino-1

-(5 -bronmo- 7H pyrr ;}[Iayr imdin-4-yl)-N [f 1
4- -ag)ino -N- [_(é&)_ 1-(4- cyanophenyl)ethyl] 1 -(7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidine-

enyl ) et hyl ] p| peri di ne- 4- car boxam de;
4 C%?Ogénﬁﬁ% N [(is)- - (4-chl orophenyl) -3

4-anhiyaHNo N Y B W&hhlorobheﬁﬁ)%mﬂfwdypﬂiﬂyﬂylr ~(101-py1fr@pR,3-d]pyrimidin-4-
m d 4-y| ) pi peri di ne-4-carboxam de; 4-am no- N

Yl)?‘lﬁ%cgllnef éa%@"&%ﬂ%? IoBhelny: Yethyl] - 1 (5

4- anHE& hy(bH ;?ﬁr% [baL@p % malin qmyN i 9i-n-4-

peri‘di ne-4-carboxam de; 4-amno-N- [(1 S)- 1
(tnﬂ(lqmm@ltlcfrl)pph@rikﬂ)ylE)lpdrgdmee&yaﬁboxmﬁhyI butyl]- 1

- (.7 2.3 -1 o L
4%8%?%"9??’(%8?%f‘%r?}mp&}e&@?tm-é:Qﬁe%}%o&[&r%-ﬁ@?ﬂﬂl}%}ﬁa“@@ﬁ{?ﬂldm&
4-chibbx@hidel - (4-cyanophenyl)ethyl] - -(7H-pyrrolo [2,3

-d] p ri mdin-4- | ) pi peri di ne4- carboxamde 4-am no- N
-opino -y L1~ cf(lgop%fmygrgph@mql}ylkl {5 cmeselaiz dpdipyrimiin-4-

) ‘]% 1"!11R¥r4r %Ld?é d] pyri m di n- 4-
OGP R Gabf

car boxam de;
4- ammo-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-d]pyrimidin-4-
yl)piperidine-4-carboxamide;
4-amino-N-(1-phenylethyl)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidine-4-carboxamide;
4-amino-N-[ 1-(4-chlorophenyl)-4-pyrrolidin-1-ylbutyl]-1-(7H-pyrrolo[2,3-d]pyrimidin-4-
yl)piperidine-4-carboxamide;

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

4-amino-N-[ 1-(4-chlorophenyl)-4-piperidin-1-ylbutyl]-1-(7H-pyrrolo[2,3-d ]pyrimidin-4-

yl)piperidine-4-carboxamide;
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154-amno-1 -(7Hpyrrolo [2,3 -d]pyrimdin-4-y1)-N {
(1S)- 144- (trifluoronethyl)phenyl] ethyl}

w@e@enidsne- 4- car boxam de; 4-am no-N [ (1R)- 1PCT/GB2008/050925

- (4- bronophenyl )ethyl]- 1 -(7Hpyrrolo [2,3

-d] pyri m di n-4-yl) pi peridi negd- car boxam de; 4-am no- N
[ 1 -(4-chlorophenyl)-2-phenylethyl]- 1 -(7Hpyrrolo
[2,3 -d] pyrimdin-4- 20yl)pi peridi ne-4-carboxan de;

i gt etonboni L it
d]p@rﬂamim%psl-)p1bépﬂd1ﬁdnl4mﬂmhemdezj( cyano)methyl] -1
rrmain

4 agn%ﬁp ATSHRIE T ﬂfpdléeﬂdz%wél?ﬁtw&) In7{fgpyrrolof2,3-
d]p_ygiﬂgﬁ‘ﬂﬂlﬁlzﬁyhéndﬂe a{chtboRyRidl 0 [2, 3

pi per i di ne- 4- car boxani de; 4-ani no- N4
4-aming-N-KKhd ot é‘ﬁ)-hhlnyqp)lemylpﬁ f(|4011¢thlylp1-pemzuyl -tyl)pgp;p]yl]- 13(7H-

| 0 ]2 - 4- .
pyiolo B B gt Cup B A s n 1
4- an%n‘lo W[(QSPP-'O%MQGME@E Bhﬁ’éﬂpﬁolﬂr ¥Jylﬂi%bﬁ!§]l] A-(3H-pyrrolo[2,3-

H-pyrrolo [2,3 ] pyrim
d]pyrlylpdlp&yldpm@r-ldm@érdadwam@@; 304 am no-N4 1

4- aﬁlﬁﬁgb?é)opgf ngllgop%8€)b$§r Lé)jeélcﬁn i yl}yrogytijl -)f](]7H pyrrolo[2,3-

d]pytinidiper- yldpma-ldln@arobﬂ»oaaﬂndﬁ 12

4- am no- N- S%“ 4 chI or, ophenyl) 4- p| per| di n- | but
4- ay}lﬂlo -N- E( 4 3-piperazin-1-ylpropyl]-1-(7H- pyrrolo 2,3-

d]pj,/_n]g{r?n&l%lom% Piﬂ(@g@%%&m dae- 4- car boxani de;

4-ainii NIl Y- bivhehipigphdnyl)-pei Helinmidaoll tylipyd pyd 1 H-( THHppsrOIof., 3-

0[.2,. d n- peri di ne- 4-car boxam de;
d]pghng%nnﬁbyw%;%ri I ﬁ’ %ﬁ%&eophlenlyl) 3- (4- me:(hyl pi per az
4- a'[rﬁnél-NlEO%f P-@/Jcﬂlloilo;ﬁizg‘{‘l?ﬁ A{)yrrohdm 1-ylpropyl]-1-(7H-p %/rrolo[2 ,3-

pyrr ol of rim ef i dine-4-carboxam de;
d]pqzrlamthnd-wr)m1p118)mq-4(<:4rh§>hamrd§pheny1) 3- mor phol i n-4-yl pro

(1] s d-( 7ZH.pyrrol o 3- .
- AT DR s Gt 3 amripdol2.3-dlpyrimidin-4-
yl)ﬂpéﬂ%ﬁ@-ﬂl%ahiol«&)ndb- (4-chl orophenyl) - 3-pi peridin-1-yl pro

pyl]-1-(7H pyrr
4-apge-py el Wr@lqamnhﬂw)&)p? @éfﬁnmh@hﬂ)é dr Hawareleld;3-d]pyrimidin-4-
4- chl or ophenyl) - 3- pi perazi n-1-yl pro
yl)%;‘?t%]@-i ﬁg(‘%&&’l‘%& of 53 o oPnEW )-3-pip P
N- (ct}amyfannmlcﬂll x(4fbhyfcdp11enﬁlr)¢tﬁylma aniaas1bOXapyreteo[2,3-dpyrimidin-4-
am no- N-[ (4-chl orophenyl)-3-(1H i m dazol -1-y1

yl)l?lﬁ%(b‘?? - Cfrt("?‘fimﬁﬂf’l’ rol of 2, 3-

e S e R R RS
d]pyriopyin}4-ghipetpye-AahadioRaBide;
4-Amino-N-[1-(4-chlorophenyl)-2-(1H-pyrazol-1-yl)ethyl]-1-(7H-pyrrolo[2,3-
d]pyrimidin-4-yl)piperidine-4-carboxamide;

4-amino-N-[ 1-(4-chlorophenyl)-2-(3-methylisoxazol-5-yl)ethyl]-1-(7H-pyrrolo[2,3-
d]pyrimidin-4-yl)piperidine-4-carboxamide;

4-amino-N-(1-(4-chlorophenyl)-2-(thiazol-2-yl)ethyl)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-

yl)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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d] pyri m di n-4-y1) pi peri di ne-4-car boxam de;

4-am no- N- (1- (4-chl orophenyl) - 2-sul fanoyl et hyl ) - 1- (7H
WERwoksp2, 3-d] pyri m di n- 4- PCT/GB2008/050925

y1) pi peri di ne- 4- car boxami de;

4-am no- N- (1- (4-chl orophenyl)s 2- sul f anoyl et hyl ) - 1- (7H

pyrrol o[ 2, 3-d] pyri m di n-4-

20yl ) pi peri di ne- 4- car boxam de;

4-a%§%%?§?@?@l%?%%§n&@l £ Hk%f%?ﬁ%ﬂyl))le@w&)rr(ﬂo @ng Hﬂ)yillm(lgl# 4-
ylyiptidipedidibmeadhidear boxam de;

4- %13?%?&%@}&@83%%2 sulPa%g](;/y:l'propylS-]I- 7hn;i)ycll’fao oﬂ2 3- d]%yrmn 1h-4-

yl)%%@ﬂ{d{lhwcﬂafbo%aﬂﬁﬂepl peri di ne- 4- car boxami de;
Am no- N-| 1- (4- chl or ophenyl) - 2- (1H pyrazol -1-y1) eth

4- apin]le-]_xl—-@?zh&hmpr]r—@] djl@roghenyl)-3-oxopropyl)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-

m di 1) pi peri di ne- 4- car boxam de;
yl)ﬂlljglﬁlﬂ%“ﬁaf X %‘%hl or opheny1) - 2- ( 3- net hyl i soxazol -5-y1
4-ahRhON-{ 1~ U= &h?ﬁ'oﬁﬂé’ﬂ&@'—ﬁ[n?euﬁ)‘propzl) 1-(7H- pyrr010[2 3-d]pyrimidin-4-

d] pyri m di n-4-y1) pi peri di ne-4-car boxam d
yl)mpammwma(bpx@nm | or opheny1) - 2- (t hi azol - 2 yl)ethyl)-1

h’;\ﬂ%/lp 4o<|: (grogéeilylc) By Iarrrllogthglglll (7H-pyrrolo[2,3-d]pyrimidin-4-

yl)ﬁipaﬂﬂ1ﬁ@4Mafbbxéﬂa1dH1bﬂr opheny1) - 3- (di net hyl am no) - 3- oxop
ropy}\? 1- (7H pyrrol pléz, 3- .
Hh-dreflarophgnypefmethplsulionaar sREapy Hel-(7Hppyrrolo[2,3-
T4 5 13
d]pilgg{r%réh%q ﬁﬁﬁg[ﬁﬁ%ﬁ%ﬁ%’g ?1%1) 3- met hoxypropyl)-1-(7Hp
yrr il 19{02:;e3ﬂnﬂ]mymdnhaig msdifar gs]@qmmmndsjofrié)rmutaa(ﬂhmfmﬁd dbaove exist

in opévﬁlgg%#% 0g r?ff‘ﬁf’f:‘j %q%irngl heﬁ%/ue of ‘[heS ellelyIn%lrre? 1C QarggIY 1t)0m the 1rlz|vent10n

chliH):@irH?srdéﬁnﬂﬁ)n‘]a ?%ﬁ@éﬁ@aﬂ? actAA RTARB N drR Wl%@h st@sses the
- (4-chl orophenyl) - 3- oxopropyl)- 1 -(7Hpyrrolo |2,

propgh]tpyf inhibaiing RKByalcipity eFhediynthedis of opiooeHriadeye forms may be carried

ouby ST ORGSR R e
syrh ﬂf@ngifﬁaau At QLoRbk Wér)sd@or%ﬁﬂ@&ﬂﬁtﬁw of-alrabofittc By,

ol of 2, 3- rimdin-4- 1oyl)piperidne-4-carboxam de;
Raggmic compounds and racemic intermediates thereof are drawn herein as flat structures

BT 08 M (B 0L QT ORASIp s ATRINL A L AT 492 Bl i

thechppioipriieGioiesbhyrh)spiyedicaledie- 4- car boxam de. It is
to be understood that, insofar as conpounds_ of Fornula
(1) Therveripnalsislatss e any andpy Faéléﬂnllf‘ymaf@fm%/%f th¢ comgpaids of

Fon@ll I Dhich 4rE Hhigford QPP@%E{P‘@U' c carbon atom the

I nve I on
In one embodiment of the invention, the compound of Formula (I) has the

configuration shown in Formula (IA):



15includes in its definition any such optically active
or racem c form which possesses the property of

w0 ndwobitssg PKB activity. The synthesis of optPCHEGBY008/050925
active forns may be carried out by standard techniques
of organic chemstry well kngwn in the art, for
exanpl e by synthesis fromoptically active starting
materials or by resolution of a racemc form Racemc
conpounds and racenic internediates tfjereof are drawn
herein as flat structures 20 wherjpas Istereospecific
conpounds and st er eospeciTRG Wy (HYes thereof are
drawn with the approprj 3 $t erte ewyi stry indi cat ed.
The invention also reRatey to any and all tautoneric
fornms of the conpounds of rFornul a>ft) which are
inhibitors of PKB activity. In onejenbodi nent of the
invention, the conmpound of For nul; Ras the 25
configuration shown in Fornmnula (IQ?: 142 (1 A) wherein
Y, Z1, Z2, R, R4, R5 and n are asndef ilhed
her ei nbef ore. I n anot her enbodi nent of the
i nvention, the conpound of Foramyja (1) has the
Scpnfi%yrgtion4sh wn in Formula (I1B): (1B) whereinY,

wharein Y27, @, RRR", R5anadara ag dlefined heesfinhedeteher ei nbef or e.

Ref o1 £GE. NSRS Lo ARERIRAUAD Of ERIIHUAL Eb SDOYLEL e
be understcod td Tefer “i'oequaliy” T corpotnd’ s

corffiufatioa shdbyn il Fémuos (18):B) . I n one enbodi nent of

the invention, there is provided a conpound of Fornul a

(I'A), or a pharmaceutically akceg able2salt thereof:
121 oNH2 il (CH2). C N (CH,),
) H
R
R’ N

yZ z,

N o
LA
N g

(IB)
wherein Y, Z', Z2, R', R*, R® and n are as defined hereinbefore.
Reference herein to a compound of Formula (I) should be understood to refer
equally to a compound of Formula (1), (IA) or (IB).
In one embodiment of the invention, there is provided a compound of Formula

(IA), or a pharmaceutically acceptable salt thereof:

R' o NH
. (CH,).
H
cl
N
Zl
Y& \ ,
P
N
N
N H

(IA)

wherein;
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\ / 15 Y represents CHor N, Z1-Z2 represents a

group selected from CH=CH, N=CH and CH=N;, nis 0, 1 or
wQ@?00a0a7563 R represents C _4al kyl, am noG _4pdkgB2008/050925

hydr oxyC _4al kyl , - (CH2) pNHCOCH3, 5-(CH2), | NR2R3 or

C3_6cycl oal kyl ; where R2 replrsesents hydr ogen or

C _3alkyl; R3 represents C _3alkyl; and p and g

|ndependently represent 2 or 3. In a

Ylfeﬁrgeéjr? cAMhedi ment of the invention, there is

ore provided a conpound ioof Forrmula (IA) or a
7' ghaspraerts i gealy yel@cdepdm iiie=Ca) XN=CHenefH=N; (| A)
V\(/?erel n: grepresents CHor N 15 Z1-Z2 represents a
nigy olLFHQSé’P cted from CH=CH, N=CH and CH=N, Rl

R'} és%ﬁt@'@ﬁal%géﬁ ualﬁﬂ gf&oxy@ mgl O(CHQ) NHCOCH;,

bcycl oal
-(CEhhdW Rent Cmcytlhelkthlnte on, there is pr OVI ded a

COMRON S ST KL ubb o, (1) 20 detined
t hereéedpresdh 18181kl and
p and q independently represent 2 or 3.
In a further embodiment of the invention, there is therefore provided a compound

of Formula (IA) or a pharmaceutically acceptable salt thereof:

R o N
A CH
H
Cl
N

V4
YZ \ ,
W
x>
N
N g

(IA)

wherein:
Y represents CH or N;
Z'-77 represents a group selected from CH=CH, N=CH and CH=N;
R' represents C;_qalkyl, aminoC)_salkyl or Cs.¢cycloalkyl; and

nis0, 1 or 2.

In one embodiment of the invention, there is provided a compound of Formula (1),
(IA) or (IB) as defined hereinbefore, or a pharmaceutically acceptable salt thereof, wherein
the compound of Formula (I), (IA) or (IB) is other than (S)-4-amino-N-(1-(4-
chlorophenyl)-3-hydroxypropyl)-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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20t he conpound of Formula (1), (1A or (I1B) is other

than (S)-4-am no-N-(1-(4-
w@ bdoonephenyl) - 3- hydr oxypropyl) - 1- (7FprrroIo[ﬂcﬂcd¢mmM5mn5

i m di n-4-y1)pi peridi ne-4- carboxam de.

suitabl e pharmaceutically acgeptable salt of a

conpound of Formula (1) is, for exanple, an

aci d-addition salt of a conpound of the invention

: . . bas

exaﬁ@lg ?gdg'gfltﬁ&g% h&gfd%tr%}{%ch Iﬁmcé@{o%ﬁl&ﬁagg#l%%%@%% c1tr1c or maleic
acidr gani c acid, for WO 2009/ 047563PCT/ GB2008/ 050925 16

exanp hy drochl rlc hydr obr om ¢, .sul phuric,
ph ogﬁﬂg‘ '%edm P10 e S3ibn Fempeuds jof thgpresgnigentiongnay exist in

solldtedbi cxBh ﬁﬁj}%ﬁﬁ%@ od wdnals u‘ﬁ%lLé’tbdp PR mg%e%fnd&gﬁod that the

present in tion may exist In solvated, for exanple
prebyrd iiateetion ercowplabseasll sudoiohataedofros whichlate inbibiitorsoef PKB
aCtunderstood that the 5 present invention enconpasses
V'Y such sol vated forns which are inhibitors of PKB

aCt THé Edmpounds of theFoeRTRAWNASy B adnhiBiskc@Ed il tRe (drin dT®Yprodrug
be adm nistered in the formof a prodrug which is

whighgk brokdodpwh m thisdumanen asimah hpdiaio vy cqmp@ndeof ghe Formula (I).
Exm%@igé’ ggg 08ru E 1ncl F g rwlv% Iérb%oly rgg e ?foa cdty OO%M‘II %% the formula

IVO ers

(D.teidue If(Bﬁﬁsa)be@oc(rhgs aré/ammuﬁl the hfrsF@fex@m@w's l@g §uoehr;ﬁ?odrug
known in the art. For exanples of such prodrug
derppefivgatisies, see: a) Design of Prodrugs, edited

&zm%%%@ﬁ@%ﬁ%%@gﬁm%mﬁﬁ%§ MMmMS

in ]éﬂlzyaiologyAN@ﬁém p. I9e%, edi@8D)y; K. Widder, et albIAdhd?Elxd h@sﬂg 1985);

Egrsegﬁﬁ%%&¥£qg Devg%gggeﬁ%gﬁygbhggn W&%giﬂgggﬁﬁd-
Lat@@rplmcg?ﬁt Bermg%rdPCﬁ%hw“Des% ditd BYNLAAG & Brodd: é'} 394

Bundgaar d, Advanced Drug I'i very
BumE¥MBM5118191(@%”01992) d) H Bundgaard, et

(108 ;- Ehiatie BRI oo T Ry & it 1903,

6924 1984) Buid&@rdliend., U@u@alfmaﬁﬁaoaﬁﬂp@@sm@ﬁcetshm 285 (1988);
I nvention there is prOV|ded a pharmaceuti ca

andonposi ti on, which conprises a conpound of the Fornula

(1) xR0k PUal TBREUGa Yy @se 5pb g sal t thereof  as

defi ne ore’in assocrati

p hance@eitiitc alfinyhaasgiot afbthe uﬁuehmnme@ns peviidedra phabniieutical
np03|t|ons of the invention g inaform .
corgmsg%q W fc@rcog}pé]se%%ompq}md of the ormula (I), or a pharmaceutically

acceptable salt thereof, as defined hereinbefore in association with a
pharmaceutically-acceptable diluent or carrier.

The compositions of the invention may be in a form suitable for oral use (for
example as tablets, lozenges, hard or soft capsules, aqueous or oily suspensions, emulsions,
dispersible powders or granules, syrups or elixirs), for topical use (for example as creams,
ointments, gels, or aqueous or oily solutions or suspensions), for administration by
inhalation (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,

intramuscular or intramuscular dosing or as a suppository for rectal dosing).
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exanpl e as tablets, | ozenges, hard or soft capsul es,

aqueous or oily suspensions, enulsions, dispersible
w@owdesSedr granul es, syrups or elixirs), for POPGB2008/050925

use (for exanple as creans, ointnents, gels, or

aqueous or oily solutions orysuspensions), for

adm nistration by inhalation (for exanple as a finely

di vi ded powder or a liquid aerosol), for

ad I Vo | DS 0

fi nmerﬁé §(§If1€(|5scljtgdgls :ég \‘5% épg&glﬁﬁﬁ%&ﬂead}g%{&f l%f&(o%%ﬂlt?onafspt%cedures
usingl m)rtueﬁtldsr&ﬂ plarmatarticekaieiplientg svoll Isibemiih eéheaaqts €DUB, @mpositions
. oily solution for intravenou subcutane us,
intsridedt o glmssﬁnaafrcopﬁw SOR ST, oo Agrege Togging, sweetening,

flapdtitin %%h&/%? gre“sé}‘vat'i ‘%{géh sdosing). WO o
2009F047563PCT/ GB2008/ 050925 17 The conpositions
of tThecimpamdidikomaylalfb vobtrarmaltly byadnonisemed mrealvarm-blooded

) cedur.es usi onvent' I armaceut i I ) i
aniBlgD i RGeS e BT ok s E ingaimeh b
approkiai @ﬁf OfIOIOOQﬁQJkg Ul tHﬁ)ﬁoﬁﬁm}aptﬂmdﬁtﬁﬁ tHe 1&1allyf%rﬂ%cﬁ’€?e dose.

more col ouring, sweetening, flavouring an

A ypritednse Vort speh age trbiet o5 Tapsulsorplosnad ogonkam, rfgt @xa(np)le Wi2pP mg of
ac‘uv% @ad%ntbﬁre?%rgnbly taﬁcfaﬁ glgaeeﬁéﬁ‘%%ge OP ) %gq% alnsl o loygetfl for
exetnlilﬂe am mplkg tvice.dadpexéveatiel dail) dbsel 0l ﬂi@éé@gmly&ﬁ:dfahhd S

normal |y provides a therapeutlcall¥ effective dose. A
depsAfinggpae thedtot §eriar. s nericuhrapule ol adipigiptiatin. and the severity of

theY Mk ¥1ng %5% cdo? (E)][’l@§ grﬁi:t%tlo(?ﬁlopwﬁg 1s°tfr%a"f)iﬁ% ang ]éartl%:ular patient

i ngre era seint
ma§-d6@rmiyekie oinenpldoyeed, for io exanple 4-7 ny/ kg tw ce
dai Ly. However .t he dai. dose. W | | . nhecessari
var Féﬁew@ a.nh@r%sww%& m%%%ethnrﬁéﬁf‘earesqqﬁ @Vﬁéﬁl@q iehle for
ora'I Q&Hiﬁus%fa‘u@ﬂ‘ B0l Shi ?ﬁéé)f&O@H‘fé/ﬂm@f ag&)\ﬁ?ﬂduhb( OPFOﬁﬁlﬁa (D), ora
| ness being trea . Accordingly the practitioner
pha.mw@cenmcalﬂsea@qep@bbrsylt plmrmfc(lsudr asyi&-ﬂexmtlmﬂﬁif(ldé‘t -grliopbenyl)-3-

B R BN R e Ui i PR SUI Gt BT dgiin 0.5%

hy&b;aﬂzprapgrnneth@weﬁhuo@@(mtgi conprl se 1-200 ng/nm of a
ound of Formula (1)

a hitie santexif|the H@&@@@éﬁ@lf@agam tthe tgap&Brerapys alsp inpdudes
"pr gadyléliu?rﬂrp@ss %e@%_{e%)ffghr g (QF é]%f%go &%e cornltrrarl]r}al Ehe 4ternB 'B}l%réapeutic”

and tth¢rapeudicaliyr bhxadibdepnitiuc@ ablrdingly.

hydr oxypr opyl.net hyl cel | ul ose (HPMC). I n the context of

t he/ASriesd rher%e&ef feEat {tBAMee it dbtpndednior e tigynggmal everyday
mehllﬁ {g%@ Qealf % \Qirtl?QQiYéeQ@%' n oréﬂé}l ts%ﬁtnt Iﬁ%ﬁ{l Rt%%{fé bﬁ’e Some or all

Indfcations to the contrary. The ter erapeuti ¢'
ofmmﬂnﬁgumasamemtmnaibydonmmmwudﬂheh@mmkxmnmgpaﬁmmqndlngly

sed ei.n, . the term'treafnent i ntended t

hav8S el TsRihit h%&md%fyphaéyﬂﬁ ng Brenged P gVl ol cveryday

mcBhiiSARE 1ﬁdl‘ud2:% g)eﬁnaw pEdphl fa&lsHo %ed%f ¥Healie|v¥lof>§1|ehtedffeth9 RRcase and
sone or al synpt ons, to correct

secgomrmaplylmsr wheechynther ﬂlyeasg h@at ﬁmadjgydevelspgi @Q@dhe patlent is
rein

ten}%)}re}{gy Oé @8%%?W%éj§%te§tax gﬁ%}n?‘st eéf“f?& at106 rolr r¥\lzjorrsenmg ofe the dlsease or
theRIcOSIOYmant oF nb@ spﬁl@t/cﬁﬁﬁ askbgatel@ wath opn@Rdasef 1 h e di sease

and secondary p hyl axi s whereby the di sease has

al r éé@)feﬂ’ét\féjl{ b%lgaﬁahlbﬁ@watw@mthq GO Y @filfqrgnu&r (D) of the
pre@&{t R EWEEHM i fe%&ﬁéc%%f t%q)eacgéfupﬁlttﬁg )ﬁ’ggt epi%f* (ﬁ&a%s or med1cal

Wor seni ng o | Sease or t evel opnent of ne
corsiytipts aigliass donaded partttly RKIR adivdgase . cxafpe candee. Sﬂiet typds of

their PKB inhibitory activity, the conpounds of

Formula (1) of the present invention are expected to

be useful in the treatnent of diseases or nedica

conditions nediated alone or in part by PKB activity,
for exanple cancer. The types of 18
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cancers which may be susceptible to treatnent using
conpounds of Fornula (1) of the present invention

WO pabodBe3 but are not limted to, ovarian cancB€T/GB2008/050925
cervical cancer, colorectal cancer, breast cancer,
pancreatic cancer, glioma, gjgdoblastonm, nelanong,
prostate cancer, |eukaem a, |ynphoma, Non-Hodgki ns
| ynphoma, gastric cancer, lung cancer, 5hepatocellular

RS BFEDE Lo RMAC RaBLI AR B ol v

pre@xﬁﬂ@l&l’entlemdmmﬂélbmlar&m tiaritednterakrigacmmect, campl @stérccolorectal

| arge cell nphomg, acute .nyel oi d | eukaem a (AM),
canyg. gfﬁﬁ?té’aﬁfﬁéi RRsrcate PG Emeliga 3%’%&3?%‘?% BINOBjaepi@ptate cancer,

leuk &G n%ﬁQmEm(I@n Fio8 lhhé @@kﬂlﬁénlau s cAAb&A R g CRNGET -
may be parti cul arIy uscepti bl e o t reat ment u3| ng
hertamvpbwladeanoér g#ﬁerlpcaelsengastwweeﬂtm@kﬁtron&ll tum@uéGI/SE)agle@na

thyﬁ%laéfl %R t{ﬁlg %gg% EC@%H{@%?%%E&%% Ir?r{a\}\n%%%%g énarlﬁ tlc(?arge cell

lyn@shhial §c§u% clo] RultRATR{AMIDI @u ?[etrhy‘élbﬁﬁ' Mel@ndHARR
being. Simlarly, for the uses of a corrpound of

mepghehsingg. Brgast eancerhand mers spepificdty lwamed brepsinganesrenay be

parlfﬁllg Flllsc%%tlb‘cf%ﬁﬂn aﬁ a%?tg 81tn2%tomtp|3&rr1rd’s (1%19 n%rgse%[ 1nv8nt%un| a

par ttii¢ thasdgyd ehab tutaiie Mehods oflibAaaaitdif 0ghceOmen@setiherein, the
aspect of the invention, there is therefore prOV|ded a

corapeReL i opnulpgPivifldeadminisicrsdilo AdwnpaRlemekastiglarby a juman
be1§€.§{1ﬁﬁgﬁ#tfof: ﬁll lu¥esa(%€ac o1 Iuﬁd 391:5111# ?Jr thé QLatihdf d’ﬁ:ﬁﬁcer

I cane ing to a er aspect of
mehtvedtheonn, it isenelsa@dphai\thajﬁdnm)und nﬁEunmdlla)(I) Rall bebhdm{nigtered to

as d%fl ned her be ore, ar a pharmaceutically

t%lsreepaé%wa HehwBtl PEPL-yse 20 in the treatment of
a dA%@@rﬁ 5 diaab@d: ésbé&%ghlepi%%nubﬁ Qe 1@’5@%&)1@%?&1@& a

the invention, said di sease nedi ated through
corgpaurgrof Flormalaf(l)ras definesitzocdnbrdorte, of a phremperuanallyorecegabld salt
s sel cﬁt ed from ovarian cancer, cervi cal

theEeé’ﬁcnguse BIPPELrEre &ancer breast cancer, pancreatic

cangéordfilgite ﬁﬁurt@r'a@@cﬁ& tﬁﬂﬁweﬁﬁérﬁ s ﬁi’éﬂﬁédﬂi Sompound of
cancer, | eukaem a, honma, Non- Hod gkins |lynp

Forgage (1) @s é%fﬁ@éﬁlermllh?éoréem@e}haﬂﬁwaﬂ@élel acedpagble %?Wcté?reof for use
in %%g%%{eng FLBEES H}%ﬂf&%&io[h{&lgﬁ tf’k@g !I 3£ rﬁﬁed&féﬁ%ﬁ the invention,
, g?lOﬁH, ? yr ol can , |?e duc cance

sai@ dideae tniddadte & i@ gh, PR iadancanies furthsiggrhisslimentl oﬁlﬂgaemventmn,

cell lynphoma, acute nyeloid | eukaema (AM.), nmultip
Salﬁirﬁe}céﬁ’é Selﬁ%‘ﬁ%@ﬁ’a"‘éﬁﬁ‘&“ﬁ%‘%‘@f [FETVIGHBANCE C@Wée%%ﬁeﬁ@ﬁ%ast
can%t:r Qt?créz[ﬁ\éecﬁhée?;gg 1166 @tﬁa,' Iﬁel§§dtﬁ£§)%§tafté Qe{Hch, %’Eﬁ%ﬁemm,

can I ns’Fynphoma,” pancreati c cancer,
lynhpdhpatapdehiHddzkins dyroptiromay gastric carcan darg, capcashaph®celardamrancer,

nd | ung canc I N 300 art ar..enmbodi nent
s o g aRe e AR T (b e D L. it duct
caﬂ%le @ﬁ&orﬁ&ﬂ&l@fancer%%%ﬁée@‘la ?ﬁﬁg 1afR%20%A a&%e myeloid
CCOT |ng to a urt er aspec t he i nven |on her e
leukaenpia @exi\ﬂédnmhmlmmeelofnaan@@npma rad @fes@bishmnza Ig Dyle ergbodiment

her ei nbef o ar maceut i
of 8 i4VeRflal S PRR T Stosia BB BRETGRNG SBlHogRERS Biftcma.
parichéatit c@@icABRbat0fe il icaRas eabkidicati € ﬁrbﬁtﬁ@ gﬁhore’Kﬁld luRg cancer. In
one enbodi nent of the i nvent| on, said di sease nedi at ed

ong PrEEHH PRI diEcr sk eance) in becapt fanersr mereHsEGHEtY lgmingh breast
Cm{gyentlon said cancer is selected fromovari an

cancer, cervical cancer, colorectal cancer, breast

cancer, pancreatic cancer, gliom, glioblastons,
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nmel anoma, prostate cancer, |eukaem a, |ynphona,
Non- Hodgki ns | ynphoma, gastric cancer, |ung cancer,
whe@abeoses | ul ar cancer, gastric cancer, PCT/GB2008/050925
gastrointestinal stromal tunour (G ST), glioma
thyroid cancer, bile duct cancer, endonetrial cancer,
renal cancer, 10 anaplastic large cell |ynphona, acute
nmyel oi d | eukaem a (ANL) mul ti pl e nyel oma, nel anona
AN d ARESAIIGH b ¢ Gy 06 FEBRAMARD Indhl 1 AGviLEVRRLLOBr o
sal cancer iIs se rom breast can
corhp(liunlchﬂ Glormslal(Hrp Idefm:d Imasinbefaic] or Tpint@aceutically acceptable salt
el l ul ar. capcer,. gastrjc cancer ate c
thej B ﬁgpr@a%rea?n o %maﬁlémasl?ttfj%ﬁhlﬁ Seagzb bl ﬁ@lﬁ?ase gielgted through
PK@amgﬁe drbdifi@estor @l?enlﬁ%ntloﬂoéra?d @1@52&& %@dﬁﬁécb’th% gh@’ﬁB is cancer.
breast cancer. 15According to a further aspec
Inmﬁn&ntmnhomnhaWG%h@nmmeHdsddth@euseebﬂbéﬁ@onpﬂmmdC@mwr
Forfula (kﬁ as i ned herei nbef ore lioblast
ceriivar HEEBut T Qar Ca&&%re teadh Cé‘“%% Ran’t‘rr‘?@'il%%arnceff giopggglioblastoma,
meRERA! Gbkiafld @hcad, 16BIeARIB I iphdhia, NI Hé@gﬁﬁmslﬁlpﬁd‘)ma gastric
cancer. In one enbodi nent o? the invention, sa
cansgin dwng dageas ehapetogel vl aiganesragastire mmegastr@@mn@@llstromal tumour

RIS AR B SRS e RIS Bl

anaphiRde [argé @dlllkl§ﬁif!5h6\ma| acmhﬁj?mmdmﬂcabﬁdmﬂl\ﬂﬁ) |n}’d1’ﬁf5116 MByeloma,
astric cancer, lung cancer, hepatocellular cancer,

mefpaempiagd gigselBeliongndh Pt nbedimeal oldhe Byyantiqn, s cancet is selected

froﬁlcﬂ §c-1rs)£ cat&lell1 LHBJ@I&%‘ 12@9&5&] ana]ellt?c el ﬁ Eﬂular cancer,
onetri a cancer, cancer, anap anI rge

gasrtraact tankympioctut caac:ntaedﬂg«g @inderl Mmmwu(a%h])bpdmﬁnt ispldecancer

el oma, nel anoma and. nesot.heli oma. I n one enbodi nent
is BEpast pICHT PIcHiE pyHculatly fnpgpldurast €ANCET- ect ed from br east

25 63p&8Ine DaTuliRIYpdeBof HERNRABon, RANE 870V i8e FRRGSE of a
hepatocellular cancer, gastric cancer, prostate cancer
corapehnidid df ouamlaélr) as kinﬁmn‘ldlepanbefcn@l ara Idmbmdq:emrsmlly aaéplable salt
cancer i s anc arti um.nal
nefPLF i hretaftion of A WicospRh e R téopti i Pancd i Bng
embb@inicAVEMhé R enfidiEAd icendRF RWeReRd Froieb RN @hndés| B/l cancer,
co ound of Formul'a (1) as defined her ei nbefore, or a
colpreg ot eGP GAneqs cRAsEREBli@ Cangrt, 2BOmAcelwhfastoms: mek@oma,

prots{a‘te a{r@&t legﬂa %@Q Clgﬁlgléétﬂ? ?@eﬁ%@g%ghg&aagﬁmc cancer, lung

carar) hepsato&ﬁnlm catlcet; @agAe carvet, @uantidkstbanasimal bireast(GIST),
cancerﬁgpancreatlc cancer, gllona gl i obl ast ong,

gliorap-ARwivid cagressbig dict sincsr endrpgiralfagcer) SeApHGREET. aqgRlastic large
I

el aFARShOBTGHCEAGLR 0009ES 201 DA | NEAGAPana

mega@be¢lranea. élann@embcghmbmmfrnheemtvemwn sdid oavgbr #suoiocted from breast

i 0 r0|d cancer, (Sancer
Car&ﬁ% gﬁi‘@fﬂ‘%ﬂh@ﬁ@gﬂ My PRRFTCRLGADPCT, Jé‘??él&cg il F‘rccainﬁ?r gastric cancer,
pro%%'te! can¥éRiAQ ﬂﬁ?ﬂg &ﬁb@relﬂﬁﬁ:e‘tlﬁahﬂ:ulla@ WkABHInen(, '%Md)oané'&”ﬁ bk cancer,
myel oma, nel anoma and nesot helioma. In one enbodi nent
mogs parfieul Silnerinaldmeasseindercancer | s seI ected from breast
can

neparoudlp A7E et BRAP FRenRARGIFEN o lRf Erueon g using o

coBpSLndWIFoEBiIaEn)-as Bfidehpelfibdf6id| @ra plpeatsTEbilly Saéslable salt
cancer is breast cancer, nore part|cularly | um nal

theprobafer thearsa@ment ag eaneet HyoreemBbadimeH ! thesipeentiopf sajtheancer is
sel%& ﬁ&ljélg);qv?relérpﬁarn%?ﬂr gerﬁg{afzgl\ét%agg%égol&%'&:‘%ﬁgan%gr bﬁ: %)t c?lﬁ‘éelr r‘i‘fﬁlllglé'rea‘uc
carleiB glismb eg‘lefolastoaia,, netampmasprogtatchansdrelpskaeinia, lymphoma, Non-
adm nistering to a person in need thereof of a
t herapeutically effective amobunt of a conpound of
Formula (1) as defined hereinbefore, or a
pharmaceutically acceptable salt thereof. In one
enbodi nent of the invention, the disease in which
|nh|b|t|on of PKB is benef|C|aI S cancer . In a

" Y Y LT o " A r—-" o, . - o -
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breast cancer, pancreatic cancer, glionma,
gl i obl ast ona, nel anoma, prostate cancer, |eukaem a,

wo yomherses Non- Hodgki ns | ynphoma, gastric canceeT/GBo00g/050925
cancer, hepatocel lular cancer, gastric cancer,
gastroi ntestinal stromal tumgur (G ST), glioma
thyroid cancer, bile duct cancer, endonetrial cancer,
renal cancer, anaplastic large cell 20 |ynphoma, acute

. : | ’

UL EHSPEIL: (AU un YLD G TSR o, 0GP cancer

gamndesmamlmmmaﬂ; tsedue CGERINf gloomd rtleﬁsid @adgebile duct cancer,
de ki ns I nphonsg, ancreatlc

ncer, . .
i) canqen apa 6%0@&@“31@13%{% fige calh @@Phog% agus wveloitispkacmia
Amq b IGANAGHg. thBlaRARa R &b%@fonﬁm@a{momﬁ@ﬁ&f the
cancer east cancer, nore partl cul arl Yy | um nal
invioniees sald aamer is s26Tled fmanbiensticaegt,éort- Hdégkmtekymphoma pancreatic

canCft, SeRRSC s et GadRBeAier BRostud Shrcet 4 BRY eoe Tqne

parGiOMYEEhbARALNS Hid 8intePls bradi @hb&! AlYe 1§Hrt1&ﬂﬁ*[50ﬁ1hﬁﬁﬁ RYeast
Such chenntherapy may i nclude one or nore of the

carfcgl.| om ng categories of anti-tunmour agents:- (i) other
22;@ RE o'fﬂn% (r)%tfHP{h nlgecp gpt’ﬂl ?naent(fo% 6[1695' 18 Cpa?wded a Plethod of

treh@h lagnal doyfefihg ﬁ@m’dzg@ﬂ@éﬁe (f @hichXgHipikion of BKB! iabeiisficial,
oxal i platin, carboplatin, cyclophosphani de, nitrogen
COIRPIAYIRg Hhe sH%@p Qﬁgp@ﬁwte{gmgép g,pﬁ{j;@p jin n%’l&istb‘l’rﬁﬁfaﬁ‘f a therapeutically
effE &R éfﬂoﬁm (ij%. othd Bpﬁ&lﬂ{lﬁ@ S Me%ﬂ@ef&rg Srf or
exanpl e gentitabine and ant| Fates
phd26126¢ 014 7156 SdeCita BB 2610 100! Qﬁﬁ)né tmdudimeas of the invention, the disease
rim s |ike b-fluorouyac and tegaf ur
in WJAH b ﬂﬁ%&% of h@f’ﬁéiﬁ?@%ﬁ% Is fég}?ed:fw@u&aharb% jent of the
invAYGUO XYY rc@@c)er isBRfekteH TRIA oRIHah RhRlel CRrGEM LafsfMBBectal cancer,
anthracycllnes l'i ke adriamycin, bleonycin,
bredggxanesi pinercatdacanoery glioma, @rLuOblabnomanmeladamamromte cancer,
tonyC|n cin an n1thr antimtotic
e oot SO e el T SaREers RGP e
hepbidvel st tdheer, gm@&&ane@r gﬁgﬂroyﬂtmmll sbﬂdﬁfal b AW TS glioma,
i ke taxol t axot ere and pol oki nase inhibitors);
thyzeid ceisisbibsle ﬁ@ﬁ@@éeqrnmd@me&taé CqIfcsF. rendh fglcer, anaplastic large cell
iorHOREC PR by B Bl B A A R ARSTo b W BRR g
mesythel findd, il o@egaﬁbahﬁlu@tfbfaﬁe ARt tas t4 o gaiesr sikolected &vpl reast

tanoxi fen, fulvestrant, torem fene, ral oxifene,

cangl o e insymp B HrBsTEItIc caRes ahenaingathdar gagger, gastric cancer,

proSaf B BertAd P Al E@MrAhe daltthudFeABodithdnl! ts@ﬂ' cq{?ce‘ri‘ Abreast cancer,
cyproterone acetate), LHRH antagonists or

num@pnh&ﬂ&i(mmnnGXmﬂpten@@sereI|n Ieuprorelln and

acot bt Byrebetr B PP o B o oY PEARTIR 4" Aol therapy or may

invBRRSIn' 3R 1o kiRt Jo?r?&luﬁd oV @k dRInBok %n%ﬁﬁlﬁﬁﬁtsﬁfg%}y &nd
inhibitors of 5a-reductase such as finasteride:

radfathérypyaeit ghemoethesinyn Sage nhemgtherperayprauds-@e©r kionaigthe

fﬁaml%ﬂrmJMFoaalike4mgq
OO B0 3 OB hEE48BXYani 1 i no) - 7- [ 2- (4- net hyl pi pe
raz (151 othely hﬁtﬁﬁ&lﬁ&ﬁé}w&aﬂtmeoplas‘uc drugs and combinations thereof, as used in
tetrahydropyran 4- onxqu|nazoI|n AZD0530;
megispkensalaeynaich paplshilating peanisiforgrranplads-olegaigxakplatin,

car%eélgtn? Qg@%@lﬁ@pﬂﬁ}u ¥| rﬁﬁ&é‘%%u&arﬁ Eff)h&l%n h%%r%%&&h%{lgﬁﬁhan

tenibznbhh&’é md nitroghiuneady; whamiabdliths @aodxantpl cgamaabinicdad antifolates
(dasatini b, BMs-354825; J. Med. Chem, 2004, 47,
6658- 6661), and netal |l oprotei nase inhibitors |ike
mar i mastat, inhibitors 200f urokinase plasm nogen
activator receptor function or antibodies to
Hepar anase) ;
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(iv) inhibitors of growh factor function: for exanple

such inhibitors include growth factor anti bodi es and
w@eawplrstact or receptor antibodies (for exanpleCt/iB82008/050925

anti-erbB2 anti body trastuzumab [HerceptinTm, the

anti-EGFR anti body panitunumgb, the anti-erbBl

anti body cetuximab [ Erbitux, C225] and any growth

factor or growth factor receptor 25anti bodies

o S 5 RIAR S Bueobh el R sd gy
cytbmhd: Mabmbsda,l and hlyﬁltblxyﬂiea)‘, yhtxamoer kitivhses |(fa>|n kekdrhyele anthracyclines

exanpl e i nhibitors of the epidernal h factar
lik ? jangy &feoewawp Aexqrepirny Q%HIHOWYP% BRAHICTR{1 ﬁ‘ icin, mitomycin-
C, h&UﬁhQ k@ﬁl%ﬂ@ Weithr&s cin); antlmltotlc a ents g(or exam le Vmca alkalo1ds like
['oro-4-fl uor ophenyl) g nmor phol 1 nop
Vlnpnﬁtuwymb]astazeomndesine ami \naor(z‘@mfa atmdnwtmdszlm:%ﬂ)l and taxotere and

polN% Biﬁgtgﬁ%ﬂérs? Eg(?;?ohﬁop?er%gls h%l%ﬁn(;srts gﬁa xeafn?p & Qn%gcliol}) yﬁotiogins like
ctoPoA&d Mdachipesilk, sl RptetdtidRipiothdcir; (3
nnrphollnopropoxy) qU|nazoI|n 4-am ne (C 1033 er bB2

t yr ﬁs)uocf@st@hn agents pishish poviessagdns 46t baqraple trpoxifen, fulvestrant,
torem erbe %O?xslfeo (irhff‘)xk}? I}%C%ga(%\)%n%y\'talﬁug&&ggens f(f%r exa}{nple

b1c2ﬁ0&d1ﬁé;7fﬁﬁa&iﬂ6$/ Iﬁazaaﬁlaé Qb ORBoRDdact ey [gIRMAtabasit®or LHRH
faniéy such as imatinib, inhibitors of
agQgeY's Ry PrAEhERs kN niguRelingind dusgipling. pEagestegens (for example

meﬁé%ﬂ%@%%e‘g]ﬁ% hﬂ%éh){ral?ales)é( gr{nlg ﬁh‘& op%e%ﬁ{)@%%%bstg(%z%&ggﬁgo?éﬁ vorazole

and ¢Neintalstafé )SandfintdBitdrs & gcmabdlucnage sivhaisgmaMEKdand/ or  AKT
ki nases, . inhibitors of the hepatocyte growh factor
f anfifiyantinypsion AgRNG; (erexampls c-Ricldaase i#ilp inhehiors Bk (6-
DSl ]
Chlﬁﬁﬁ.fﬁﬁl?%?é* e R
tetrAfRirbpytan-RHI 3O azMKreGAY, D3 DBIihﬁeﬁnatRﬁﬁBEatWZﬁﬁ)hcatlon

WO BRSH4 e Qe erocbRis e i Doy riin -1

2-ththyld ?ﬁxhﬁﬁ&ﬂ%gﬁﬂin%}ﬁ%%fe% SMEOx @B dd f&%&ﬂ{@'ms'ﬁ%@s . Med.
the etfects of vascular 10endothelial growth factor,

Chiho2004 aﬂﬁpﬁ@ 8 fed 1y reinid nvedal bpke eteinesedohibgbis dike mmrim@ta@,mhbltors
tor

fa d GF
oyl B R aEh TR R EEER s AP & o Bo YicHhranase);

4- (fivPimamods i oW dambtot M@t MBit Kamipte/such inmEbines pcRrle
i di n-4-yl net hoxy) qui nazol i ne (ZD6474; Exanple 2 within

growtil trcta2e8hgdicvanderew fhoieloprasenthy antibgdies Goy pxsayple ghe anti-crbB2

o R D i Ry el S A 3R Oyt pgrernt

ant(HSAK ¢8ixinV¥D [BBYiBOB3) 5 jaund abWLlRE S otortdrenih; fadhl} receptor
01/ 60814 ounds such as those disclosed in

anth&SﬁlaSFfOé?ﬁaby fhal ApiiGat B Qs N WPy Brmatelpgy, 2005, Vol.
54,%%/&?9%%%\‘3 @?@?@1 Rﬁie YyPo ﬂﬁggb"‘mﬁ% ofsOfI @¥dHHSle inhibitors

er mec anl sns or exarr‘p e [1nom
of tha l&pblbﬂmlgr@)fztm fattegfanmlya¥dr33amplediGIOR famidy tyrosme kinase inhibitors

suchiig hﬁgﬁtsalésﬁ%%'@%’tpﬁ?ffyﬁ) R S B rIE A EEPOsdd By olin-+-

il (LEERALD 38N, Nt Réd 7 g2 W R Bdd W6olin-4-
amOO/(goszé V\ooo>41 69 \3%@01 izgmvm 02/3%43%@513(1 0

amQR/(0detirgh, OSI-774) apd biarrydanide w2 -chlosr-Agluesopheioy])-7-(3-

SRR bR S0 LR SR G RS e

as lapatidid, iBIEBRork e ﬂ@mép@d@@j’t@ aedvas fadtoxCthbnely Nighfotorsexfandplatelet-
approaches to replace 25 aberrant genes such as

aberrant p53 or aberrant BRCAl or BRCA2, GDEPT
(gene-directed enzyne pro-drug therapy) approaches
such as those using cytosine deam nase, thym di ne
ki nase or a bacterial nitroreductase enzyne and
approaches to |ncrease patlent tolerance to

.
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approaches to increase the i munogenicity of patient
tunmour cells, such as transfection with cytokines such
w@g00008B63 eukin 2, interleukin 4 or PCT/GB2008/050925
gr anul ocyt e- macr ophage colony 23 stinulating factor,
approaches to decrease T-celd, anergy, approaches using
transfected i mmune cells such as cytoki ne-transfected
dendritic cells, approaches using cytokine-transfected

derh IS wEhltof faﬂﬁﬁgps%@ﬁ a?@}?ﬁ[‘tﬂﬁg ri]lﬁﬁbiltl(ﬁ‘% Bgse%te)tﬁﬂggﬂéi% %éﬁ’liages (for

antiodi es. A cornpoun i nvention, or
cxdnhyste 8a$/RafrEiynddiéngpimaibatoeckubly aafiyngayoeas ferdse kitdbaors,fobexample
n. of .such c ounds or

appl.i cahl e_t e preparati .
sorg%pwaﬁ?«%ﬁw%@é%p@ane@ stk genal i o ial! Fgr By /e kinascs,
inh%‘%oﬁsr %’Ftﬁg h&shi@Ne HSRIPEEGE Bty NGt GAMYBAL hlﬂ'l@ill}]ase inhibitors,

ods. For exanples of protecting group$ such as
IGRAndcaptonfidsutiarldexgrowth faciod) kpnast edtubitgs;guourp sinassinhblitors (for

ox R R4S B Wil SHNN3, REET VI B3, ey, PR 552s

AND 33945 @ydﬂlﬂh:?&iiﬁa?gﬁ&@ Rihabinhiv0rs shehBs YOKYand/or CDK4

~ ioSons, New York, Certain processes for
inhitiwrsynt hesi s of conmpounds of Formula (1) are provided

as a.further feature of t i.nvention. Thu ordin
ro DelibiEehERkbe B ddfol AR R B0 e O EF B PaS

endotipliaCess/th tictdrEoruxemplcatht anti-Ohscalag enguohdl o1l grotviiulaator
(1) or a pharmaceutically acceptable salt thereof,
antijeidy ﬁewa@ég‘vastﬁf ¥e VEQf ’re((emo’r txr@yn@]an(l%p) inhibitors such as
i . : : . _ _
SRS A SR 17 1 BB TSRS fictin
(ZIef4nEdymple @) witldadV Odr /3265 &) 48 +thood-2 Froethydiral o{-b Hy)loxyi)16A

e e aToh OB U DT (el it Srabpleddo within WO
0047914, v iniBXBIRYET: NPOITTPLIRXVGRr A0S (AR 9F60314)

a car boxam de of Fornul'a (1V) Icyclic

cothpewde syadl as tdse Monchsedin(Idjernational Patent Applications W097/22596, WO
97/30035, WO 97/32856 and WO 98/13354 and compounds that work by other
mechanisms (for example linomide, 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;

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

(viii) 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 increase the immunogenicity of patient tumour cells, such as transfection

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



20(1'V) (V) wherein L1 represents a suitable |eaving

group, for exanple chlorine; 24 (c) when n is 1,
whyawogsaat i on of a conmpound of Fornmula (VI): PET/G8X08/050925

(d) when 1Z1 represents am nonet hyl, hydrogenati on of

a conpound of Formula (VI1):p3 5(VII) wherein Pl

represents a suitable protecting group, for exanple

tert-butoxycarbonyl; and thereafter, if necessary: (i)

sRNEE RG0S, ApEARRD ek SO ). bR RO st
imguoeipdls sacttdsorytokifd-iragsiéctsddengdridc pHBI appceicheCaing
D S A R

Lhd oPfi8 iﬂ‘@elnhoﬂf,'?)‘i"ﬁ’l@altt thetRSBapbd hlcpalell 'Bytre]ds"?? process

For Moﬁgﬁ) g
art, andad include functional group 1nterconversio

s knewucty sapplidatid tosthe prapyatiog ehatcheomphyutisag etrodtyisils related

dat ! duct i d furth : :
corRBHEIE ot DAt oyt bfaalentep af HFoselsg oning sonyangna!
mefHodSBF&d exadp o h¥steding @¥dlps RBch AlanfHE bEPPAbOAYSic acid protecting
di spl acenent reactions. Specific reaction

groyphchstwablres nhesns pf emgdersandegveniup) depeatyetiong seel Y - Wbovesne and
s f.qllaows; Proces . . i ds,, @f  Forsl. | .
PG e B TRIPERT M - iR, SeetBl bl Wik &

10 Sofdi®epres®&nt®10f a suitable coupling reagent, for
exanpl e 0-(7-azabenzotrjazol -1-y1)- _
N, NCRrtaiReprocesea fitthy sntkssishcaaRads of §prwelp ki es provided as a

furg%'@ge%uze‘? %@SW&%@?@%&%S@?I%&B a tWher aspect of the invention there is

provided a process for the preparation of a compound of Formula (I) or a pharmaceutically
acceptable salt thereof, which comprises a process (a), (b), (c) or (d) (wherein the variables
15 are as defined hereinbefore for compounds of Formula (I) unless otherwise defined):

(a) reaction of an acid of Formula (II) with an amine of Formula (I1I):

|
O ITIH
(CH,),
HO R
NH,
1 4
= Z R
Y | \Z2 R5
P
N g

i )
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):

R1 ) ITIHz L
CH 1
N (CHy), .
. H Y~ N,
R k | y
5 S N
R II}II N H

20 (Iv) V)

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



exanpl e N, N -diisopropylethylamne (D PEA), in a

sui tabl e sol vent, for exanpl e dinethyl acetam de (DMVA),
wa@nahoat7ses suit abl e tenperature, for exanpl e 50P¢DGBOGS/050925

nore suitably about 60C, Process (b) - carboxam des of

Formula (I1V) and heterocycleg of Formula (V) may be

S5reacted together in the presence of a suitable base,

for exanple N, N -diisopropyl ethylam ne (DI PEA), in a

' nd at a
(C)éﬁilehg@%e ten‘p@ga??ﬁr(gfra or ebgﬁgﬁgﬁﬁaé @bﬂ)la nor e
sui tably about 60C, Processes {(c) and (d) - conpounds
of Fornmula (V) or (VIL) dilsso|lved#h a suitable
sol vent, for exanple
under an atnnspher§;
sui tabl e catal yst, for exanpl e\RapeyTM ni ckel, and a
sui tabl e base, for exarpl e amon} um hydroxi de.
Conpounds of Formula (I1) may bg\prepared according to
Schene 1: Scheme 1 15wherein i g[a Suitable
protecting group, for exanple ker oxycar bonyl, LI
is a suitable |eaving group, forNexanaple chlorine, and
all other variables are as defined hereinbefore.
Cbnpounds of Formula (1V) mAYDbe prepared according to

(d) B}lchenq? re%raﬁ: 311?1?1%1%7?,%5%& 1%9%%41%(5)1%%81%13 (gsf Forngl(VH):

oxane
"
[P
N (CH,),
H
R4
R’ 1
zZ
Y= N,
A
N
N
N g
(VII)

wherein P' represents a suitable protecting group, for example tert-butoxycarbonyl;
and thereafter, if necessary:

(i) converting a compound of Formula (I) into another compound of Formula (I);
(i1) removing any protecting groups; and/or

(ii1) forming a pharmaceutically acceptable salt thereof.

Examples of conversions of a compound of Formula (I) into another compound of
Formula (I), 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-
catalysed coupling, or nucleophilic displacement reactions.

Specific reaction conditions for processes (a), (b), (¢) and (d) above are as follows:
Process (a) - acids of Formula (I} and amines of Formula (II1) 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



Schene 2 wherein Pl and P2 are suitable protecting
groups, for exanple tert-butoxycarbonyl, and all other
wo a0valises are as defined herei nbefore. 5ConpoP@meBOG08/050925
Formula (VI) may be prepared according to Schenme 3: 0
HO NH2 \ N/ 4Dl PEA || DVA R560G4 | X) DCM TFA WO
2009/ 047563PCT/ GB2008/ 050925 27 wherein P isa
suitabl e protecting group, for exanple

[ i r
e N Y B o AR A Gl Bl B ol
dinbighylie@panidd (RMOL shd atsitdisib estpediture, foridtdmple BBAC DV, more
50C
suitably about 60°C;

Process (b) — carboxamides of Formula (IV) and heterocycles of Formula (V) may be

5 reacted together in the presence of a suitable base, for example N,N'-diisopropylethylamine
(DIPEA), in a suitable solvent, for example butan-1-ol, and at a suitable temperature, for
example 50 to 70°C, more suitably about 60°C;
Processes (¢) and (d) — compounds of Formula (VI) or (VII) dissolved in a suitable solvent,
for example ethanol, may be hydrogenated under an atmosphere of hydrogen in the

10 presence of a suitable catalyst, for example Raney™ nickel, and a suitable base, for
example ammonium hydroxide.

Compounds of Formula (IT) may be prepared according to Scheme 1:

p' ]
| 0 NH
O NH
ECHz)n . HO (CH,)
" N2, NaHCO
a
L A 7 —— N (I
N X
H N Reflux Temp 1
N m Y« | Z\Z2
/
(VII) V) k\N N
H
Scheme 1

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:



5Schenme 4 wherein 131 represents a suitable protecting
group, for exanple tert-butoxycarbonyl, and all other
wo a00alises are as defined herei nbefore. BOTYpB0d550925
of Formulas (I11), (V), (VIIl) and (IX) are
commerci all'y avail able, knowy in the literature,
prepared by standard processes known in the art, or
may be 10prepared according to the processes decri bed
herei n, The follow ng exanples are for illustration
purposes and are not intended to limt the scope of P
aﬁﬁllcatlon Each exenpllfled conmpound reEresentQH
i(ch,ar and |ndeprndent aspect of the i nvént ifon.

(CHz)n

theyN’re prepage
art.PGeneraIIy, Wi h respect 20w t he follomﬁ%g §
Exa wgles WO 2009 @:7563PCT/G82008/050925 28 (i) P’

P4t ures are given in degrees Celsius (C);
operations were carried out at room or anbi ent
tenperature, that is, at a tenperature in the@ range of
18 to 25C; (ii) organic solutions were drbiednoyer
anhydr ous magnesi um sul fate or anhydrous so#@m
sul fate; evaporation of solvent was carried out Uusing
a rotary evaporator under reduced 5 pressure (600 to
4000 Pascals; 4.5 to 30mHg) with a bath tenpergtupe Nw,
of up to 60C;, (iii) chromatography neans f] ash éCH)

chromat ography on silica gel; thin Iayer N
chr omat ography (TLC) was carried out o gg
plates; (iv) in general, the course of reaciions
followed by TLC and / or analytical LC M, fnd H
reaction tinmes where given are for illustrationmonly.

10 (v) final products had satisfactory proton nucl ear
magnetic resonance (NVR) 6B3B$ 4 and/ or mass spectra
bl (vip2 oyl gl r r
WHERPE L o ST e tplne e BRieah BB o AR and ai
oﬂwivmgbhmzmwmnkﬁme@EMekmpmmnt preparations were

re ated e material was re |red en
G © CARARS T g e ey BB prding &t Setshor
najorodlagnostic protons, given in parts per mllion
thyl silane (TM5) as an g

lped at 500 MHz usi
ul foxXi de(DMSO-d6) as
f cat ed; thmpfnol |l ow n 4/£i%HVL}Ni%%ij/
abbreV|at|ons have en used: BMAsinglet; d QOubIe

,trlplet q, quartet; m nmul®%let; bs, br&a
S|ngﬁ§h 20(viii) cH¥i cal synbol s have t heir usual P
meani ngs; Sl units and synbols are used; (ix) Mass
spectra (M5S) and LC-MS data were generated on an
system where the HPLC conponent conprised generally
ei ther an Agilent 1100, Waters Alliance HT (2790 &
' menLNor an HP 1100 punp and Di ode Array
anpler and was run on a Phenonenex

i C@ 5[fim 50 »o1mEA™M colum (or simlar) eW&tl g _x
eith DMA =
N 90°C
AN k
| 4

H (V) (Xa)

I\)

Scheme 3



25acidic eluent (for exanple, using a gradient between

0 - 95% water / acetonitrile with 5%of a 1%formc
w@eood/ok13650: 50 wat er: acetonitrile (v/v) m xturedT/GBR008/050925

basic eluent (for exanple, using a gradient between 0O

- 95%water / acetonitrile wth 5%of a 0.1% 880

Ammonia in acetonitrile mxture); and the M5 conponent

conprised generally a Waters ZQ nmass spectroneter

i i t
SRR REle A BR B80T, AR R, B A her
varRbids arhisededinty hereindbeldye. Tot al Absor pti on Chr omat ogr am

from 220- 300 are generated and val ues for z are
gi vg]ﬁmp@%ﬁlfgwgﬁowulaﬁ?’y? PR deisRaped asgording teaﬁcgémﬁéi
parent nmass are reported and unl ess ot herw se statgd
the value quoted is the (MrH)+ for positive ion node
and (MH)- for negative ion node; (x) unless sjat

ot herwi se conpo
substituted car

S ~ N

Expht i cr owaviede cfabliyrinpr dlpar at i ve hi gh per f of mance

| i qui dlchromat ogr@aphy (HPIRE Wwes™ per f or med on ¥°Q s%xgz
urk:

i nstrufent usi ng the foll ow nglconditions: L/
C18 reversed-phase silica, for exanple, Waters N g
Abridge', 5i_tmsilica, 19 x 100 10 mm or 30 x {00
nmm usi ng decreasingly polar solvent m xture

el uent (decreasing ratio of Solvent A to Sol vgnt, B)
Sol vent A: Water with 1% ammoni um hydr oxi de %ﬁ%e t B:
Acetonitrile Flowrate: 28 ml / mn or 61 m godm

15Gradient: Tailored to suit each conmpound - genefally

7-10 mn in length Wavel engt h: 254 nm Abbreyi ati o slf
BocTert - but oxycar bonyl 20 CASTMChemi cal AbsYracf®s ITIH
Servi ce DCMIi chl or onet hane (CH,)
DI PEAN, N - di i sopropyl et hyl ami ne N ’
R4
RS
Zl
(VID) YKQI :Zz
NS
NT R

wherein P' represents a suitable protecting group, for example tert-butoxycarbonyl, and all

Scheme 4

other variables are as defined hereinbefore.

Compounds of Formulas (III), (V), (VIII) and (IX) are commercially available,
known in the literature, prepared by standard processes known in the art, or may be
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
known in the art.

Generally, with respect to the following Examples:
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DEAdi et hyl am ne DMAdi net hyl acet am de 25
DVFdi et hyl f or mam de
WOhE00047563 Azabenzotri azol -1-y1)-N, NN , N - PCT/GB2008/050925
t et ramet hyl ur oni um hexaf | uor ophosphat e LCWVSI i qui d
chromat ogr aphy mass spectrosgopy LDAlithium
di i sopropyl am de 30 MPLCredi um pressure |iquid
chr omat ogr aphy NVPN- net hyl pyrrol i di none OBDopti num bed

(1) %?ﬁ%%att%(re% é}?rgz%q‘% Qlé%r%gg’ﬁgyu O QR e?Ocarried out at room or

uor o ene ong catl on exchange
amSEﬁtsuen@emturé i thatl is, falt owmﬂmmtmat ia ghiaaqahge diBNEb-136Cy |
nmet hy ther 5 T i et hyI am ne TFAtrifl Poroacetl
(i1) é)égqanerwi‘tlt&qs AR rd? PR anhy r@@em%gngs%m sulfate or anhydrous sodium

sulif‘a'té} '@v%brﬂ‘ (gn](if(sétv%ﬁﬂ @5@&%&%@@5@%&% rat'aw r%Bbﬁra[(ﬁ’ LAd&rdatted
pyrimdin i o yflpiperidine-4-carboxa

pressure (600 to 4000 Pascals; 4.5 to 30mmHg) with a bath temperature of up to 60°C;

(ii1) chromatography means flash chromatography on silica gel; thin layer chromatography
(TLC) was carried out on silica gel plates;

(iv) in general, the course of reactions was followed by TLC and / or analytical LC-MS,
and reaction times where given are for illustration only.

(v) final products had satisfactory proton nuclear magnetic resonance (NMR) spectra
and/or mass spectral data;

(vi) yields are given for illustration only and are not necessarily those which can be
obtained by diligent process development; preparations were repeated if more material was
required;

(vil) when given, NMR data is in the form of delta values for major diagnostic protons,
given in parts per million (ppm) relative to tetramethylsilane (TMS) as an internal
standard, determined at 500 MHz using perdeuterio dimethyl sulfoxide (DMSO-de) as
solvent unless otherwise indicated; the following abbreviations have been used: s, singlet;
d, doublet; t, triplet; q, quartet; m, multiplet; bs, broad singlet;

(viii) 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 5pm, 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
acetonitrile 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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4- (tert-Butoxycarbonyl am no)-1-(7H pyrrol o[ 2, 3-d] pyrim

i din-4-yl)piperidine-4- carboxylic acid (Internedi ate
wQa»00086%6319) , 1- (4-chl orophenyl) et hanani ne (172CTg)B2008/050925

N( 3- di net hyl ami nopropyl) - 3-et hyl carbodi i m de (231 ny)

and 1-hydroxybenzotriazole (363 15 ng) were stirred

together in DMF (2 nL) under nitrogen for 16 hours.

The reaction mxture was partitioned between Et0Ac (20
p . ( . ; ; .
ol A0 35 (4 A B QUARPLE S CRUOLRSCL s
(Mr-Ei3 fdrgmotitiwb idremsdd ardl (We$])dis s0gated iommbdé- di oxane (5

m.) and M solution of HCl in 1,4-dioxane (5 nL) S
(X>éaa1féa$t?f?§@f‘w€w EPHBOHRMR CORBINREANSISY P i qadly Sgbstiggd Garbon
and/BeR &} Et%hlelgav\é"n:bhb&g%sw\l’e_det her (50 20 ni). The crude

product was 1solated by fiftration as the HCl salt
(xiwmiyohiowagavgueidiioaswbie daomedenut racither ¢ Migage Optiapiey EXP, or a
CEﬁggﬂPan SCX colum. The desired product was el uted
H& "6 usi ng 7M ammoni a/ MeOH and pure
(xif) pBPatRRE _h%r&rﬁﬁﬁ&%emqtﬁﬁl dRohwBRpRy (HPILS) WRE fdrfotined on a
was purified by preparative LCMS using decreasingly
Gilpey mstramsatisiag thd lollawerg ¢aadhtoabni ng 1% NH3) and MeCN

ol i A0, SIPSLAIRS SBRLLS: R s 10
mnd R0 RO -rhd; (4ng Hédi’éef@ﬁﬁ&{‘ﬂdli&bmém mixtlirébhs cluent (decreasing ratio

gérrol o[ 2, 3-d] pyri m di n-4-yl ) pi peri di ne- 4- car boxam de
of delventuhiot®olewit Bl (168 ny, 42%. 31 1H NVR (d6-dnso,

o DR Bl iyt 2050 (0 om

Soke@IB:4A &2orlittile 1H), 6.55-6.59 (m 1H), 7.13-7.18 (m
1H), 7.31- 7.39 (m_ 4H), 8.12 (s, 1H), 8.30 (d, 1H),
Flopragy 284nl /ppgp or g nply/ @i+ 399, Exanpl e 2:
= ¢ I.00- = (14= p! Vi)l rrol ol2
RS S R S S TR
Wdelerigthz 2hemnot ri azol - 1-y1)-N, N, N , N -t et ramet hyl ur oni u
m hexaf | uor ophosphate 10(0.418 g) was added in one
portion to
AbBidia8bhs but oxycar bonyl am no) - 1- (7H pyrrol of 2, 3-
—dlpyrimdin-4-yl)pi peridine-4-carboxylic acid
Bo¢| nternedi ate 1) (0. 36lerghytoxBprtionyl -
or ophenyl ) et hanam Q.140 nL nd. DI PEA (0. 524
CARH T PN (16 )t Grsele Tt B85 The
DONgsul ting sol uti on wasdisilbfongehaat 60C for 4 hours. The
crude product was purified by ion exchange
DIRFAomat ogr aphy, usi ng 2AN-9axorsepyiethylamiee desi r ed

roduct 15 was el uted f. he col umm using 7M
D%—B/ MeOH and pure frac 1|Et§ﬂf§1£1\}\rgere evaporated to

DMA dimethylacetamide

DMF dimethylformamide

HATU O-(7-Azabenzotriazol-1-yl)-N,N,N',N'-
tetramethyluronium hexafluorophosphate

LCMS liquid chromatography mass spectroscopy

LDA lithium diisopropylamide

MPLC medium pressure liquid chromatography

NMP N-methylpyrrolidinone

OBD optimum bed density
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dryness. This crude material was then treated with a

20% solution of TFA in DCM (10 nL) and stirred at room
WO eompesBs3Ir e. The crude product was purified bpCT/GB2008/050925

exchange chr omat ogr aphy, using an SCX colum. The

desired product was el uted fypomthe colum using 7M

anmmoni a/ MeOH and pure fractions were evaporated to

dryness. This naterial 20 was purified by preparative

£M5 usi ng decr easi ngl %gy fs of water

P %contalnlng 1% NH3) adﬁﬂﬂg uOli]?)ﬁ?{:ﬁénts Fractions
SCXont ai ni ng the desir edtoagpationtexekirgeevaporated to

ryness to afford
SF 35) 4- ani no- N- (1- (4- cHYBFISPHEA JIopet g mftographypy r r ol of 2
TBME d] pyri m di n-4- yI)pugﬁﬁ%qhaﬁyﬁaﬁgrboxan1de as a
white solid (0.281 g, 70.%4 9 .° 1H NVR (400.13 Mz,
TEBVSO- d6) 6 1.37 (3H, dyigthylaggine 1.45 (2H, n), 1.88 -
.01 (2H, 25 m), 2.27 (2H, S),.3.49 - 3.59 (2H, m),
TER 34 - 4.44 (2H, m, zf.glé’s‘br-oa%té.“ﬁd‘c H m, 6.57 - 6.58
THFLH, M, 7.14 - 7.16 (dfthhy@bofufn32 - 7.38 (4H ),
8.12 (1H, s), 8.30 (1H, d), 11.62 (1H s). MS me M
399. WD 2009/ 047563PCT/ GB2008/ 050925 32 Exanpl e 3:

/ioRoYS.S A P idin--

vnﬂmkﬁdﬂﬁabemﬂnkamazpl-l yl)- N N N, N'-tetranethyluronlu
m hexaf | uor ophosphat e 5(0. 209 was added in one

portion to

4- (tert-but oxycarbony e rrol o[ 2, 3-

d] pyri m di n-4-yl) pi pe e- xylic acid
(Intermediate 1) (@43 , 1-

chl orophenyl ) propan- I-an1ne (0 and DI PEA (0. 262
m.) in DMA (10 nL) at 25C under nltrogen. The
resulting solution was stirred for 4 hours. The
crude product was purified by |bp nge

chromat ogr aphy, using an SCX col WNm. ‘Hhe desired

product io was eluted fromthe colum using 7N

ammr(teal/-]B/EtGkk(ﬁtﬂﬂ)nmahﬁn(ﬁ)t H-CIH-@Q&OM\}?I 8- d@p@&ﬁmﬁﬁt—&@l)@@)erldme 4-

dryness, This crude material was then treated wt
carlz@%lwcm QIBWF%‘Fd‘PFW) RODewy)( - ﬁlil}?m@hﬁﬂyéiemafl@ﬁln&t(l?%@&? N-
g P R e R M 03 Foenzorggple (163
mga eleumstirre@hegales iim BHIH (Zmilﬂ() Uncl@sutabgehéot fér lomars. Adie carctiom

il a0 ar vred Onn (&mE) i Bim PR QG ), e ogggnics were

corQb!deI PR AV EMAECNENY %beﬁﬁréﬁ@&fn%%h@ oty rBQU AL Whidd dbli8Svas
wat er (contalnlng 1% amoni a) and MeCN as el uents.

dlsszrlaftd indr-disancea(SnhpandretMesiutiod of kg ouhd-diexane (5 mL) was
adPU2ARE %Wt“tfq?% ARRES Stﬁ)rﬁ%cﬂ{?{r i ?lgwit)hell diluted with diethyl cther (50

mL{) 7 FhPorud Oprofidst Ivadligatedrbgl iftraiol lay HeFeCT AitRaridh Gas P@x@a by ion

ide as a white solid (0,138 g, 66.8 % . 201H NMR
exqhange dgomptegrapsostg)ane (X gtupmyThe yesired productiwasselytpdyfrom the

colllpy S a0 g iy Wy” Qe Bl @By i
mateﬁa]?@a{ Iﬂlhhﬁd’di)by Iﬁre}ﬁalat(\ﬂaH,,CMS)usm'g C%Sreéihgly@}\)aénﬁxﬁﬁ?es-of water

(cog@gung é%) lggé)lﬁgpé\ge@x aéﬁ@egtg Fragt%on(s ]égntalsn)lrig the des1redl\é|(_)|:1-1pound
f AN 4R 2neRheRYh )@t chy ARy HUL(7Ri-0
Wele?iv.%ﬁo %}d 89 I&rrﬁ%%l t& 41%5pr| peri gl e@4&g§%oxg%&g§é9an@
pyI(r(R))EMS-d]pMIN-H(‘H:yK)IAl-perldme -4-carboxamide as a white solid (168 mg, 42%).
chl or ophenybpr opyl) - 1- (7H pyrrol 012, 3-di pyri m di n-4-yb
pi peri di ne- 4- car boxam de
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5Racem c
4-am no- N- (1- (4-chl orophenyl ) propyl)-1-(7H pyrrol o[ 2, 3
wo djoppuises di n- 4- yl ) pi peridi ne-4-carboxam de (BXEGBR@®S/050925
3) was purified by preparative chiral-HPLC. The
fractions containing the desjjred conpound were
evaporated to dryness to afford Isoner 1 (first to
eI ute, 41 ng) as a white solid, and |Isonmer 2 (second

1 t I
entﬁB S% 4@1{2)?} > ﬁ% @é%?‘:) 98%2% (?{{ a%% y?zle1 ggﬁ\/@lss 21,
3.5HIF?L(ZHZ),n@159y(StJ 2H),d. 8(1%911@11?112}))5 S6m. ﬂw(ma]f?)ali 138 . (R&0H)X7.31-
.6 col u Wt n e nt. m xture of iso-
738 4t ooy MO BB TR 400 071 1 e i a
MLr% M4 s®f i ng 10) 11 of a I nmy/ L solutlonln Et OH)
showed each enantiomer to be distinct fromeach other

and enantionerically pure (e.e. = 100%. 15Exarrp| e 4:
h

R Do ptmiain:

4%@17&%@@&%955,1@31% 1-y1)-N, NN , N -tetramst hyl ur oni u
m hexafTuorophosphate (0.228 g) was added to

|d|n 4- 20y|)p|per|d| :
(Internediate 1) (0.1
chlorophenyl)(cch% ne (Internediate 3)
(0.091 g) and DI PEA (0.261 34 in DVA (5 nL) at

25C. The resulting solution was dtirred at 50 C for 1
hour. The crude product was pumN¥i i on exchange

chr omat ogr aphy, using an SCX cokU e desired

product was el uted fromthe col umi ug}ng 7N

amoni a/ MeOH and pure fractions were evaporated to

dry ﬁ)e(gsAzaithmtmtzlmdj-é -yRNeEX NN’ mmwmndmm ]ilen(aﬂuorophosphate

' I d
(0. ‘?#eg rvgéso %%?t(nﬁ?%o%a 4)@?rr vi@g'y:@a 0 Hﬂ‘%m“a f&(ﬁg HYFRI[2.3-

d];ﬁlhﬁg@inm 91%9&@1@@4%%&&@%&& (ln@&nﬁ‘e&ﬁm'islﬁ) 361 @), (S)-1-(4-
chr omat ogr aphy, using SCX col um.

Chlpmd@mﬂ)eﬁ@samin@t(@d 46 mim@ﬁ @IBEMﬁrﬁzangn)gnnMA (10 mL) at 25°C

OH f t ted t
un§FTHEEh BRoe B i B PR al PR GLPBOUR T &8s proaue
wad PlusfidByeioh &k chiage Eﬁrbhﬂf@@%yuﬁb(ﬂtﬁg’ artOCH JORINANME de@red product

gl ve the pure product, 4-am no-

wag glgkddram Hersplyne yeng pVoN Y MeQIH yuglé pure(fradtipys were g viumraged to

o P TR RL F IR 8 A 1o

mIDPMEOsi0dd & rBord Tempdatdik. [ Bb‘lpruai): prcﬂiuéﬁwas @Jrﬁ“kkd(b&hlon Bichange
chr%)m%‘?ogﬁpl ygéwl%llzw@(ézf)lungl g_'(ljle degreslg)r@(@rqt Wﬁ—i elu]ggdlfg)n(i ihq column

usJ%% zlé/flﬁﬂ,om n?\:’lé](éHgaét{l:puf?Q %%C%Fgflg-l \,)verne,)%éorﬁtjct[l’to H?y'negs. Fis material

was purified by preparative LCMS using decreasingly polar mixtures of water (containing

1% NH3) and MeCN as eluents. Fractions containing the desired compound were
evaporated to dryness to afford (S)-4-amino-N-(1-(4-chlorophenyl)ethyl)-1-(7H-
pyrrolo[2,3-d]pyrimidin-4-yl)piperidine-4-carboxamide as a white solid (0.281 g, 70.4 %).
1H NMR (400.13 MHz, DMSO-d6) 6 1.37 (3H, d), 1.42 - 1.45 (2H, m), 1.88 - 2.01 (2H,
m), 2.27 (2H, s), 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 m/e MH" 399.
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158.12 (1H, s), 8.47 (1H, d), 11.62 (1H, s). Ms me
M 425. Exanpl e 5:
wd2@aionmsedN- ( 2- am no- 1- (4- chl or ophenybet hyl ) - 1- 8GHGBRI0B050925
| 012, 3- di pyrimdin-4-ybpiperidi ne-4-carboxam de NH2
d N 20H Trifluoroacetic gcid (3 nmL) was added to
tert-butyl 4-(2-am no-1-(4-
chlorophenyl)ethylcarbannyl) 1-(7H pyrrol o] 2, 3-d] pyri m
ivirur ﬁl%geﬁ]mfrlmldm -4-
vDﬁmkuﬂhnmnmnﬂxﬁhnﬁded at 25 C for 3 hours. The crude
product was purified by ion exchange 25
chr omat ogr aphy, using an ca@) um. The desired
product was eluted fromthel collum ysi ng 7M NH3/ MeOH
and pure fractions we Y apOy at to dryness. The
crude product WO 2008/ 04 563P 2008/ 050925 35 was
purified by prepar&ative”HPLC ( S XBridge Prep C18
OBD colum, 5).1 silica, 19 mmdijaneter, 100 mm
| ength), using decreasingly pol ures of water
(contai ning 1% NH3) and MeCN ag| el Fractions
cont ai ni ng the desired conpound Nevaporated to
dryness. This material was then furtfer purified by
fla S t '
O%6h 7t %%e{rl]o%ﬁzlogﬁéz%gg RﬁﬂWRN ?ét%%&,&ogﬁlﬁg %Jtahugrobﬁosphate
(0. w @ \easaiddé(atrﬁdletpmmiﬁytb@S@eﬁ-but@f(fi@lﬂﬁbnylammo) 1-(7H- pyrr010[2 3-
0- 1- (4-¢chl orophenyl ) et h 1-(7
dlparrlanfhz %%Plajfrb%}m ﬁ1¢a¥hﬁ>xzillw)1?ol GnRR 43/ &(L}%lo&)ah(ge
hiBpR e gmghiTD 095 Bfdpipia fo 02 M WRLA #0130 25°C
chiRRp ey g %ﬁn il ﬁ H§a
undyr nitloge. TheZe@Btn@QsH;lutr@n, W, s'n?red a26(8’63 ibﬁﬂ-l,hom)s, T]ih drade product
waé%%ﬁqs%ttylﬁn%%ghange %lgognftql’grag%h’y, é's'iriggari %_é?(df ugnn7 T% desired product
wad eldted(Zdth (1Y oolumBRsing 7Nk tih/ MBOH §nd1§u1€ Hﬂct@ﬁ& W§e é‘lﬂpora‘[ed
1H, s 11.62 (1H, s) M5 nle M+ 414, anmpl e
to rsylesa— lamwdﬁmatﬁﬂaj WRE (hrn (#atsh vothopHBh ydlatipy |D15 TliA(lfrBCrM (10
mLé ana) rs‘nu*red gf AN rB 6 nﬁ%eratglrenfé)r% hglérrsb(le)l(e cruge product was purified by ion
exchange chromatography, using an SCX column. The desired product was eluted from the

column using 7N ammonia/MeOH and pure fractions were evaporated to dryness. This
material was purified by preparative LCMS using decreasingly polar mixtures of water
(containing 1% ammonia) and MeCN as eluents. Fractions containing the desired
compound were evaporated to dryness to afford 4-amino-N-(1-(4-chlorophenyl)propyl)-1-
(7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidine-4-carboxamide as a white solid (0.138 g, 66.8
%).

"H NMR (400.13 MHz, DMSO-de) & 0.87 (3H, t), 1.42 - 1.55 (2H, m), 1.72 - 1.79 (2H, m),
1.91-2.05 (2H, 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 (1H, dd), 7.32 - 7.37 (4H, m), 8.31 (1H, d), 8.12 (1H, s).

MS m/e MH" 413.
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NH2 CI \ N H Trifluoroacetic acid (2 nL, 25.96 mmol)
was added to (5)-tert-butyl (4-(1-(4-
w@ bdoonephenyl ) et hyl car banoyl) - 1- ( 7H pyr r ol o[ 2, BeGBR008/050925
i di n-4-yl)piperidin-4- yl)methyl carbamate
(Internediate 13) (0.257 g, 4 5 mmol) in DCM (20 nl)
at 25C. The 20resulting solution was stirred at 25C
for 1 hour. The crude product was purified by ion

ExEHpRANAC £d'5 BIRY A5 ARMYN- (S s B prértS 1{pRb i1 - (T €y rrolo2.3-

ucsriTeu product vwas cSrutcu T OIrtne COrurmtr ust Tty 7ivi

d]p\ich idi-H-vdpdp @ridia e 4 @b b xnsideand (BY-panmoeN- (1464-

de product. was purified as
(11 ,u rol 2. 3-¢ n_;_- '_a_f‘ Ky D li oxamide

anm)nl a/ I\/EOH i R DCM Pure fractions ywere evaporated to

dryness to afford ( a
25( ani nonmet X Niehl or ophepyd ) st hyH) - iy 7H- pyrr
ol o[ 2, 3-d] p i dith- 1) pi peri g 4- Garoxani de

(0.095 g6 % as.a ite sg 36 1k NMR (400. 13
M—|z,Dl\/ISOd6)6139 3H, d), 1.43 - 1.50 (A ),
2.05 - 2.14 (2H, (2H, s), 3.37 - 3\47 (2H,
n),420-425(2H Ml Doe - 504 (1H 1) [ 6365

(1H, d), 7.15 (1H, d% 87 (4H, s), 8. 11 \IH~),
8.49 (1H, d), 11.61 (1H, 'S). MS me M 413. 5 HExanpl e

Raﬁe-néiﬁi“haon?iﬁi"&“('ﬁ‘f' PSP YAl rsolsle 1 g5y

yl)pipediah'iha Adartaixamycte (mxdnnﬂe%)(xkzasppmé‘red dbnyrpeepﬁmsze ebitalrtBleC. The
fl t d I

fraﬁ&@é &O%trafnf%; e ggﬁ%%ﬁmﬁoﬁﬁzwew eaﬁleﬁmf@a Mgﬁ@gs t0 afford Tsomer 1

(first to elute, 41 mg) as a white solid, and Isomer 2 (second to elute, 41 mg) as a white

solid. Analytical data was identical to the original sample. Chiral analytical HPLC analysis
(using a 20pm Chiralpak AS (250mm x 4.6mm) column, with an eluent mixture of iso-
hexane/(EtOH/MeOH 50/50)/TEA 90/10/0.1, 1 mL/min at 25°C, injecting 10ul of a
Img/mL solution in EtOH) showed each enantiomer to be distinct from each other and

enantiomerically pure (e.e. = 100%).

Example 4: 4-amino-N-((4-chlorophenvl)(cvclopropvDmethvD-1-(7H-pvrrolo]2.3-

d]pvrimidin-4-yDpiperidine-4-carboxamide

Cl

o0

Xy g
O-(7-Azabenzotriazol-1-yl)-N,N,N',N'-tetramethyluronium hexafluorophosphate

(0.228 g) was added to 4-(tert-butoxycarbonylamino)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-

yl)piperidine-4-carboxylic acid (Intermediate 1) (0.181 g), (4-
chlorophenyl)(cyclopropyl)methanamine (Intermediate 3) (0.091 g) and DIPEA (0.261
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(e}
hydr oxybut yl car banoyl1) - 1- (7H pyrrol o[ 2, 3-d] pyri mdin-4
WO ydoppi3es i di n-4-yl carbamate (I nternedi ate 17)prPC1¢B2008/050925
0.26 mmol) at 20 C and the resulting solution stirred
for 1 hour. The solution wasy4hen diluted wth
nmet hanol, applied to a 1Oy SCX colum and eluted with
nmet hanol followed by 2N NH3/ MeOH. Fractions contai ni ng

o ROATS (S5 S5 10 SRRSO 50, P YRR 0

crudd i3r<ma wad punified By .idmresdhbn gechrdiBatopraghy nmsingran SKIX) cdilmnn The

desl(lr@ ocf’?uﬁ‘g us %[%e&l&é);)? S n%éwsglg?@?@ﬁéﬁa%ﬁe&& :ilrtglrglre fractions
wefc $ ngﬁ)rﬁ’[eﬁgo Hﬂf?legse ¥ hfs%%cfé%@ﬂi‘ﬁ%é@’%ﬁﬁ)eﬁé(&pﬁircﬁélﬁgohf%thane (25

ss to afford 4-am no- N
mlg Mmirfqun ényl) was hgdhdoTho may@n I]_ll)(tl?ﬂel-VW istiokd fat, 13had} pglren the

d d
erug g O] YR S8 P HTEN R 959P B0 3 A SuBEs ugh. The
desg-rea %r%(})u@t wis él&ﬂé’d fiBin thd c@ﬁlmn 11&1%7](] &idmomla/MEOPPand phur®Bactions

50 - 3.58 ,
WEEE Qy',lporatq:dztg d(}glp[ss tﬁ)affm(cpl th@ crud@ nrgerfal s a m)hnegsolgr,(g "l(hls-matenal was

tﬂt??fﬁd u&])%igr ﬁ%&?ﬂ%ﬁ}ﬂ tosgfve tﬁ%plﬁr{eéjr @%%4%%Hbﬁ)(%xgnglses

chl&‘bpﬁé@l)z&zclopropyl)methyl) 1-(7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidine-4-
S) 4-am no- N (1-(4-chlor ophenvl) 4- hvdr oxybutvl)-1-(7
Fi%&SZaS’hEF F‘?J (Onkediga 74 70) pi peri di ne- 4- car boxani de

B RO 051 s gy 112

(1Epym), idei- A 21 m)pEBB d2rie-(@H, mo.ar Doeatisie.56- 59 (2H, m), 4.15

(1 TR 2@7?@%@)&&5&-%@@2%4?%‘?9.1%0(1H, m), 7.35 - 7.40 (4H, m),

8 1%@!}@'{0?}/@4’”11,‘[ M)pﬁgﬁhr})ﬁ-sfl-- car boxam de (Internediate

hﬂthQ%ﬁd7E§pyrrolo[2 3- d]pyr|n1d|ne (0.490 g, 3.19
mmol ) in ethanol (15.96 nL) at 25C. The resulting
solution was stirred at 65C overnight. The crude

ExRm@HUS:14- it @ANaRY:ART oD (41 Bh1bEdFhen PN e tAYBPIOLH-Beriofo [ 2.3-

dryness The crude sol1d was then puritied Dy Ion

] 4-vipiperidinendqaihoxamideg an SCX- 2 col um. The

product was el uted fromgghe col um using 20% 7N

amoni a i n net hanol / Theocrude m xture was then
re-purified by flash silicalch ona&ggraphy (el uent

0-10% 7N anmmonia / M ' pure fractions

evaporated to drynes af f or

4- ani no- N- (1- (4- chl%r op enyl)- ~kydr oxybut y1) - 1- (7H

15pyrrol o[ 2, 3-d] pyrimdin-4-yl)p per|d| ne- 4- car boxam d
e (63.9 %9 (racennte) asaflneJ solid. The

racemate was chirally resolved rcritical flow

chromat ogr aphy (SFC) to afford t e p re enanti omers in

yields of 272ng (19% and 245nmg (17% respectively.
TrillherobhddR caprioB rmL)‘ wis duloitth teeteatriutyd de(2sanasap€ -(4dent i cal .

chigrophs ray%éioﬁ) anaf)w h?lzﬁ%)é“ﬁﬂloj[%);? gyrgpid %ﬂlﬁlye@m M

ylcgrbﬁgla{e%h'hteﬁﬂledr%te's@ ®: 553 g§ Zocdl 810@ -m3B) &tDRC Shhe résﬂﬂ-ng solution
75-4 d), 6.59 (1H,”s), 7.17 (1H
wag ;tlrrell 6385 (°¢I—for é}louls 1153 ¢rade projluct8vag pugfigd by idH, exghange

chr%métg)gﬁép y, us1ﬂg an §8§ %ﬁ)rﬁn hﬁe %esne%oéuc%bvas elu%d fjrqom the column

using 7M NH3/MeOH and pure fractions were evaporated to dryness. The crude product
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38 Exanpl e 8:
4-am no- N- (1- (4-chl orophenyl) - 2- hydr oxyet hyl ) - 1- ( 7H py

WO eabodBe8- di pyrim di n-4-ybpi peridi ne- 4- car bpEGBA®S/050925
HO O NNH2 IH tert-Butyl
4- (1-(4-chl orophenyl)-2- hydrgxyet hyl car banoyl) - 1- (7Hp
yrrol o[ 2, 3- 5d] pyri mdin-4-yl)piperidin-4-yl carbamate
(Internmediate 18) (137 ng, 0.27 mml) was treated with

wa% gﬁrﬁﬂi&ﬂﬁfu@%ﬁrhﬁv@ﬁbﬂc %fa@%r% XB-Flli%?_ﬁ’%p%igjaB\fﬁéolﬁﬁlhq 18lica, 19

room tenperature m xture was
mne dlpaenr| Hledmutaeh), usidy dedepiregs poler mbheres blidetep (MMmg 1%

i ed by iaon exchange chromat ography, using
NH g8 e&ﬁhﬁas PGS SERGOBS GRIL DA BRIOSHES COREOWBI AR oF gporated
to ABEAR! nﬁhs ﬁﬁ%ﬂ‘ﬁ@%Q@@leﬂ"ﬂﬁ&gﬁHWi)y ﬂa-gﬁesll@c%stﬂhfcﬁgatg%@% tlution

s eluted fromthe col utm using 2M amoni a |
gragdenh@ to 1 0% mektipunok c Amavnio(Td’) we DEMVRapo frattanhs weralewapesised to

t fford ) )
drypSssip AOR 4-2ming-NefP i pevdrfdashlosomiray BRY by T -RYreheledy
d] hﬁh@llh?4 BOpifdiRyihé-acdivdxdmidk)RiaRSIdudicfendn ROLOXAM40%),
R((ngg guant . ]% as a colourless crystalline solid. 1H

18 Mbiz, DIROIA6)1. 5 415D (2. 11 862H, i, g7 - 205
(2}? n%g (7%2’2 bt n‘@S%lS ﬁ%ﬁgsfggf‘“% 2%@(111&'5; 3 37 gﬁgfgﬂ? th), 4.70

(1}( 1}-|,6 ixr(le)i) TN542H; dY, 7138 (7132 (2M, m)77.38 -7.37. @8, (AH. 1M1 H, s),
(1H, s), 8.45 - 8.53 (1H, m), 11.64 (1H, s) mz
84(1f£§h3) t LHﬂS)415 HPLC tR = 1.57 nin. 39 Exanple

?{ 1>[/[Har?llno N- (1- (4-chl orophenyl) - 3- hydr oxypr opy1) - 1-(
7H- pyrrol 012, 3- di

EXEXI Henfly IS{14 (aleI?mgetlil ﬂ ﬁ-?i-?léi-cc:l?]roggp aerrrllv h(vﬁgf (7I-9fl)vrr(ﬂolz 3-

d]pvrimidin-4-yDpiperidine-4-carboxamide
= O

JoaTon
Cl
N@ﬁ
NS
NN

Trifluoroacetic acid (2 mL, 25.96 mmol) was added to (S)-tert-butyl (4-(1-(4-

chlorophenyl)ethylcarbamoyl)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidin-4-
yl)methylcarbamate (Intermediate 13) (0.257 g, 0.5 mmol) in DCM (20 mL) at 25°C. The
resulting solution was stirred at 25°C for 1 hour. The crude product was purified by ion
exchange chromatography, using an SCX column. The desired product was eluted from the
column using 7M NH3/MeOH and 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.
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HC1 (4Min D oxane) (3.00 nL, 12.00 mmmol) was added to
(S)-tert-butyl 4-(1-(4-
wa edbossphenyl) - 3- hydr oxypr opyl car banoyl) - 1- ( 7€ PGBR@IBO50925
[2,3-d] pyrimdin-4-yl)piperidin- 4-ylcarbamate
(I'nternediate 22) (1.27 g, 340 mmol) in
di chl oronet hane (20 nlL). The resulting suspensi on was
stirred at 20 C for 16 hours. The reaction m xture was
N p r
H RSB0 1S SRRSO [oa AP B0 LD @t e o
m);:ZJBQJ(ﬂH s5gl3 ﬂn SHT (4, m)],g Z(szblifami at), 4.960 5rosh (1Enot 6.55 (1H, d),
si ng de ng r mxtures o ter
718360 %H arng Ton k) (et et T ol e B 2ct i ons
M§&/FE1@1IHTI4qg'the deS| red conpound were purified by ion
exchange chromat ography, using an SCX colum. The
desired product was eluted fromthe colum using 7M
Ex NH3 O a

dlm&ﬂﬁmm@nﬁﬂén&nmb&awamhmw 3- d] pyrl m di n-4-yl) pi pe
ridrne-4-carboxam de (0.200 g, 1519.4 % as a white

solid. 1H NVR (399.9 Mz, "®DVBO-d6) 6 1.45 (2H, d),

1.86 (1H, d), 1.90 - 1.93 (4H, m, 2.19 (2H, s), 3.38

(2H, gq), 3.51 - 3.58 (2H my 4.35 - 4.38 (2H, m,

4.53 (1H, 0, 4.88 (1H, 8 58P(1H, t), 7.16 (1H, t),

7.32 - 7.38 (4H, n),CI.( }—t}!l NEg, 43 (1H, d), 11.63

(1H, s), mz (ESI+) (M-Fj+ HPLC tR = 1.46 nin.

40 Exanple 9 alternative route

(S)-4-am no-N-(1-(4-chl orophenyl - 3- hydr oxypropy1l) -

1- (7H pyrrol 012, 3-di pyri m di n- eri di ne- 4- car boxa

m de OH..----1 N- Et hylldi Lisopr opyl anine (1.676

m, 9.62 mvol) was added to (S)-¥%-ani no- N-(l (4-

schl orophenyl) - 3-h droxy ropylgﬂdﬁperl di ne- 4- car boxani d
Tridugropgasicrsigi @trel, 2596 wag adgeadp Jerbetyl 4- (1 (4-chlorophenyl)-4-

hy(ﬁ_{gr%n:&u%/lgar 5&1% rlctbﬁ[;%y{%]ﬁ%%y&]?g}u%?cglg lj‘I( piée% Sfihga%bamate

(Ine@snesliate 1yl 1a0 o) C. Zmﬁmbﬁ alnaa PS and e réﬁfhl@ﬁg @ihutionxdtivieg for 1
was diluted with Et0Ac and  wash

house i palnian Yyashen dwa%wﬂbz%etmol é‘ﬁﬁh%dat@@r la&gé‘d% epkygn and
enf byl G561 6, B, D CEHERRY SR
corobindé cponamitratedwgsvpporationechdoyurificalsty mepdratave HPLC (Waters
chr omat o | ution adi to 6% MeOH Wit X
xeiiled B O PBB caiytie, $im &R0 S Mt BoSr B pise Mogthy. using

dedﬂéa\éﬂ%ﬁﬁpé@r afxd@edor water (contajning 1% NH;) and MeCN as eluents. Fractions
am no- N- ( 1- (4- chl orophenyl) - 3- :hydr oxypropyl)-1-(

com&mWr‘[h@d@E@d gompound were evaporated to dryness to afford 4-amino-N-(1-(4-

chlﬁ;gpp%{l y%%—ﬁydr€§¥%ll{§ {YZ—F (%0[2%dﬁ)(})i)r(1%1nﬂcllm 4 §rl§p1pgi"1;c}me 3@
carbdxaiitio (sHhery 0. SS‘)Wdrdél@ﬁ@HéﬁhDébhh 1-(7H-pyrrol of 2, 3-d]
prlmdln 41\/Yl)p|per| - 4-
MR (399.902 MHz, DMSO) 6 1 28 1.51 (4H, m), 1.69 - 1.80 (2H, m), 1.90 - 2.03
(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, m),
6.59 (1H, m), 7.16 (1H, m), 7.36 (4H, m), 8.13 (1H, s), 8.33 (1H, d), 11.64 (1H, s).

MS m/e MH" 443,
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15car boxam de was stirred in ethyl acetate (7 nL) for

18 hours. The solid was collected by filtration,
woambedrses t h a smal |l anmount of ethyl acetate apdr/GBeeosn50925

oven dried at 55C for 18 hours to afford

(S)-4-am no-N-(1-(4-chl orophgnyl)-3-hydroxypropyl)-1-(

7Hpyrrol of 2, 3- d]pyrlnldln 4-y1) pi peri di ne-4-car boxam d

e (O 585 g, 42 @@ as a white solid. mz (ES+) ( MtH) +

0\ ,:_ DN K pYE by 1 )10
caﬁ“&%mﬂﬁﬁ s), 8.42 (1H, d), 11 62 (1H s) WO
= 20097 047563PCT/ GB2008/ 050925 41 Exangle alternative

route 2: 0 H
(S)-4-anino-hL(l-Zg-chlorophenyl)-3-h dr oxypropyl) -
1-(7H pyrrol 012, 3xdi pyri m di n- 4-ybpi p&y i ¢j ne- 4- car boxa
m de HO 2 N Hs NH
(S)-3-Am no- c
(Internedla )
one portith
4-(tert- butoxycarbony n1no) 1 (7FprrroIo 2 3-d] pyrim
i di n-4- yl)piperidi neF4- oxylic acid di ate
1) (4g, 11.07 mmol) dgd I PEA (5.80 i, 32| 1) in
DVA (40 ml). HATU (4. 613 g,112. 18 nmol ) wasNadd%d and
the resulting solution was stirred at 20C for 24

houP$PEAK2 8P @aatlﬁ&mmOJOtwseidmtOe‘va@umaNéél (ﬂ@huxr«)pi@ssl) -4-

hy rg%ug%l}péﬁndme 4 ar%t am1d% g%-q%{%l‘g zr1] g%&%@{' &y a%9 8’11%01 and 4-

chl6&O7Mip)yrrold)2, 3Qﬂgﬁﬂhmlﬂea(xoeu90\gas 1dmhr@dl) v ethady 63496 mL) at 25°c.
filtered and evaporated to afford crude product. The

The pasuléing selytier wiagstinsrs 3105 &g opgrnighh e srydeggoduct was analysed by

LCRY Qﬂ@év%?&% Mo dRIAES. OFh B Sl vias tferd gp@n%:eg'ﬁ V‘{)ﬁ Qxchange
amonl a Ure fractions were evaporated to

chrdmyitoessphanabing art $ICHt22eblwinh HT e pwdunce wad Ghiﬂf)d fram alid arlann using

butyl 4-(1-
209%%\5 SR P@E@%@gﬁlﬁéﬁ%@éﬁ h?%ﬁf%;ﬁlﬁé%ms deprppriifisdpnilash
s1l1(éeh %g&g&%gdﬂé/ RelftentloC R @B dma ¢ MYCRE ﬁPgCM)eana%hre fractions

as a white solid. (S)-tert-buty
eva@o(alec’(m) -dryvicss wpHEmg #)anBno-N-(1-(4-chlorophenyl)-4- hydroxybutyl) 1-(7H-

ey S B PR A P Bt R B s LB T o5 Tne

whete s@2. %he Wt maksPANG@d1 | Resdived %9@uﬁé}&1&anhbw®ﬁﬁbrﬂ%gmphy
($gédro en chloride in dioxane (7.69 m, 221.36 mol %

de diforrhée pergcnpeionees isyiphds @ﬁ%&mafﬂtﬂ‘ye)rﬂndt?éﬁ@@r(é Yo
reségctlﬁglﬁ/hﬂfg Mf{r ec‘ErE ‘fgreoo% grgl‘ﬁ%m"‘@ss gl&h&ﬂ by ion

¢olumm. The

HMRF(E@U Py MH!@DM@@) §|1U.48€p|4i (zquﬁm 4!501I m}pﬂ) nig78¢2%Vs), 1.92-
NH3/ MeOH and}gure fracti ons were evapor at ed

248f3Hemd - G Srloe vl Utk U B0 é’d41b§2Pb|Sb6a7r5a4 PQEIH. d).
6 ST, P U Ll P B R sGRR T apgy TPos s,

exd@ﬁg§a3|ngly pol ar n1xtures of water (containing 1%
and MeCN as eluents. Fractions containing the
M%@@M@H 4«flénﬂldglarﬁdliWelr@’é“!{%\por ated to 25dryness to
afford
(S)-4-am no-N-(1-(4-chl orophenyl)- 3-hydroxypropyl)-1-(
7H pyrrol of 2, 3-

2

S added in
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d] pyri m di n-4-y1) pi peridi ne-4-car boxam de (1.200 g,
25.3 %9 as a white solid. WO

wWQ 09006563 PCT/ GB2008/ 050925 42 ml z (ESt) (MO GB2008/050925
429; HPLC tR= 1.67 mn. 1H NNR mat ches previ ous.
Exanpl e 10:
N- ( 3- acet am do- 1- (4- chlorophenyl)propyl) 4-am no-1-(7H
-pyrrol 012, 3-

8. 4T il & A 4RI nfohﬂéni‘sﬁi-éln“vﬁ%’ﬁ?éﬁ{@ﬁfim pvrrglol2.3-

FOgcerlt Crl orrac (41iv L, 4= UOXxallc (V. 45U [IL

dluwhhi)dimafmﬂdﬂﬁﬂihe-ﬁ-(mrbemwe 4-

(3-acet am do- 1- (4-ch orogﬂpnyl)propylcarbannyl) 1-(7H

pyrrol o[ 2, 3-d] pyri m di n- yl ) pi peridin-4-yl carbamate

(I'nternmedi ate 28) (98 7 ) in DCM (4nL) at

20C. ioThe resulting s nsiw s stirred at 20 C

for 70 hours. The rea m xtlure was evaporated to

dryness. The crude product was rified by preparative

HPLC (Waters XTerra C18 col umy5)-4 silica, 19 mm

di ameter, 100 mmlength), using decreasingly polar

m xtures of water (containing 1% NHY) and MeCN as

el uents. Fractions containing the desired conmpound
tertaButyl é\(&p@-phlpg@hbmylﬁ-ﬁyryéwyttbyb;hfb@n@yl) 1-(7H-pyrrolo[2,3-

3-
AR BN A G Damas nsermediate 48) (117gps, 02 Ty was
tredtbdlivith 4ri BhorBAREE h&idNE nfl-). TRE QAN Wa ¢ikRd 8 MiourkBrdom
% as a white dry film 1H NVR (399.9 M, DVSO d6) 6

tenperggure] Tagzmixppe ws concepgaed pndeyreduced @re(sg_lme The cradeggroduct was

pu(égl 95@‘ b exE%n&% @rgm(a%%ap%}[ %sgng%s_ﬁ%%ol&% Te ré%é‘é tvas loaded

ont() it cathmn Tn dRtHakd, antl)wasKe Béith metB3Rol Aite dB@lredZ)rﬁ&hc( Wk eluted
8.13 (1H, s), 8.39 (1H s), 11.64 (1H, s)

from thp pplamugppingid ¥ apunqressinethlpnd eur&ftﬁctlmwﬁ Rvaporated to

B g e R L T o

dmyﬁnﬁmhpyymmpeﬂﬂn84dnﬂwkmnuﬁmm1Mﬁgb@mmmbaﬂan@ewmﬁacbmmﬂhw

sohrg. de d

"H NMR (399.9 MHz, DMSO-dq) § 1.40 - 1.49 (2H, m), 1.85 - 2.09 (2H, m), 3.48 - 3.69
(4H, m), 4.35 - 4.48 (2H, m), 4.72 - 4.81 (1H, m), 4.90 - 4,96 (1H, m), 6.58 (1H, br, s),
7.12 -7.18 (1H, m), 7.30 - 7.40 (4H, m), 8.13 (1H, s), 8.45 - 8.53 (1H, m), 11.64 (1H, s)
m/z (ESI+) (M+H)+ = 415; HPLC tg = 1.57 min.
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Hydrogen chloride (4Min 1, 4-dioxane, 1.01 nL, 4.05
mol ) was added to tert-butyl 4-(1-

w6 teboolises ophenyl) - 3- (di net hyl ami no) pr opyl car bp@oDgB26024050925
(7H pyrrol o[ 2, 3-d] pyri m di n- 4-
yl ) pi peridin-4-yl carbamate (Jgnternedi ate 34) (0.045 g,
0.08 mmol) in a mxture of DCM (5 nL) and net hanol (2
m.) at 22 C. The resulting solution was stirred at 22

Exgl:mfpi’er .9:](g)-ﬂgalfﬁiﬁoeﬁ:!?f-(.ﬂiﬁfl(lto%tﬁle%ﬁrﬁ“m&?ned:i)vﬂnﬂ( ”I—T—ﬁ)vrrololzs-

Festauc was pPurtrlreud Uy 1 U1 €XCTiallge Clil Ultat Ogl aplly,
d]psimigimA-\Ppipaddined-cafbexadeigie (E) pr oduct was el ut ed

fromthe colum io using 2 H3/ MeOH and pure

fractions were evaporated tp dryness to afford

4- am no- N( 1- (4-chl oropheny1\- 3- (di net hyl am no) propyl) -

1- (7H pyrrol o[ 2, 3-d] pyrigi dif-4-0

y1) pi peri di ne- 4-car bo 0. 034 g, 92 % as a

col ourl ess gum 1Hd 9. 92 *CcDC13) 6 1.57
(2H, m, 1.66 (2H, br.$), 1.81 (1H, n), 2.02 (1H, m,
2.18 (6H, s), 2.18 - 2.36 (4H, 3.67 (3H, m, 4.50
(2H, m, 5.00 (1H, dt), 6.52 (1HN15d) 7.05 (1H, d),
7.18 (2H, d), 7.29 (2H, d), 8. s), 9.07 (1H,
d), 9.61 (1H, s). M5 nfe MH+ 4 \

2009/ 047563PCT/ GB2008/ 050925 44 es 11A and 11B:

(S) - 4-am no- N- (1- (4-chl orophenyl) 3-H

i SHTSH B AL MOV RRY D pd bt RUC LRI O ST M L - ¢

chloR)phényd B Ih&iﬁ&x&}imbﬂlfgﬂbgmb?]pheﬂmﬁy@olé@Lﬁ&}p@ﬁhﬂﬁhmﬁ'wlpermm-
yrrol o

4'%?%‘%3;%}%@ &ﬂ&rmeﬂpqts &2) di He2. 2-4%ppeXdnidishloromethgpeR0mL). The
res_ﬁl}_iﬁg';ﬁb'e%l&}w(ls stfild0f 2BPeNY L) 6 Rord TIRUBYRAHRARE QRY fkered

throyghr P BF 2 fiBed)ipynd theebmdeéboyd)ms perifield hﬁplﬁépmanb@HBth(W aters

X1 L ReBbsh srcavan paie A s Bt R sigytccreasingly

olﬁ%%ﬂﬁnes BB WAQr RYRBHAH %O?FA)‘ Akl eCRIQ %ﬁfeﬁ&r ﬁﬁ@ﬂ@ns containing
el ution solvent 7:3 /| (EtOH + 0. 1% DEA) .

therl@alpqzﬂ@pmoané wereitri fmddyfion ewn@.nge ¢haromeilogta@hy,| wsorgem SCX
cola?lgt "ﬁ@q %éfrﬁ prq%gc nvcxj?\t)st I?l?[ecrl Foh ﬂg C(t)lrulmtnuurs?r}geﬁ/l%lll t)MeOH and pure
fraétuﬁ@w&@e &&a@&rai&rt@fdkﬁfe@mmfbld {D=4-gintrRt Ky(h amichRxSFHRAYA)3-
hyc{rvwmgwlbﬂd?lzl 31| gy Srdpwimidn-g o)l hiiseiding-frearhoxanige LA AP0 2,
945 550 R g, g s I 28R
1.98.-Q293(@H, nty) 2. 19624,%), Y BH2E )y, 25143 62K H ), 435561 R6EH, m),
459050 04808, 8980 m . 336l 0™ As SR, €1 1m, o), 843
(1H, d), 11.63 (1H, s), m/z (ESI+) (M+H)+ = 429; HPLC tR = 1.46 min.
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(1H, dd), 7.33 (2H, d), 7.37 (2H, d), 8.13 (1H, s),

8.61 (1H, d), 11.63 (1H, s). M5 nmle MH 456.5. The
wapmooprssat e fractions for the second el uted iBOEB2008/050925

wer e evaporated and the residue triturated with

di ethyl ether to give 4-am ngy N-(1-(4-chlorophenyl)-3-

20( di net hyl am no) propyl)-1-(7H pyrrol o[ 2, 3-d] pyri m di n

-4-yl) pi perldl ne- 4- car boxam de (43 ng, 19% as a white

Ry

1- (VHH}VI’&‘M,OIB3-ﬂﬁ)x(rﬁH1dlﬂdd\}l)mﬂeﬁﬂlné2ﬂ-barﬂdﬂﬂmld@ 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),y 11.63 (1H, s). 25 M5
e Mt 456.4, 458.4 WO 20087 047563PCT/ GB2008/ 050925
45 Exanple 12:

4- (am nonet hyl ) - N- (& | orBp yHl) - 3- hydr oxypr opyl)

-1-(7Hpyrrol 012, 3-di pyri m di n- 4¢ybpi peri di ne-4-car boxa

m de

0- (7- Azabenzotriazol -1-y1)-N, N, NY, N -tetranet hyl ur oni u

m hexaf | uor ophosphate (106 ny, '| \mml) was added

to

4- ((tert-butoxycarbonyl ami no) methy| H1-(7Hpyrrolo[2,3

- d] pyri mdin-4-yl)piperidine-4- carboxyl ic acid
N-Ethptdésoprdpydbmintd) . 6(7&&0 9@2 niindy wasradded am (5)-4-amino-N-(1-(4-

N, N-di i sopr yleth 5nm, 0,32 1) in NMVP
Chle@PH@}yl)a?-% gl é‘/Pr?Hlél i ”t“f'g' éaelxamrd&r(%gn Mer%’a (48,321
mnaf) fnd REhdR- W{q%a%ﬁ)[ﬁh ‘2199 B®Mtmmol) in butan-1-ol (15

tenperature. 3- no3- chI oro phenyl”) pr opan- 1- ol

ml). Mhe eesoittigabkitipg vag 4@1:r6d ateh0°0 .1ar71 imapiry. Tha scamti de chistgreavas

10 SHEDED P s L

bn@@@@dngp d'ht Besaniodh: jfr@va&bkféﬁMgS@E Ardd dn@revaporated to afford
further 24 hours. The m xture was concentrated and the

crude pragyet. Was civde Pfqdélﬁt Wy nusiticesbu el ailien lynamatngr abbiyslution

gra%i§ npg 5e%c 0%%) umm U S ng Eg%}g ?)};\W’I\Eb{@ rﬁ%gﬁ)g%%\@% eg@kﬁ%gd g) dryness

to 41fure ($)r Aainians- (\A/e(mebhﬁatapmhgxt)edhydao;cgrpycﬁm)slJ(mcpfyfrordﬂz 3-
crude 15 product. The crude gr oduct was purified

dIpyFigpdinz-yNipeilive-¢athoxamids (3 iRy P epv nisoampDai- %ﬁ’rﬁlO-N -(1-
Sapuriagih iR B I
hbid)mida o ab/siEhedan ediyl ecdtate (Fna tfororshaon tfae solgywhheollected by
ﬁlt%%%éﬁ%@%p@%] S%N,_ a&gc(@\t/ gp etilalt aecgtatteoan%r%rc]gusnﬁ ogfgn flefdoa{t%SOC for
18 ﬁ&h@ Fﬁ&ﬂg&%g% 4gaxerg?f&ilﬁ\ﬁeg@faﬂarla})hehy(ﬁjﬂhyafrbi%r@ﬁﬁ) 3=(hpyr
pyrr010[2 3-d]Jpyrimidin-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-d¢) 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 (1H, 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)
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20car boxam de (0.095 g, 81 % as a white solid. 1H NWR

(399.902 MHz, DVMBO 6 1.47 (2H, n), 1.80 - 1.96 (2H
WOR9A4B83 (2H, m, 2.69 (1H, s), 3.27 - 3.45 (PEE/GBR008/050925

4.26 (2H, ddd), 5.02 (1H, dd), 6.56 (1H, d), 7.15 (1H

d), 7.33 -7.39 (4H, m), 8.12(1H s), 8.44 (1H d),

11.63 (1H, s). M5 mie M+ 556 46 Exanple 13:

4-am no- N- (1- (4-chl oropheny1) - 3- hydr oxypropyl1) - 1- (7Hp

Exifnpfd i‘iﬁé?&% rﬁg 214 Dad

1-(THrpvribolio}2.3 4§ virithitlin 1l dlyjsip vdding }4-Grrboxamide
5hydr oxypr opyl car banoy 5 1-(7H pyrrol o[ 2, 3-d] pyrim din
-4-yl)piperidin-4-ylcarbamate (Internediate 36) (175
ng, 0.33 mmol) in dichloronetane (7 nlL) under argon.
The resulting solution was sti reﬁHat 20C for 16
hours. The sol vents were n vacuo and the
reaction m xture was peF\fied|by preparative HPLC
using a Waters X-Bri dg ver segphase colum (C 18, 5
mcrons silica, 19 nm 100 mmlength) with 10
decreasi ngly pol ar naixtures of (containing 0.2%
amoni um car bonat e) and aceto i\tri | e/as el uent. The
pure fractions were evaporated™k yness to afford
4- am no- N(1- (4-chl orophenyl) - 3- hydr oxypropy1) - 1- (7H py

(S)L3- Ahﬁﬁ@al’(ﬂﬂh[t%}bl{@n?l)ﬂ\?ﬁaﬁil)oﬂ) (RRéinlddife 47 N?Qezamiaog am@eanmol) was
(99 nm, % ite powder. 1H N

ad@ﬂg@o@@por@on 1@$-(tent-psoxyRerbonylaminog- - (7H1p3g‘y_0(1@[2|21¢} d}]pyr1m1d1n -4-

2. 25..(2H,

yl)ﬁlp%%dlg Cfﬁ 0(%?_‘5 a%ﬁ (Ignietgn}é(% %ﬁ lﬁ(ﬁig, %l%g'}m(lipl (I#ﬁﬂ%Ag% 80 ml,

33. QO Hlm(ﬁi) 1n IBMIG (4004). H)A.TU7(436l3 g, 1238 rhrhbl) vV@s,adSe(ﬂeind(thHresultmg
8.45 (1H, d) (1H, s). mz (ESI+) (MH)+

solgz(gl Wp.p}:[@qdpqt 20 ﬁ @g 2fhhﬁurs ﬂye @%gt,aﬁﬂ gixjure was evaporated to dryness

Y/
g L e DA B
saturated brine (50 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 2 to 6% MeOH with ammonia in DCM. Pure fractions were evaporated to
dryness and triturated with dioxane (40ml) to afford (S)-tert-butyl 4-(1-(4-chlorophenyl)-3-
hydroxypropylcarbamoyl)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidin-4-ylcarbamate
(Intermediate 22) (4.82 g, 82 %) as a white solid. (S)-tert-butyl 4-(1-(4-chlorophenyl)-3-
hydroxypropylcarbamoyl)-1-(7H-pyrrolo[2,3-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%
NHj3) 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-yl)piperidine-4-carboxamide (1.200 g, 25.3 %) as a white solid.



10

15

20

Trifluoroacetic acid (0.05 nL) was added to a stirred
suspension of tert-butyl 4-(3-
wGm007583 (4- chl or ophenyl ) propyl car banoyl) - 1- (F&F/pBR0081050925
0 [2,3 -d]pyrimdin-4-yl)piperidin- 4-ylcarbanmate
(Intermediate 38) (7.0 ng) i/» DCM (1 nL) under argon
at 25C. The resulting suspension was stirred at 25C
for 2 days. The reaction m xture was evaporated to
tre  af salt of
nﬂgb%ﬁszﬁﬂﬁggs‘gﬁ{%%ﬁ“ %ﬁjcﬁfﬁfophenyl)propyl) 1-
"H (NMR pyatetaks @FR4i@ssd] pyri mi di n-4-yl) pi peri di ne- 4- car boxam
ide as a partially solid oil (13.0 iong). 1H NWR (500
MHz, DMSO-d6) 6 1.86 (1H, d), 2.01 (2H, m, 2.08 (1H,

Exﬂ?hp?e ok N- ?ﬁacéﬂmld’% §?4-Qﬂﬂromenvﬁp§§p\(lﬂ-ﬂanﬁho 13L7@ﬂ-p(712116|lol2 3-

63 ( ZH, 5.0Z2 (1IH, qd), ©0.82 (IH, 5), 7.3
ﬂEﬂﬁnﬂmﬁjﬂmnﬂmmhﬁﬁﬂﬁﬂQEME2H d), 7.93 (3H, s b”

8.32 (1H, s), 8.59 (3H, s br), 8.96 (1H d). MS me
M 428. 15 Exanpl e 15:
(R)-4-anino-N—(1-(4rchIproH empl) - 3- hydr oxypropy1) - 1- (

was added to (R)-tert- NH
4-(i-(420chl or ophenyn ydridxyps opyl car banoy1) - 1- ( 7H
-pyrrol o[ 2,3-d] pyrimdin-4-yl)pipeRidin- 4-yl carbamate

(Intermedi ate 42) (0.160 g, 0.3 [) in DCM (3 nl).
The resulting 48 suspension was|stirred at 20 C for 3
hours. The reaction m xture wasy rated. The crude
product was purified by prepard\. LC (Waters

XTerra C18 columm, 5i.tmsilica,NT9 ffm di aneter, 100
mm | engt h), using decreasingly polar m xtures of water
Hy(legph ahloiidg (4M) anbiieganaiiel43eaN, &52ehmen twas aldacibitandutyl 4-

containing the desired conpound were 5 evaporated t.o
(3- Wy@gg lr(@-chdgrgphenyl)propylcarbamoyl)-1-(7H-pyrrolo[2,3 a]pyrmndm 4-

yl)% Eéncﬁn@ml@&b%ﬁt% éﬁﬁeﬁhb&&% @81}11630 hy syt 19@)(41%41&%) at 20°C.

pyrrolo[ 2,3 pyrimd i peri di ne-4-car boxam
The dsultidg @ﬁspegsloﬁiﬁfas st%edaaz 28 °whot @0 balrs.dlhelrbhd{OR {1388 Fas

evafogféed(DNary efﬁu j}(IPCH}ﬁ w)a%plér-yfs e(dl‘t&' prpyar&%veé]’éﬁ]?% I_(|Waters

XT¢hra (,48%11111%{"5 C&)hca"rl dﬁﬁm{ dimed, 10@ 119?1% lél%l.’lh) Hing @eé@asmgly polar
(1H, t), 105 , 7.32 -

mu(tmqs oﬁyvateg ((znglte(ulmg 1&@ N mar@lg\/lg@N as @)uen‘@ Eﬁagﬁ@ﬂse:on*qmmg the

HPL

Ry Sl IR e nteh R Bl P S TR 451 012

chlo@phéliy| RyspyM-4liafridh-y 0 PH s Eioth[ D8- d@pﬁﬂhm&aml)ﬂ)@)erlﬂﬁle 4-

carboxamide (15.00 mg, 18.5 %) as a white dry film. 1H NMR (399.9 MHz, DMSO-d6) 6

1.42 -1.47 (2H, m), 1.79 (3H, s), 1.85 (1H, t), 1.89 - 1.93 (1H, m), 2.10 (2H, s), 3.00 (2H,

t), 3.55 (2H, d), 4.36 - 4.40 (2H, m), 4.80 (1H, d), 6.58 - 6.60 (1H, m), 7.16 (1H, t), 7.34 -

7.39 (4H, m), 7.80 (1H, t), 8.13 (1H, s), 8.39 (1H, s), 11.64 (1H, s) No visible NH2. m/z

(ESI+) (M+H)+ = 470; HPLC (R = 1.56 min.
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0- (7-azabenzotriazol -1-y1)-N,N,N , N -tetranet hyl uroni u
wondwenafskaior ophosphate (0.418 g, 1.10 nmol ) waBCEdBews/050925

in one portion to

4- (tert-butoxycarbonyl am no)s31- (7Hpyrrol of 2, 3-d] pyri mi

di n-4-yl ) pi peridi ne-4-carboxylic acid (Internediate 1)

(0.361 g, 1 mol), (R -1-(4-chlorophenyl)ethanam ne

ExBpdoft: X-a Q0! ?Rh)ch?o?gn%%- I-g&’in?e%@%rinéﬂ_r@ﬁﬁl-g7ﬂ-

mror ) 171 UivR (LU 1TL) al £ f

pyreil Bid]gvealidin-by)pheridine-4-earbaixatdde f or 4 hours. The
crude product was purified by %Fn exchange
chr omat ogr aphy, using an SC um. The desired
product was eluted fromthe um using 7N
anmmoni a/ MeOH and pure ) ' were evaporated to
dryness. The crude materi a\wa$ treated with a 10%
solution of TFA in DCM (5 nij Rpeistirred at room
tenperature. The 25 crude proglct was purified by ion

exchange chronmat ography, usin SCX col um. The

desi red product was el uted fro the col um using 7N
amoni a/ MeOH and pure fracti e evaporated to
dryness. The crude product wa ¥fied by preparative

LCMS using 49 decreasingly polar1ﬁ1xtures of water

Hy rco%?rtl zf:‘hlo 189 éﬁ\é dgg:)cﬁe Oa)ﬂg’oggloﬁdcw S el %vnatsf gfle[:c{ rt% ’%71 4-(1-

apo €d t o

(4- dﬂyﬂ;@ﬁényﬂp3-Q(ﬂﬂr@t@la(tﬁho)’b‘ropylcarbamoyl) 1 -(7H-pyrrolo[2,3-d]pyrimidin-4-
m no- N- ( £4 chl or ophenyl (7H pyrrol o[ 2, 3-d
A

yDppPTdr e 911‘1)1t|§|(BEtFT‘H?‘Héte434) éép%&,aﬂ%@n(@ ) ipmixture of DCM

 Fdnefigd GG o7 G TS MG Gyor 1o

hows.19hd ﬁ]lﬂ;tuﬁ:)was&véﬁoratea ah8 tl(e?rblsldlm?) wadpiddied b4.143 exchlange

, 4. -4.91 59
chrg?)T Y, Hlﬁll’lg an éék( r%mgg -T?lﬁ ﬁesqpfi pr@é@éwg& p_}utegl)fl rong tlgtdsolumn
usn(lém NHB/NIQOI@ 2nd Hﬂ’e f?‘a)cﬂoﬁ@w&‘e %V%&t@@% dI‘}'QCSE)E@QﬂJ)I% 413m1n0-N-

(am nonet hyl) 1- (4-chl or ophenybét hyl ) -
(1 Wr dtlorbzh@myl)dlﬁ (cbmethyilmmc))@roqiy)lblJp&hpdrrnb{lmﬁmtmmlm éie

yl)@%?@%ﬁ%%-ﬂlcglﬁa%%%z%)’({)@g? 5193 %) as alc%lo\{\llagssag%(rjned to a

1HZoEIR! GH9PDE W2, @[btylb) 64 WQHOHQ 66k el . 5112(131 m), 2.02 (1H,
Lg yrim din-4- % f eri di ne-4- carboxam d

m)(?t EthediZal&- 2 ?( He8), g7 (BH1 1)l §2H,|nm) étOHe(ihHl dy.3052 (1H,

[ ( ) h
. R0 TR LB DR 4 s 1 9, 207 U o Bac
hﬂyﬂﬂfwﬁﬁqballoon of hydrogen and stirred for 36 hours.
The reaction mxture was filtered through celite and
the sol vent evaporated to dryness. The crude product
was purified by 20 flash silica chromatography,
elution gradient 0 to 10% 7N amoni a/ MeOH in DCM Pure
fractions were evaporated to dryness to afford
(R) -4-(am nonet hyl ) - N-(1-(4-
chl or ophenyl )ethyl)-1-(7Hpyrro lo [2,3
-d]pyrimdin-4-yl)p ip eridine-4-c arb oxam de (276
ng, 58.6 %9 as a white solid. 1H NVR (400 WMHz, DVMSO 6
1.38 (3H, d), 1.41 - 1.51 (2H, m, 1.61 (2H, s), 2.09
(2H,
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25d), 2.68 (2H, s), 3.37 - 3.50 (2H, m, 4.18 -4.28
(2H, m, 4.95 - 5.04 (1H, m, 6.56 (1H, d), 7.15 (1H,
W@ 200904263 - 7.50 (4H, m, 8.11 (1H, s), 8.52 (BER/GBR008/050925
11.66 (1H, s). MS me MH 413. WO
2009/ 047563PCT/ GB2008/ 050925450 Exanpl e 18:
(S)-4-am no-N-(1-(4-cyanophenyl) - 3-hydroxypropyl)-1-(7
H pyrrol 012, 3- dl

(dlﬁiefﬁxﬂimmt(ﬁ)vl%l) (TH-95rrole[2 B-d[byoimidin-4- whipipatith de-4n

one portlon tO
carpoxamige ang d

t et ranet hyl uloni u
mol ) was adg}%d ang
at 20 C for 24 houhg
evaporated to io drPyn Ht hen di | ut ediw
m.), and washed sequenthally with wate 0 nm.) and
saturated brine (50 zi% The organic 1§ was dried

over MgsSH, filtered d evaporated to ford crude
product. The crude py was purifiedQy flash
silica chromatography, gl upion gradieny 2t6\6%I\/EOH

W th ammonia i n DCM regfractlons we aporated to
dryness to afford (S)-tert-butyl

Lo Rt HARARRSNY 14 Chlorophend)-3-(dimethylanging propy)- 1711

pyteldf2y3 )ihjyplmldRil-élf}ylé}plphndlnMFmt‘t&)x@ﬁ&lk (iﬁl}amcpﬂie m)xg3amgald.5l

m#@%{wg&éﬁ%@ﬁaﬁtﬁé‘e” Yp@# #Iﬁ‘r f gﬁ)"@g %ﬁﬁqﬁwﬂ using

sufercH kRl REH Mo tfo R plﬂﬂ@ﬁ §‘ol(/a1@ ﬁdﬁgﬁ'\)f@@l m@joll% D¥S). The

suspended i n di oxane (5.00 hydr ogen
appehprogte Grectioms dproke fiest @@lteﬂasomtr w@g ctapomatod ?HChfdid echidurhgturated

with ST el TR p S o B P PR Bl b RS Lt PR e -1

(7}@5&@81@[pgrdwlymdu§4?gp@;@rléﬁ%malrwﬁamldm9 I2r5%j as a white
product was eluted fromthe col um using 3.

solghmoni a/ MeOH and pure fractions were evapor at ed to

VRS 000 SuiB] FMSh) W1 QR0 ARHI 1 kB RS ATEDAL B} HE
2. 121l6m)djz ametier), 31{H)(2Hml:l@)ngt3l9)(2Hu6dd),g4 @ECII’IE&B) 6@|8)(1H céd) 7.16
t t t % 2
St 0 Ohene el bbb Al MalTaB uhd 1 GaETLY 2"

MSC dsyere evaporated to dryness to afford
(S; 4-am no- N- (1- (4- cyanophenyl) - 3- hydr oxypropyl) - 1-
ThiN 200t O A ISEBRCT tEB2G08A OBORASorbdr were evaporated and the residue

triturated with diethyl ether to give 4-amino-N-(1-(4-chlorophenyl)-3-

afluoroonspha‘ 463 ny, 1.22
rberresulu soI on was stirred
he react/l on™ xt e was
t kyEt OAc (300

(dimethylamino)propyl)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidine-4-carboxamide (43
mg, 19%) as a white solid.

IH 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 (2H, ddd), 4.39 (2H, 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/c MH" 456.4, 458.4
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(7H pyrrol o[ 2, 3-d] pyri m di n-4-yl ) pi peri di ne-4-car boxam

ide (70.0 ng, 15.1 %9 as a white solid. 1H NMR (400.13
wOkmI/NDFED d6) 6 1.36 - 1.47 (2H, m, 1.80 - 2rON/GE4dd8/050925

m, 2.17 (2H, s), 3.39 (2H, q), 3.52 - 3.59 (2H, m,

4.34 - 4.40 (2H, m, 4.58 (43 t), 4.94 (1H, s), 6.57

(1H, 5d), 7.15 (1H, d), 7.50 (2H, d), 7.76 - 7.79 (2H

d), 8.12 (1H s) 8 52 (1H, s), 11.61 (1H, s). Ms nle

pvirohd{2.B- d]ﬂvrlmldln 4-yl)piperidine-4- carboxamlde
chl oropheny1l) - 3- hydr oxypropyl ) pj peri di ne- 4- car boxam de
™H----- 1d \ NHio PEA (0.670 nL, 3.85
mol ) was added to (S)-4-ant N- (1- (4-chl orophenyl) -
3- hydr oxypr opyl ) pi per ixgi c/ar boxam de (I nternediate
49) (400 ng, 1.28 nmol)
5- brono-4-chl oro- 7H pyrrol of
(I nternmedi ate 50) (298 ng, 1.
m.). The resulting solution
hours. The reaction 15 m xture
(50 nm), and washed sequentla
and saturated brine (25 nL).
dried over M504, filtered an 'v.morated to afford
crude product. The crude product was purified by flash

O- @ZLAkeﬁ)%nﬁﬂﬁmtl %Q{)émm I\?Jtéﬁah{%'fh}gﬁt%ﬂiuﬁf‘ﬁexgﬂﬁé’roﬁ%SM%QLE' (106 mg,

amonia in product was then purif
0.28 rnetpa]ﬁ atak weddadRb@- ((wﬁtlen@yxarbpmgl@mmoemGME leBbl- pxmrazlnﬁl 3-

rghipulet Ry bGP RrERTh Cleig eI e TPty U Eftmmon) and
N, uReYrapyeddiaMeddN 0205 5eh U018 B mnkd] piat NN OIPS(5 60N} ARRICQIThd@sulting

desired conpound were evaporated to dryness and
solptien wpsttepdvit 66 “difert ymingtas dhen; gooledfte appbient temperature. 3-Amino-

(Q %h[o%o;ﬁ'@]aflgp ipéni -%hﬁﬁerﬁd@:ﬁ 2 o@[genﬁ) %7 Hl)rln rl%\))(vas add89 asa

solht)qm nexMei (2 enIA)anartb@m@tmﬂeNz(s%ﬁn@d ag22 H(Ofc& l%hoaﬁs aM HCl in
dlo\gc\’g]rliet eglsﬂcg)lz‘;ygs qﬂdeg fnc% Ellel}'nl\{?t@g gvgg p_‘prré\g_gt 22°g zfor a g.lr@@r %ﬁ |1purs The
mlfﬁne \;v?’as?tz)ncerﬁr’a‘?e‘?a aglg "1:16 f&l’dug’ ig_-lpﬁ@%d 15?) ron%xél“anéé- gfl?rogl?atzography,
usnjgh.-h SEX, cobumi. @hwesdr)ed Pﬂﬁﬁu@@w@sldﬂ,lted fronme wbkemm-ﬂsirﬁgm).% (M

| 20: )
NHe & Ve M e ppre fpgiogp B DA s dp dRpgidpgiprdempde
prodliBy I ARO Ayl A0 b pHBRIBFE LML Wa G ANOINagS ep C18

OBD column, 5p s111ca 19 mm diameter, 100 mm length), using decreasingly polar

-d] pyri m di ne

) in butan-I-ol (6

tirred at 60C for 18

s diluted with Et0Ac

with water (25 ni)
gani c | ayer was

mixtures of water (containing 1% NH3) and MeCN as eluents. Fractions containing the
desired compound were evaporated to dryness to afford 4-(aminomethyl)-N-(1-(4-
chlorophenyl)-3-hydroxypropyl)-1-(7H-pyrrolo[2,3-d |pyrimidin-4-yl)piperidine-4-
carboxamide (0.095 g, 81 %) as a white solid.

IH NMR (399.902 MHz, DMSO) & 1.47 (2H, m), 1.80 - 1.96 (2H, m), 2.09 (2H, m), 2.69
(1H, s), 3.27 - 3.45 (4H, m), 4.26 (2H, ddd), 5.02 (1H, dd), 6.56 (1H, d), 7.15 (1H, d), 7.33
-7.39 (4H, m), 8.12 (1H, s), 8.44 (1H, d), 11.63 (1H, s).

MS m/c MH" 556



: "Ni NHDPEA (0.419 niL, 2.41 mvol) was added to
(S) 4-am no- N- (1- (4-chl orophenyl)- 10

W@ 20vgadu383y pr opyl ) pi peri di ne- 4- car boxam de (| ntBCTEBR@BH50925
49) (250 ng, 0.80 mmol) and
4-chl oro- 1Hpyrazol o[ 3, 4-d] py i m dine (124 ng, 0.80
mol) in butan-I-ol (5 nmL). The resulting solution was
stirred at 60 C for 6 hours. The reaction m xture was

Engnllgﬁe_[ﬁg 4%&1@%34&%%%&nﬁﬁﬁ-hwaﬁ&%‘ﬂr&&gE :g; i%r¥olo|2,3-

L) alld sat ul at €u DITTIE (£

d|priyaidie-4hd)pipenidine-drdaebloaumideMy504, filtered and
evaporated to afford crude B oduct. 15The crude
product was purified by flash silica chromatography,
elution gradient 0 to 6% MeB W|th ammoni a in DCM
Pure fractions were ev

dryness and
triturated with dieth afi,or d
(S) - 4- ami no- N- ( 1- (4¢chNe pheﬂy 3- hydroxypropyl) 1-(
1H
pyrazol o[ 3, 4-d] pyrimdin-4-yl)p i di ne-4-carboxam de
(112 ng, 32.5 % as a white soli 201H NVR (399.9
MHz, DMSO-d6) 6 1.49 (2H, t), N .01 (4H, m,
3.39 (2H, n), 3.62 (2H, s) 4.41Q s), 4.57 (1H,
t), 4.88 (1H, m 7.32 - 7.38 (4H, nﬁ 8.22 (1H, d),
8.29 (1H, s), 8.45 (1H, d), 13.52 (1H, s). M5 me M#

TFAJ0.7 mADv2088led 47 6 6GPOTY @B2DEB/ N1 92 - (sszhmmpﬂn@l)z&

hy o S 2P PR Rl Pt
(Ineﬁhe’ﬂnﬁmep(ﬁsmhgm SQhﬁi@@ﬁn Hicdlorbyeihasdh(7ani pende? @oA0The

1.38 nnmol ) was  added
resulting solution was stirred at 20°C for 16 hours. 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) with
decreasingly polar mixtures of water (containing 0.2% ammonium carbonate) and
acetonitrile as eluent. The pure fractions were evaporated to dryness to afford 4-amino-N-
(1-(4-chlorophenyl)-3-hydroxypropyl)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidine-4-
carboxamide (99 mg, 69.8 %) as a white powder.

IH NMR (500 MHz, DMSO-d6) 6 1.38 -1.46 (2H, m), 1.81 - 1.91 (4H, m), 2.25 (2H, br s),
3.48 (2H, m), 3.35 - 3.54 (2H, m), 4.35 - 4.41 (2H, m), 4.57 (1H, t), 4.87 (1H, m), 6.58
(1H, d), 7.16 (1H, d), 7.31 - 7.37 (4H, m), 8.11 (1H, s), 8.45 (1H, d), 11.65 (1H, s). m/z
(ESI+) (M+H)+ = 429; HPLC tR = 1.58 min.
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5in one portion to

4- (tert-butoxycarbonyl am no)-1-(7H pyrrol o[ 2, 3-d] pyri m
w0 doon/47563/1 ) pi peri di ne-4-carboxylic acid (Inter@EdBat08/050925

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

mol) in DVA (5 ni). 47

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

tetranethyluronlun1hexaf|uorophosphate (579 ng, 1.52

ed. §'L‘i’nﬁ1l}-- e&HLId

dlmﬁnmlimmad)mﬂemdmdmvmbexadiﬂn di | uted with Et OAc (300

nm.), and washed sequentially with water (50 nL) and
saturated brine (50 ni). e organic layer was dried
over MgSH4, filtered and evaporated to afford crude
product. The crude product phas purlfled by fl ash

silica chromatography, M O
wi th anmonia in DCM i ofs [werle evaporated to
afford (S)-tert-butyl

4- ( 3- hydr oxy- 1- phenylpropylcarba y1l)-1-(7H
15pyrrol o] 2, 3-d] pyri m di n-4-yl X di n- 4-yl car bamat e
(334 ng, 48.8 %9 as a white soﬂgd e product (334
nmy, 0.67 mml) was suspended in i oxane (5.00 nL) and

4AM hydrogen chl oride in di oxane (0.961 nlL, 27.
add & TugRacstiszsid (QrQSVmIs) w %Cld@@k t%\% StRest Sélﬁl?enﬁ@ﬁ@é tet lawl 4-(3-

amggh g%g@“% 52&6@%” S7Mﬁ®§§§ﬁcofﬁﬁ%%¥lIpmybpmenmn_

4-yliesbhangxde (inommmamsqum mg) T EM HemEphiuston argoinmg 2 $ S Nhe

0. anmoni a/ MeOH and were. evaporated to
reszl#lg}ﬁ SUPCNSHR WA 8 4335 du mr%aiayts nﬁtﬁf@%ﬁ@& rwgtlﬁe By ayaporated
to d@n&'s Y&a@orAOfhk 4i WRACH 1WA S- £3hb BE T Rm6- f (A-LRBEpRBn@RFopyl)-1-

dii ed under vacuumto give
(TH-gyrralogh-ddpyxingiginhd-ih pypgridinpiteraybquaopdelds-al piriHy yelidodib(13.0
2,3- d] pyrimdin-4-yl)pi peridine-4-carboxan de (93
, 17.0 %9 as an off white solid. 1H NWR (400.13 Mz,
"H RWBR 60 NSHZ, BMISOR4)) 8t1).86 A HBQ),2. (21 @3{ @Hz om(lH&n?Zm (2H m),
t 3.50 - 253.58 (2H,
2. 6%1?—14 m§ 2.8p, Ao, e 6é|)(2HG) 5663 @4 t)s? 027(11115q)( §+&2 (111)1; s), 7.36 (1H,

5
o 2574 Pl Pores [Fdm SR04 o iR dfkom o
M$Example 428
(S)-4-am no-N-(1-(4-chl orophenyl)- 3-hydroxypropyl)-1-(
9H purin-6- ybpi peridi ne-4-carboxamde OH5 C

) ipedidive-4-caebdxarndé de (I nt ernedi at e
49) (200 ng, 0.64 mmol) and,-chl oro-9H purine (99 ny,
0.64 mmol) in butan-1-ol (4(nm). The resulting
solution was stirred at 60C Jor_18 hours. The reaction
m xture was diluted wt 5Q,m), and io washed
sequentially with wat 5 nk) >nd saturated brine
(25 nL). The organic |ayer was |driled over M504,
filtered and evaporated to affo crude product. The

crude product was purified by flash silica
chr omat ogr aphy, el ution gradi efjt Np 6% MeOH with
ammonia in DCM Pure fractions Nevaporated to

dryness to afford (S)-4-am no-N(1-

(4- eld] (eMphdikipe)Io Y8 E@gnmqnmbl) \ﬂas(aﬂtﬂscptd)r(Rl)l—-t&t bﬂl)ypﬂ-rél (4-

eri di ne-4-carboxam de (141 ny, 155 ? a whit
chlggaphenyl)-3-hydroxypropylcarbamoyl)-1 (7H pyrr010[2 d]pyr1m1d1n 4-yl)p1per1d1n-

4-ylcarbamate (Intermediate 42) (0.160 g, 0.30 mmol) in DCM (3 mL). The resulting

O
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1H NMR (400.13 MHz, DVMSO-d6) 6 1.42 (2H t), 1.78 -
2.00 (4H, m, 3.34 - 3.41 (2H, m, 3.61 (2H, s), 4.53

W@ 2dd9/087)563 4. 88 (1H, d), 5.02 (2H, s), 7.30 - 7rGRGEAHS/050925
m, 8.08 (1H, s), 8.17 - 8.22 (1H, s), 8.42 (1H, d),
13.02 (1H, s). M5 me MH 43[ 20 WO
2009/ 047563PCT/ GB2008/ 050925 55 Exanpl e 23:
(S)-4-(am nonet hyl )-N-(1-(4-chl orophenyl) - 3- hydr oxypr o

sus@é!ﬁskdr}v'v&sﬁ B)ra‘?%@lé’fg’r' FhANE IHGE %7 HRRELPEN LB Ai&® The
oxam de

cruﬁSbroﬂuéﬁﬁvﬁHp@iﬂeé-b@l’plr@fa@phe HAD@ (Wpam XTaira C18 column, 5pm silica,

(Interned| te 47) E 1.33 was agded i n
19 gy ﬁla}eltqro G gm lengt ), usmg decreasingly polar mlxtures of water (containing

%&&Bﬁﬁ{ aﬂ%@ém iﬂféﬂiﬁ' Fﬂﬂcﬁ@t}sr@%hﬁyﬂlﬁ% t frie(dbbired co >Pound were

pyrrol ol 2, 3-d] pyri m di n-4-yl) pi peri di ne-4-carboxylic
evapotated ﬂorq:lrmemm adtoed 112)-4(215@@ -y 1-(#-GBoropimdny 1) adzbly ddb BEptopyl)-1-

(7I—é—p(1:fol§g;% gﬂyéllll}lfim%-pf Rl_perl(l?NA 4% carbox)amlde (0.051 g, 39.3 %) as a white

solil) - N, N, N N -tetranet hyl uroni um hexaf | uor ophosphat e

g\?{? 47 mmol ) was added and the resulti ng
H SOVIB (3 9\Mal§z SIVBPedp)at | 2OCH. ¢, 8T s)).t hth- OT(Fibrm), 2.10

8 T X Wt

it b3y SSAREhA ALhehE: By il Bosgrmn o,
7.161()Hand7 3at WB&f(AEId rh} ignet (120 dwis)43 ([He dprlgéml(trHl ayerviviels NH2.

dried qver N? filtered and evaporated to afford
MM ABUEPLCHRe LAO@ENpr oduct was purified by flash

silica chromat ography, elution gradient 2 to 6% MeOH

with anmonia in DCM Pure fractions were evaporated to
Examphebs (R-4adrhimoeN{( B)(4-tchrdre@lnmwl)ethvl)-1-(7H-DVrroloI2,3-

di ssol ved in di oxane ( AM hydr ogen
chloride in dioxane (&9 nmL, [26. p4 mmol ) added. The
reaction was stirred at ambi ent t€nperature for 2
hours. The crude product was puri fied by ion exchange
chr omat ogr aphy, using an SCX ci& he desired 20
product was eluted fromthe col ng 3. 5N
amoni a/ MeOH and pure fractions Mere{evaporated to

S O P e
(0. Zﬁjé & QayQ I’]iglomgl AAES B one%gndﬁ'@oléﬁ{l&rtJB)ltoxy@dr&Qlylamlil(y 1-(7H-

decr easi ng po ar m xtures of cont al ni ng 0
pyraotaii- d]pyalnddmyebd)meledlu@ﬁtcgrbomh@ u¢id hhltcim@aw Ingo.8hkg, 1

mna@f (gﬁe? (2 orop engfl\ﬁetﬁan%\ﬂlall {O?ltS%d , t1?)0(:jnr1 0f33d t[ﬁPﬁfAf(Br 534 mL,
3.00 mmol) in DMA (10 mL) at 25°C under nitrogen. The resulting solution was stirred at
60°C for 4 hours. The crude product was purified by ion exchange chromatography, using
an SCX column. The desired product was eluted from the column using 7V
ammonia/MeOH and pure fractions were evaporated to dryness. The crude material was
treated with a 10% solution of TFA in DCM (5 mL) and stirred at room temperature. The
crude product was purified by ion exchange chromatography, using an SCX column. The
desired product was eluted from the column using 7N ammonia/MeOH and pure fractions

were evaporated to dryness. The crude product was purified by preparative LCMS using
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25(am nonet hyl ) - N- (1- (4-chl or opheny1l) - 3- hydr oxypr opyl )
-1-(7H pyrrol o[ 2, 3-d] pyri m di n- 4-

wQ 2)opiopss3 di ne- 4- car boxami de (192 ng, 32.5 % BST/&B2008/050925
white dry film WD 2009/ 047563PCT/ GB2008/ 050925 56 1H
NVR (400.13 Mz, DMSO d6) 6 44 45 - 1.47 (2H, m, 1.79
- 1.84 (1H m, 1.89 - 1.994%1 2.09 (2H, s),
2.67 (2H, s), 3.36 - 3.42 (4H, m 4. 25 (2H, d), 4.57

ot By o s g s g
Fracfibhs @htailﬁng/ﬂleMeeiréd-HoMptﬁnd @emm&aﬁor%‘ﬂed to dryness to afford (R)-4-
aml(_l'i_%i-)yr(ll 2fl &Eg)rg)heayﬁethyl r-];()eyrll‘%/o 0[2 3 (%grrn%)l((ﬁre r4o}ﬁ¥p1per1dme 4-
carB¥EdnTud {002 Ar ¥ BRidPSY bk %né's&l?d. boxam de

"H NMR (400 MHz, DMSO) & 1.37 (3H, d), 1.39 — 1.48 (2H, m), 1.86 — 2.02 (2H, m),
2.19 (2H, s), 3.49 — 3.58 (2H, m), 4.34 — 4.43 (2H, m), 4.83 —4.91 (1H, m), 6.56 — 6.59
(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 m/c MH" 399.

Raney® nickel (293 mg, 1.71 mmol) was added to a solution of (R)-N-(1-(4-

chlorophenyl)ethyl)-4-cyano-1-(7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidine-4-
carboxamide (Intermediate 45) (466 mg, 1.14 mmol), in ethanol (30 mL). Ammonium
hydroxide (10 mL) was added. This mixture was first purged with nitrogen, then placed
under a balloon of hydrogen and stirred for 36 hours. The reaction mixture was filtered
through celite and the solvent 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 (R)-4-(aminomethyl)-N-(1-(4-
chlorophenyl)ethyl)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidine-4-carboxamide (276
mg, 58.6 %) as a white solid.

"H NMR (400 MHz, DMSO) & 1.38 (3H, d), 1.41 — 1.51 (2H, m), 1.61 (2H, s), 2.09 (2H,
d), 2.68 (2H, s), 3.37 - 3.50 (2H, m), 4.18 — 4.28 (2H, m), 4.95 — 5.04 (1H, m), 6.56 (1H,
d), 7.15 (1H, d), 7.26 — 7.50 (4H, m), 8.11 (1H, s), 8.52 (1H, d), 11.66 (1H, s).

MS m/e MH" 413.
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HO i0(S)-3-Am no-3-(4-bronophenyl ) propan- 1- ol

(Internmediate 51) (191 ng, 0.83 mmol) was added in one
W@ 000/0a71363 O PCT/GB2008/050925

4- (tert-butoxycarbonyl am no)-1-(7H pyrrol o[ 2, 3-

d] pyrim di n-4-yl)pi peridi ne-g carboxylic acid

(I'ntermediate 1) (300 ng, 0.83 nmol) and DI PEA (0. 435

m., 2.49 mml) in DMA(S rrL)

d]umnhi)dlmaarmﬂdmﬂme-@l dziirboyﬂzﬁnﬂsul ting soI ution was

stirred at 20C for 24 hours. The reaction m xture was
evaporated to dryness thexy diluted with Et0Ac (300
m.), and washed sequentigfly Wth water (50 nL) and
saturated brine (50 ni). "-rh% KiLc | ayer was dried
over MgsSH, filtered and gvapgrated to afford crude
product. The crude prod wag_purified by flash
silica chromatography, [ radient 2 to 6% MeOH
W th ammonia i n DCM re 20evaporated to
afford (S)-tert- butyl//
4-(1- (4-bronmophenyl) - N3- hydrox}pf\, \/car banoyl) - 1-
(7H-pyrro| o[ 2, 3-d] pyri mi di n-4-yl') pi peri di n- 4-yl car bama

o, (5756 e edbu T Butich? t(fennﬂ?gé UieratBREBONE s LT 1
mnﬁ\v} Wydidige in oid purticke to n(téttmama@cﬁxﬁomzmmo) 1;1(6H6pyﬁmd>[)z 3-
added. The reaction was stirred at anbi ent tenperatur

d]ptvam@mr?onla@pe%@e éﬁ@@@%%%@(l%@an‘%flb 0992, ol mmol) and

5:6hr | )
DIEEENAR6 o2 oL AR i) O BB T -
tetramethylad e tHheanflug@uplesphae {463nsg vﬂe:tzememmamdeldd tund the

dryness,. The od ct. .o 2 [ 047563 PCT/ (B2008/ 050925
resg%l%glql%waﬁ 75 aéé%%r 2%3?%{& TN MR was cvaporated to
drﬁ@is' tﬁ&?dlﬁft&pw% %t(%@ (56U MO and@ Wa‘éﬁ@cﬁéehﬁ&ﬁall} %11Mater (50 mL)

di aneter, 100 nm |l ength), using decreasingly polar

andriagtrated Hrioé (Wame). lecmgmmlamgf Wa% diredmvicnly 28 od, Mo asl

a0 g GrEEuHe PGy i PR pLeg B FuFlied BTREN o
chroMatcr iy N€lutibr éraﬂléntbl R Mé’WH)Wlﬁr ammoma in DCM. Pure fractions
5hydr oxypr opyl) - (7H-({J rrol o[ 2 pyrimdin-4-yl)pip

wery §vapereled 1 dpwesedaiaderd Gi-tort- h’gtﬂ iélﬁ%cy%r@phewﬂ e

o AR PR ARy 5 s

(263.1bd, 4§ BYH8s § BHite @l(,ljd 4S BitrtCtaty1 4 Qld(44c35£olﬁh]3hlyl)13} 4. 86

1H, 6,57 (1H 7. H,
hy(gfogjg)ropyjlceg&ar(l@f_ll) ITQH)@ZHI@[@ ]}Hil]pgl)lmgchn ﬁzy%kpm_qn% 4-y)epriggnate
(26(715%1 91 mi]IQ)l)N?a us %{Fl%% ﬁle(ﬁi)/)ie@ézg?g ?nr%é?drr]lglg\/lmh%dro%%r{ (;hl ride in
d101;a1(e7ﬂélmﬂ9ml 0021 Badiopyadided. dihe-rdacyibp impe stinlehd-adboent hon@arature

for|2q1%ursl.\“il%e \crulge product was purified by ion exchange chromatography, using an

acti ons
N

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 HPLC (Waters XBridge Prep C18 OBD column, 5p 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-
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151- (4- Chl or ophenyl) - N4, N4- di et hyl but ane- 1, 4-di am ne

W@ bovopuTsesli ate 57) (330 ng, 1.46 nmol) was addedr/GB2@8m50925
portion to
4- (tert-butoxycarbonyl am no)si1- (7Hpyrrol o[ 2, 3-d] pyri mi
di n-4-yl ) pi peridi ne-4-carboxylic acid (Internediate 1)
(526 ng, 1.46 mmol) and DI PEA (0.763 nL, 4.37 mol) in

TR B PR Dtk R el Yagae vhie

soligg, 1.60 mmol) was added and 20the resulting solutlon
' RGO Sl T M EOGhE 136 e o wkdhea o . .47 a5,
3. 3§§§1Hﬁé@t B%b' ¥%.34 (o, }’i@tﬁfm (2Q0mhyy, ﬁ?dl S, 2 Q%Zmpg, 6.57 (1H,

he “organi ¢’ I'ayer was ‘ed over
d), f71115t(éHed) 5rﬁ@ (éHafibﬂz%ecV 1024, dor&dl (1l e), [Sriidl]IHt s), Thel (1H, s).

rude praduct was purified by flash silica
hﬂ%ﬁ%%%%fé%gaphy, elution gradient 5 to 10% MeOH wi th
ammoni a in i sohexane. Pure fractions were evaporated

to dr ness to 25afford tert butyl
‘J.i L C, o) 4 WMING H

-yl carbamat e

(423 ng, 51.0 %9 as a colourle gum tert-Butyl

4- (1- (4-chl orophenyl) - 4- (di yl am no) but yl car banoy1)
-1-(7Hpyrrol of 2, 3- d]py dlh 4(yl)p|per|d|n 4-yl car ba
mate (423 ng, 0.74 sokned in DCM (5. 00
m.) and TFA (1 nL)(é TheHre tion was stirred at
anbient 5 tenperature for 2 hou The crude product

t ogr aphy, using an

was purified by ion exchange ch
s ePuted fromthe

SCX colum. The desired product
col um usi ng 3. 5N amoni a/ MeOH e fractions were
evaporated to dryness to afford cryde ypr oduct which

was triturated with diethyl et hé¥ otpafford

4- am no- N- (1- (4-chl orophenyl) - 4-

(di IEP}E)M(QBV@ﬁ])LbBt&ﬁ%m&)WM&M 0l(s}- Z,a&lﬂ&w(u - @hl@mﬂhenyl)
y1) pi peri di ne- 4- car boxam de (24 5 i 0

3-hyrioxgproy Dpiperidinpdiraragamid ( mgy 4#B) (4@)/%1;;2 528 mmol) and

s A b By ok g gl 521 2

in But&B1-01 & m8.) (Phd, resgltingdsodGtion wadtinfed s 60AC fod 18 Bort Hlhe reaction
m, 6. 57,uéelH,, d){: 7.14 - 7.16 (1H,_ m, 7.32 - 7.37

mu(‘q_ﬂ‘_q ) dil dlletl% i_(I)Ag ;50 gLy fmgl mshqgi) sequ_eptlgﬁy (Nit,]q wal§r (23 L) and
\%@terddb@mM(Q'S #H{9- EIEEQ%EBLF la%@ pﬁ%sndri d oveE g/lgeStOﬁ,yfﬂ{;[leﬁ]e% %Sld evaporated

4-am no- N pro
zyfﬁ()rel tru(d% Hpgduco [Thi 2rBleghirgduct whsipuritfeddy) fiisp eilicd ichenbtegaphy,

eh%la sﬁadfn % 1chredVB RNy RIS RAT H Y] PpPropurieyas taengpugified by
pregﬁlgltl((é ?F?%&% & fge(FLAPCTY OBD 48ufiDk) sies 18daediddcter,
10Qmrn @ngﬂlhu;sm)ﬁbareb@ngllymam @)mtllre(sﬂﬂmmtqrdt@{t@nmgd]ﬂ/pg,mm@ma) and
M B RGBS BB PSRRI s
anﬂﬂ%tﬁéd%)h dibth{/eth&ab amaet (S)-azahmd-1yE) bromo-7H-pyrrolo[2,3-

N, N,N , N -tetranet hyl uroni um hexaf | uor ophosphate (207,

d]gy&m1@ng&y]ﬁ1%(l) (4reld otpmBeny i drdrydroxypropyl)piperidine-4-carboxamide (70.0
mg, 10.8 %) as a white solid.



10

15

20

25

WO 2009/ 047563PCT/ GB2008/ 050925 59 the resulting

solution was stirred at 50C for 2 hours. The reaction
woovosBenas diluted with EtOAc (25 nL), and weshes2008/050925

sequentially with water (20 nlL) and saturated brine

(20 m.). The organic |ayer was dried over MySO4,

filtered and evaporated to afford crude product. The

crude product was purified by flash silica

t radi 1Q9 i

T B DA E AP Tk b | 4 TG i 20 - 220
(4}ﬁrny)1655§ -304daftnnd, §.9) (:tIé,rty-4bﬂt(yllH v, 490(1H m), 7.33 - 7.38 (4H, m),

75055 501 A opneny ;3 1 i) m o propy | car barroy )

Msﬂﬂnpélmmﬂsqbn 4-yl) pi peri d| n-4-yl carbamate (189 ny, 65.5
as a colourless gum (S)-tertbutyl

4-(1- (4 chl or ophenyl) 3- (di et hyl am no) propyl car banoy1l)
7

nvfmio)ls WDWlﬁﬁ(ﬁhV@W)blﬁeﬁﬁMemcéﬁmQQmiﬂé and TFA (1 )

added. The reactron was stirred at anbl ent tenperature
for 2 hours. The crude product Pas purified by ion
exchange chr omat ogr aphy, usi:rragn SCX col um. The
desired product was ;I/@J—(o tr;& col umm using 7N
amoni a/ MeOH and pur tiofs re evaporated to
dryness to afford crude produc%\;‘% ch was triturated
with diethyl ether to afford

(S)-4-am no-N-(1-(4-chlorophenyl)-3-(diethyl am no) prop
yl)-1 - NZ A

15(7H pyrrol o[ 2, 3-d] pyri m di n-zkyll iperi di ne- 4- car box
am de (70.0 ng, 29.3 % as a white fioam 1H NMR

(408,43, Nty YSRA5) 00,98 Cort, @), Bd2ic A (2

i t 5
1o P g Aty andubgiatdn 50 Rp7dsl ligh and
4-ch)oro-8 Ha®yrazcth[3 gl pgdiméBnd (134 rsg, .0. &0mMs])nh duteki -di84.mL). The

anpl e .27: : o : : : :
respHE BOIGHO NS e 4 SO Cob ey T hoReRs oo s pyt silyied with
Et@A@ gﬁcrg% ggg %ﬁ%&%@ﬁ@énﬁaﬁy Jitl WA 250t i s¥tut R P8HEdADR 5 mL).
Th@l plrganCrmﬁr mad dyipg pvepé\ﬁg%@n fﬂltegﬁld@ad lsadnoraied torfardedidgpeoduct.

The % ig progiblnp\g?s LRUirlf)hr?H%D aglil 3111F rg{nato%Batht gl%m(ﬁp%ra%]tent (0.to 6%
MJOH w2thh@fidnia ThBCME @6kd BRctBNX WdfEevdBsratidas ahyness ztﬂal triturated
nmet hanol and f(pg)ur ified by ion exchange chr omat ogr aphy

withghigily | gthesexalies i d-amieo-ded-echlgsopliied - Inhxdrexyirery -1 (lH-
{
PO DS AL, R IR R nss B8 g i

solidien purified by preparative LCVS (Waters XBri dge Prep

1Bt 5 SN HAGOURL et T Peb ol Trrom 2 LSk i Sdat . m). 362

(2Pi C‘s?rliéﬁ] &'H”‘Q) 110@7 [}' @)38’{11"1@ &@@Nﬁ&%&lﬁﬁt@ 85@%‘131‘-1' &N8.29
cont ai ni ng esi red corrpound wer e evaporated 't

(lfﬂrsyrﬁe“és(llfbdaflﬂcﬁrzc{lﬁsy)4 am no- N- (1- (4-chl or ophenyl) 3-
| oh xy.propyl) - 1- (5-cycl opropyl- 7H pyrrol o[ 2, 3-d] pyr

M# W{%ﬁ%ﬁf‘%@n pi peri di ne-4- carboxam de (25.0 ng, 7.2%
as a white solid. 1H NWR (400.13 MHz, DVsSO-d6) 6 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, nm), 3.99 -
4.07 (2H, m, 4.54 (1H t), 4.90 (1H, d), 6.90 (1H,
s), 7.32 - 7.38 (44 m, 8.18 (1H, s), 8.47 (1H, d),
11.46 (1H, s). 15 M5 nie M+ 470.



10

15

20

25

Exanpl e 28:
4-am no- N- (1- (4-chl orophenyl) - 3- (et hyl am no) propyl)-1

wo ¢oosyTssol 012, 3-cl i pyrim di n-4-xl) pi peri di ne- e T/aBb@®ZA50925
mde d 20Hydr ogen chl oride (4Min di oxane, 0.461
m., 1.84 nmmol) was added to 4zert-butyl
4- (1- (4-chl orophenyl) - 3- (et hyl am no) pr opyl car banoy1l) -
1-(7H—pyrro| o[23

d]umtlhmimh s(l)bmér‘jdmé 42&€boirzhmdbesul ti ng sol uti on was
stirred at 22C for 2 ho(§ The m xture was evapor at ed
and the residue was purl ed by ion exchange WO
2009/ 047563PCT/ GB2008/ 050925 ®1 chr omat ogr aphy, using
an SCX col umm. The desi r égd th, was eluted fromthe
col um using 30% (2M NH3 /i nH in DCM and pure
fractions were evaporgtedyto Qrypmess to afford
4-am no- N- (1- (4-chl or oph#€ny1) - 3 (et hyl am no) propyl) -1
- (7H pyrrol o[ 2, 3-
d] pyri m di n-4-yl) pi peri di ne- 4 catbo amde (7 ng, 86 %
as a colourless gum 51H NWR goz MHz, DVSO 6
1.44 (2H, m, 1.83 (2H, dt), 187-201(2H m, 2.15
(2H(S)M-Andn@3 IpRIpaidl -ol iy chide (60 e 9634 BltholfWvas added
Hgs)(ZH rr%[ ﬁh%h{yp JJ.)H br.$), 6.58 (1H, %I’), 7.16 ’(K?L/H
in Qt)e portigpto.4- e%utozwarb@nyl%mﬂg) { 11-pyyrolef2 87 Ipyriidiny-4-

et At Bl Bl edife Zﬂeg P sl ERRRINAR S

(0 d7EmapPEdPIrhéll e BVEX (3 md.). rmi(axamﬂeazmﬁamlaylpl\m SEN’-
anal ogﬁus to that described in rg) Tabl e A

gningrkexatlvqrephasghaig2 7P mg 1 5 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-phenylpropylcarbamoyl)-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-phenylpropyl)-1-(7H-pyrrolo[2,3-
d]pyrimidin-4-yl)piperidine-4-carboxamide (93 mg, 17.0 %) as an off white solid.

"H NMR (400.13 MHz, DMSO-de) & 1.44 (2H, t), 1.82 - 2.03 (4H, m), 3.37 (2H, t), 3.50 -
3.58 (2H, m), 4.40 (2H, 1), 4.49 (1H, t), 4.90 (1H, d), 6.58 (1H, s), 7.15 (1H, t), 7.21 - 7.23
(1H, m), 7.30 - 7.31 (4H, m), 8.12 (1H, s), 8.41 (1H, d), 11.62 (1H, s).
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29 4-am no-N-[(4- chl orophenyl)(p henyl)nethyl]-

1-(7H pyrrolo[2,3- d]pyrimdin-4- yl)piperidine-4-
weaoboxss de r 4 e/ 4=/ 0 * * 1H NVR (. 399. 902C1VEB2008/050925

DMSO 6 11.65 (1H, s), 8.76 (1H, s), 8.13 (1H, s),

7.42 - 7.25 (9H, m, 7.17 - 54 15 (1H, m, 6.60 - 6.58

(1H, m, 6.07 (1H, s), 4.45 - 4.39 (2H, m, 3.59 -

3.51 (2H, m, 2.34 - 2.27 (2H, m, 2.02 - 1.93 (2H,

46 (2H, m mz (ESI+) (MrH)+ = 461; HPLC

Msn%/ 1Ql%ﬁzgj?smn 30 4-am no-N-[2- am no-1-(4-

chl orophenyl) 2- oxoethyl]-1- (7H pyrrolo[2,3-

P car boxam de ir

X8 C ‘ A A pEOP ) 1-D4 i
y [é;b'é'ndﬁ)e% gaﬂ%x(lﬂ‘llfhe s), 8.13 (1H s), 7. 80 (1H, s),
, 7.29 (1H, (gl; 7.17 -7.15 (1H m,

6.58 - 6.57 (1H ), 5.30 (1H, 4.48 - 4.38 (2H,
M, 3.55 - 3.46 (2H m, 2.43(2H ), 2.03 - 1.94

(1H m, 1.90 - 1.82 ( 49-139(2Hn)n12
(ESI+) (MH) + = 428, J-.tmli\w/éﬁ‘

NN
N
DIPEA (0.335 mL, 1.92 mmol) was added to (S)-4-amino-N-(1-(4-chlorophenyl)-

3-hydroxypropyl)piperidine-4-carboxamide (Intermediate 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 MgSQ,, 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-de) & 1.42 (2H, t), 1.78 - 2.00 (4H, m), 3.34 - 3.41 (2H, m),
3.61 (2H, s), 4.53 (1H, t), 4.88 (1H, d), 5.02 (2H, s), 7.30 - 7.39 (4H, m), 8.08 (1H, s), 8.17
- 8.22 (1H, s), 8.42 (1H, d), 13.02 (1H, s).
MS m/c MH" 430.
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WO 2009/ 047563PCT/ GB2008/ 050925 62 The conpounds
of the invention listed in Table B bel ow were nade
wo panamot1se3 appropriate starting material s usi ngper/GB2008/050925
process anal ogous to that described in Exanple 9
alternative route 1. 5 Tablgs8 Conpound Name
Structure NWR/ M5 4-am no-1-(3-
br ono- 1Hpyr azol o[ 3, 4- d] pyri m di n-4-y1)-NRLS) - 1- (4-
Ex&)&?i’eﬁ%:ﬂg#ﬂ;%@‘%%%ﬂ%m%@% %)Sﬁml%vnrop%él-ﬁm

pvrrolo]2.3-d]pvrimidin-4-vl)piperidine-4-carboxamide

OH

P
Cl
N
NZ \
I
H

N

(S)-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-
y1)-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 MgSO,, 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-yl)piperidin-4-
yl)methylcarbamate (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
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% ammonia) and MeCN as eluents.
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-
yl)piperidine-4-carboxamide (192 mg, 32.5 %) as a white dry film.
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pi peri di ne-4- carboxam de M5 mle M+ 510 34
4-am no-N-[(1S)-1- (4-chl orophenyl)- 3-

whyawoxipps opyl] - 1- (5-chl oro- 7Hpyrrol of 2, 3- PCT/GB2008/050925
d] pyri m di n-4- yl)piperidine-4- carboxamde ,?-, ( \
/-2 \ 0/- 2/ 04 --A 1H NWR 44399.9 Mz, DV5O d6) 6
142- 1.50 (2H, m, 1.82 - 1.92 (2H, m, 2.01 - 2.15
(2H, ,339-346(4Hn)393-399(2Hn)

R QG Mg DpBOL o, 1470y 105 (e o i 190

(1Hyre), M9 (4H3s)35 642 $903.16 ( 542@41&;1@) 725 (YA, ﬂ;nl4of[72(131— s), 5.01

Al S LS T VD a7 5 Gl o5, 8T TPASIVAS U, 1161
(1H, s).
MS m/e MH™ 443.

Example 24: (S)-4-amino-N-(1-(4-bromophenyD)-3-hvdroxvpropvl)-1-(7H-pvrrolo]2.3-

d]pvrimidin-4-yDpiperidine-4-carboxamide

N
H

(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-azabenzotriazol-1-y1)-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 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-(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 3.5N ammonia/MeOH and pure fractions were evaporated to dryness. The product
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\ NH1H NWR (400 MHz, DVMSO) 6 1.38 (3H, d), 1.42-

1.52 (2H, m, 2.02 - 2.23 (4H, m, 3.40 - 3.45 (2H,
wWOoR00984B63 - 3.99 (2H, m, 4.80 - 4.97 (1H m , PG1/8B2608/050925

7.40 (4H, m, 7.51 (1H, s), 8.26 (1H, s), 8.33 (1H,

d), 12.11- 12.28 (1H, n) M5 rdz (ESI+) (M+H) + = 479;

HPLC tR = 2. 08 m n.
was then 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 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-de) & 1.38 - 1.46 (2H, m), 1.79 - 2.01 (4H, m), 2.15 (2H, s),
3.37(2H, q), 3.51 - 3.58 (2H, m), 4.37 (2H, t), 4.52 (1H, t), 4.86 (1H, d), 6.57 (1H, d), 7.15
(1H, d), 7.27 (2H, d), 7.48 - 7.51 (2H, m), 8.12 (1H, s), 8.42 (1H, d), 11.62 (1H, s).
MS m/c MH" 473.

Example 25: 4-amino-N-(1-(4-chlorophenvl)-4-(dimethvlamino)butyl)-1-(7H-

pvrrolo]2.3-d]pvrimidin-4-vl)piperidine-4-carboxamide

Tz

Cl
N

|
k\N .

1-(4-Chlorophenyl)-N4,N4-dimethylbutane-1,4-diamine (Intermediate 57) (330
mg, 1.46 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) (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 mL), and washed sequentially with water (20 mL) and saturated brine (20
mL). The organic layer was dried over MgSQO., 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-chlorophenyl)-4-(dimethylamino)butylcarbamoyl)-1-(7H-



36 4-am no-N-[(1S)-1- (4-chlorophenyl)- 3-
hydr oxypropyl] -1- (5-nmethyl-7H pyrrol o[ 2, 3-

wa pgyniTsssli n- 4- yl ) pi peridi ne-4- carboxam de 1INZT/GB2008450925
4/ 0 ---\ Qr> s) 1H NWR (399.9 MHz, DMSO-d6) 6 1.41 -
1.49 (2H m, 1.79 - 2.13 (&4 m, 2.34 (3H s), 3.38
- 342(2H m, 3.73 (2H, t), 4.59 (1H, t), 4.90 -
4.93 (1H, , 7.05 (1H, s), 7.31 - 7.41 (4H, m, 8.19

pyr&o}lgﬁz §-mpa/§ nﬁ@[n% gbp%lm gtjél agalﬁ%rﬁateg&eny )ge'ﬁfl;’//él)]dﬁ a Btburless
guﬂl t(eﬁ Boaty - (LE-7Epy orophafy2)- 3-(d1d’]e|dwrlamﬂnd)hm{}4earbamoyl) 1- (7H-
pyr:rLolgSZ f §iqy(rjlgt3r}3m14 Xﬁ&%@r%ﬁgﬂ X gzpibamte I\(/Z_Iil&gl@g; &74 mrleqﬂpwamhssolved
in ]gC%ElS( (?(H*nL? hnd @Fﬁj(l mL% a‘l‘l%e& 2Ilﬂ’e rE@cﬂo§ V&@é sﬁrrgti §[4an{bgé_rllt

5 ten(p@ﬂtun@)fpr Bhd_las ("ﬂhd cr@()e pr8d13‘4 vx(as_ plpnﬁgd, b)ﬂ_tbnzbﬁcl(all@; ckn)omatography,
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-pyrrolo[2,3-d]pyrimidin-4-yl)piperidine-4-carboxamide (245

10 mg, 35.8 %) as a white solid.
"H NMR (400.13 MHz, DMSO-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).

15 MS m/e MH" 470.

N NH,
/@/\H
Cl
N N\

H

20 (S)-1-(4-Chlorophenyl)-N3,N3-diethylpropane-1,3-diamine (Intermediate 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
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15

20

25

M5: mz (ESI+) (MtH)+ = 413; HPLC tR = 1.41 min.

4 [--\N4 \-c \__ | 42/ The conpounds of the invention
wo cabedrssh Tabl e C bel ow were nmade from t he appcDpBR@B®50925

starting materials using a process anal ogous to that

described in Exanple 9 alterqeative route 2. Table C

No. Conpound Nane Structure
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 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 DCM. Pure fractions were evaporated to dryness to afford
(S)-tert-butyl 4-(1-(4-chlorophenyl)-3-(diethylamino)propylcarbamoyl)-1-(7H-pyrrolo[2,3-
d]pyrimidin-4-yl)piperidin-4-ylcarbamate (189 mg, 65.5 %) as a colourless gum. (S)-tert-
butyl 4-(1-(4-chlorophenyl)-3-(diethylamino)propylcarbamoyl)-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 desired product was eluted from the column using 7V 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) & 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, t), 6.58 (1H, d), 7.15
-7.16 (1H, d), 7.32 - 7.38 (4H, 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-chlorophenvl)-3-hvdroxypropvh-1-(5-cvclopropvl-

7H-pyrrolo]2.3-d|pyrimidin-4-y)piperidine-4-carboxamide
OH

S
H
Cl
g%
X N

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-



10

15

20

NVR / MS 38* 4-am no-N-[(1S)-1- (4-chlorophenyl)- 3-
hydr oxy- 3- net hyl butyl]-1- (7H pyrrol o[ 2, 3-
wa pgyniTsssli n- 4- yl ) pi peridi ne-4- carboxam de -Per/GBZHN8/050925
04 EEX * C 1H NWR (399.902 MHz, DMSO-d6) 6 1.10 (s,
3H, 1.12 (s, 3H), 1.54 - 1.&3 (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 - 4.49 (m 2H), 4.96 (dd,

g o S er iy bty anffiy €55 (o0 afon n
diokMicHR S ndl 4 DHe 2RuBifig 4o lanibm o-alstitddSt-ainrbidmd temperature for 2 hours.

AR R ANEAR AT i

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, 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 to afford (S)-4-amino-N-(1-(4-chlorophenyl)-3-
hydroxypropyl)-1-(5-cyclopropyl-7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidine-4-
carboxamide (25.0 mg, 7.2 %) as a white solid.

"H NMR (400.13 MHz, DMSO-de) & 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 (2H, 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/c MH" 470.

Example 28: 4-amino-N-(1-(4-chlorophenvD-3-(methvlamino)propvl)-1-(7H-

pvrrolo]2.3-d]pvrimidin-4-vl)piperidine-4-carboxamide
Cl

\
N
H

Tz

N
0
LAy
Hydrogen chloride (4M in dioxane, 0.461 mL, 1.84 mmol) was added to tert-butyl
4-(1-(4-chlorophenyl)-3-(methylamino)propylcarbamoyl)-1-(7H-pyrrolo[2,3-d]pyrimidin-
4-yl)piperidin-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
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\ NH1H NWR (400.13 MHz, DMSO-d6) 6 1.40 (3H, d),

1.51 (2H, d), 1.93 - 2.08 (2H, m, 3.52 - 3.58 (2H,
WORQ09A4B83 - 4.45 (2H, m, 4.94 (1H, t), 6.59 (BER/GBR008/050925

7.16 - 7.17 (1H, d), 7.51 (2H, d), 7.78 (2H d), 8.13

(1H, s), * /' N 1

2009/ 047563PCT/ GB2008/ 050925 65
chromatography, using an SCX column. The desired product was eluted from the column
using 30% (2M NHj3; 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 (1H, 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- 1H NMR (399.902 MHz,

DMSO) § 11.65 (1H, s), 8.76

chlorophenyl)(p (1H, s), 8.13 (1H, s), 7.42 -
henylymethyl]- 7.25 (9H, m), 7.17 - 7.15 (1H,
1(7H- m), 6.60 - 6.58 (1H, m), 6.07
(1H, s), 4.45 - 4.39 (2H, m),
pytrolo[2,3- 3.59 -3.51 (2H, m), 2.34 - 2.27

(2H, m), 2.02 - 1.93 (2H, m),
1.52 -1.46 (2H, m)

m/z (ESI+) (M+H)+ =461;
HPLC tg =2.21 min.

d]pyrimidin-4-
yl)piperidine-4-

carboxamide
30 | 4-amino-N-[2- LN O 1H NMR (399.902 MHz,
. DMSO) & 11.65 (1H, s), 8.92

-1-(4- NH

amino-1-(4 N * | (1H, s), 8.13 (1H, s), 7.80 (1H,

chlorophenyl)-2- ol s), 7.45 - 7.39 (4H, m), 7.29

oxoethyl]-1- N (1H, s), 7.17 - 7.15 (1H, m),
Y Q 6.58 - 6.57 (1H, m), 5.30 (1H,

(7H-pyrrolo[2,3- N Ny |s),4.48 - 4.38 (2H, m), 3.55 -

N
Z
dIpyrimidin-d- NN | 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 tg = 1.45 min.




carboxam de 8.47 (1H, d), 11.64 (1H, s) Ms me M
390 40 4-amno-N-[(1 S)-1- (3-chlorophenyl)- 3-

whyawoxyps opyl] - 1- (7H pyrrol o[ 2, 3- d] pyri m di PEBHGB2008/050925
yl ) pi peri di ne-4- carboxam de 1H NWR (400.13 Mz,

DVSO-d6) 6 1.44 (2H, t), 1.8 - 2.03 (4H, n), 3.35 -
340(2H m, 3.50 - 3.58 (2H, m), 4.35 - 4.42 (2H,
m, 4.54 (1H, t), 4.89 (1H, d), 6.58 (1H, m), 7.14 -

1 §5mplyss &y gnghubgefin e By Cogtigacty e

apﬂ!/bijﬂafté Starting matérzals uding Z psocess ahalogous to that described in Example 9

alternative route 1.

bromo-1H-
pyrazolo[3,4-
d]pyrimidin-4-yl)-N-
[(15)-1-(4-
chlorophenyl)-3-
hydroxypropyl]

Table B
No. | Compound Name Structure NMR /MS
31 4-amino-1-(3- I 0 MS: m/z (ESI+)

_1H- Cl@ NH (M+H)+ = 480; HPLC
bromo-1H N : {R = 1.34 min.
pyrazolo[3,4-
d]pyrimidin-4-yl)-N- N Br

1-(4- N7 3\
[(18)-1-4 :jfﬁq
chlorophenyl)ethyl] N N
piperidine-4-
carboxamide
32 | 4-amino-N-[(1S)-1- : 0 'H NMR (400 MHz,
4 Cl@ﬁ NH, | DMSO) 8 1.39 (3H, d),
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 , m),
1-(5-chloro-7H P 3.90 — 4.03 (2H, m),
pyrrolo[2,3- g N | 4.82-4.96 (1H, m),
d]pyrimidin-4- NT N 7.31 - 7.41 (4H, m),

Y 7.45 (1H, s), 8.23 (1H,
yl)piperidine-4- s), 8.34 (1H, d), 11.98 —
carboxamide 12'1_8 (1H, m).

MS: m/z (ESI+)
(M+H)+ = 433; HPLC
tR =1.96 min.
33 4-amino-1-(3- OH IH NMR (400.13 MHz,
. DMSO-d6) 5 1.45 -

1.53 (2H, m), 1.81 -
1.94 (2H, m), 1.98 -
2.14 (2H, m), 3.38 (21,
m), 3.55 - 3.62 (2H, m),
4.17 - 4.23 (2H, m),
4.54 (14, 1), 4.90 (1H,
d), 7.32 - 7.38 (4H, m),
8.29 (1H, s), 8.46 (1H,
d)




41 4-am no-1-(7H pyrrolo[2,3- d]pyrimdin-4-yl)-

N-{(1S)-1-[4- (trifluoronethyl) phenyl]ethylf
w@e@enidsne- 4- carboxanmi de 1H NVR (400. 13 MHzPCT/GB2008/050925

DMSO-d6) 6 1.41 (3H, d), 1.50 (2H, d), 1.93 - 2.06

(2H, m, 3.52 - 3.58 (2H, mg3 4.39 - 4.44 (2H, m,

4.95 (1H, t), 6.59 (1H, d), 7.15 - 7.17 (1H, d), 7.54

(2H d) 7.67 (2H, d), 8.13 (1H, s), 8.46 (1H, d),

Tt VB TTiTeWH+—433 TKZ AWy
, (4 ﬁpérid_lﬂfbde by the sanme HATU coupling Tﬁ%ﬂdéoﬁc%rysg)s

t hat cagies@midred in Exanple 9 alternative foute 2 and
3Yes/ctH-rmEw-Ndf 1 Bxdanpl e 8. 5 The égin‘pounds oH NMR (399.9 MHz,
i nv tdhﬁ’& %ﬁeiﬁ,gds_i N Table D b ow vvere ma 3P i) DHe2 -
app pri at rting s u | n pt dS642H, m), 1.82 -
ana) logiowsyptapylpat - des Loef i rN 16192 (2H, m), 2.01 -

2.15 (2H, m), 3.39 -
(3-chloro-7H- 3.46 (4H, m), 3.93 -
pyrrolo[2,3- 3.99 (2H, m), 4.59 (1H,
t), 4.90 (1H, m), 7.33 -

d]pyrimidin-4- k\ LY {739 (48, m), 747 (11

yl)piperidine-4- Nl |s),8.25(1H, s), 8.52
: (1H, d), 12.14 (1H, s)
carboxamide MS m/e ME+ 463

35 | 4-amino-1-(5- : o "H NMR (400 MHz,

Cl@—:\ NH DMSO0) 6 1.38 (3H, d),
bromo-7H- N 2 1.42 — 1.52 (2H, m),
pyrrolo[2,3- 2.02 —2.23 (4H, m),
o 3.40 — 3.45 (2H, m),
d]pyrimidin-4-yl)-N- ) Br 3.85 — 3.99 (2H. m).
[(1S)-1-(4- IL ) |4:80-497(1H, m),
X 7.33 — 7.40 (4H, m)

N N D D
chlorophenyl)ethyl] H 7.51 (1H, s), 8.26 (1H.
piperidine-4- s), 8.33 (1H, d), 12.11 —
carboxamide 12.28 (1H, m).

MS: m/z (ESI+)
(M+H)+ = 479; HPLC
tR = 2.08 min.
36 4-amino-N-[(18)-1- OH 1H NMR (399.9 MHz,
2 DMSO0-d6) 6 1.41 -

(4-chlorophenyl)-3-

R 1.49 (2H, m), 1.79 -
hydroxypropyl]-1- | N NH, 2.13 (6H, m), 2.34 (3H,

s), 3.38 -3.42 (2H, m),
(5-methyl-7H- 3.73 (2H, t), 4.59 (1H,

pyrrolo[2,3- t), 4.90 - 4,93 (1H, m),

PR NP 7.05 (1H, s), 7.31 - 7.41
d]pyrimidin-4 :I\g (AH, m), 8.19 (1H. s).
yl)piperidine-4- N~ N | 8.50(1H,d), 11.50 (1H,
carboxamide 5)

MS m/e MH+ 443




66 Table D No. Conpound Nane Structure NVR / M 42
4-amno-N-[(1R)-1- (4 - Dbronophenyl)ethyl]-

wa 20094393 r ol o[ 2, 3- d] pyri m di n-4- yl)pi peri di PE€F/E&B2008/050925
carboxamde p e 44/ 4-1 0 1H NWR (400.13 Mz,

DVSO- d6) 6 1.37 (3H, d), 1.39 - 1.47 (2H, n), 1.85 -
2.02 (2H, m, 2.18 (2H, s), 3.50 - 3.58 (2H, n). 4.33
4,43 (2H M, 480 - 4.83 (1 s),ﬁ 6,57 - 659(1H
37]), 4/ élﬁil [(IJ%I J.I"l, "), ZT1- - V45 ké %

7.5 ? (Ms d)

s) D s R 2 . (O, Iﬁ\gg 3H a,

1-(5-methyl-7H-
pyrrolo[2,3-
d]pyrimidin-4-
yl)piperidine-4-

carboxamide

chlorophenyl)ethyl]-

=

N

N)I\é
|

141—154(2H m),
1.96 — 2.17 (4H, m),
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), 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 listed 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
No. | Compound Name | Structure NMR /MS
38* | 4-amino-N-[(1S)-1- OH 1H NMR (399.902 MHz,
DMSO0-d6) 6 1.10 (s,
(4-chlorophenyl)-3- = L |3HL 11205, 3H), 154-
hydroxy-3- /@AE > | 1.63 (m, 2H), 1.66 - 1.71
(m, 1H), 1.92 - 1.99 (m,
methylbutyl]-1- 1 a1 N 1H), 2.05 - 2.16 (m, 2H),
(7H-pyrrolo[2,3- )p 3.49 - 3.60 (m, 2H), 4.41
L N N\ | -4.49 (m, 2H), 4.96 (dd,
d]pyrimidin-4- k\N | N | 1H), 6.61 (d, 1H), 7.18
yl)piperidine-4- H | (d, 1H), 7.29 - 7.35 (m,
carboxamide 4H), 8.15 (s, 1H), 8.62
(d, 1H), 11.64 (s, 1H)
m/z (BS+) (M+H)+ =
457.22
39 | 4-amino-N-[(1S)-1- Q 1H NMR (400.13 MHz,
“ N NI, DMSO-d6) & 1.40 (3H,
H d), 1.51 (2H, d), 1.93 -
cyanophenyl)ethyl] 2.08 (2H, m), 3.52 - 3.58

-1-(7H-pyrrolo[2,3-
d]pyrimidin-4-
yl)piperidine-4-

|
k\N |

(2H, m), 4.39 - 4.45 (2H,
m), 4.94 (1H, t), 6.59
(1H, d), 7.16 - 7.17 (1H,
d), 7.51 (2H, d), 7.78
(2H, d), 8.13 (1H, s),




4-am no- Nd1- (4- chl orophenyl)-2- phenyl ethyl]-1-(7H
pyrrol o[ 2,3- d]pyrimdin-4- yl)piperidine-4-

weaboxsis de p e 44/ 4-1 0 4. C 1H NWR (BODGBRimS/050925
DMSO) 6 1.21 - 1.42 (2H, m, 1.72- 1.94 (2H, m, 2.98
- 3.10 (2H, m, 3.44 - 3.62d2H, m, 4.13 - 4.23 (1H,
m, 4.24 - 4.35 (1H, nm, 4.98 - 5.12 (1H, n), 6.54
(1Hd)712-729(6H,n) 732-744(4Hn)

oo Y

812 CIH—d), T 63 (it g |
= 2% W&mﬁ’ 4 4 am no- N41- (4- fl uorophe %47 (Tghgl)l?fgéth}l
1-([7H pyrrolo[ 2,34 d rimdin-4- yl)pi
ga(p pyn de |[-( Q)¢ ]Ey\d W 1H N?\//D)P. _'1’12@19;&1#390
4bved- a@}noeNi[(@é Ic3H, 40 - 1 46 (2 ﬁ%’%ﬁg%ﬁéﬁz
1. 9 .96 - 1 (0H, 2.16
i 3.](38&%5@%‘(%5 » NH t) 1.81 - 203 (4H, m),
hydroxypropyl]-1- 3.35-3.40 (2H, m), 3.50
-3.58 (2H, m), 4.35 -
(7H-pyrrolo(2,3- 4.42 (2H, m), 4.54 (1H,
d]pyrimidin-4- t), 4.89 (1H, d), 6.58 (1H,
Dpiperidine-4 cl N/ R m), 7.14 - 7.16 (1H, m),
yUpipeniame-a- k\ N 7.26 - 7.28 (2H, m), 7.32
carboxamide H -7.36 (2H, m), 8.12 (1H,
s), 8.46 (1H, d), 11.62
(1H, s)
MS m/e MH+ 429
41 4-amino-1-(7H- ) Q 1H NMR (400.13 MHz,
rolo[2.3- N NH, | DMSO-d6) 3§ 1.41 (3H,
124 : it d), 1.50 (2H, d), 1.93 -
dIpyrimidin-4-yl)- 2.06 (2H, m), 3.52 - 3.58
(2H, m), 4.39 - 4.44 (2H,
N-{(18)-1-{4- h; ) m), 4.95 (1H, 1), 6.59
(trifluoromethyl) . ILN I | (1H, d),7.15-7.17 (1H,
X A~ | d), 7.54 (2H, d), 7.67
phenyl]ethyl} H | (2H, d), 8.13 (1H, s),
piperidine-4- 8.46 (1H, d), 11.64 (1H,
carboxamide 5)
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.



4.35 - 4.43 (2H, m, 4.84 - 4.92 (1H m, 6.57 - 6.58

(1H, m, 7.20 - 7.15 (3H, m, 7.34 - 7.37 (2H, m,
w@202/0§68 s), 8.28 (1H, d), 11.62 (1H, s) MHPET/883008050925
1.47 mn, W) 2009/ 047563PCT/ GB2008/ 050925 67 45
4-am no-N-[ (4- chlorophenyl )dgcyano ) nmethyl]-1-(7H
pyrrol o[ 2,3- d]pyrimdin-4- yl)piperidine-4-

carboxamde _p e 0)(-)4 44 1H NWR (400 MHz, DVBO 6
Tathe4?- 1.58 (3H m), 1.84 - 2.04 (2H, m, 3.49 - 3.64
. m, 4.30 - 4.44 (2H, m, 6.16 (1H, s), 6.57 -
N6. 63Corhigound Namel 3 |-Struct@rd 1H, ), 7. 4A6NMR./38S(4H,
M1 813 (1H s} 11 64 (1H s} M = £10 RT = 1 79
4mi | Ao VRN 1- 1z -( 0 TH NMR (400.13 MHz,
“ NHHZ DMSO0-d6) § 1.37 (3H,
H d), 1.39 - 1.47 (2H, m),
bromophenyl)ethyl]- | Br N (12;3{5 - )2;)25 (()2H3, gl;),éi{lé%
, S), 3.50 - 3. ,
1-(7H-pyrrolo[2,3- NN [ m), 433 -443 QH, m),
d]pyrimidin-4- k\N N | 4.80-4.88 (1H, s), 6.57 -
Doiveridine.d. B 1659 (1H, m), 7.14-7.16
yDpiperidine (1H, m), 7.27 - 729 (2H,
carboxamide m), 7.48 - 7.51 (2H, m),
8.12 (1H, 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) o6 1.21-1.42
chlorophenyl)-2- 0 (2H, m§ 1.72 - 1.94 (2H,
phenylethyl]-1-(7H- N)%jNHz m), 2.98 - 3.10 (2H, m),
O H 3.44 - 3.62 (2H, m), 4.13
pyrrolo[2,3- a 423 (1H, m), 4.24 —
d]pyrimidin-4- h 435 (1H, m), 4.98 — 5.12
S NZ (1H, m), 6.54 (1H, d),
yDpiperidine-4- :D 7.12 —7.29 (6H, m), 7.32
carboxamide NOH [ -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,
fluorophenyl)ethyl]- El))l’vllsf‘)o (}61)261 (gﬁlfg:
1-(7H-pyrrolo[2,3- o 1.87 - 1.91 (1H, m), 1.96
L -2.01 (1H, m), 2.16 (2H,
d]pyrimidin-4- N NH, s), 3.50 - 3.58 (2H, m),

yl)piperidine-4-

carboxamide

4.35-4.43 (2H, m), 4.84
-4.92 (1H, m), 6.57 -
6.58 (14, m), 7.10 - 7.15
(3H, m), 7.34 - 7.37 4,
m), 8.12 (1H, s), 8.28
(1H, d), 11.62 (1H, s)
MH+ = 383

RT = 1.47 min,




Z * 1H NVR (400.13 Mz, phenylethyl)-1-(7H DMSO- d6)

5

6 1.38 (3H, d), 1.89 - 2.03 (2H, m, pyrrolo[2,3-
wQ@2m9/0§B68 s), 3.50 - 3.57 d]pyrimdin-4- (2PCT/GB2008/050925
4.37 - 4.43 (2H, m, 4.84 - 4.92 (1H, m,
yl ) pi peri di ne- 4- 67
45 4-amino-N-[(4- |N| 1H NMR (400 MHz,
chlorophenyl)(cyano i DMS0) 5142158
N NH, | (3H, m), 1.84 —2.04 (2H,
) H m), 3.49 — 3.64 (2H, m),
Cl 4.30 — 4.44 (2H, m), 6.16
-1- - N
methyl]-1-(7H (1H, s), 6.57 — 6.63 (1H,
pyrrolo[2,3- NZ B m), 7.13 - 7.19 (1H, m),
o I’ | 7.46 =755 (41, m), 8.13
d]pyrimidin-4- YOH [ (1H, s), 11.64 (1H, )
yl)piperidine-4- MH+ =410
. RT =1.79 min
carboxamide
46 4-amino-N-(1- Q 1H NMR (400.13 MHz,
NH DMSO-d6) 6 1.38 (3H,
phenylethyl)-1-(7H- N "1 d),1.89- 2).03 (2H(m)
pyrrolo[2,3- 2.17 (2H, s), 3.50 - 3.57
L N (2H, m), 4.37 - 4.43 (2H,
d]pyrimidin-4- P m), 4.84 - 4.92 (1H, m),
yl)piperidine-4- Nk I |6.57-658(1H, m),7.15
: XN | (1H, dd), 7.19 - 7.26 (1H,
carboxamide H o | m), 7.31-7.32 (4H, m),
8.12 (1H, s), 8.28 (1H,
d), 11.62 (1H, s)
MH+ = 365
RT = 1.40 min,

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-
chlorophenyl)-4-

1H NMR (400.13 MHz,
DMSO-d6) § 1.31 - 1.49
(4H, m), 1.65 (4H, s),

pyrrolidin-1- 0 1.69 - 1.77 (2H, m), 1.88
NH, | -1.98 (2H, m), 2.15 (2H,
-1- - N
ylbutyl]-1-(7H . i $), 2.34 (4H, 5), 2.36 (2H,
pyrrolo[2,3- N $), 3.53-3.58 (2H, m),

d]pyrimidin-4-
yl)piperidine-4-

carboxamide

434 -4.41 (2H, m), 4.73
(1H, m), 6.57 (1H, d),
7.14-7.15 (1H, d), 7.32 -
7.37 (4H, m), 8.12 (1H,
s), 8.30 (1H, d), 11.62
(1H, s)




6.57 - 6.58 (1H, m, 7.15 carboxamde (1H, dd), 7.19
- 7.26 (1H, m, 7.31 - 7.32 (4H, m), 8.12 (1H,
WG 2009847383 ( 1H, d), 11.62 (1H, s) M+ = 3B6T/GB2008/050925
68
MS m/e MH+ 496
48 | 4-amino-N-[1-(4- o 1H NMR (399.9 MHz,
chlorophenyl)-d- n_J | DMSO-d6)5132-137
(1H, m), 1.44 - 1.51 (1H,
morpholin-4- 0 m), 1.57 - 1.76 (4H, m),
NH, 2.10-2.17 (2H, m), 2.26
ylbutyl]-1-(7H- ﬁ% =235 (6H, m), 3.47 -
pyrrolo[2,3- cl N 3.56 (6H, m), 4.51 (2H,
dpyrimidined- d), 4.79 (1H, m), 6.62 -
N)I\> 6.64 (1H, m), 7.19 (1H,
yl)piperidine-4- ] | 0,7.32-7.34 2H, d),
carboxamide NOH | 7.37-7.39(2H, d), 8.16
(1H, s), 8.49 (1H, s),
11.68 (1H, s)
MS m/e MH+ 512
49 | 4-amino-N-[1-(4- 1H NMR (400.13 MHz,

chlorophenyl)-4-
piperidin-1-ylbutyl]-
1-(7H-pyrrolo[2,3-
d]pyrimidin-4-
yl)piperidine-4-

carboxamide

TZ

Cl

DMSO0-d6) 6 1.31 - 1.37
(3H, m), 1.41 - 1.47 (6H,
m), 1.66 - 1.73 (2H, m),
1.86 -2.00 (2H, m), 2.16
-2.24(7H, m), 3.50 -
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, m),
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-chlorophenyl)-4-piperidin-1-vlbutyl]-1-

(7H-pvrrolo]2.3-dlpyvrimidin-4-vl)piperidine-4-carboxamide and 4-amino-/NV-[(1R)-1-

(4-chlorophenvD-4-piperidin-1-vlbutvll-1-(7H-pvrrolo]2.3-d]|pvrimidin-4-

vl)piperidine-4-carboxamide

0
N NH,
H
Cl cl
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15

RT = 1.40 min, The conmpounds of the invention |isted

in Table E bel ow were nmade from the appropriate
wGe@oiTsg3 mat eri al s usi ng a process anal ogous POT/GB2108/050925

described in Exanple 25. 5 Table E No. Conpound Nane

Structure NMR/ M5 47 4-am ngy NA1-(4- chl orophenyl) - 4-

pyrrolidin-1- ylbutyl]-1-(7Hpyrrolo[2, 3-

d] pyri m di n-4- yl)piperidine-4- carboxam de Fc e

Th? 1{31\9%%1 ereé)@j?%ggf &A)%QQ %@Wﬁxa&h@%ﬁ@e% sef)%_t”é%g usﬁlg%l?e same

mefhod8log? ks tha) des2rib&l fo? Bxamples 2184nd4H3. s), 2. 36 (2H,
4, 41

R 13 Ry 4 6 ey Ty 9, 11
(2%113)? 106H1.99 B nd22 01k Shy, 3&43% £d 831, M), 433884, H U3 (11, a),
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, s)
MS m/e MH+ 510

1H NMR (500.13 MHz, DMSO-d6) § 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 (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 (1H, s), 11.63 (1H, s)
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-[(1S)-1- ] 1H NMR (400.13 MHz,
N DMSO0-d6) 6 1.39 - 1.47
(4-chlorophenyl)-3- [ j (2H, m), 1.84 - 1.97 (4H,
(4-methylpiperazin- /'N m), 2.13 (4H, s), 2.19
< 0 (2H, 1), 2.31 - 2.34 (7H,
1-ylpropyl]-1-(7H- | m),3.54-3.57 2H, m),
pyrrolo[2,3- C1/©AH 4.38 (2H, m), 4.82 (1H,
dpyrimidined- . m), 6.57 (1H, d), 7.14 -
7.16 (1H, d), 7.31 - 7.37
yl)piperidine-4- I\L/ TN (4H, m), 8.12 (1H, s),
carboxanide Sy 8.55 (1H, d), 11.62 (1H,
s)

MS m/e MH+ 511
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48

wWQ bdway7sp3 1- ( 7Hpyrrol o[ 2, 3- d] pyri m di n- 4-

carboxam de FC 0-- \e 4 (
NVR (399.9 MHz, DMBO-d6) 6 1;32 - 1.37 (1H,
1.76 (4H, m,
m, 2.26 - 2.35 (6H, m, 3.47 - 3.56 (6H )

yl)
1.5

4-am no-N-[ 1- (4-
pi peri di ne- 4-

1 (1H, m, 1.57

MS me M+ 496

chl orophenyl) - 4- nor pholin-4-

2.10

PCT/GB2008/050925
41 C 1H

m, 1.44 -
2.17 (2H,

4.51

i
(1H

4-am no- N41- (4-

1-(
car

Ao NI
, (48()h,10r8}:)l{’dﬁy()l”4=|,h I
C

7Pkl 2, 3-

AERAYHE -7R1-00R
pyrrolo[2,3-

d]pyrimidin-4-
yl)piperidine-4-

m, 6. 62
i d),
s), 11.68

7.37 -

6. 064 (1H,
.39 (2
s) M5

TSo0 5iMH,

3 gH,
jfrﬁz B ﬂ_ézm)a
R AR AT 237
(4H, m), 3.51 - 3.63 (6H,
m), 4.35 - 4.41 (2H, m),
4.85 (1H, m), 6.57 (1H,
d), 7.15 (1H, d), 7.32 -
7.37 (4H, m), 8.12 (1H,
s), 8.65 (1H, d), 11.62

Nf

=
- \JEQ
C~ IO

. (1H, s)
carboxamide MS m/ec MH+ 498
52 4-amino-N-[(1S)-1- O 1H NMR (400.13 MHz,
DMSO0-d6) 6 1.33 - 1.50
(4-chlorophenyl)-3- N (8H, m), 1.82 - 1.90 (4H,
piperidin-1- /l o m), 2.15 (2H, t), 2.25 -
2.34 (4H, m), 3.53 - 3.57
ylpropyl]-1-(7H- /©/\§ N (2H, m), 4.39 (2H, m),
pyrrolo[2,3- Cl 4.82 (1H, m), 6.57 (1H,
g d), 7.14-7.16 (1H, d),
4- N
d]pyrimidin-4 7.30 - 7.37 (4H, m), 8.12
yl)piperidine-4- N7 | \\ | (1H, s), 8.64 - 8.66 (1H,
arboxamid k\N N | d), 11.62 (1H, s)
carboxamide H | MS m/e MH+ 496
53* | 4-amino-N-[(1S)-1- & 1H NMR (400.13 MHz,

(4-chlorophenyl)-3-
piperazin-1-
ylpropyl]-1-(7H-
pyrrolo[2,3-
d]pyrimidin-4-
yl)piperidine-4-

carboxamide

Cl

I
k\N \

DMSO-d6) 6 1.40 - 1.47
(2H, 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 (2H, m), 4.83 (1H,
m), 6.57 (1H, d), 7.15
(1H, d), 7.31 - 7.37 (4H,
m), 8.12 (1H, s), 8.61
(1H, d), 11.62 (1H, s)
MS m/c MH+ 497




/ \42/ C 1H NWR (400. 13 MHz, DVsO-d6) 6 1.31 -
1.47 (6H, m,
wa2@86/047523 00 (2H, m,

(3H, m), 1.41 -

(2H, m,
d), 7.15 (1H, d),
8.29 (1H, d),
49A and 49B:

1.66 - 1.
2.16 -
4.73 (1H,

7.30 (4H m,

2.24 (7TH, m,
4.34 - 4.40 (2H, m,
7.31 -
11.62 (1H, s) MS mle MH+ 510 Exanpl e

1.37

73 (2H, m,

3. 5ECF/GB2@8/050925
m, 6.57 (1H,
8.12 (1H, s),

5{/‘ 1;""41 RAERN AT
F@yohl@bplieyB-3dl

(7H
de and 4 am no- N- 1
1) - 4-

(4-cH
2 i n-4
55 ?ﬁ%]m% T g
Exaj rmld[ngere seq
at .de cr| bed f
HpgiRign-4pveo. ¢
1 ridilo-4-1. 68
Y fpindilo oL
Fatcamdge,
, 8.12 (1H,

M—I+ 510 1H NI\/R
1.44 -

A=cthtor UpHZ-LL)N.L) 4= pl

yrimdin-4- plperld
1R) - 1-
pi peridinfl-y} butyll

i nefd-

er

or Exanpl es 1TA~“and
6) 6 1.31 - 1.41 (4H
1.71 (2H, m%

.54 - 3.56 (2

(1H, q), 7. 15N(1HH
s), 8.29 (1H, s), 11
(500. 13 Mz, DI\/ISOdG

oo
Seusi ng |t he |[sam

4

PRV 0¥ 18V,
R Bk

(2H,
(7R py 2P &> m),
s oﬁa&ﬂ?@@ m), 3.96
he é9At(@Hoin), 4.34 -
2 4 AR t(RHdol),oh§0 (1H,
L 4B, 6.3$( NIRY), 6.89
(TH,.5). 1. #5424, 1), 7.31
.887.86H7.38 (2H,
5812

5

o ﬁm!.ﬂ091§ [(bﬁ)rl

: )3.
qéﬁ?org}ﬁg%‘yb % ]
ﬁﬂﬂﬁﬁh(LH S)
|nveng |st
APSPY
2130t hat
mpound Nane
d]pyrimidin-4-

and|

[
g
g
ded
No. 3

yl)piperidine-4-

carboxamide

ilo M5 nl e

8 (7H n) 1 68 -
3.54

2.21 (6
(M%(l

.73 (1H
7 (4H, ™), J8.12 (1H,
0510 The

[
1rtl/@gt§| u3|n
CriNgeéd in

ot r uct ur e

k I

N

A\
N
H

E belmw W

Jngng@ (913 MHz,
HDMSO-dp) 8942 - 1.58
§H. 8),29'1((3H, s),

¢ GpAUIRSHo ), 2.33
2 (XH,mayle. 35r(@H m),

33@1pr3031ﬁ§$1 m), 4.36
e P64483TAbNE 436 (1H,
t), 6.58 (1H, d), 7.16 (1H,
d), 7.30 - 7.38 (5H, m),
8.12 (1H, s), 11.63 (1H,

s)
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-chloropheny)-2-sulfamovlethvl)-1-(7H-pvrrolo]2.3-

d]pvrimidin-4-yDpiperidine-4-carboxamide

Ui

A
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15

20

25

NVR / MS 50 4-am no- N—[(lS)-l- (4-chl orophenyl) - 3-
(4-met hyl pi perazin- 1-yl)propyl]-1-(7Hpyrrolo [2,3-
wa bgyniTsssli n- 4- yl ) pi peridi ne-4- carboxam de _PERGB200ED50925
I\ 2 [----- \oz -z z\/ ---\z IP C 1H NWR (400. 13
MHz, DMBO-d6) 6 1.39 - 1.47 {2H, m), 1.84 - 1.97 (4H
m, 2.13 (4H, s), 2 19 (2H, t), 2 31 - 2.34 (7H, m,
3.54 - 3.57 (2H, , 4.38 (2H, , 4.82 (1H, m, 6.57

el i c%fbrgp@ﬁf? fq%%al;ﬁ%uﬂoﬁg%ﬁ%ﬁy@%é% T

pyrodld[2,3- G];fyimﬁehand nopideridit D) yltarbfdhate Mlﬁéﬂﬂhﬁﬂi}él?)&) 8100 mg, 0.17
rpholin-4- vyl propyl (7Hpyrrol o[ 2, 3
mugl ey ipatchil t{»)ﬁﬁljogg%f]@rl? e c Kiiskatifngheas ipred fgr 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 cluted 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, DMSO-d6) & 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 (2H, m), 7.35 - 7.43 (4H, m), 8.13 (1H, s), 8.46 (1H, br, s), 11.64 (1H, s)
MS m/e MH" =492

Example 57: 4-amino-N-(1-(4-chloropheny)-2-sulfamovlethvl)-1-(7H-pvrrolo]2.3-

dlpvrimidin-4-vl)piperidine-4-carboxamide

Cl

HN-

0
VS //
00 N NH

X
Nﬁﬁ
NN

Tert-butyl 4-(1-(4-chlorophenyl)-2-sulfamoylethylcarbamoyl)-1-(7H-pyrrolo[2,3-
d]pyrimidin-4-yl)piperidin-4-ylcarbamate (Intermediate 81) (153 mg, 0.26 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 (2M) and pure fractions were

evaporated to dryness to afford 4-amino-N-(1-(4-chlorophenyl)-2-sulfamoylethyl)-1-(7H-
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15

20

zZ\z /| z o or---Nzz 111 (1H, s) 1H NMR (400.13 Mz,
DVSO-d6) 6 1.43 (2H, m), 1.83 - 2.00 (4H, m, 2.20

W@ 20d9/087)563 2. 27 - 2.37 (4H, m), 3.51 - 3.63 (6HCDTEB2008/050925
4.35 - 4.41 (2H, m), 4.85 (1H, m), 6.57 (1H, d), 7.15
(1H, d), 7.32 - 7.37 (4H m)y3 8.12 (1H, s), 8.65 (1H
d), 11.62 MS nMfe M# 498 52 4-amino-N-[(1 S)-1-
(4-chl orophenyl) - 3- piperidin-1-

P S VB R e MR R S 3 g e 4
colbiRs6 40101. 13 MHz, DVBSO-d6) 6 1.33 - 1.50 (8H, m, 1.82

- . L1 2H , 25 - 2.34 (4 ,

13088 1943 S do s ¢ biss Ty 155> 0f iy Phis 35 - 3.40

- 3, 1 4333 -
i 28 g By'Reé il e 33 0y 0 P il o
- 6406183m),4- 8200 sN7[131S). L L1 H, 4n)c R3O (Highans:13 134, s), 8.68 (1H, br,

$), E}gglr(flﬁe:sg 1- ylpropyl]-1-(7Hpyrrol o[ 2, 3-

i n-4- yl)piperidine-4- carboxamde _rc z
MS m/e MH™ = 478

Example 58: N-(2-acetamido-1-(4-chlorophenvl)ethvl-4-amino-1-(7H-pvrrolo]2.3-

d]pvrimidin-4-yDpiperidine-4-carboxamide

Cl

0

A

H
NH

TZ

N

Nﬁtﬁ
NT N

Tert-butyl 4-(2-acetamido-1-(4-chlorophenyl)ethylcarbamoyl)-1-(7H-pyrrolo[2,3-
d]pyrimidin-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
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 N-(2-acetamido-1-(4-chlorophenyl)ethyl)-4-amino-1-(7H-pyrrolo[2,3-
d]pyrimidin-4-yl)piperidine-4-carboxamide (80 mg, quant.) as a cream dry film.

"H NMR (399.9 MHz, DMSO-ds) § 1.43 (2H, ), 1.79 (3H, s), 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, t), 8.13 (1H, s),



10

15

20

zZ ..... 1H NMR (400. 13 MHz, DVsO-d6) 6 1.40 - 1.47
(2H, m, 1.82 - 1.99 (4H m,2.11 -2.25 (6H, mM, 2.67
WO 2@98975681H, m), 3.54 - 3.57 (2H, m, 4.35 - 4pdl/GB2048/050925
n, 4.83 (1H, n, 6.57 (1H, d), 7.15 (1H, d), 7.31 -
7.37 (4H, m, 8.12 (1H, s), B 61 (1H d), 11.62 (1H
s) M5 mle M+ 497 WD 2009/ 047563PCT/ GB2008/ 050925 71
54 4-amino-N-[(1 S)-1- (4-chlorophenyl)- 3-

1 ([ I Ry opy1] - 1- (7Hpyrrol of 2, 3-
84g]§?kﬁkgﬁﬁﬁ I163 I%iéerldlne 4- carboxamide _rr -\ \4
MOmAsMH 4 468> 1H NVR (400.13 MHz, DVSO-d6) 6 1.41 -

1.53 (2H, m, 1.86 - 2.04 (2H, m, 2.13 - 2.25 (4H,
m, 3.52 - 3.61 (2H, m, 3.96 - 4.00 (2H, n), 4.34 -
Exﬂmﬁ?e {2Hy. :ﬂ]hno‘lN f. (4 Lhbor BheninB ((H "l'nl(szol S.vPRevh--(7H-
7. 15 (4 . 131 (AH o) 7-3b =738 (ZH, JJ,
12 i : 11.62 (1H,

n-1-

S) MB me N 479 55 4- ao N[(1S)-1-

(4-chl orophenyl)-3- pyrr
yl propyl] - 1- ( 7Hpyrrol of 2,
yl ) pi peri di ne-4- carboxam de

Cl

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 NHj3 (in
MeOH). Product-containing fractions were combined and concentrated by evaporation
then triturated with MeCN / DMF (1:1) to give 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-
yl)piperidine-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 (2H, 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, br s)

m/z (ESI+) (M+H)+ = 465; HPLC tR = 1.62 min.
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15

e \4 4c %o C4-\ .... 411 73 1H NWR (400.13 Mz,

DMSO-d6) 6 1.42 - 1.58 (2H, m, 1.71 (5H, s), 1.84 -
wQ@2020§658 m, 2.33 (2H, m, 2.55 (2H, m, 3.58CFGB29/050925

(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, s) Ms me M+ 482 * Made by the sane

met hodol ogy as that described for Exarrpl e 26 st artl ng

pyrehn 8- (erlaridhndd anhmeh&nztv:hrlmmuﬁde 5Exanp| e 56:
4-am no- N- (1- (4-chl orophenyl) - 2- sul fanmoyl et hyl )-1- ( 7H
pyrrol 012, 3- dl pyri m@ 4- ybpi peri di ne- 4- car boxami de
72 Tert-butyl \/N
4-(1- (4-chl orophenyl) - 2 (ms hyI ulfonam do) et hyl car bam
oyl)-1-(7Hpyrrol o[ 2, 3- ->y|)p|per|d|n 4-yl c

ar bamat e (Intermsdlat (]H) ng, .17 mol ) was
treated with trifl uaroaeéti c aci 2m_) The sol ution

was stirred for 1 hour at roomt nperature The
m xture was concentrat ed under d pressure. The
crude 5 product was purified b
chr omat ogr aphy, using an SCX co NThe resi due was
| oaded onto the col um in net hanol aHd washed wth
I | yt
T ARE e S e R G U AR R L B0
pyraeslel ?l\)ﬁb}dbabadoyl@-lc(ﬂﬁn@&ﬁold}[d 3aﬁ]‘p§)1‘1d11din 4-yl)piperidin-4- ylcarbamate
am no- N- ( | or opheny1)
(lgéﬁ%g 1A ST ﬁrﬁl“j‘éﬁr@@ﬁ e nteme&ﬁtﬁ 8Bb{72mk) widsy pigrpdfhe
resﬁ‘l’hﬁgX&ﬂlﬂbﬂ Rk gt'u‘?&i’ A768h R FTAR AMrh St Bhe VA ts ARrremoved

urless solid
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-yl)ethyl]-1-(7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidine-4-
carboxamide as a white powder.

IH NMR (500 MHz, DMSO-d6) 6 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, t), 6.56 (1H, q), 7.15 (1H, t), 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.
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1H NVR (399.9 MHz, DMSO-d6) 6 1.38 - 1.53 (2H, m,

1.85 - 2.07 (2H, m, 2.20 (2H, br, s), 2.85 (3H, s),
WE289/0§B658 m, 4.34 - 4.46 (2H, m, 4.87 - 4.98C1/EB2008/050925

m, 6.57 - 6.60 (1H, m, 7.12 - 7.19 (2H, m), 7.35

-7.43 (4H m, 8.13 (1H s) 98.46 (1H br, s), 11.64

(1H, s) MS me M+ = 492 15 Exanple 57:

4- anino-N—(l-(4-chIoropheny1) 2-sul f anoyl et hyl ) -1-(7H

ExPARIO8 @ Waminod Y1 Thle BaftardyhL P L3ddefil MG i ARLARERI- 15 71

FZINS 77 YV U UU INES rert=outy
pw4‘0[012,64d]thﬁfidihhé&ﬂl)_@ﬁidﬁtd-él-&ﬁﬂﬂixahﬁ&é car banoyl)-1- (7H
- pyrrol o[ 2, 3-
20d] pyri m di n-4-yl) pi pegi di n-4-yl car bamat e
(I'nternediate 81) (153 /my 0.26 mml) was treated wth
trifluoroacetic acid (%%y' The solution was stirred
for 30 minutes at roomtenperatjure. The m xture was
concentrated under redyCag e2and the residue
=tography, usi ng an
eluted fromthe
col um usi ng anmoni a in methanol [(2M and pure
fracti ons were 25evaporated ton s to afford
4-am no- N- (1- (4-chl orophenyl) - f ylethyl)-1-(7H

73 N
yrrolo£ pyrim di n-4- ﬁ erléfne 4- car boxam de
4-AMPE-INy) (%hhzgoréi@nﬁ)@dﬁamt Jélwxwllﬁdyl)elhaﬂ]\mﬂ(lwgpr 3-

g RRED b 4 artgndm b haftort sttt
maf(chls W@ihg, a pto33s andlogbls (@tat 8dscriber Eximgl d01H, m),

6,56 5. 6 60 (1H m, 688 (2H s) 7.13 - 7.17 (1H
THYMRA540 Mgy Dlxg)sp-@ﬁ_)ﬁgl.%SlQH éiy I, §7 Zgg{ P 1B 2Hey, 215 GH. 9),
G B TR AL L DGR L3 O
7. mr(ndj 0123B(4H,an)iB.12 (1H, s), 8. 60(1H br d), 11.65 (1H, s).
nﬂgﬁéhggahﬂﬁﬁgyagbperidine-4-carboxan1de c

Example 62: 4-amino-N-(1-(4-chlorophenvyl)-2-(thiazol-2-yDethvD)-1-(7H-pvrrolo]2.3-

dlpvrimidin-4-vl)piperidine-4-carboxamide

/N
]

NH

Tz

Cl
N

Nﬁﬁ
LAy
TFA (2.0 mL) was added to a suspension of tert-butyl 4-(1-(4-chlorophenyl)-2-(thiazol-2-
yl)ethylcarbamoyl)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidin-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
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Tert - but yl
4- (2-acet am do- 1- (4-chl orophenyl ) et hyl car banoyl) - 1- (7H

wWo pywnaises 2, 3- d] pyri m di n-4-yl) pi peri di n- 4- yl per/bapomisms50925
(Intermediate 84) (97 ng, 0.17 nmol) was treated with
trifluoroacetic acid (2 nlL).y7The sol ution was stirred
for 1 hours at room 15 tenperature. The m xture was
concentrat ed under reduced pressure. The crude product

Wa ; 18%111%@%1{% ppgs;él %ﬂ@g&g?i; "d\é.?cg@\gsgs?ﬁc%p E%mélgﬁ aﬂ%tel?”loo mm
lenged) bﬁch décremsthghesdiadmistirbs oy fian@bntaibieg 012%4 dedopinotisehonate)
g 2M ammoni a in

s el uted fromthe cal um usin
an@?’%@f%&ﬁe Aridusitr herFastpRoMere R TEcA pofranes 19 affedyhamino-N-
(1- Kfclﬁ&g)gﬁg*gl) -2- (th1azol 2- gf%eth?llgph% Ps/rrolo[2 3- d]ZPyrmndm -4- yl()%1|p_>fr1d1ne-

m do- 1- eth am no-1
4- Cplghoxmhm{eZZS‘) mg, 56. 8 %) as a Whlte powder

SRS T S P RIS B T 0155

(4@@4@@)(2@1 &%4532(( @ﬂrﬁ dt),)6 561(119 d§37Hls @H t)(17&3 (4H2m247 .54 (1H, d),
770 3H, @})814(312 SS &wélfuqqd)ni)l 704(1812brs)4 88 (1H n,
, 7.14 - 7.18 (1H, , 7.33 (2H
W%E;%ﬂi?@gﬁgu ]45?, 7.94 (1H, t), 8.(13 (T)H, s), (74 8. 42
- 8.50 (1H, m, 11.63 (1H, s) MS me M+ = 456
Exawple459

pvl)roilolﬁ g'ﬁBWl ! ﬁ142 yﬁpﬂ}epﬁﬂﬁﬁé’@; %ﬂm‘}‘a}{hgl per I di ne- 4 L car b

OXdrim ge TTfTU0roacetic acra (o ni, 64.90 mol)
was added to tert-butyl ¥;41-(4-chl orophenyl) - 2-
(1-trityl-1H i m dazol -2-yl) et hyl carbanoyl)-1-(7H pyrro
lo [2,3 -d]pyrimdin-4-gFp, i peridind-yl carbamate
(Internmediate 89) (310 ng, pD.3 ) at room

tenmperature and the ig g ution stirred for
30 minutes. Water (5-8 deops)? fas §hen added and
stirring continued ¢or & furth m nutes. The

MeOH fol l owed by 2N NH3 (in l\/bdtl) Pr pduct - cont ai ni ng
fractions were conbi ned and con trgdted by
evaporation then triturated with M / DMF (1:1) to
TF@i qxe) raLparh@adcl%Hlt@wSmtensﬁlhef t@ft&ﬁﬂtﬂm(at(a ozmoﬁt&nyl) 3-
| ect ed byflltratlon ed w MeCN and dried
1%@@}21@5%};@?(@@0@( f:ég]a@noyl) 1- (7H pyrr010[2 3-d]Jpyrimidin-4-yl)piperidin-4-

ylc?fb%m(a[}&[mr 1 014" a?{b@ é?ﬂgﬁ%ﬁ'ﬂ' &g{om AR AeRkaany E'I)O%E)'hnder

argysh)fﬂiepesuldmg’lﬁ}bﬂti(ﬁawmm%rdohﬁ@nrmratﬂrﬁ f& (%e m@ta The solvents
creamsc?lld 1H NVR (399. 902 MHz, DI\/? - 0, .
weyegmoyyd inqvaggo an thg gea(ctzpp nﬂzftureeww ]_qd béf)pregbareggfe gl—gﬁ"‘C using a
Weﬁ@rs X4B%|8_fge re@er%é p(lgs'é"commn §C 1%,05(7 dﬁ’droﬂb)zgll_%lc@d )Fg m%ﬂtﬂ’an{aer 100 mm
lengl)h,) a&i d@r@zﬂsiﬂ,glﬁ])qlaﬂnwnes_b{ walpt (cmm;aﬁﬁing QA.2f% agnfngl)mm (zdrbonate)

an(%%f:e ordtn ¢ as'_e?luent Téh %’rac't_l 1018 WCI‘@ evaplorated to (li]ryness ?0 Efforldrpi-ammo-N-
(1 6¢ élﬂbﬂ'(bghé\lryl)' §—(d1ﬂreﬁﬂi|1é?ﬁ@6ﬁ%x dﬂmgym H7PYpREb 215 &E?hﬁﬂdm 4-
| -

rrol ol2, yrim di n-4-ybpi peri di ne-4-carbo
yl)mgﬁfp ac- 4 carboxam1de (74 0 mg, 64.8 %) asa Whlte powder.

resulting solution was diluted wijth nethanol and
applied to a | Qg SCX col um V\hl%then eluted with
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TFA (0.7 nmL) was added to a suspension of tert-butyl
4-(1-(4-chl orophenyl)-2-(1H

wopywazshs 1- yl ) et hyl car banoyl) - 1- ( 7H pyr r ol o[ 2pGr/aBpoo8i050925
m di n-4-yl ) pi peri di n-4-yl carbamate (180 ngy, 0.32 nmol)
in dichloromethane (Internedjgate 93) (7 nL) under
argon. The resulting solution was stirred at room
t enperature overnight. The soI vents were renmoved in

1 pr epasags/\llﬁe?mg@ﬁ%q)%gl {'E\@ é X— dIln g r ev@{é p%i%gzeH’ m),

2. S?QBHnsr)])l i:z i[.ﬁi,dxﬁ) m@r(aHsnﬂJ 3. ili:eLH 119 61r518t (:ilJHa,ni)t’?m (léHm), MBS (4H,
en a ecre m xtures of water

s), @éagi%aﬁ'§56gﬂé&¥£&ﬁﬁ fﬂﬂ%ﬁ?? nate) and acetonitrile

nﬂ?@ﬂﬁ#P&MLHi hgqﬁractions were evaporated to dryness to

no N41l-(4-
chl orophenyl) - 2- (1H— pyrazol 1-yl)ethyl]-1-(7H pyrrol of
1 de

2i BEdABylrlrrmd : Jghds n,d ‘
imilli el*iﬁlne-zl detbb2hids) . 3. 53 (2H m, 154.28

, , 4. 1H, d), 6.15 (1H, t),
6.56 (1H, q), 7. 15 (1H, t), 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); nmz (ESI+\ (MtH) + = 465. 76
Exanpl e 61:
4-am no- N- 1- 1- (4- ch¥lor
bet hyl | -1- (7Hpyrrol 012, 3-
carboxamde 2 CL NH 4-Am
[ 1- (4-chl orophenyl)-2-(3 -nmnet
-1-(7Hpyrrolo [2,3 - N
5d] pyri m di n-4-yl ) pi peri di ne-4-carboxam de was nade
fromthe appropriate starting t\e' S using a
process anal ogous to that descr & Exanpl e 60. 1H
NI\/R (500 MHz, DI\/SOd6) 6 1.35 (2I\-II d 1.87 (2H n)

14 (2H, s), 2.15 21317333 (2H, m,
Hy(hgqgen ﬁylorldfe M rp HA- xang, E51 my, 469 mtgol@gva@ yi;iedstp tert butyl 4-

(1L Sl syt by chebaby A Ayl 2 iptins-
yl)ﬁﬁd&ﬂrﬂm 4:yldﬁ®arﬁxtar(mterlﬁé?dlate 101) (50 mg, 0.09 mmol) in a mixture of DCM
(5 r(n#&_ 5@0 N-aéq_z( gnL at %r2 geh%rﬁ%’ %gsug[m(gtslg u%%)g IWas st1 rre(i at 2|2) Cl for 2
daydl B ik firOavis YWPLRE MdnRe ARk RAX WA by ion exchange

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

?(3-met hyl i soxazol - 5-y
N@ 4- ybpi peri di ne- 4-

lispxaz 01-5 -yl)ethyl]

using 2M NH3/MeOH; pure fractions were evaporated to dryness and the residue was
triturated with diethyl ether to afford 4-amino-N-(1-(4-chlorophenyl)-3-methoxypropyl)-1-
(7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidine-4-carboxamide (39.0 mg, 96 %) as a white
solid.

1H 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 (2H, 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+) (M+H)+ = 443.4; HPLC tR = 1.87 min.
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Ex&ﬁﬁfé 6927 -4l

15TFA (2.0 nL) was added to a suspension of tert-butyl
4-(1-(4-chl orophenyl)-2-(thiazol - 2-

w@Q oenisbrar banoyl) - 1- (7H pyrrol o[ 2, 3-d] pyri m BPETIGB2008)050925
pi peridi n-4-yl carbamate (I nternediate 96) (918 ny,
0.95 mmol ) in dichloronethang (20 nL) under argon. The
resulting solution was stirred at roomtenperature for
one night. The soI vents were renoved |n vacuo and the

3 I henyi)-3-Sulfy wp =1~ ﬁ rrolo2.3-
d]ptrBnidiierd- sﬂﬁﬁwﬁ(hnehambﬁxﬁmm (C 18, 5 m crons silica,

19 nm di aneter, 100 nm | engt h) atgd decreasi ngly pol ar
m xt ures of vvat er (contai ni ng 0/2% armmoni um car bonat e)
and acetonitrile as el ugnt. fractions were
evaporated to drynesHsth) af f o
4- am no- N(1- (4- chl or dphien 2- (4 hi azol - 2-ypet hyl) -1-(
7Hpyrrolo [2,3 -d] pyrimdin- [)p ip eridine- 5

4- carboxani de (259 ng, 56.8 % N white powder. 1H
NVR (500 MHz, DMSO-d6) 6 1.35 Ny d), 1.85 (2H, :
2.07 (2H, br s), 3.41-3.56 (4H , 4.30 (2H, m, 5.20
(1H, d), 6.56 (1H, d), 7.15 (1H\t), 7.36 (4H m,

7.54 (1H, d), 7.70 (1H, d), 8.& s) 8.75 (1H, br
d), 11.70 (1H, br s); mz (ESIJ(/(I\/H- = 482 10
Exanpl e 63:

4-am no- N- (1- (4-chl or ophenyl) - 3- (d| mst hyl am no) - 3- oxop
Hydﬂmﬂ}chlﬂmd& 641»,1 tik dio@ﬂﬂh 6606 mﬂy 12,70 ﬁnmma@ addeder teeibuey 4-(1-(4-
- car boxam s added t

chlgipppehd)- %ﬁulé%m?ﬁépﬁopmmshanwykhl { 13 emﬁp%é]ml}mgm 4-
yl)%’ﬁ%@a yﬂx%%%a@%nﬁe% pe&ﬂgisz go% Bﬂﬂ&lﬁff&%m@e%ﬁv DCM

(5 hlnbed ne‘dlaad)le(S 98)) 4t 22 OﬁgTheOrteAtmgmxblmtwmwas stirred at 22 °C for 20
d th d . | t
ho sy 1S B R G g B O R p g o hiHing

chioh@eraphfeust) MESER MORInth. MRARRKGEEdI fRodREWAs BIREEd RSN the column
reaction m xture was purified by preparative HPLC

using oy (aMMHe s MeOBhiinl @QM@mé PYEs- fmges wolelayapqrded & deyness to

affOrd4-8thoS (i %2 ch%rop@gmﬁb fe mbylpropym (7H-pyrrolo[2,3-d]pyrimidin-

4-yl)piperidine-4-carboxamide (12.00 mg, 90 %) as a colourless gum.

1H 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),
6.59 (1H, 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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20 l ength) and decreasingly polar m xtures of water

(contai ning 0.2% anmoni um car bonate) and acetonitrile
w@sgooelwsnt . The fracti ons were evaporated to dpgTEB2008050925

afford

4-am no- N( 1- (4- chl or opheny1)gg3- (di met hyl am no) - 3- oxopr

opyl)-1-(7H pyrrol o[ 2, 3-d] pyri m di n- 4-

y1) pi peri di ne-4-carboxanm de (74.0 ng, 64.8 % as a

ﬁﬁn)flf-g-gggﬂ@gﬁ) }1141:1

pvfr3hhIZS)d]pﬁrlﬁﬁdm24=lvl)nmerlﬂnﬁ@4-&2ﬁhoxﬂ)mdé 15 (1H, d),

6.58 (1H, d), 7.16 (1H, t), %35 (4H, s), 8.12 (1H,
s), 8.76 (1H, br d), 11.66 (1H, br s); mz (ESI+)
(MrH) + = 470 5 Exanple 64
4-am no-N-(1-(4-chloro Q[
yrrol ol2,3- di pyrimd ‘ i-QerNdi ne- 4- car boxam de
\cl O H Hydrogen chfl ' ' , 4- di oxane, 1.151
m., 4.60 nmmol) was added to terft-bltyl 4-
10( 1- (4-chl or ophenyl) - 3- net hoxypwopyl car banoyl) - 1- (7H
pyrrol o[ 2, 3-d] pyri m di n-4- yl)piperidin-4-yl carbanmate
(I'nternediate 101) (50 ng, 0.0% in a mxture of
DCM (5 nL) and nethanol (2 ni) lL\t/ . The resulting
sol ution was stirred at 22 C for N2 days The m xture

HCSR hah BN Eh GBi g2 By TG ottt G gl amino- 14
chlgﬁg)héﬁﬂ%_lﬁ’ ToREMS D@@t%aﬁb&'lt) qdALAMIIbE, L8lpYAMmidiR- 4u§lbﬁ1§er?(ﬁ41 4-

ure ractl ons were ‘evaporated to dry
ylcalrbdmlat@e(ln®smddmte/\b(28)t(99 mgr & 8chmpgly m ACM (’MnLéaWCt dhe

f f . . ] e
resfligRlusing s ekt G HER3 byvrs: s RestBrBpys s lered
thrélggﬁ DYTFIO h@& Fadind L oeckal Bl vhs $HIREDBY brpiarie RO

96 %9 as a white solid.
XT(egg@l@@zlm SupNis@) 36mm diamet, ltw)mm]le@h)e ugingdeqreggingly polar

ml%%ﬁs %Ifr)W?Lte& %%ta?%lﬁg %‘K%I%HA)O@W&% a& X u%%‘g( %%!b?(&r%ﬁ,cog gfn:‘:fng the

desfred ﬁoﬁlibbhncﬂ\dérﬁ e?alﬂﬁaté&hb dt‘ﬁless To 3fford2Hamiho,N-8§3-hohifcLH,(4-

S), (1H d), 11. S); mz (ESI+) (MH)+ = :
chlgwhgpyl)_@lg@omrgpﬂ)-ﬂ @171 pﬁr}:pl ['2ﬁ9dm§%qhg-4ggl)p1per1d1ne-4-carboxamlde
©. do A3 ?1 %@(% (bl greprhenyl) - 3- sul fanoyl propyl) - 1- (7H

-pyriolol2, 3- di
ITHpyMiRnG369.8-MHy IpDM&€)-d6l h& 44 -~ d a3@dkam),ded3 196\ 2H, m), 2.18 (2H, s),
3.54-3.56 (2H, m), 4.36 - 4.40 (2H, m), 5.12 (1H, d), 6.58 (1H, d), 6.81 (1H, s), 7.15 -

7.16 (1H, m), 7.32 - 7.37 (SH, m), 8.13 (1H, s), 8.76 (1H, d), 11.63 (1H, s), (no NH2

- 3omet hoxypropyl) - 1- (7Hp

visible).

m/z (ESI+) (M+H)+ = 442; HPLC R = 1.47 min.
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H Hydrogen chloride (4Min dioxane, 0.676 nL, 2.70
mol ) was added to tert-butyl 4-(1-(4-

wa edbossphenyl) - 3- sul f anmoyl propyl car banoyl) - 1- $GTHGBRI0B050925
| o[ 2, 3-d] pyri mdin-4- yl)piperidin-4-yl carbamate
(I'nternediate 105) (16 ng, G303 nmmmol) in a mxture of
DCM (5 nmL) and nethanol (5 nL) at 22 C. The resulting
solution was stirred at 22 C for 20 hours. The m xture

ExiRDIEYRAAAARSINAT4 RforbSRAFNE NP & Rﬂfdpfvﬁ)efj(ﬁéfm?fblolz 3-

A COT UTITT.

d] e bhidae-4pi pdpatidines- @rbibeanideom t he col um i o u5| ng

30% (2M NH3 in MeOH) in DCM a pure fractions were
evaporated to dryness to affor

4-am no- N- (1- (4-chl or opheny}¥)-8:- sul f anoyl propyl)-1-(7H
-pyrrol o[ 2, 3-d] pyri m di n4-y{) pi peri di ne-4-car boxam de
(12.00 ng, 90 % as a colour}esg gum 1H NWR (399.902
MHz, DMSO 6 1.48 (2H, 06 (2H, m, 2.09 -
2.24 (2H, m, 2.87 & ‘ 1H, ddd), 3.56
(2H, m, 3.56 (2H, d), 4.41 ( , 4.91 (1H, br.9$),
156.59 (1H, dd), 6.80 (2H, s), (1H, dd), 7.38 -

7.43 (4H, m), 8. 13 (1H, s), 8.46\(1H s), 11.64 (1H,
s); mz (ESI+) (MrH)+ = 492. 4, © HPLC tR = 1.60
mn. WO 2009/ 047563PCT/ GB2008/|D50; 2580 Exanpl e 66:

4-am no- N- (3- am no- 1- (4-chl or op af yIN- 3- oxopropyl) - 1-(
7Hpyrrol 012, 3-di pyri m di n-4-ybpi peri di ne- 4- car boxam de

TFHQ3 nhin) vas dkddd Q)(Iaftaauiﬂl\@-(lé@ &Qf&oﬁheny[) Riretdwplopyasbamoyl)-1-
ded to_ tert-but

(7% emralp&?p% élﬂingﬂmlémo&afBPwsvﬂ@ékblamwteﬂlet?ms*}lﬁreol 12) £37 mg,
0.6 QI]HHXI?. "FQQ ety l)v%ﬂ RS kG ﬁ?ﬁ"g)%?@%@@ﬁ%h@ then vacuyr ed to
?I nt er me (e 9 ny, (4

late 108
dry26ss. Tﬁh@ruc’eqmd)ducng/aspﬂmﬂ(ﬁedﬁy wasxetange elmtoaiatogﬁap@yf mng’ian SCX

eaction m xt sflltered
col T e SRRt g L b RO auRR a0l i & o8 i freor and
puRTRRALR WM ebfﬂe@dtéd/\ﬁi &&ﬁesﬁ@ﬁﬂf&d@%&le‘iﬁé‘t@ﬁﬁz TRk chude product was
silica, 30 nmdianeter, 100 mm |l ength), using

pulm@faﬂeamenzngqoﬁl’b@? (Yautars XBuidgs Pofp Gt @B edwmai i siica1 99 mm

. N d CN Fractions .caontaining the. o
cialt, B mriothR oo b S5 Pl BT hEL T o Pigpey oo
NHZBBI and MeOW (Seladitd Fractiofts containing the desired compound were evaporated

| or ophenyz 3- oxopr g-r:b% 1-(7H pyrral of 2, d(]:[ﬁy

to qrpnegs o 3iherder-argingdN 41 ¢ e Sglr@éorrfgpylli @yrﬁ%op 3-
d]p?n&g&iﬁ%jﬁérkglc&&gémﬁoggxg?df&lJVE? m% }jg%—i a ngrte Diid.

1H NMR (399.9 MHz, DMSO-d6) & 1.41 - 1.49 (2H, m), 1.78 - 1.88 (2H, m), 2.01 (1H, d),
2.91 (1H, 1), 2.97 (2H, 1), 3.55 (2H, d), 4.37 (2H, d), 4.78 (1H, d), 5.40 (2H, s), 5.95 (1H,
), 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 (1H, s);
m/z (ESI+) (M+H)+ = 471; HPLC R = 1.50 min.
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15

153.54 - 3.56 (2H, nm), 4.36 - 4.40 (2H, m, 5.12 (1H

d), 6.58 (1H, d), 6.81 (1H, s), 7.15 - 7.16 (1H, m,
WO 282/047563 37 (5H, m, 8.13 (1H, s), 8.76 (1H, PBOT/GB1008850925

(1H, s), (no NH2 visible). mz (ESI+) (MH) + = 442;

HPLC tR = 1.47 min. 20 WO g

2009/ 047563PCT/ GB2008/ 050925 81 Exanpl e 67:

4-am no- N- (1- (4-chl orophenyl) - 3- urei dopropyl) - 1- ( 7H py
M#l_ﬂe@s%’4§émﬂlo-ﬁy(il(ﬂlcﬂlo%éﬁé’n%ﬁ’i-f’-%%ﬂ’deﬁ?ﬂﬁ-‘i?ﬁ?&?ﬁﬁ'iosz?s-

ML) Was auudceu tU LElL-=-0DUulyl

d]|pdarinidis4oilpipaidiacidarBexamiddopr opyl car banoyl) - 1-

S(7Hpyrrol o 2, 3-d] pyri m di n-4-yl ) pi peri di n-4-yl car bam

ate (Internediate 112) (3R ng, 0.66 mml). The
reaction was left to stir aty20 C for 4 hours and then
vacuuned to dryness. Tk oduct was purified by
i on exchange chro ! an SCX col umm. The
desired product was el col um using 0. 35M

to afford crude material. The cr
purified by preparative HPLC (WA
OBD colum, 5).1 silica, 19 mmigi a

e product was io
XBridge Prep C18
r, 100 mm

| engt h), using decreasingly pol xtures of water
(conta|n|ng 1% NH3) and MeCN as &l uefts. Fractions

HC ?{)\42 D%igaee 261 152, SATRIMT WS hGaRMERILBLS 4t Pa-
chlﬂrro%ﬁ‘eﬂy]?) Nc %&W&&Wn{m ‘p§rrblfogl @%fﬁmmn.a_g{r%ﬁgieﬁmn-4-

rolo[2,3 rimd & eri di ne-4- car box
ylcprhames m@termee@t«% 1440.38 b 0.4 Soobalbin IENHENVR (1398, SThe
resﬁ{l;‘f%g 50 q% %6 stf cBred 33%8 1 g‘(iri]% kfo)urs .‘?ea(lcggf W[a§ \lacguslg%gl t0 dryness
and Wb pﬁ)ﬁed%yﬂeﬁzﬁirﬂwed—lPL@} (W&te(rélHTeﬂi C18.c8Rin{rd bl s8ca, 19 mm
5.95 (1H, t), 6.58 - 6.59 (1H, m, 7.15 - 7.16 (1H,
d1aﬁ;)eter,71 Q§)3nm lwg@ usipg dmreasgpgiygp@ly_pmgylres gf Batey ﬁqqntaa)mg 1%

NH’LW?1 @%é%s%lbe&g g E%E% %@E%B[?/dﬁgg%iz%ﬂ%ognh Rete évaigrated to
dryness to afford 4-amino-N-(1-(4-chlorophenyl)-2-cyanoethyl)-1-(7H-pyrrolo[2,3-
d]pyrimidin-4-yl)piperidine-4-carboxamide (0.096 g, 42.2 %) as a white solid.

IH 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, t), 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.
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Exanpl e 68:

4-am no- N- (1- (4-chl orophenyl) - 2- cyanoet hyl ) - 1- (7H pyrr
Wob@dA4B63 di pyrim di n-4-ybpi peri di ne- 4- car boxe@i/d82008/050925

N\ d NHHCL (4M in 1,4-dioxane (2.011 niL, 8.04

mol ) was added to tert-butys 4-(1-(4-

schl or opheny1) - 2- cyanoet hyl car banoy1) - 1- (7H pyrrol o[ 2,

3-d] pyri mdin-4-yl)piperi d| n-4- yl carbamate

dj 1) , .

pvﬂl%lmo,ardﬂ pvfﬁhﬁdineam)nmerm w-aathmﬂmﬂ@ dr y ness and was

purified by preparative HPLC (V\aters XTerra C18
colum, 5).1 silica, 19 mmdi dmeter, 100 nm | ength),
usi ng decreasingly polar mi t’ﬁ s of wat er (contai ni ng

afford
4-am no- N- (1-(4- chI dHoet hyl ) - 1- (7H pyrr
olo[2,3- d]pyrim di 7 ' ] e- 4- car boxam de
(0.096 g, 42.2 % asaV\/nlte solid.|] IH NVR (399.9 Mz,
DVMSO-d6) 6 1.42 - 1.46 (2H, m, d), 1.95
(1H, d), 1.98 - is mz (ESI+) ( 424; HPLC tR =
1.82 min. WD 2009/ 047563PCT/ 0925 83 Exanpl e
69:
4-am no- N- ( 1- (4-chl orophenyl) - 3-
pyl)-1-(7Hpyrrol 012, 3-di
HOy4Minirdi, a-hoydngi (pen 5 eiln) &:4-ramoboxamdded tdteﬂtleﬂy:FG- ma-

chlp@&ﬁietﬁﬂn}-%(ﬁlg hQ/h_sykfgfnangldo)prospyrlr&rba?n(gil) 1 (7H)pyrr010[2 3- d]pyr1m1d1n 4-
SUSELALORRERY A MELANSH {1970014R R SPHLRAT BRI
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 ion 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-
d]pyrimidin-4-yl)piperidine-4-carboxamide (142 mg, 65.2 %) as a white solid.

1H NMR (399.9 MHz, DMSO-d6) 6 1.40 - 1.48 (2H, m), 1.86 - 1.90 (2H, m), 1.93 - 1.97
(2H, 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),
4.87 (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.



10

15

20

yl) pi peridin-4-yl carbamate (Internediate 117) (261 ng,

0.43 mmol ), The resulting suspension was stirred at 20
w@2d0om47B6our . No reaction. TFA (1nmL) was thenpemddcdoosn50925

the reaction and stirred for 16 hours. The reaction

was vacuuned to dryness and gyas purified by ion

exchange chromat ography, using an SCX colum. The

desired product was eluted 10 fromthe col um u5|ng

anﬂmnﬂuﬁ}4bmﬂmhyhoaﬁdarat|ve HPLC (Waters XBridge Prep

C18 OBD colum, 5).1 SI|6C& 19 mm di aneter, 100 nm

| engt h), using decreasingly gpol ar, m xtures of wat er
(contai ning [ AP-HPLC CN as el uents.
Fractions containi ng therdey rled dqonpound were
evaporated to dryness tolaff 4-

i sam no- N- (1- (4-chl orophenyl) - 3- (net hyl sul f onam do) pro
pyl)-1-(7H pyrrol o[ 2, 3-
d]pyrinidin-4-y|)piperidtﬁé-
6

rboxam de (142 ny,

.2 % as a white solidi\1 (399.9 Mz, DMSO d6)
6 1.40 - 1.48 (2H, m), 1.86 - H.90 (2H, m), 1.93 -
1.97 (2H, m, 2.17 (2H, s), 2. 88 (3H, s), 2.93 -2.97
( 2HTomymixBrr&af 4-[@-wethyprppamy2-yloarabenylamjno lapedina-A

carﬁmh% na)%?d 4185% @éﬁ%cﬁiﬁid FSOB) %ghdflgh olﬁaﬁé)m ({315 followed

by @JoﬂilordYH -Pytr 2 B1dipyshidind @2(7ES| ﬂ)he(nhiﬂd‘d)rd‘was b&#f¢d tdRbQGux
tR = 62 mn. 84 Internedi ate

overm(ghémdebmtr@g% KRyt and th@t} emra(ciﬁdrvmh E@) 4 0l13x d). The aqueous
layB %snéocril'cgnftrA'atedy a%%' P&g(l_[)ﬁd(ll %eL é:saad*aga( yﬂh'e%&?urg was sha]ggn r 30 min

at 45 10 @rdfiitdtyd. (TThe Pidthate w)als },@mxﬁaﬁtb@ BydiR ah OOk olpe) ih 08340 mL).
5 carboxylic acid éﬁ CH3CN- H20 (6 L) was
ONJifdlewas asldrd priddhe o re@)hed gé| (Foiddnibly The grxigrpWwas filtered and the
I
g RRASIE ROV R e 2pall RS JELILAAS i o
siliangeltchemaograptot ((eﬂltl\lwgtmﬂﬂd@@o‘,l OIIMx1:3) to yible A[Rentsylpropan-2-

yl)ﬂ%i’&a m@gﬁfﬁ &e{'\ Fiiea HPNE‘OQQ %a-ée*)a%aﬁﬁa?qtﬁ%?lgEevahmpeﬂdme-

4qﬁﬁ%x%h4&&@h@p%@éﬁ%@ﬁﬁ@?ﬂﬁ@t@ﬁ%ﬁga'n and di ssol ved in
H20 {300 nL.). 10 6N HClL was added until the pH reached
THANMIR((@80.183 ML) DMBRedqrioxt 4 @Hael 1£38]-tle?e@Hamy), 298 - ¢dloe2H,

eSS T PG G 8L 5. LRSS RS 29 1

9), ghmqmgtgg[ppyyu{@butlng with MeOH DCMEL1:3) to yield
2- et hyl pr opan- 2-

hﬂ%ﬁ#%&@%éﬁ@onylan1no] 1- (3,5, 7-tri azabi cycl o[ 4. 3. 0] nona
-2,4,8,10-tetraen-2-yl ) pi peri di ne4-carboxylic acid as
pal e grey solid (105g, 63% . 151H NWR (400.13 Mz,

Inteibedidfe) 2:G 4-khlkﬁ0f)Héﬁv]ﬁ&vcldprBBVBmltl&ioﬁe? B-mEhvl dxidze -
2.06 (2H, m, 3.44 - 3.51 (2H m, 4.30 (2H, d), 6.60
- 6.61 (1H m, 7.16 - 7.18 (1H, In) 7.29 (1H, s),
8.14 (1H, s), 11.68 (1H, s). e MH+ 362. 20

I ntermedi ate 2: (4-chlorophenyl|) (cycl opropyl ) net hanone
0- met hyl oxi ne /J:::I/L\X;7
Cl

Methoxylamine hydrochloride (2.004 g) was added to (4-

chlorophenyl)(cyclopropyl)methanone (2.71 g) in pyridine (60 mL) at 25°C. The resulting



10

15

20

25

I AO NC Met hoxyl am ne hydrochl oride (2.004 Q)
was added to (4- chl orophenyl) (cycl opropyl) nmet hanone
W@ 200904353 i n pyridine (60 nL) at 25C. The resubeT/082008550925
solution was stirred at 25 C for 24 hours. The
pyridine was renoved in vacug, and the residual solid
extracted with ether. Filtration and evaporation of
t he sol vent gave the crude
I
sol%ti‘o %Lxsogtf?%gea?/gg )gg%érci ongcl)]i)e IIE%I I@g&lﬁa %nx va?z%' Qf?d the
resdiuﬁl&mﬂﬂd)extrmctédl@nh eﬂter Hilepption tfdestapbrativhef the solvent gave the crude

fi M+ 210, t d
ri me Ln er |a 7%) aB&rYSH%W oil.

(4-¢foronhgpy %@ﬁm B8RPk
Thfs%a[t@r‘i‘a){ Cé»‘a@fu%‘édad]ré“cﬁm ﬁfé ANt oﬂ‘wTH!Fut ﬁ@%he@ ﬁkhcé‘t@ﬁ added

- 10 chl orophenyl’) (cycl opropyl) neth none O- net hyl
MSoml/erMH I2d0er medi ate 2) (2.75 g) in THF (100 nL) at 25C
under nitrogen. The resulting solution was stirred at

reflux for 3 hours, then cooled to OC. Water was

InteAnedidtd 3 @dA&tophaVIRvRIb i piNMetisnahiasd] (20% 100

nL). The resulting mxture was stirred at reflux
overni ght, then allowed to coolt o room tenperature.

The product was extracted iq exane, then dried over
sodi um sul f at e, 15fi|ter gporated to afford
(4- chl or ophenyl ) (cycl oprepyts net hananm ne as a cl ear

oil (2.205 g, 93% . 1H NWR (400.13 M1z, CDC13) 6 0.24

) OBglgdné Jté'flfah%roﬁga@ Qom 18x %ﬁv (nlﬁ{F r@S 6 (QlLébEbva?% add&Ptol }11"
chl()mﬁhergyl)(cﬁlmomﬂ)ﬂleth{@nona OzglethyVo;gme((QMermydlaw 295(2,75 g) in THF
(10§ nglgq ét?gl‘)zC n&de& tBOrgSBT?l;lheyrlef‘lg%%g %Orhlttl(%n Vas Nrﬁﬁft reflux for 3 hours,

then cooled to 0°C. Water was carefully added, followed by aqueous NaOH (20%, 100

mL). The resulting mixture was stirred at reflux overnight, then allowed to cool to room
temperature. The product was extracted into hexane, then dried over sodium sulfate,
filtered and evaporated to afford (4-chlorophenyl)(cyclopropyl)methanamine as a clear oil
(2.205 g, 93%).

"H NMR (400.13 MHz, CDCI3) § 0.24 - 0.29 (1H, m), 0.30 - 0.13 (1H, m), 0.45 - 0.50
(1H, m), 0.58 - 0.64 (1H, m), 1.01 - 1.09 (1H, m), 1.77 (2H, s), 3.20 (1H, d), 7.28 - 7.32
(2H, m), 7.33 - 7.36 (2H, m).

Intermediate 4: 2-amino-2-(4-chlorophenyl)acetonitrile
N

NH

Cl
Lithium bis(trimethylsilyl)amide (42.7 mL) was added to 4-chlorobenzaldehyde (5 g) in
THF (100 mL) at -40°C under nitrogen. The resulting solution was warmed to 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 EtOAc (3 x 100 mL), the
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A Lithiumbis(trinmethylsilyl)anmde (42.7 n) was
added to 4-chl orobenzal dehyde (5 g) in THF (100 ni) at
wo 4@@oursder ni trogen. The resulting sol uti on WesT/¢BRIM8MS50925
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

o 2N 0 SRR 5 s
pufiifidd ©&r Rabhaittaeamanagreshy, theon gtudle:ntratt@ t 6)(3% Bu@a ctilm&ohexane.

purified by flash silica chrogataography tio .
Purg Estight Vo3 an0sH 2 GAECS 10 AL BHcx AR %%h propBeBHgetonitrile

as M@él@u@éé@@ﬁr@fli%g s&l@dlﬁéd’&?ﬁﬁndlﬁ ﬁi%l%gwhlte solid (3.40 g, 57.4 %).
2- am no- 2- ( 4- chl or ophenyl )acetonTtrile as a col ourl ess

ITHAVMR (#A0.d B MidL.i PElspd | 8A (Stasdd 8 (t1d, gi 420 a78Ai(2ld, m), 7.39 -

74§?ggd 3.40 g, 57.4 9% . 51H NWR (400.13 MHz, CDCl13) 6

185 12H, s), 4.82 (1H, s), 7.30 - 7.34 (2H m), 7.39

- 7.43 (2H, m. Internediate 5. tert-butyl

4 ((4 chlorophen I)(cyano)neth Icarbannyl) 1 (7Hoyrro

e-tetramethyluronlu

m hexaf | uor ophosphate ( U, 0. 456 g) was added to
4-(tert- butoxycarbonylanﬂho)(ﬂ (7Hpyrrol o[ 2, 3-d] pyrim

i din-4- yl)piperidine; 4 clar bgixy!l Ec aggg(jlnternediate

1) (0.361 g), 2-am¥g IN"C r )acetonitrile

(Internmediate 4) (0 g)}% d N—e hyl di i sopr opyl am ne
(0.523 15 nm, 3.00° nol) in 5 nL) at 25C. The
resulting solution was stirred MNat 50 C for 1 hour. The
crude product was purified b change

chr omat ogr aphy, using an SCX'col i The desired
product was eluted fromthe c sing 7M NH3/ MeOH

and pure fractions were evaporatedH o dryness to

0—@21@%3?%5% i 05’-43%?@“% Jrcagzﬁ%ymlﬁuni?@ﬂi%w?%ﬁpgftﬁ (ATU,
0.458 gpyhs Addednio 4-(Yort-puteefdatioyamind)yl-CH-Bai&o 2, 38 |Frimidin-4-
yl)m)lertl(?mg glléardbo(xg)ihg ggd Intg?medla?e 1)%361 g) 2 ammo 2 (4-
chlorophenyl)acetonitrile (Intermediate 4) (0.167 g) and N-ethyldiisopropylamine (0.523
mL, 3.00 mmol) in DMA (5 mL) at 25°C. The resulting solution was stirred at 50 °C for 1
hour. The crude product was purified by ion exchange chromatography, using an SCX
column. The desired product was eluted from the column using 7M NH3/MeOH and pure
fractions were evaporated to dryness to afford tert-butyl 4-((4-
chlorophenyl)(cyano)methylcarbamoyl)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidin-4-
ylcarbamate as a white solid (0.343 g, 67.3 %).

MS m/e MH" 510.



WO 2009/ 047563PCT/ GB2008/ 050925 87 I nternedi ate 6:
tert-butyl
wd202/0&F00- 1- (4- chl or ophenybet hyl car banoyl) - 1p€ T/EBRI08050925
| 012, 3-di pyrimdin-4-yl)piperidin-4-ylcarbamate NH2
Cl RaneyTM ni ckel (0.257 g),gmas added to tert-butyl
4- ((4-
schl or ophenyl ) (cyano) net hyl car banoy1) - 1- (7H pyrrol of 2,
Int%rrqlsmfé (fntgl t%@&{%ﬁ_’gﬂﬁ‘ﬁé? 14 c‘filor}%ﬁa{\ﬁﬁﬁ l@ar\bamovl) 1-(7H-

(TTICEerIedr a 1T €l Ialtol oU 1TL)

py¥iohn) 23 cdiphwidiidin-4ie]) piheBidn- Mcﬂ@smw}led This m xture
was pl aced under a b ﬁoon of hydrogen and stirred for
48 hours. The reaction Ihxtuie was filtered through
celite and the sol vent eviaporat eﬁ tosdyyness. The
reacti on m xture wag r ess and
redi ssol ved in DCM dng washed with water
(125 nL). The or gHni as dried over MgSO4,
filtered and evaporated to affqrd crude product,
tert-butyl 4-(2-am no-1-(4- N/
chl or ophenyl ) et hyl car banoy1) -|1- (fH Pyrrol o[ 2, 3-d] pyri m
i din-4-yl)piperidin-4- ylcarb Nas a col ourl ess gum
(0.514 g, 100 9. ThIS mat eri al wad! used crude in the

ol oE IS AT L o, 1 0 e
5 chl@rd’g}i@[?@gbﬁﬁb}tﬂétﬂﬁcérbém [(bHXWrﬁﬂ 3 d}ﬁyﬁﬁllld:ﬂﬂ gﬁ)lﬁﬁendm -4-

214. 01 nmmo was ad stirre
ylcg@a{mtedﬁnt@fmp@mte PUOWI104) in cthanol (30 mL) Ammomum hydr0x1de (0.039

mﬁ%?@@%ﬁk l‘?lxﬂgg 2§ ﬁfag&i( XAC@% g(l_):)gdz%on ﬁf?’o %’Hﬁ{lé stirfed for 48

how®) THel refctio@Snisturé waelfiatred ﬂﬁroﬁ}glf @HhteSzﬁldrthél Bktle&t eEﬁﬂﬁ)‘ﬂt‘[ed to
chl oroformate (16.37 m

drypeiyo by 36T s mﬁam%sd frpdryness andrdiissolyad & (200
10 mL?hﬁldrv?acsHM LWitd v@a%rl{tlﬁl),ﬂm e Fé:t{lcegl anda b QR S fiktered
oom t enperat ure e’ react xture was queriched
andrévapomatdut affertl MaHCEBdG@5@ririuLy] 4e@taminbeld(44i t h DCM

oS B A DY S BB S BE ghab
ylcENARAIA A ArRL Al (6.5 £10094 IR Abridl v QPO in the

his 5 material was purified by flash silica
nemhteprmﬂ@gtapﬂnyrp@ifmahom gradi ent 10% Et OAc in

| S ., Pure fractions were evaporated to dryness
b M%%’?egwgggé‘l-tert-butyl 4- et hyl 4-
cyanopi peridi ne-1, 4-di carboxylate (20.8 g, 51.6 % as
a yellowoil. 1H NWR (400.13 MHz, CDC13) 6 1.33 (3H,
Inteymediatpqy: (letqrt-butvl 4-etiryl 4-wmnmndmg-1 4adicprboxylates
(2H n, 312(2H s), 4.09 o 4.14 (2H, m, 4.29 (2H,
) N

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 THF (250ml) at -78°C, under nitrogen.
The resulting solution was stirred at -78 °C for 30 minutes. Ethyl chloroformate (16.37 ml,
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10 Internedi ate
4- (am nonet hyl ) pi ueri di ne-1, 4-di car boxyl ate 0 0><NH2
wa20M904B36O X Pl ati num(1V) oxide (0.724 g, 3. 19p@moB2008/050925

and 1-tert-butyl 4-ethyl 4-cyanopiperidine-1, 4-

20di car boxyl ate (Internedi atg 7) (99, 31.9 nmmol) in

acetic acid (100nm) were stirred under an atnosphere

of hydrogen at 5 bar and 25 C for 1 day. The crude

I t
1768 B R Sadel TR BRubl Qo Gt A AN LlIE A igfip room
tenqmramre ThEhmodeﬁ hnetﬁirqowmmchmmeﬂl mmdteﬁrmmhp(zsmnumn
i ng 7M.NH3/ MeOH and refractlos. re evapora

extfa(gtqgl?\yﬁéggl\{l &ngftlfleoq)rga@c BCF WBMNW vg\fll\ﬁ%ﬂturated rine EIO% ml) then

drlgc%vaéﬁm}, mﬂn)eﬁ 'aﬁ@ Ebﬂiopﬁecﬂ-‘w‘lefj}r& ﬁ{etb?ﬁﬁél rﬁﬁt@n&ﬂas %%r&:%e oil. This

a colourless oll H NVR (400.
ma&rllll RS puriﬁeZISDy(iEﬂlh sifica cmowtegra.pltw el(uabia graﬁ;enal(lf/i RtQWc in

1s0§g>@1}e PéJIgF %rﬁ;itioné)v@ 2,39 &%’E{ to%)r)ﬁfss(‘rﬂ_afféoz 1 te%—@u‘%ﬂg ethyl 4-

cydnd @éﬂ@lﬂh-ﬂtéﬁd@arbﬁkmﬂe (20.8 g, 51.6 %) as a yellow oil.
4- (am nomet h bpi peri di ne-4-carboxylate 0 0 ><NH2 N H

HEAIRGE0 16 M 15 1SN L 335 Uar oG 1 206 4300 PoHars). 2.04 -
20885389991 L5} 9'do LY orf 1§t B%b (21, o).

8: 1-tert-butyl 4-ethyl
i uer
|

Intermediate 8: 1-tert-butyl 4-ethvyl 4-(aminomethvDpiperidine-1.4-dicarboxvlate

Platinum(I'V) oxide (0.724 g, 3.19 mmol) and 1-tert-butyl 4-ethyl 4-cyanopiperidine-1,4-
dicarboxylate (Intermediate 7) (9g, 31.9 mmol) in acetic acid (100ml) were stirred under
an atmosphere of hydrogen at 5 bar and 25 °C for 1 day. The crude product was filtered
through celite and the filtrate 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 1-tert-butyl 4-ethyl 4-
(aminomethyl)piperidine-1,4-dicarboxylate (7.59 g, 83 %) as a colourless oil.

1H NMR (400.13 MHz, CDC13) 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).
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4- (am nonet hyl ) pi peri di ne-1, 4-di car boxyl at e
(Internediate 8) (7.6 g, 26.5 mmol ) in 5di oxane
w@ 3@a)7563The resulting solution was stirred atrP@DGB2608/050925
3 hours. The crude product was purified by ion
exchange chromat ography, usigyg an SCX colum. The
desired product was eluted fromthe columm using 7M
NH3/ MeOH and pure fracti ons were evaporated to dryness

1.23 - 1.30 (3H, m,
d), 2.65 - 2.72 (2H, nf,\@.
(2H, m, 4.21 (2H, Q).
4- (am nonet hyl )-1- (7H pyrroll0l2, B-di pyri m di n- 4-
ybpi peri di ne- 4- car boxyl at e hyl di i sopr opyl am ne
(3 70 M, 21.26 mmol) was addéd to ethyl 4-

onethylgﬁ peri di ne- 4- car boxyl ate (Internedi a 9?
Hy(ig)gg]@ chlprad&4 oxaflﬁg (33.2 ml, 132.7 mmol) was added to 1 tert buty 4-ethyl

4- (ﬁnﬁ{&%u%‘ﬂﬁr?)g‘ﬁ%)‘ g%% 0k %u%ﬂ@x?bé‘ié féhgn%g(g]% e § 7% ]2% 5'tamol) in

diogtne (3éohaThé Ees@ting rso]jlﬁoin ous stirrddet 2@r°(£dﬁer ﬁ lhodltscThe/\aade product

uri.fied b n exchange 20 chromato ph
Wage*% é banioh e’rﬁ@na% ShIpRR %F%P&‘&ic‘f“%%ﬂ S teatingt 2‘].1%‘ gaired product
wa @llu\%é@'frdiﬁ 'tH&:oY%t’l\lﬁﬁﬁ QENBDA 18T Gndl b%tﬂ&ﬂ%s"‘@&% evaporated to
evaporated to dryness to afford eth

dryzies@gb A rsh3PdH-GRANOBDBINNRE 1dGec-4- carboxylate (3 34g,67.6%)asa
IFanh gethyl)-l-(?kkpyrrolo [2,3 -d]pyrimdin-4-yl)p
ye f¥'8i ne-4-carb oxylate (5.08 g, 95 % as a beige
1THSOMIRA400. 13 Miz, NNBC(3460. 283 Vb 3}DIYBP1Q6) 18371222 mi¥) 2.12 (2H, d
67d(2H d), 323(3?l 30 2H n, 15(3% t)ﬁm ﬁ %
26@291 724)2H 13877 (2H,50, 2_944 299 (2H, m), 421 (2H, q).

2.12 (2H,
SNEL 2,94 - 2.99
te 10: ethyl

Intermediate 10: ethvl 4-(aminomethvD-1-(7H-pvrrolo]2.3-d]pvrimidin-4-

(@)
—\
O/éﬁ\NH
N
Nﬁﬁ
N
NT N

N-Ethyldiisopropylamine (3.70 ml, 21.26 mmol) was added to ethyl 4-

vl)piperidine-4-carboxvlate

(aminomethyl)piperidine-4-carboxylate (Intermediate 9) (3.3g, 17.7 mmol) and 4-chloro-
7H-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-
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(2H, m, 2.04 (2H, m, 6.59 - 2.07 (2H, (1H, t), 7.16

- 57.17 (1H, m, 8.12 (1H, s), 11.67 (1H, s) Ms me
worbo9BO%63 | nt er medi ate 11: et hyl PCT/GB2008/050925

4-((tert-butoxycarbonyl am no) net hyl )-1-(7H pyrrol 012, 3

- dIpyrinidin-4-ybpiperidingxﬂ car boxylate 00 ON O

\N HXHio D -tert-butyl dicarbonate (470 ng, 2.15

nmol ) was added to et hyl

- : P i
By PR B D B Pl B R, os
% )rmalbrigandlid.r i et hyI amne (0.300 m, 2.15 mol) in DCM

(210nmL) . The resultin uspensj on S st red a
HORIRIDO | SRBEE APUSE Fop 152 BE: O 116 173I2H: Bn. Bk 308 (21,

Vg7 (i ) edo S DGMA( B0 by, 424, s 1H, 1), 7.16 -
m)’segﬁ nt’iLH1 ?/""3*303( E}%\/I (%8( mgl)aﬁ%wsatup%?em 659( v, 7.16
7.1(75©Hnm),.8.II21(éPb|sgérln66’ (IlHyér was dried over |\/g504

ilte nd evaporated. The crude product was
M W]}Aﬁggogy flash silica chromatography, elution

gradient 20 to 100% Et OAc in isohexane. Pure fractions

wer e evaporated to dryness to afford et hyI
Intle diateak 1l ethal 4-(sent-hatoxvearbonylaming - (7 yiwolohd
' ' gtrboxyl ate (468 ny, 53 9 %

§lidified on standi ng. 1H
22 (BH, t), 1.36 - 1.38
(2H, d), 3.13 (2H,

NVR (400.13 MHz, DVBO d6)06 1.
(9H, ), 1.42 - 1.49 (2H, n)
d), 3.20 (2H, t), 409%9¢ ", 4.45 (2H, d),
6.58 (1H, d), 6.94 (1H, Y161 (1H,7d), 8.13 (1H,
d), 11.65 (1H, s). M5 nf el MH]404. I nt ermedi at e
12:

4- ( (tert-butoxycarbonyl am np) nmet hyl )-1-(7H pyrrol 012, 3
- dlpyri m di n-4-ybpi peri dyfies rboxylic acid 00

N
N
N g

Di-tert-butyl dicarbonate (470 mg, 2.15 mmol) was added to ethyl 4-(aminomethyl)-1-(7H-
pyrrolo[2,3-d]pyrimidin-4-yl)piperidine-4-carboxylate (Intermediate 10) (653mg, 2.15
mmol) and triethylamine (0.300 ml, 2.15 mmol) in DCM (10ml). The resulting suspension
was stirred at ambient temperature for 2 hours. The reaction mixture was diluted with
DCM (50 mL), and washed sequentially with water (50 mL) and saturated brine (50 mL).
The organic layer was dried over MgSOQy, 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-yl)piperidine-4-
carboxylate (468 mg, 53.9 %) as a colourless oil which solidified on standing.

IH NMR (400.13 MHz, DMSO-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, t), 7.16 (1H, d), 8.13 (1H, d), 11.65 (1H, s).

MS m/e MH" 404.
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Li t hi um hydr oxi de nonohydrate (0.556 g, 13.26 nmol)
was added to ethyl 4-((tert-

wGbawoxisear bonyl am no) met hyl ) - 1- ( 7H pyr r ol o[ 2, BeGBR008/050925
i di n-4-yl)piperidine-4- carboxylate (Internediate 11)
(1.07g, 2.65 mml) in water ¢;6.25 m), THF (25 nl) and

et hanol (25.00 ml). The resulting solution was stirred
at 20 C for 1 day. The reactlon m xture was dil uted
dlmimtdlmn-stl)“tﬁmr@ddhéaedaeﬂowﬂcmcﬁt OAc (3 x 50 m_) 10 The
organi c extracts were shed with saturated brine (25
filtejfed and evaporated to
afford desired product
4-((tert-but oxycarbdi@l
ic acid (0.628 g, 63.1 i'te>foam 1H NMR
(400.13 MHz, DVBO-d6) 6 1N36 (9H s), 1.44 - 1.51 (2H,
4.43 - 4.46 (2H, m, 6.164/( 6.84 (1H, t), 7.21
(1H, s), 8.16 (1H, s), % s) MS mie M+ 376.
N_

Int‘éﬂ‘ﬁlgdlﬁ{eoﬁc 4( :
m.) then dried over My
(7H-pyrrol of 2, 3-d] pyri m di n- 4 Wh@q@rldl ne- 4- car boxyl
1.99 -2.04 (2H, 15m, 13.14 (2H, d), 3.25 (2H, s),
Internediate 13: (S)- te

(4-(1-(4-chl orophenybet hyl car banoyl) - 1- ( 7H20pyrrol 012,

Licuf R TS o B35 S At TR BB G o

butp@id:aﬂﬂiﬁytammo)methyl) 1-(7H- pyrr010[2 3- d]pyr1m1d1n 4- yl)plperldme 4-
(tertbut o car bogﬁl am_no) nmet

| . 3-
carp Y HITPTOOHE) gh Dy (AR IO D AR D9 6> Bl d IF 23 1 and
eth%lluglt(?f ?‘g tI‘ﬁe F&hit Sg%ﬁg wal s@rr&mftl 20°C for 1 da%.OThemrrg?%tion

| or ophenyl anam ne (0.093 g,
migng ﬂsREl«&te((Dwﬁli BtOAc (2[) 180) am:bW)tshed A {t&0(2Hn) Lt he2ds@eous

wag g pd o 1 g M o S B BR E i Fr Qe £ 3 mb
Thé BFaR%CRAREE we R WATRES A RRBNra b biek @B niO{hePHHENovel MSO,,
desired product was eluted fromthe col unm using

filtpned ﬁafrh ovaporeer @Mfortﬂmuemydueﬁ«é@t bytopeeaghamnylantieo)methyl)-1-
R AR DB R ke PR BR A B RP DS o

white fébnyness to afford (S)-tert- butyl (4-(1- (4-

NG 0G0 D s Susbr-doa T 36 i o Lddt PET (R ke o TP cam,
m), 3.14 (2H, d), 3.25 (2H, s), 4.43 - 4.46 (2H, m), 6.64 (1H, s), 6.84 (1H, t), 7.21 (1H, s),
8.16 (1H, s), 11.82 (1H, s)

MS m/e MH" 376.

Intermediate 13: (S)- tert-butyvl (4-(1-(4-chlorophenvl)ethvlcarbamovh-1-(7H-

pvrrolo]2.3-d]pvrimidin-4-yl)piperidin-4-yl)methvlcarbamate

Searsias

N/

|\
k\Ng
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yl') met hyl carbamate (0.257 g, 83 % as a col ourl ess

gum This material was used directly in the next step
wowdokowtses urt her purification. 1H NVR (400. 18Cc1vEB2008/050925

DVSO-d6) 6 1.37 (9H, s), 1.38 (3H, d), 1.48 - 1.55

(2H, m, 2.17 (2H, d), 3.12 ¢ 3.36 (4H m, 4.28 -

4.34 (2H, m, 4.95 - 5.03 (1IH, m, 6.65 (2H, s), 7.23

- 157.24(1H m, 7.35 (4H, s), 810(1H d), 8.18

, nt di at
HA(1T31[:H (Oe'? : 'iln&#'%?%&p de@@ﬁq 7 mt% §$. m ngl)r but anoat e
buto@y@kb @@Mlﬂe)@tdﬂqﬂp iy} rotb] 2.8 atlpyramlic-4 ad)pibetidin2-43,
carb s ARSI 235 Bofharemp, (73 - ChlcrapiygyDethanamine
(0. 6@% )o.d0mlonaRalDIPEA 3)14‘%?1[ €| 86 hink 1na£5‘IQAh rﬁlg) A58 under

or 4 hours. The resulting mxture was al
mtl@goﬂl Tihe resudimg sohpenatasrsgrraddt 60 1¢ &rgchoufhd hé pfltdﬁ @tca“luct was

s, concentrated b vaporation t rified
P G RR GRS G AR BT 1E W TP dRbred et was
elu%e%l‘ﬂlfﬁ%ﬁ mgoolﬁ&ﬁ Bsihg AetHaBIS Rwﬂ@a@ﬁzemwsaéﬁavécpoydﬁaxaﬁg $he
o afford ethyl

methapal sohitondkiougly 2 piliga-swpnonios ghiyondy b@iumﬁoﬁh@cme pagug, thus

ool RSP Op S5, ik QMR8 902 My
chlaro%&er(ﬁ)‘dthmarbafinoyl) (z’ﬂ;{ phrolof2, 3&[]ﬁ}&hhl1d® -A-yDypiriddEy-

93 Internedi ate

yl)@ﬁthzﬂc@fhaaw&pwew B BM ﬂf@mﬁwﬂw%@a@r@mﬁ ysed digectly
in tjga gee_!gglie#‘\wtﬁﬁulﬂ ke h&gﬂti&gfgﬁo 632 g, 26.40 mmol) was

one portio Cto a solution 50f ethyl
ITHANNR- @h0.08 dpHe YNBO4d)riet. B GH, s),nlo) bdtadpdt 48 - 1.55 (2H, m), 2.17

ot Qe iRt g 1 Ak B3800 804,05 5.03 (11, m), 6.65 (21, 5). 7.23 -
724 (1H, m), 7.35 (4H, s), 8.10 (1H, d), 8.18 (1H, s), 11.94 (1H, s).
MS m/e MH" 513.

Intermediate 14: ethvyl 4-(4-chlorophenyl)-4-(methoxvimino)butanoate

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, CDCI13) 6 1.23 (3H, t), 2.53 (2H, t), 3.01 (2H, t), 3.98 (3H, s),
4.11 (2H, q), 7.33 (2H, d), 7.58 (2H, d).

MS m/c MH"270.
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mmol) in THF (30 M) and water (20 nml). The resulting
solution was stirred at roomtenperature for 6 hours
wo bew/oasssli fied with dilute HCL and extract ed p1/oBI@kES0925
(2X). The conbi ned extracts were washed with brine,
dried over MJSO4 and evaporajed to give 4-(4-
chl or ophenyl) - 4- ( net hoxyi m no) but anoi ¢ acid (1.520 g,
95 %9 as a colourless solid. iolH NVR (399.902 Mz,
CDC13) 6 2.61 (2H, t), 3.01 (2H, t), 3.99 (3H s),
7.34 (2H, d), 7.58 (2H, d). Internedi ate 16:
Intérapdiate ¥5: didedhl@rophbeyly-i)(metloxyimivio) Difanid acid
154- (4- Chl or ophenyl) - 4- (nethox%lnino)butanoic acid
(Intermedi ate 15) (6.28 g, O mol) in
tetrahydrofuran (8 n) was cg dPed, under an atnosphere
of N2, in an ice-methanol bauh then treated dropw se
S ax . OMin THF) (26
dl m nutes. The
armto room
tenperature, stirred for 1 hour then heated at refl ux
Lithiom laydrortdd €r.632 g;@m@ mR01) A¥aseddegbinl dna gpoitroni at 0 WAt @ra solution

or G R RS R0 FRb R B Tafiend e lB i 75 & .0
mn%lj ﬁavag fﬂﬁrdﬁhtv@atérqgﬂhﬂﬁ Mhe &@shufng san@loﬁwa@ kfed Qtrrﬁgm

hours before evaporating the he sol vent.

tenmpsgritengdom@abourh grengoislife Wl’flh ddlete \I\iﬁl@nd antﬂa%@b/&'m O" B (3X). The

corﬁfm?c{lj%xtr edesr%jr ogh éis \51‘[1\{\43 pne, dii a‘d 8¥er86g®f al S evaﬂora eg to give 4-(4-

chibitphes0RH-Eahethox|iannd bRt ablur(e 5@0@ 95(%’) ag h%dlo‘ﬁklbd% s3hd.
onbi ned extracts

lH\ﬂ?&MBr(g%PP%MéZ ByP G Ae;01dPHed %Oé£2H\Ab3 eh (3H S) 734 (2H, d),
75@8%/ 47563PCT/ GB2008/ 050925 94 MgSO4 and evapor at ed

e 4-am no-4-(4-chl orophenyl) butan-1-ol (1.100 g,

21. 2 % as a colourless, viscous oil which was used

rther pfr i fjcati on. 399. 902 MHz,
fnediate frchlgrophenyvlbutag . br. s), 3.57 -
367(2H m 388-391(1rh~|-|n) 7.23 (2H, d), 7.30
(2H, d). 5 M5 me M+ 200. igite 17: tert-butyl
4-(1-(4-chl orophenyl) -4 N 1 car banoyl) - 1- ( 7Hpw
rol ol2, 3-di pvrimdin-4 pJ peri di n-4-vi carbamate HO

4-(4-Chlorophenyl)-4-(methoxyimino)butanoic acid (Intermediate 15) (6.28 g, 26.00
mmol) in tetrahydrofuran (8 ml) was cooled, under an atmosphere of N, in an ice-
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 10 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;0O (3X). The combined extracts were washed with water followed by brine, dried over
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1 00- (7- Azabenzotriazol -1-y1)-N, N, N , N -tetranet hyl uron
i um hexaf | uor ophosphate (166 ng, 0.44 mmol) was added

W@ o000i0aT1568 Se t o PCT/GB2008/050925
4- (tert-butoxycarbonyl am no)-1-(7H pyrrol o[ 2, 3-
d] pyrim di n-4-yl)pi peri di ne-gl carboxylic acid
(Internmediate 1) (150 ny, 0.42 mmol ), 4-
ani no- 4- (4- chl orophenyl ) butan-1-ol (Intermediate 16)

M%@n‘%ﬁ o %onﬁfmg%wgq?ﬁé\?gq cgll SERE OB tﬁ{%%‘f' { 90(?? 1.2 %) as

a cdloanédsf viscouwad vﬂnd:lr weduset] withoG fuetheSpuitficagorn.hen

R oy M %&é@éﬁ‘ﬁé&ﬁ%‘%‘e@r P3AT3ror. dndnga 367 (1,

m)V\g E@ ‘.’)‘@tl?[Ha&Sj 7055 @@1 Hyd;ejo mto afford tert-butyl
chl orophenyl 4-hyd oxy utyI car banoyl) - 1- ( 7Hpy

MSrméiM[HZEOd] pyri midin-4-yl) pi peridin-4-yl car bamat e

(152 ng, 67.4 % as a creamsolid, which was used

wi t hout further purification. 201H NVR (399.902 Mz,
InteMREdiak 1]7 49rt(bllﬂ71 4- @l)-(4 dh16€sphbn ¥H- 4(-1%‘ﬂrombut$lc9%mﬂmqﬁl (7H-

(4Hrr) ~38 - (',rr),351-3()1',rr)

-4- ridin-dpiparbpmate 4. 76 (1H, q),

6.65 (1H, m, 6.95 (1H ®), 7.20 (1H, m), 7.33 (4H,

s), 7.89 (1H, d), 11.78 (DH, s). M5 mle M+ 543. WO

2009/ 047563PCT/ GB2008/ 050925 95 Internedi ate 18 :

tert-butyl o
¢ et hy) car banoyl) - 1- ( 7Hpy
1) Bi i i N4yl car bamate HO
O

4-(1-(4-chl orophenyl
N
N7\
(0
N/E

rrol 012, 3-di pyri m di'n
O-(7-Azabenzotriazol-1-yl)-N,N,N',N'-tetramethyluronium hexafluorophosphate (166 mg,

0.44 mmol) was added portionwise to 4-(tert-butoxycarbonylamino)-1-(7H-pyrrolo[2,3-
d]pyrimidin-4-yl)piperidine-4-carboxylic acid (Intermediate 1) (150 mg, 0.42 mmol), 4-
amino-4-(4-chlorophenyl)butan-1-ol (Intermediate 16) (83 mg, 0.42 mmol) and N-
ethyldiisopropylamine (0.087 ml, 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 ml) 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-chlorophenyl)-4-hydroxybutylcarbamoyl)-1-(7H-
pyrrolo[2,3-d]pyrimidin-4-yl)piperidin-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.
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0- (7- Azabenzotriazol -1-y1)-N,N,N , N -tetranet hyl uroni u
wondwenafskaior ophosphat e (148 ng, 50. 39 nmol ) waBCEIBews/050925

in one portion to a stirred solution of 4-(tert-

but oxycar bonyl am no) - 1- (7H 4 rol o[ 2, 3-d] pyri m di n-4-y

| ) pi peridi ne-4-carboxylic acid (Internediate 1) (134

ng, 0.37 nmol) and N-ethyl diisopropylamne (0.077 L,

ﬁgrtﬁédlm t!ept N lﬁ%l '(Jr-)chloIBlﬁhéHV})tfﬁgdme@&f@?ﬁﬂnmﬁﬂ-ﬁH-

alll 1T10="2Z=" (4= CI1T O OPTICTiyl ) €l T1allul [AVAR IronT)

DVfr@RfBI,Mmt)vrlﬂ:ﬁ&ﬁlcﬁwBﬂm@ndﬁeé vﬂ&%ﬁﬁﬁﬂaﬂ@04045 for
preparation). The 10 d solution was stirred for 16

hours at room tenperature; The ni xture was partitioned
bet ween et hyl acetate and Ig 0 NSBzing bi car bonat e
sol ution. The organi ¢ | ayer} %h twice with

wat er and then bripne~Fhe organi ¢ solution was dried
over magnesium sulfate, filter&d and evaporated. The
resi due was purified by fl asﬁ\y Il ica chromat ography on
silica using gradient elution (1% nethanol / DCMto
15% net hanol / DCM). Product 1&com ai ning fractions
were conbined to give tert-butyl =

ﬁf - A Lavftz fRARI QQH?WN &' tetramet y/luromum hexaﬂiloroph?nphate (148 mg,

ydroxyet hyl carbanoyl)-1-( /H pyrrolof di n-4
0.39yhihpl) peas euﬂldnd m meqmrﬁuarmmestMEzolrmgpn 804 Yfertas

ut((:)gqlz_i:%%%nyfafng fﬁrrf) gﬁﬁpyrgmz{HZZi y%ﬂ?g}gﬁ ?.'e)]fboxyhc acid
(In?er%?ediaté 12@1 3(4%@ 01’)7 m?loz')%n% I‘éf-eg@lc(u%g%roﬁ?}'am%eqa 077 @nl@l) 44

mn@o]l)—[n NyP @8 n1]4) T jne{mlst)lre was t@@te(dlwth gfdmlg() 2fﬁ47-_ch((E®he)1yl)ethanol

Jrggl_azq ﬁlnPOJ[gCCé_f nog Rzgé%(l;lcfgélrg %’o 288%;)&%&)"45?% partel%ra 1on) The
darkRbitiophes ¥lined RRasvats at tebnl quj%ﬁttllﬂam?he( ﬂm@@r@ wHs partitioned
16. 68 mmlzﬁ]#\ysaddedln one portion to ( -(tert- 5

bethyigebsirbads mrﬁqﬁéqmownbwwm‘éwwm ﬁﬁfﬂaéﬂcdéi’f‘d was
waéﬁ'eat ﬁ:e%gflg? %@%RB{@@ STy %icbs%ﬂﬂIo% WAL dR4 Jer rﬁaé}lesmm

res t I Ng suspensi on was
sul@te lfﬂtxed:damd&ﬁ)alﬁrfttedl e rbﬂdlt[eSwasTﬂnmﬁedéJ@Itﬂasln sitiicx t:]moma‘lmglphy

Jsgpsen et bt B S S0 G0 T YA B
corgté_u%l{ngrf%tléﬂ‘sdw&’é%eﬁl%ﬁfeﬁ(ﬂo bR 9[1%1 4 '(ﬁ%fﬂ'&ié r%)hen y)-2-

rt-but oxycar bonyl am no) - 3- | or oph ropano
hydroryathylGabargoylj-o-(T2ydtolee, 3ad]py1amgbnéqﬂ)p¢permm Nyltcarbamate (152

6) 6 1.36 (9H, s), 2.71 - 2.74 (1H,
mgﬁ‘?% a?%hﬂeséd%(f 3. 5(7 (3H, )s) 4.91 (1H, él)
"HRMR (68D Mblz, DM8O- &%B'l 4@%H7s)49 9B1H, 1204H, w)z3 45SB6B (4H, m),
(MH =312 HPLC |
422 -4.33 (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.




10

15

20

Internediate 20: (S)-nethyl

3-am no- 3- (4- chl orophenyl ) propanoat e (hydrochl ori de)
w0645 Hydrochloric acid (4.0Min 1,4 D pEEOBR008/050925

(4.18 nmL, 16.73 mmol) was added in one portion to

(S)-net hyl

3-(tert-butoxycar bonyl am no) 3 (4-chl orophenyl ) propano

ate (Internediate 19) (1.05g, 3.35mml) in DCM (20 ni)

Intaf g&)igte I-Bj S

chlbﬁ)nlrmtfhvfon’inameno 3-(4- 20 chl orophenyl ) propanoat e
(hydrochloride) (0.850 g, 102 %9 as a white solid. 1H
NVR (399.9 M4z, DMSO-d§) 6 J.98 - 3.04 (1H, n), 3.16 -
3.21 (1H, m, 3.58 s) Ja.62 - 4.66 (1H n), 7.50
- 7.52 (2H, m), 7.57 / T°®9 (4, mQ 8.66 (3H, s). mz
(ESI+) (MrH)+ = 214; HPLC tR 1.7 nin. WO

2009/ 047563PCT/ GB2008/ Q8959 prenpedi ate 21:
(S)-net hyl |
3-(4-(tert-but oxycar bgry ¥ no)-1-(7Hpyrrol 012, 3- dI

pyri m di n- 4- ybpi peraidi ne>4- car boxam do) - 3- (4- chl or ophe

r opanoat e

Ioddtr{ef?haa% Shey Bl .1%-9% mjely yys RIdQAND ORE PRTEPR e iyl Eitoni u
butgkﬁec&(@n ﬁ%lﬁ%)gy t@ég %@Io%h&ﬂylﬂp’isgpaQ01c5a%lcp(‘i gmjl )nn‘f@f rﬁfjﬂﬁéjssmm

I " one port
carBer{ate(( 92208, &:x67cambdriy IDAVIF b)) mL) (Thd-rpyultingd afs@erBion was stirred at

80 ‘(;4? ﬁ%/rg%glﬁ‘g; 'ﬁl{%r;egﬁifggﬁfxg{rg %aﬁpél?c;agtg%é(!l q\él ﬂtgd with EtOAc (50
ml9 iv%iﬁ%ﬁt@ﬁ%b%]t‘)y hﬁgbf%%nfcjla%? Qvalldric® o0& ME’S’@) ﬂlt@re‘d%d (elr%)orated

The result solution was stirred

to #fgyrd 5S)ﬁ1mnthwb§-(te(tg)ut¢mpm§0pnﬁa@mohé =(3- c(h,horophenyl)propanoate (1.340 g,

1255 % BRREEY IR TBEURAL b BNNO Bk { PGB 3 0274
(1quhylzl7qn 2a8ml(1$1 inf)f 897 @3HIQONDT EIpe.at.8s H,en, B3IN@H, <), 7.49
(II&rhd%‘ r;l/eza(%tsll ) (M-H)- = 312; HPLC tR =2.57 min.

Intermediate 20: (S)-methvl 3-amino-3-(4-chlorophenvDpropanoate (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)propanoate (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.
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m xture was diluted with Et 0OAc (100 nlL), and washed

sequentially with water (2 x 50 nL) and brine (50 niL).
wab@oosFeni c | ayer was dried over MgSO4, filt ereDGaR@S/050925

evaporated to afford crude product. The crude product

was purified by flash silica~wchronatography, elution

gradient O to 5% MeOH in DCM Pure fractions were

evaporated to dryness to 15 afford (S)-nethyl

Intdihdahl 1 QPRI 3T ARt DT Rt arbon{ EHnRRb - (P12 vi b PY3-

T 1 ar - 4-
d]pyrimpidiedid)piperidia edbexbot adnido B3 {(4-chiiropbahdyprbp aicapano

ate (1.27 g, 82 % as a V\:%Ite solid. 1H NMR (399.9

MHz, DMSO-d6) 6 1.40 (9H s), 1.99 (2H, s), 2.04 -

207(2H n, 279- : 2H n) 3.56 (3H, s), 3.60
- 3.66 (1H, n, 3 ( rr), .20 (2H, t),
5.20 - 5.26 (1H, : : (1H, s), 7.27
(1H, t), 7.35 (4H:l 14H(1 d) 8121 20(1H s),
11.98 (1H, s). rdz(ESI+) ( M 57; HPLC tR =
2.12mn. WD 2009/ 047563PCT/ 8/ 050925 98
Intermediate 22: (S)-tert-butyl

4- (1-(4-chl orophenyl) - 3- hydr ox | car banoyl) - 1-
(7H pyrrol 012, 3-di |
pyrimdin-4-yl)piperidin-4-ylc

O-(7-azabenzotriazol-1-yl)-N,N,N',N'-tetramethyluronium hexafluoro-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)propanoate (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 MgSQsy, filtered and evaporated

to afford crude product. The crude product was purified by flash silica chromatography,

elution 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-
yl)piperidine-4-carboxamido)-3-(4-chlorophenyl)propanoate (1.27 g, 82 %) as a white

solid. 1H NMR (399.9 MHz, DMSO-d6) 6 1.40 (9H, s), 1.99 (2H, s), 2.04 - 2.07 (2H, m),

2.79 - 2.84 (2H, m), 3.56 (3H, s), 3.60 - 3.66 (1H, m), 3.67 - 3.70 (1H, m), 4.20 (2H, t),

5.20-5.26 (1H, m), 6.73 (1H, d), 7.13 (1H, s), 7.27 (1H, t), 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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Li AlH4 (2.280 nL, 2.28 mmol) was added dropw se to
(S)-methyl 3-(4-(tert- 5

whniooxyses bonyl am no) - 1- (7H pyrrol o 2, 3- d] pyr i PETGB26b8950925
| ) pi peri di ne-4-car boxam do) - 3-
(4-chl orophenyl ) propanoate (Jenternedi ate 21) (1.27g,
2.28 mol) in THF (70 nmL) cooled to OC under nitrogen.
The resulting solution was stirred at 20 C for 1 hour.

Intznﬁe('ilg?e%i 98)- ~E'rf(BH{V(f 4Y354 %ﬂf&%ﬁﬁ&éﬂ 8 Iﬂxﬁ%’ix}ﬁ%mlcarbamovh 1-

Mydar oxr ac ( £V ( £ITL)  alld wat €1 ( L1TL) e SO Ut Ot was

(7H4plvmﬂela mmvmdm-uwumemmh-ﬁlemmme m.), and
washed sequentially with EEter 10 (100 L), water (100

m.), and saturated brine 00 nL). The organic |ayer
was dried over MgSH4, fil tered and evaporated to

afford (S)-tert- butyl (1 (4(@h|or y1) 3-
hydroxypropylcarbann 3 d] pyri m di n-
4-yl ) pi peridin-4-§ic nata O 0 as a white
solid. Mz (ESI+) (MtH)+ = 52 tR-200mn

151 nternedi ate 23:

2- (tert-butoxycarbonyl am no) - 2-| 4- chl or ophenyl ) et hyl

met hanesul fonate 0 C Mt hang yl chloride (1.451

m., 18.74 nnDI) was added to fertbutyl 1-(4-

chlorophenyl) hydroxyethylcay&anﬁie (4.63 g, 17.04

nmol ) and N, N- 20 diisopropyl ethyl am ne (6.23 nL,
Liﬁ?lﬂ@.zﬁmrmn, 2128 IﬁiﬁMd (WA adtlgd dmpil;qvfsd td CS)lgﬁethyle?r (A}a(tp@x i od

of 5 mnutes under nitrogen. The resulting solution
buigs¥cashqny agrinar |5 G-EYFBIoL 5 HeRFUTI i YDBRET B hFaibanido)-3-

s IR oA ERgP g o

to OfC)und®hatroggmafihe résaltaig sahsiod masdingedat 20780y 1fhiouit. eFledreaction

.and evapor d.to ffo d,cr The c
R LR ISTT Seitrb 9P (2 LA LioRe gt he solution
wa8 (iHbic@An@ At BRtcdOvIPEASRE BOBARL ) Qn@@%heﬁ%@lefnﬁﬁ@} WRRSvater

were evaporated to dryness to aff

(100trek.}, water ék@&:@Lh@mﬂ ISt ates) brme((AOQ mI()r Blpﬁ@gymlg: éthyWas dried over

h es nate i L& sol.i d.
MR AR S bttt T PPt N i 3,
h (&))x carbdmayd)-( 27H-phsolf2 304 1d§111)-4 ridint44fcarbamate
y n;?;a 7. 68(%81H;( d/)pvh 4 ]f}ﬂﬂng }?Dp?&348 IZ—&IIECLC
§6% 39a wihite sq-lpd; M@r(ESb+L)t(§¢+H)+ PLC tR = 2.00 min.
1 (4-chl orophenyl) - 2- hydroxyethylcarbanate used in the
above reaction was prepared as foll ows.
Intéridsdince 23: 24catibnepkearhydnyikarinod-2adichldrbphenylfeéhds 10
mml) was stirred in THF (200 nL) and sodi um
I (5.82 g, 153.87 mmol) was added in
portions to the stirred n1xture)un er nitrogen. A
sol ution of iodine (16.41 g, 5 mol ) in THF (20
m) was added dropwi se nalnMN ni e tenperature
bel ow 15C using an ice bath. |The esultlng m xture was
war med to room tenperat dand |)s ed at reflux
overnight. The reactio S quendhedOby the addition
of nethanol (40 nL) CIA poftion of 15 this sol ution mas
renoved partitioned between ethyl aceta

Meghgesatosy! Chmc?edrl daningl| l@ykrmpal o wéﬁré@um%&e(ﬂ
MPLC

o R Sy SAPo i 3 e TP pE o B4 o "

diifopMpyleTindardesi(6 28 nﬂr,cﬁdﬁ@tmm@l)anﬂ](ﬁ\/[ (40 mL) cooled to O°C over a

perﬂ%déq aitc o %geg%glﬁ%%tlf%géqrﬁ: ge%}]ﬂltlgg;' 8sol%t1or} %vag gtlrr@d at%s’C t%r 3 hours.

The reaction mixture was diluted with DCM (100 mL) and washed sequentially with water
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1H NVR (399.9 MHz, CDC13) 6 2.00 (3H, br, s), 3.48 -

3.58 (1H, m, 3.68 - 3.76 (1H, m, 204.02 - 4.08 (1H,
WORQID4AEB - 7.39 (4H, m. mz (ESI-) (MH)- = PBHGB3®S/050925

HPLC tR = 2. 20 min. The remai nder of the

solution was treated with trgeethylam ne (18.02 ni,

129.31 mmol ) and di-tert-butyl dicarbonate (14.11 g,

64.65 mMmmol ). The mixture was stirred for 2 hours at

t b !
(VBRI LS PRI RELEBRLL L Q05 EHIES o gy
crude pfbdmaig s cruke priduat was purlficdrvgd]ashgidica omﬁmtdgm;ﬁgi, clution
eraSUED Q1 OACUS Phat g i BFROTBINFT GYVFOTUOA tdgiess Lo aford 2-
(teﬁ%ﬁ‘é ggarf)o %182-?/R%—’fﬁ%&ﬁ%@heﬁﬂ%tﬁﬁ%éthmlfon-grée@‘.jl‘ésg., 589 %) as

produ

a \RdllrﬂeeohxpﬂéhNMR B9 dvibey DIMIYD cig) 5ér319t(@H( 9. 917@3HA$3 §22 -4.28

i ) 2Bt alug SRt o7 @éﬁé@i §34s; HpLC

tRerQQ_‘QI{lg}Alg 149 . 301H NMR (399.9 , DMBO- db6) 6
1.37 (9H, s), 3.41 - 3.52 (2H, m, 442- 4,58 (1H
m , The Rot-puty 1-(4- chlqro@tge hayroxyetgﬂlcqrpaqna@)used71n3he above

rea%tl(%ﬂ W%%%fegefv\gi 509) OWs. t? g%%PgT c%) 1‘4)1915691965306%1991&(1 (12 g, 64.65

mniol{ #achiresddp ITeﬁy(.lz))o &E)yaalﬂ@eﬂﬂnm IscroDRIMRE @5 82 g, 1530811 tifol) was
cyani de (105 nmol ) was added t
ad@d(ue EWLOB%JEOO@%? étaﬁr%wwwwésmztre&ﬁm érﬁoa%t@ﬁwé igdinetlyil g, 64.65

+f6) {ORTP A ARINES WHAFRAEhirfihink OB A EBMIP I C using
an Etlbathe ﬂfhatesﬁlﬁm@nﬁmmrewhmwaﬁnedﬁb eooreaahpayaurd addustiercdasreflux
evaporated t.o dryness. and redissol ved in r (1 :
ovGHght. rsiReads moF by thy gl eé&n%Ya @Sﬁ@a) Rﬂﬁ’éﬂon of
th1§£cﬂl§tmncw£s3r)é§1'bv¥@ OqﬁL%h ?tﬁnd}ﬁﬁ%bwefeh |e¥h‘§z[ 8 tA0Gnd water. The
evaporated to afford crude product. The crude product

organis la;tmr wfals ednd@ytratleéghdeg |rd:dum;ad pnsmtTdng rra?@me wag mmﬁ@d by MPLC

t 0t % E f .
on SFELTRE el Mt DO ARbBRE IO M TEERRNS. 2-amine-
2- (J—Cﬁfbr@ﬂﬂegz GRhaRy 1).3 & gmam%hWa@ Qlﬁd%ﬁéfﬁ&t@d €28 9ol0Brlcs8 folid.

Ite solid. 1H NVR (399 MHz, DVBO-d6) 61. 38

1 X R300 BYHE) COBIHS 208D b2, 49 - 355 STL(IEHR (- 2-76 (1H, m),
108 305 30 25 19 ) R M =2
miti.ert-butyl 3-am no-1-(4-chlorophenybpropyl car bamate

The remainder of the solution was treated with triethylamine (18.02 mL, 129.31
mmol) and di-tert-butyl dicarbonate (14.11 g, 64.65 mmol). The mixture was stirred for 2
hours at room temperature before being partitioned between ethyl acetate and water. The
organic layer was dried with magnesium sulfate, filtered, and concentrated under reduced
pressure. The residue was purified by MPLC on silica using gradient elution (10% ethyl
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),
4.79 (1H, t), 7.23 (1H, d), 7.31 (2H, d), 7.37 (2H, d).



10

15

20

25

cl Lithium alum nium hydride (0.712 niL, 0.71 muol) was
added dropwi se to tert-butyl 1-(4-

w@bkdoonephenyl) - 2- cyanoet hyl car bamat e (1 nt er medpet/eB26bB/050925
(200 ng, 0.71 mml) in THF (4nlL) at 20C under
nitrogen. The resulting sol ufjpon was stirred at 20 C
for 2 hours. The 20 reaction m xture was quenched with
NaCH (1M (1 nl) and the sol utlon was filtered. The

over |\/g504 filtered and evapoated to afford
tert-butyl 3-am no- 1-(4-chlor he/ﬂ%k)propyl car bamat e
(203 ngy, 100 % as a gum N (EQ +) ~(M+H) + = 285;
HPLC tR = 2.33 min. WO Q47563PCT/ GB2008/ 050925
101 Internedi ate 26: t#d
3-acet am do- 1- (4- chl or gp ybpr|opyl carbanmate 0 Acetic
anhydri de (0.084 ni,¢0.89 mvl }; was added dropwi se to
tert-butyl 3-am no-1-(4- chlorophenyl)propyl carbamate
Sodilmt ganidi Bisemg3). 14 ﬁﬁi&l)’@as ﬁhd%d tmte}t-lam&(yl&aﬂﬂonﬁammo) 2-(4-

di i sopropyl et hyl am ne
Chlﬁ{"}’hﬁl’tyl)?g@l H*PH@“F%‘%@PW rﬁb‘tg‘apﬁﬂ‘f'@r;woslflg’rq %mmd)zl@ IMEF (5

mL&%}[{% Wrrésultgr{kalsgﬁ&% 'n%‘asrg'tﬁ‘r%q %ﬁg‘%’a ruaRgERe q'h%‘”ret/alatlon

(2M wat er extracted
mixtutehwBCMap @0t Yo difinessangaedissohayden wats (Hr még, amdevashed

seqbentonirhENE P TE0 GRS el rrif b1 Rags O fitered and
eviobd SBLOGIORMBYAEHRRNN, TR Wuli® BrodfadicarurBicti &y 1574 0

Pure fractions were evaporated to dryness to
chrafrfatnggapher ¢luthernt gﬂad@ntdb@x%i% HOAc mLsohexane Pure fractions were

SRR %q%%%@@"@f-fﬁq%ﬁi“mg%?yaﬁ-%-cmﬂ%%@ﬁfb@}me 209

mgl8B%s) ad a&an(e%bihd m)H NMR/ 93%9’391.\4@3 DMs®7d6() 3H38 q)1 424(9510 s), 2.82 -

2. 8&;(2H,7m§94 %%@H gl) Et ) f‘ig(s‘IPL)m)( Wﬁ)(m—dzgzm (BB (Mte = 279;
I nternmedi ate 27:
HP%&%J;?“Q%O = (4-chl orophenybpr opybacet am de Cl
tert-Butyl
3- acet am do-1- (4 chl orophenyl pro | car barrate
afe 2 tert-bidyl 3-amingel-(4ghlprophenwprepyicarbamate, TEA

(2 rrL) at 20C The resultlng sol ux was stlrred at

Inte

20 C 20 for 40 nminutes. The redgti m xture was
evaporated and purified by iHn eRchange chromat ography
usi ng an SCX colum. The e roduct was el uted
fromthe colum using 7 / MBEOH ¥hd pure fractions
were evaporated to dr to afford

N- (3-am no3- (4- chl or ophenyl ) propyl ) acet am de (39.0 ng,

Lit%%rﬁ{(ﬁsali{%{n@%@gﬂgn@%w%Lgym nihd) WeShdded Mdite © @A butyl 1-(4-
chlorophenyl)-2-cyanoethylcarbamate (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 MgSQy, filtered and evaporated to afford tert-butyl 3-amino-
1-(4-chlorophenyl)propylcarbamate (203 mg, 100 %) as a gum. m/z (ESI+) (M+H)+ =
285; HPLC tR = 2.33 min.
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102 Internedi ate 28: tert-butyl
4- (3-acet am do- 1- (4- chl orophenybpr opyl car banoyl) - 1-
W@ Zddopyrss®l 012, 3-di pyri m di n-4-yl) pi peri di n- 4-p¢ T/aBb@SMS0925
te O0-(7-azabenzotriazol-1-yl)-
N, N, N, N -tetranet hyl uroni umgjexaf | uor o- phosphate (98
nmg, 50.26 mmol ) was added in one portion to
4- (tert-butoxycarbonyl anino) - 1- (7H— pyrrol of 2, 3-
Intg i f A: Rerdpilndy

Mnmeeriedratc 1)

N N-di i sopropyl et hyl am ne (0.0 %O 52 mmol ) in NWP
u

(2mL) at 20C under nitrogen. [ting solution
was stirred at 20 C for (3-am no- 3- (4-
chl or ophenyl ) propyl ) acet (Lnternedi ate 27) (39
my, 0.17 mmol) in NWP ( i o washen added to the
reaction and stirred f hour . reaction m xture
was concentrated and’ldi | uted witR® Et0Ac (20 ni) and

AC%C; %é@l&) qﬁlrﬁef eg@n{‘rﬁ@%}%@%} afi Qld(pdtvasel éytglrt W 3d&njuﬁg 1-(4-

chlbﬁfpher@ﬂl)gyd)pyﬂea@&mtl]e}te (Inter:'medllate 25) (2|03 mg6 0.71 mmol) and N,N-
acetam do-1-(4-c oro en car banmoyl

it oprp BT D ST - B D TS Sy A e - ling
solﬁt:l-orpwgs stﬁf%é@at ag -@ f8\1h1 é ﬁou?é) I"I‘hg red®ibn ﬁuge) vgég_\@ﬂé}léhe‘d with

5

70; 15 HPLC tR = 1. I nterne
NaHCéfm (A B1({ g Iahabmamh é}fyﬂp)ramﬁ&lxtrietedl wth DOEMNRRmL.). The organic
Borane-tetra Iex 940
layGEWas,GrirdcpVaF filed aaf Frapag eéldg &%@P@%Pf&f‘uct e crude

pro?auarmqfu%ﬁ@é b§ 'ﬂaﬁ’r[ Qﬁ&ﬁaﬂbﬁlﬁf gpdgﬁ Qi Guidl FadidntTPoP.5% MeOH in
inh THF (75 C over a period of 20

DCrM rﬂi‘me ﬁaqmmwé rwemq: @Yacpgmed Whﬂéyrreest@l affong estibyizhdeeramige-1-(4-
chlﬂrogilgnyq)%%)y?car mat 81912 )&1%%(1%3%) as eaa/% 0te %éb{: fﬁ&l\?R (399.9 MHz,

reac re was a

DW&%%Y@@@@H)GB@QSM)@@%@ 108 (pard)i poMIE 4)04 50 (1H, d), 7.32

t han 02\}—53 ture was concentrat
(H.g é‘di%%%( @i %43ma? Hénﬁbﬁi 1{12§079nﬁ_1ﬁ %W@é@@hﬂéi’ﬁﬂbﬁe&” HPLC
R Ebispy ocess was repeated three times). The

Intermediate 27: N-(3-amino-3-(4-chlorophenvDpropvl)acetamide

NH,

NH

Cl 0
tert-Butyl 3-acetamido-1-(4-chlorophenyl)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 NH3/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 (ESI+)
(M+H)+=227; HPLC tR = 1.32 min.
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resi due was dissolved in DCM (200 nL) and washed w th

1IN NaCH (150 nl). The aqueous |ayer was extracted with
w®BMo5256400 L) and the extracts conbi ned w t bCT/oB2698/050925

organi c |layer. The conbi ned organi cs were washed wth

saturated brine (2x 150 niL), @ried over MgSH and

concentrated to afford a white sem -solid. The crude

product was purified by flash silica chromatography,

Int uJV 2t £X: 38 Shtty - Ra detbihidy- -4 Srbhfoyl)-1-

(7Hplyerodo [33adiipy oindid (nd4-yiipiseridib-eayicanbaapaea- | - ol (1. 320
g, 56.8% as a white solid. 101H NWR (399.902 Mz,
CDC13) 6 1.87 (2H, m, 2.34 [(2H, br.$), 3.79 (2H m,
4,13 (1H, t), 7.24 (2H, 232 (2H d). M5 me MH
169 Internediate 30: tert butyl
1- (4-chl orophenyl) - 3- hydr oxypr opyl carbamate 15 OH

D -tert-butyl dicarb 0. 705H0, nmol ) was
added to 3-anino-3: hl oN AyH) pr qpan-1 - ol
(I nternediate 29) (0. g, 12 ) in DCM (30 m)

at 22C. The resulting solutio s stirred at 22 C for
2 hours. The m xture was concenftated and the residue
was purified by flash silica chromatography, elution

gradient 20 0 to 4% (10:1 Me &Jc\ NH3 (aq)) in DCM
Pure fractions were evaporated_t yness to afford

tert- butyl 1 (4 chI orophenyl) 3 hydr oxypr opyl car bamat e
éﬁ% white solid. 1H NWMR (399.902 Mz

O- @g3nzetr@zgr131 Q’@T—N l\gi\l N t@rﬁn{eﬂ]g[lurﬁiuumz @A Fq_rg-phﬁfphate (98 mg,

% ﬁﬂola)ws 584 gfﬁ% fﬁé pés‘%lo(@(k'g 559( s o%&aﬂb%g'ylwgﬁn@ I-(A1-Bfrolo[2.3-

d]p2Edi1dia86y )MEe 20084 @4 thE SIRCIJ I CHMPO B SBA0 1Y (AN mg, 0.17 mmol) and
| nt.er nedi a

31: . .
N delﬁ%rfrf)mé}a%gkem? Ok 3 maqluindRME, Gpva Ay BB FaRgier nitrogen.
ThORSPRAE {8 A8 stirkdd NF0CC for 5 minutes. N-(3-amino-3-(4-

chlorophenyl)propyl)acetamide (Intermediate 27) (39 mg, 0.17 mmol) in NMP (2mL)
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 MgSO,, filtered and evaporated to afford tert-butyl 4-(3-
acetamido-1-(4-chlorophenyl)propylcarbamoyl)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-
yl)piperidin-4-ylcarbamate (1.04g, 86%) as a white solid. m/z (ESI+) (M+H)+ = 570;
HPLC tR = 1.95 min.

Intermediate 29: 3-amino-3-(4-chlorophenvlpropan-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)propionic 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
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Met hanesul fonyl chloride (0.097 nL, 1.25 mol) was

added dropwi se to tert-butyl 1-(4-
wa edbossphenyl) - 3- hydr oxypr opyl car bamat e (| nt ep@EdB2G08/050925

30) (0.326 g, 1.14 mmol) and triethylam ne (0.191 ni,

1.37 mol) in DCM (15 nL) aty32 C. The resulting

solution was stirred at 22 C for 2 hours. The m xture

was concentrated and the residue was purified by flash
po%'oh%s@.t&ﬁ{e Blo(gf)@ﬂﬁé: TRE #ﬁikt%lf'e AL AU R0 A0, T QAR in

t OAC i n I'sohexane. Pure fractions were evaporated to
methayolg @S0 ird.)ahll e¢cdnSenfriaexit(thixuproxyss arao aepeh@ditinog tidre§)4-The

i ochl or opheny| ) propyl nethanesul fonate (0. 366 88 ¢
resydue yvagdiss@lvedin Cl\%ORm)M 9&@5@0 Mﬁ@ 1 %{)(1%0 mLi-z‘Qle
angf%gEZIa?%ZPHW%H%%aét%glyif(ﬁ)Z[i)—lcﬁfdgg% 1%)6 %L)?a)znﬂ tﬂed )g)&ra'(\:/%'é%nfglnﬁc_il_ with the
or@.ﬁiz,lay&&llfh6 cci;mbijeﬁqlretgaaiic;e w@@e Wa@pd wbuhisyturait_ed brine (2x 150 mL),
dri%d: ﬁg\YA'e_r ?\Eé%ﬂﬁ%%g%g%{g&ﬁgfeg g(l) grg?ﬁt)rlayal veﬂi]tens%zlﬁ-rsgﬁ(\{.l TR (?r%gg %)reodgct was

puﬁﬁe(dwﬂasﬁt@m&wﬁﬁfnmm%fh@m, eRlioR ik 5 orha oyl Mgal)ﬂmdnc. NH;

net hanesul fonate (Internmediate 31) (0.075

, 0.
(aq MGP§ Marftiire Enetiing tyer apvaparaias to synges (o1 ggt,mi@o-éiﬂ-

re disso i 030l Utipn of. di nethylamne in
chifRhogfkEoafl 5301450 . 362 REIHNRE Rlig %007 "
1HMCIROBRY 902 Wiz, CINEI3) 8a®7i (QH, w2, heedigdriky 3179028, 19r4.13 (1H,
mnutes in the mcrowave reactor and cooled to

30
. it @htdt LApétatdire. The reaction nixture was

M aped, diluted wwth DCM (25 nL) and washed with
S&%t%éwzlgbnu The organic |ayer was filtered through

a phase-separating filter paper and evaporated. The
crude, product was puyified b l.ash silica

ermediate 3(): te uh 1-{4-chlorophenyl) gRropylearbamate
MeOH conc. NH3 (aq)) dIQ 105 Pure fractions were
evaporated to dryness t ord tert-butyl

1- (4-chl orophenyl)-3- ( ety l-agiaed) propyl car bamat e

(0.054 ny, 84 % as a cplourle . 1H NWR (399. 902
MHz, CDC13) 6 1.40 (9H\sP AN80 (1H, br.$), 1.94 (1H,
n, 2.23 (6H, s), 2.26 (2H,In), 4.71 (1H, br.3$), 6.16
(1H, br.$), 7.21 (2H, d), 7929 (2H, d). 5 M5 mie M

Di-%é'rg-butyl dicarbonate (0.705 g, 3.23 mmol) was added to 3-amino-3-(4-
chlorophenyl)propan-1-ol (Intermediate 29) (0.500 g, 2.69 mmol) in DCM (30 mL) at

22°C. The resulting solution was stirred at 22 °C for 2 hours. The mixture was
concentrated and the residue was purified by flash silica chromatography, elution gradient
0 to 4% (10:1 MeOH/conc. NHj3 (aq)) in DCM. Pure fractions were evaporated to dryness to
afford tert-butyl 1-(4-chlorophenyl)-3-hydroxypropylcarbamate (0.759 g, 99 %) as a white
solid.

1H 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
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I nternedi ate 33:

1- (4-chl or ophenyl) - N3, N3-di net hyl propane- 1, 3-di am ne
w@Eh002/0Nsb8H2 Hydr ogen chloride (4Min di oxane, RBCT/8B2008/050925

32.61 mmol) was added to tert-butyl 1-(4-

10chl or opheny1) - 3- (di et hyl agsno) propyl car bamat e

(Internediate 32) (0.051 g, 0.16 mmol) in a m xture of

DCM (5 nL) and rrethanol (2 m) at 22 C. The resultlng

Intﬁ%%'a{)e”s L=

meeumfeamlﬁmamrormt ography usi ng an SCX columm. The
desi red product was eI uted fromthe colum using 2M

NH3/ MeOH and pure £ S were evaporated to
15dryness to afford pe
1- (4-chl or ophenyl) - N3, dinyet pr\cs ane- 1, 3-di am ne

(0.032 g, 92 % as \§/é)our S 0| K IH NWVR (399.902

MHz, CDC13) 6 1.72 2.19 - 2.32 (2H,
m, 2.21 (6H, s), 725-731(4Hn)

M5 me M+t 213 20 V\D 2009/ O47563PCT/ GB2008/ 050925 106

MeélitinesulRaly Béteordt (010817 tmibut 34 mﬂro¢)1wzis4ad@5&| aroppheny Jrt-Butyl 1-(4-
(di met hyl am no) propyl car banoy1) - 1- ( 7H- yrrol 012, 3-di

chlggp‘phﬁq}d -prhy gﬂxyyop@pm@mﬁa@ (Il}ﬁ]eblap@appa} (0.326 g, 1.14 mmol) and

trle 71 rﬁi Egp g S?agﬁg 06 (1%%)8;&](85 H&) %1'52 'J;’hg‘f‘gﬂﬁ/t g%r dsggl‘uon was

stut@i at 22 °C for 2 hours The mixture was concentrated and the residue was purified by
(tert-butoxycarb | am ( rrol.ol2, 3-d] pyri m

ﬂa‘ﬁbﬁl%cathrwﬁtag ehy, &f%@nﬁ%cﬁ?% 8329? @%P&W SOBF !

fra%%o.n% g\é&ﬁ%a%gra%éi]t@) dR Hé'sg toaarffd)r&diz) g@rﬂ ﬁﬁ@iﬁg%ﬂoggrlﬁﬁf#ﬁlgd? &

chloepbéryil ingorsi g@&m&bﬂmfomas (@Bﬁ@ ge&B %1) asQ waite o0lidl0

1HTNE &80 o0 PR E8) ¥8%2588! §9249 BTPLS Yot (31 5), 4.24 (2H, m),

4.82 (2H, m), 7.22 (2H, d), 7.33 (2H, d).

MS m/e MH 362, 364

Intermediate 32: tert-butvl 1-(4-chlorophenvl)-3-(dimethvlamino)propvlcarbamate
Cl

ﬁ/O\IO]/NH

3-(tert-Butoxycarbonylamino)-3-(4-chlorophenyl)propyl methanesulfonate (Intermediate

NG

31) (0.075 g, 0.21 mmol) and tetrabutylammonium iodide (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 temperature. 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. NHj (4q)) in DCM.
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i o tenperature and

1- (4-chl or ophenyl) - N3, N3-di net hyl propane- 1, 3-di am ne
W@ bovopuTsesli ate 33) (0.023 g, 0.11 mmol) was adPenGB2008/050925

solution in NW (2 nL). The m xture was stirred at 22

C for 3 days. The m xture wag)sdiluted with nmethano

and purified by ion exchange chromat ography using an

SCX colum; the desired product was eluted fromthe
PuESATTSLARARIACEN AR Wl BPM A0 g
(dldlbmeﬁlﬁno)ﬁk@y&fabhﬁmm @dpatmpvesst Yopad 4 cedurbyss bllash

silic hr opat ogr a elutjo radi ent % ( 0
1 85007 R SR b tachh P P} Bk S Sl b 233 (e,

01 f t

5 g\é?ilz@ﬁaﬁlgﬁ‘ 1(ialr g%g)ﬁ?i% %Q%Igl EICHP’I%IE Er% no p?/%%ylecéi?barmyl
MS§ mie MH" 313

(7H pyrrol o[ 2, 3-d] pyri m di n-4-yl) pi peridi n-4-yl car banma

te (0.047 g, 76 %9 as a white solid. 201H NWR (399. 902
IntMihediDER): 164leideopREhVIEN, N3-A8méthFipropanel 1 3Qiamn 04

(6H, m), 2.14 (6H, s), 2.16 (2H, m, 3.54 (Z2H M,

4.25 (2H, m, 4.86 N, N, 6. 61 (1H, dd), 7.09 (1H,

br.$), 7.17 (1H, dd), (4H s roof effect)), 8.14

(1H, s), 8.45 (1H, d), 3 MS) M5 m e M+t 556

107 Internedi ate 35: nethyl

3- (4- (tert-butoxycarbonyl am A%- 1- (7H pyrrol 012, 3- dl

st oo anaei e RRking. R R e atidef 81 9B 1.
chifrdpeAA AR hmﬁf% pifoyylaarﬁ\ant}atyan%nﬁ&mrs@ } [ibsxrom

exaf uoro phos ha
mniol) mreempaureiod PG (5 mL) and methanol (2 mL) at 22 °C The resultmg solu‘uon

ol B SR AT el B ol s
purlfidH 8 i@ﬁ@ixéﬁa% élh&ﬁl%toér y, WifDarBOK)coludnn. The desired product was
am no- oro Eﬁl -propionic acid nethyl ester

elu[wlcfrqm memqluj@n pg@g M)e(}h}gn(} patigdractions were evaporated to

0
drylt\nlf:gg- t? ﬁffﬁp(gf gy¥ll%1§ fﬂrégrﬁfg}qﬂ% (]\g? gl%grﬁ?qu%fop%&g ml)ne g 8%2 g, 92 %)
asihﬂomﬁsgbﬂlng sol ution was stlrred for 5 h. The

eaction m xtur e i 0 mas,ﬁ i ed Ereparatlve
lHlEMﬁg(389 a2 Mz, Wjéé r2ev1e$5s@fb 180@&%@@@@82 25(6H s),
i €170 {1 di aneter, 100 nmlength, flow
396%?H QS7%$ Z?§f4 En;) Wi th decrea3|ngly pol ar
]MSmﬁHMMEQl&f wat er (containing 0.2% amoni um car bonat e)
and acetonitrile as eluent. The fractions contai ning
the desired conmpound were evaporated to dryness to
afford methyl 3 -(4-(tert-butoxycarb
onylam no)-1-(7Hpyrro lo [2,3 -d] pyri mdin-
154-yl ) pi peri di ne- 4- car boxam do) - 3- (4- chl or ophenyl ) pro
panoate (71.0 ng, 63.8 %9 as a white crystalline
sol i d.
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1H NVR (500 MHz, DMSO-d6) 6 1.36 (9H, s), 1.94 - 2.00

(4H, m, 2.79 - 2.86 (2H, dqg), 3.54 (3H, s), 3.52 -
wWe20%0§B58 m, 4.19 (2H, t), 5.22 (1H q), 6. 5BCT/EB2008/050925

d, 6.9 (1H br s), 7.13 (1H, d), 7.33 (4H, q), 7.98

(1H, d), 8.12 (1H, s), 11.53jlH s). mz (ESI+)

(MtH)+ = 20 557; HPLCtR = 3.18 nin. WO

2009/ 047563PCT/ GB2008/ 050925 108 | nt er nedi ate 36:

( diﬂfetlﬁllﬂilﬂlﬁﬂrﬁmWaM‘MIdbﬂ-)-4-(\7 bippanlod2.B-dp witimaddib adval) pip e fidin-4-

Sodi um bor ohydri de(1.019 g, 26.93 mol) was added in
Ic tion to a stirred 5suspensi on of nethyl

3-(4-(tert-but oxycarbonyl am no) - 1- (7H pyrrol o[ 2, 3-d] py
rimdin-4-
yl ) pi peri di ne- 4- carpoxam ¢ - (4-chl orophenyl ) propano
ate (Internmedi ate 3% .0=g/ 1.80 mmol ) dissolved in
Et OH (400 nlL) under/argon{ The resulting suspension
was stirred at 20C for 70 rs{s A Qgg drops of water

wer e added to quench the ékc ride and the

m xture stirred for 1 hour. ] Xt ure was evapor at ed
to dryness and the residue s /10 partitioned between
CH2Cl12 and water saturated wifh NaC . The organic
phase was dried and concenty 0 provide crude
product as white crystals. e product was
purified by flash chromat ogr yﬁgn silica gel eluting
wth O to 10% net hanol in dichloronmethane. The pure

{7%%51589{&?%'1 9 ﬁ)tﬁm,ﬁ\ﬁi\ﬁ@eutaﬁle@[ﬂm%ﬁﬁln{ Rexaflli®ofhosphate (0.044 g,
er uty

0. lemmhﬂ)mpﬁdﬁww (@mbdméy@m@wmw)bhﬁﬂﬂymb@M@Wrn@ldm -4-

yl)lalﬁ%%dlrnr% gl (%éDOi( /5 ac1g ﬁnt (ilgtegs r(b HAQ%W% N-

@gﬁ?ﬂﬁ yl@mihe‘m 00 9hhL $)) 1,3 thméH-in NNIB (£ ﬁfﬂg a[TIZZ °3. 1t resulting
7 (2H, 51 (2H, m, 4.21 - 4 m, 4.55

suqu_rpqlonsvyas sgpr@g a i@.r’C a()r IOgnglgte@ 1 fhe gixture y&s ((ophd tgpmbient

ten%e?a@wnit(f ]aglc} 1?(%1@@%?}?116%?#—1\2%? ;@mg &i;’%_}')agg-?sl fgglaﬁ%teg%mrgledlate

33)20923ry, 0.1 1 20moN\&aR @@&dc[h%?a%ﬁ%ﬁ/i@ll@@ﬁl 509 2he hldture was stirred
di ate 37: tert-buty

|
at 24 J@ifo?ﬁ et oFesgRERY a8 delmteé ViihoReinaral 3ae prrlied by ion exchange

chromatography using an SCX column; the desired product was eluted from the column
using 30% (2M NHj3 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. NH3 o)) 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]pyrimidin-4-yl)piperidin-4-ylcarbamate (0.047 g, 76 %) as a white
solid.

IH NMR (399.902 MHz, DMSO) & 1.43 (9H, s), 1.82 (2H, m), 1.90 - 2.04 (5H, m), 2.14
(6H, s), 2.16 (2H, m), 3.54 (2H, m), 4.25 (2H, 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/c MH" 556
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yl) propyl car banoyl) - 1- (7H pyrrol 012, 3-di pyri m di n- 4-yl
) pi peridin-4-ylcarbamate CI N H Tri phenyl phosphi ne
w@ 2@8/00553 and pht hal i m de (22.11 ng) were addePCT/OBO0VB/050925
S5portion to a stirred solution of tert-butyl
4-(1-(4-chl orophenyl) - 3- 107
hydr oxypr opyl car banoyl) - 1- (7H pyrrol o[ 2, 3-d] pyri m di n-
4-yl) pi peridin-4-yl carbamate (Internediate 36) (53 ng)

Intghﬁl%(?i Ye%%:ilﬂeti{u% 4 e%utmagﬂgﬂﬁgmhﬁ))q @H"BQWQ]QIZ 3-

al gurl. e 1Tesurtrmig sSOrutlnh o was sStirirreud at
dhﬁ@lmidilmes&l)mﬁlmmv-m mbdxalﬁrdbbana:hmrbﬁhﬁﬁﬂ)mhﬁam
added dropwise at 0 C undq; argon. The resulting
suspension was stirrediat JO C for 10 60 m nutes and
over ni ght at roon1tenpe®at\re. The suspensi on was

guenched wth water. e THF syre in vacuo and

t he agueous phase ex{ N The organic
phase was dried afi cwof entﬁa t @, provi de crude
product. The crude product was pyrified by flash
chromat ography on silica gel € ing wwth 0 to 10%

nmet hanol in DCM The sol vent was evaporated to dryness
to afford tert-butyl 4-(1-(4-%¥hlgroghenyl)-3-(1, 3-
15di oxoi soi ndol i n- 2-yl ) pr opyl ﬁs.nuyl)-l-(7kkpyrrolo[
2, 3- d]pyrinidin 4-yl ) pi peridin-4- ¥yl carbamate as a

so i d 21,23 1H N

O- B r@zal é?l)%\gw g‘N te%alait@rlzﬁ_?mw eﬁa(fg%(r)?-%/‘igs’pmw (84 mg,
0. 2@)&%01@%@ alldod ift- 033}7)61211&1 £ H+( teﬁlt)-l&ﬁof}ge’ﬁkboﬁ%}anﬁn(gol (73H'-|pyrr010[2 3-
d]p(ygp{udl?@jﬂ yi 1gg1((m¢-|4 qajboxghq_@m@ ﬂqter@)edlge i3 (zglﬂmgsp 20 mmol), 3-

amiyey -?—Z4-&%10B0-§ﬂqny%-prop10rﬁqc %CM_H etﬁ}% cster Illycg)rocllﬁiéle denFS%ltﬁlé 9.20 mmol)

andN (l\‘g-'dﬁmpﬂ@pylethﬂaﬁlﬁﬂe(X[)QDh@lﬂy 10).60° @l ciaMpareens12-dyrfolidinone (1.5
pyrrqjolz 3-di pyri m di n-4-vbpi peridj n-4-vi car bamat e
mIpap20°C yRelgr &%Pﬂe“}?ofﬁ%%% %ﬁl%thnl\ﬁa%@rzlrrﬁé)f%%% H}fd@%?tnoa ngixture

AP R e WK, e rengrie phoge gl (18-
migyhcalidmaid yin dianfctdd; b(}(hlnoi lehth3flow rate of 40 ml/ mmute) with
decreasingly polar mixtures of water (containing 0.2% ammonium carbonate) and
acetonitrile as eluent. The fractions containing the desired compound were evaporated to
dryness to afford methyl 3-(4-(tert-butoxycarbonylamino)-1-(7H-pyrrolo[2,3-d]pyrimidin-
4-yl)piperidine-4-carboxamido)-3-(4-chlorophenyl)propanoate (71.0 mg, 63.8 %) as a
white crystalline solid.

IH NMR (500 MHz, DMSO-d6) 6 1.36 (9H, s), 1.94 - 2.00 (4H, m), 2.79 - 2.86 (2H, dq),
3.54 (3H, s), 3.52 - 3.61 (2H, m), 4.19 (2H, t), 5.22 (1H, q), 6.56 (1H, d), 6.9 (1H br s),
7.13 (1H, d), 7.33 (4H, q), 7.98 (1H, d), 8.12 (1H, s), 11.53 (1H, s). m/z (ESI+) (M+H)+ =
557; HPLC tR = 3.18 min.
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d] pyri m di n-4-yl)pi peridin-4-ylcarbamate (Internedi ate
37) (14 ng) in ethanol (1.0 nL) under argon. The
WO e@ulotisng suspensi on was stirred at room t enpeCEGBR@®S/050925
for 3 days. The m xture was filtered and was purified
by preparative HPLC using a \)&ters X-Bridge
reverse- phase colum (C-18, 5 mcrons silica, 19 nm
di aneter, 100 nmlength) and 10 decreasingly polar
kb ES3 e MARGD L EONE Bt Ry AT RO RAPAIRNA)- 1-(7H-
alild aCet Ul trrre as €1 Uctit urc 11 ac IS Wl ©
pyavbhy23ad] perimdinr4-wb pipetidigiifydeaabhmiate but yl 4-(3-
am no- 1- (4- chl or ophenyl ) propyl carbanoyl) - 1- (7H pyrrol o
[2,3-d]pyrimdin-4-yl)pip 5P di nd- yl carbamate as a
white powder (5.00 ngy, 44.
CDC13 + CD30OD ) 6 1. 9

1H NMR (500 MHz,

H s), 2.19
(4H, m, 2.74 is(2H l%g 39 (2H, t),
5.01 (1H, t), 6.53" (1IN 7.28 (4H,
q), 8.19 (1H, s). Msm Internediate
39: (R -nmethyl 3-(tert- butoxyc. ponvl am no)-3-(4- 2 0
chl or ophenybpr opanoat e | gdonet hane (0.987
m., 15.85 mmol) was added in Ere postion to boc-(R)-3-
am no- 3- (4-chl or o- phenyl) - pro acid (950 ng, 3.17
mmol ) and pot assi um car bonat e 11H(876 ng 6. 34 mmol )
N : h n | I
Sodl%lm%': (é‘(y%i?lde ) %6 5?%#161 é)vgt(s: #%ér%l ﬁn% ? ﬁmyt\%ﬁ t§ 5 s‘[urrgcfj

suspd{b@cﬁmmﬁétﬁdl a(maditibutoaglcatbéﬂylﬁﬁéx):l((m pyh:aolow Bhdpadiaidin-4-
The organlc Ia¥er was dried over S,

yl)PlPF%fl%ré AP XAVt Qrepléﬁiwk)?@pelmal%@prﬁyrmedlate 35) (1.0 g,

L G S G L P b L R R PG 3G s

at 2097, foDMBI» WS )A Gewl didps OOHates )VereZac’ﬂé'd to @eﬁ@h {httdxcegp of hydr1de and
H d

‘[hezl’l"li;(;[[u:gé_ st%rﬁ%o fo’(:r;[ lfll’ob}r c %11%&1%%?%@(21 ﬂ];atedfo Q§}$§w3%ye relgélue was
paﬂfﬁ@n&ﬂ'ﬂi’ét\gée% Cﬁﬁl?aﬁﬁwﬂegsﬂraf@d%ltlﬂ-ﬁa¢m1ﬁé oEAhRIhadOwas dried

nmet hyl 3-am no- 3- (4-chl or ophenyl ) propanoat e
anct ¢qu¢1drﬂﬁ¢Cbt|0|rde\)1d¢\|emd@ piodott as white qﬂx/&ﬂal@c’lfhemcts raodlugt was

pur&tﬁ épta'o{]?’slh ochoxaq?%i)aﬁlﬁ@?rgvm‘d ge?f elu?mg % 8 tomﬁ)%%) me anof

dlcﬁl'oﬁrdrﬁétharﬁzu‘fﬁé()éﬁl@rfﬂ&ﬂwlsax%tﬁ @y apbritdd ﬁM@ﬁ@s@ e AdRERBaRD 4-(1-
(Intermedi ate 39) (990

(4- ﬁh_lym@hera@)(ﬁ hmr@xm@mwrﬁgmgglgdrﬁwnp}l‘sﬂd@é @hwﬂmgé‘r
yl)ﬁgergﬁp{n glr g@f@é’@%@ t(%gf{r%g{ SREY)0R MR fidvas evaporat ed
1HNMIR (500 MI(IA -V Oy iieny] J9H,epantsat B¢ teirm); BI3Ar-i3ds) (2H, m),
3.3ty B 224 58 1 Gnh AL oy 58 (U, O 65931l Thp (1. 9.
73081 W g 60 3 R g

S2HPLR.G R = 21937hinTi n.



10

15

20

20 Internediate 41: (R)-nethyl
3-(4-(tert-butoxycarbonyl am no)-1-(7H pyrrol 012, 3- di

W@ RO E6n- 4- ybpi peri di ne- 4- car boxam do) - 3- ( 4-edit/oBO@8M50925
nybpr opanoat e WO 2009/ 047563PCT/ GB2008/ 050925 112
0-(7-azabenzotriazol -1-y1)-Ngy, N, N -tetranet hyl uroni u
m hexaf | uor o- phosphate (0.579 g, 1.52 mmol) was added
in one portion to

Intérhbite PHLPRATPRI AT pEnhf B Y- GoRbRoimaghil s | ™M

QT - 4-yI Jpr Perr ol me-4-cdl DOXyITC acrd (fnternedrate 1)
yhpfbpylarbdmad)1ATH pandldll, B?Eﬂp{zﬂnﬁdla Md)piﬁeﬁdmmﬂéarbmnate
NMP (5 nmL) at 20C. The resulting solution 5was stirred
at 20 C for 5 mnutes.
3-am no- 3- (4- chl or opheny
(I'nternedi ate 40) (OO

yYpropanoat e (hydrochl ori de)

. 1.38 mmpl ) was then added
to the solution and sti roomtenperature for 3
hours. The reaction m xtlyre vwas diluted with EtOAc
(100 nL), and washed sequéntiffal Iy with water (50 niL),
water (50 nL), and 3 N QEOrganlc | ayer
was dried over MgSO4 porated to
afford crude i oprodact> ge product was purified

by flash silica chromatogr aphy%d elution gradient O to
5% MeOH in DCM Pure fractio evaporated to
dryness to afford (R)-nethyl LQ

(4-(tert-but oxycarbonyl am no) - - (ﬁ—l—pyrrol o[ 2, 3-d] pyri

m di n-4-yl ) pi peri
car Eap%fmy&&l)osm{lmcléﬁm@%)@gﬁ ehirlimidsd2Ad dme) (vergadded, in one

o4 oo UGy iy PT1RHE ORI RGBS D Sk hy
hydIrBQyIBGp}(ldzhbaIﬂc)yl) 2-(8H-pyridlgZ, 3((ﬂpbfr111f[)d,m-3 VB ipifcsidin- Q)y,lcarbamate
(In{:%@ed&a 3?) 215@ mg)#ﬁ_s%%v(eﬁh_p )FHI)F (lé mg) aelglqog)lasi fo QQ gmder argon. The
resgl.tﬂig sbiétlon Whs stidedn o(EHor 3) mlh@emIﬁeM{'H azgtélngrbﬂgﬁgtet(60§3 mL)

Internmediate 42: (R)-ter
wagl acddbd(daomwmatdb?(éwde)r agohy dhoseywtiop yispansiampydytirted at 0 °C for

20{17H- rgv%lﬂnqgllz[,aiﬁdi ri ma? g,gh%%)s&fpﬁ%l% fi'n%ggwﬁwater

Th@Wedy £ el &Eintvacl ddnd ik Btsflheous hase extracted with DCM The orgamc
3-(4-(tertbutoxycarbonyl anm no) - 7H-£J%I‘ rol o[ 2,3-d]p

phasgiwegis drigd gnd ennsentraiedhio-povde puga mqgi@y he crude product Was purlﬁed
by ?ﬁ%@ﬂ%ﬁ@@ﬁﬁ}{%ﬁ sﬁ’% E%l&n(g'xﬂ‘ﬂ% B WAttt (' BEMYrhe
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 ]pyrimidin-4-yl)piperidin-4-
ylcarbamate as a white solid (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 (2H, m), 4.84 (1H, 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 (1H, s).

MS m/c MH" 658.
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25cool ed to OC under nitrogen. The resulting solution

was stirred at 20C for 3 hours. The reaction m xture
woamquentched with water (1 nlL) and neutral i sePCTMGBR00RNE0925

HC1. The WD 2009/ 047563PCT/ GB2008/ 050925 113 reaction

m xture was evaporated to drypess and redissolved in

DCM (100 nmL) and washed with water (100 ni). The

organic layer was dried over MgSH4, filtered and

In@¥ABRAR B &R AL - SR 1 REQAIEbon R BpFd p\HErBR AL -(7H-

was pPuUrrrireud oy I asit Sl I'Ca CIlIT olfat Oyl aplly, €1 ut 1 Ull

Dvwohﬂiz,emln@rlhﬂdih%lvbﬁidridm-m&arﬁhmamr e fractions were
conmbi ned and 5evapor at to give (R -tert-butyl
4-(1-(4- chlorophenyl) ydr oxypropyl car banoy1) - 1-
(7Hpyrrol o[ 2, 3-d] pyri n™dj n- 4yl ) pi peri di n-4-yl car bama
te (160 ng, 21.63 % as a SO|Id H1H (399 9 MHz,

DVMSO-d6) 6 1.37 - 1. N .92 (2H, ),
1.94 (2H, d), 2.00 { d) 38 3.53 - 3.55
(2H m, 4.25 (2HI“1)Y 4.52 (4H 491(1H d),

6.60 - 6.62 (1H, m, 7.01 (1H 7 16 - 7.18 (1H,
m, 7.33 (4H, m, 7.98 - 8.14 l1o(1H, s),
11.67 (1H, s). I\/SnieI\/H-l-52 étR_zol m n.

I nternedi ate 43:

1-(tert-but oxycarbonyl) - 4- cyanop|p5r|d|ne 4- car boxylic

aci ﬁya%ﬁe%%&ﬁgmfeodmtsm ) Hfas lali&ddl B PG 9&?9&1&@&4 tert-butyl

39.0°nL, 77.92 ded to a stirred ution
4- (d)-f(4 l:hlomftl}euﬂb-ﬁl-(lﬁ—@bhgibomdolm -2-yl)propylcarbamoyl)-1-(7H-pyrrolo[2,3-

Arp SR PyB it paam e bERE @ fandt (1.0 mL)
undc@8Hohi Bk FAsItiH §us‘_?ﬁ1551&{ Whe 8fre@tat LonttehferaduRabF $ d@ﬁdThe

nonitored by TLC. e reaction mxture was dil uted
mixgirehval (dtdngd angk \M@ﬂrpt(rrf@d bwmrepaaﬁwe\hé}% dsing 8V mltsé(c Bridge
100 The e e Oconmi
rev rse h]ase)c&)luml% ECQ glg,[ §r) }nécrgny sdﬁ((almﬁ @a{rﬁe)ter e pr gg%tﬁfand
dedﬁaﬁu@l(}t paet @cktireé of WM (chhRimiga l%ﬁaﬂlﬁﬁﬁlﬁmmmdfate? @nd

over magnesium sul fate, filtered and evaporated t
acef@riilegias eluent. Pure fractions were evaporated to dryness to afford tert- butyl 4-(3-

amgné)( fd %{ E‘lﬁlggﬁ)ﬂé%ggﬁ%ﬁé’a%amo%?g aﬁ?rﬁfo g;@rﬁﬁfdhﬁ 2Dﬁh)'p?perldln-

yihextbansdte psa whith povdér(b DD eiig, gdrsi %D cation.

H%%@h 1\%@% Clay ! 1?880%2}%0 43;9 BHzéi g8 (?;IHS) §)187@1gl,21§) 2.74

(2H, Js?"B 557)(4H 1211}44 39162@1' @F@loqt(?H‘lé} 6.53 (lH ). 7.07 (1H,d). 728 (4H, o)
N (1 ‘chl or ophénybet hyl") -'4- cyanopi peri di ne-
81ldkﬁn®de

-(7- nzotriazol-1-y1)-N, N, N , N -tetramet hyl uroni u
hﬂﬁ?&%&@fﬁggrophosphate (1.255 g, 3.30 mmol ) was added
in one portion to 1-(tert-butoxycarbonyl)-4-

Scyanopi peri di ne- 4-carboxylic acid (Internediate 43)
iaten39: thyl J-@ertibutaxvcarbonvlamino)-3-(4-

In

chlorophenvl)propanoate

Iodomethane (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
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chl or ophenyl ) et hanam ne (0.462 nL, 3.00 mmol) and

DI PEA (1.572 mL, 9.00 nmml) in DVA (20 nL) at 25C
waoinaen41s6s r ogen. The resulting sol ution was stPECT/€B2@8/050925

60C for 4 hours. The reaction m xture was evapor at ed

to dryness and redissolved in{bCM (150 nmL), and washed

sequentially with 1M aqueous citric acid (50 nli),

water (50 ni), and i 0 saturated sodi um hydrogen
TR Aol R L0 P TP b EU Rt Ve SifelieRo o fo
24 bowde The eduidn mirmereo;vasdaenmnﬁdwdtantl IdLlsted lotichl @ on@s mL) with

concent at ed, the puri f by f| il

Eyg%magam% YT Cgfegd%VE’hMgS%ﬁofs . @fg/&rﬂ YARorafed to afford
(R)'( %)Qm?fé:?{&%gut{%%&céﬂbéﬁlh&%)w&h@‘&éﬂ%ﬁ)&%&&a@é‘ (996 the, 100 %)
as { drapp¢ srlolphenyl ) et hyl car banoy1) - 4- cyanopi peri di ne-| -

' AT S, Y P e &R nd TR %&ﬁ—”e-%qcﬁm m),

3.5 $H! )enor ert spor.yed7izn (Q@Mn@ 203907 EmmH,afl;i 7.49 (1H, d).

waj

trif iuoroacetlc acid § nL, 30.00 was added
MSmpée MGT #1RoHPEIRst 2.6 @dnat roomtenperature for 3

hours, after which the crude product was purified by

i on exchange chromat ography, using an SCX col um. The
Intdaaediatk 40: (R)@iethAS3 -2k 8-(4 Jchlvr b pleens Dipuopanseate tvdMochloride)

amoni a/ MeOH and pure fractlons mgre 20evaporated to

dryness to afford

(R -N-(1-(4-chl orophenyl )&

car boxam de (0.720 g, 82

mat eri al was used dire¢ n the next step w thout

further purification. Ms me M+ 292. 25 115

| nt Eiydedhlatrie adig:(4.0M in dioxane) (7.89 mL, 31.55 mmol) was added in one

S A R R SR R
(In@rﬁﬁﬁu{tl 39PHo0kng, 8. b/mmeDlin D (20148 at 20°C. The resulting solution

(R)-N-(1-(4-chl orophenyl)ethyl)-4-
wassirsopiZfet far Adous chirdsretifindaixtura ivap geanozted Wafford gR)-methyl

3-8y S Ol Bl o ERAGHET Lo g ettow solid

"H SOVR(BON9 Waisz SDMSO%)@Q YD DO(1B, pLr . - P& (16T, wae 3.58 (3H, d),
roduct was urlf i ed by ion exchange chraonat ography,
4.69 i

sity @R 80X DAV G, CHE)-det 1 661 pHbGBE S M Dt o

ﬁ]%lj\ﬁf@lgogpﬂ‘@ RSl Py anmmoni a/ MeOH and pure
fractions ere evaporated to dryness to afford (R -N

i 0(1- (4-chl orophenypet hyI) 4-cyano- 1- (7H pyrrol o[ 2, 3-d
i di | 4

Jgseg()_(lﬁ(gkﬁpv@ro??z 3-

lerhﬂﬁh‘ﬁ 4f¢lmna&*idlaméar5@§dlﬂﬂo) éhuwmrbﬂﬂaldvlﬂ%opﬁi@@/f

1. 30 (oH, , L1.94 - ZUQ U)
(2H, d), 49> (1H, dd) 510 6 72 (1H n), 7.23 (1H
dd). 7.30 - 7.41 (4H, 118 (1H, 5), 1 58.77 (1H
d), 11.77 (1H, s). %

Y

l
~

N
N g
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M5 nmle M+ 409. Internedi ate 46:

(S)-4-(1-am no- 3- hydroxypropyl )benzonitrile CH) N
wQ@0odi1s63 bor ohydride (1.039 L, 29.48 mvl) wesT/eBoed050925

portionwi se to (S)-nethyl

3- am no- 3- (4-cyanophenyl ) propanoate (2.23 g, 10.92

mmol ) in nethanol (20 nL) at OC over a period of 5

m nutes. The resulting solution was stirred at 20 C

f
Lot P RSt LA NN T b SRR AR bllgsphate
(0. 2@@/103271?6&%&%21&@8{] OBGR2AForlb6!- Q(erl—?ﬁtgmgc)a,rbdﬂ'y&m;nmo) )1 -(7H-
I S S ur e rrn ,
Pyrﬁﬁgln%@gi gwﬁﬁ%@ﬁ 1%?@ P%'gd'céﬂ%ﬂ’xé %@%ﬂ é&néar%h%\tﬁflg K@% ,1.38
mn‘le sig1 By g(_fat 503THe, § 04‘ ‘ﬁﬁn&? aoNsip ?qﬁLPMrZOf’C eq‘hQYCS{litl“ﬁé Rolution

|ca chr omat ogr aphy, el ution gr ent
wammﬂﬁ@hiﬁﬁlfafor f nDOMES. PR - eleﬂrydiétwmne%v&érc@lcnvlatmybpl@gamme

(orasRER L Aniriesins 30 0148 T30 wapghepsdgsd tgth solution

ancﬁﬁlrﬁidrdt eSom &'nll eralﬂﬂe% 04@9. TBe Matiorlatd: vﬁas lillﬁfkd'wnh EtOAc
1.93 (2H, n’),377- 3.80 (2H m, 4.22 - 4.25 (1
(IQQ)mL)Z an@w@gﬁd spquentialbawith 7/ags (PO ML) nyatene Orﬁﬂe) wiwmev (50

mlg}(slg hesor n@?ﬁy%} \(/ﬂs %rlﬁdo?voerg M&}S}%;pfrig%rgcrl] a11d eYapa_a[t%d tlc_)élfford crude
product. The crude product was purified by flash silica chromatography, elution gradient 0
to 5% MeOH in DCM. Pure fractions were evaporated to dryness to afford (R)-methyl 3-
(4-(tert-butoxycarbonylamino)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidine-4-
carboxamido)-3-(4-chlorophenyl)propanoate (0.800 g, 100 %) as a white solid.

"H NMR (399.9 MHz, DMSO-d6) & 1.40 (9H, s), 1.94 - 1.98 (2H, m), 2.00 - 2.01 (2H, m),
2.83 (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, m), 7.16 - 7.18 (1H, m), 7.35 (4H, q), 8.09 - 8.14 (2H, m), 11.65 (1H, s).

MS m/e MH" 557; HPLC tR = 2.29min.

Intermediate 42: (R)-tert-butyl 4-(1-(4-chlorophenyl)-3-hydroxvpropylcarbamovyl)-1-

(7H-pvrrolo]2.3-d]pyvrimidin-4-yDpiperidin-4-vlcarbamate

OH
(@]
LY
a NN
(@]
N

N\\
Ay

H

LiAlH, (1.398 mL, 1.40 mmol) was added dropwise to (R)-methyl 3-(4-(tert-

butoxycarbonylamino)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidine-4-carboxamido)-3-
(4-chlorophenyl)propanoate (Intermediate 41) (779 mg, 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
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d Bor ane-t et rahydr of uran conplex (376 ni,
375.69 mmol ) was added dropwi se to a stirred
wa papersson of (S)-3-am no- 3- (4-chl or ophenyl ) ppOpPeBR008/050925
acid (10 g, 50.09 nmmol) in THF (500 nL) at 0 C over a
period of 45 m nutes under njjgrogen. The resulting
15suspension was stirred at 0 C for 30 m nutes then at
22 C for 5 hours. The reaction m xture was added
reaet%t{r f}lggﬁ{‘fes(ﬁrs oeg ﬁéﬂ%%gofg {J?sg Q‘Pgifgdtlﬁgggd g‘g??i\}l Pr@é)viﬁﬁ) and washed
wmlwth(eow\/a&)cblﬁcmgﬁmate@zér whediigisoly 8bSM, fiktrodand eapbited to

trated (thi X t ed
R b el A e R o e e
cluBiBA gi’é@?&:‘ﬁ?é‘ M M&)ﬁqpﬂdﬁo Tﬁéﬁreﬁh‘%ﬂ@%@ﬂé%ohﬂ%ﬁ ah@s

extracted with DCM (3x and the extracts
evapordtédiedzivd (lh) tehebwylgdaﬂl -¢- ¢lﬂwphenm93 hwbxymdpﬂcﬂghmcﬁ) 1-

Y BEGalo T ot BB Ehar yRarobRaieT T a6 s a sotid

HNMH%@U@M{% DWASOP4Y)isf i e1l- Dmf(mssb BR6 L ¢32 (2H m), 1.94 (2H, d),
chronat o , elution gradi ent to 6% MeOH anmpni a

2.00AZIDa 3. ﬁr(ng PatbP 0ASS Hemévda%i)@éi & 458 (dHymes81 (b, d), 6.60

-6%5 (Rl BRI 3 ALE R BP SR AP 2%??81%‘8%1(}? nffs.14

(1}(;@93;113)676(1118)4 - 1 93 (2H m, 3.76 - 3 81 (2H, m,
4.13 - 7.25 (2H, m, 7.30 - 7.34 (2H
MSy/e r§128 Cl@&?zoliniml nt er nedi at e 48:
(S)-tert-butyl
4- (tert-but oxycarbonyl am no) - 4- (1- (4- chl orophenyl) -
Int8rinydin x40 rlefperit-dartdavraptiamvbed-c ek mupiferidin & d>xenk bd ey lic @eid)
t d (S)-3 -amno-3 -(4-chlgrophenyl)prop an-1-ol
(Internediate 47) (1.09 g, 87/mml) 5was added in
one portion to 1-(tert-bybox arbonyl) 4-(tert-
but oxycar bonyl am no) pi peri d[ ne-]4- car boxyl i c acid
(Internmediate 70) (2.022 g, 7 mmol ) and DI PEA (3. 08
m., 17.61 nmol) in DVA (20 ry\
0- (7-azabenzotriazol -1-y1)-o
N,N, N, N -tetranethyl uroni um gk?fl uor ophosphat e
(2.456 g, 6.46 mmol ) was adde d the resulting
sol uti I t
RS Rlibh O A o, IOV, T PP i aded
to Etrcl S@B@@n il )l ; terdbvd tyhet sitigd 4sequempdradihey 1 i dibarbatydate ( 50

Onf g ST P S5 TG 2525 bR R vas

stu’féfd drosatedr Whbiks dhehivloRUSITIEE Bfcfreddiof % re was diluted with
S)-tert-butyl 4- (tert-butoxycarb

diegryy Phai @69 ndl-) and washqﬁ a\rldslphfetnlyﬁlpo sl )hYhk apgprolpydrs acke

COI\I’AEI%%(% M)d hgla g&uﬁ@f 2%8%( @%}I\/?-Qé % dg%glgct ?ag g;%traacted into
DCM 8the (&gam& lagdr was'ldt%ﬂ &RHmaphesivin @@t HilteSdd and.e$8porated 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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(2H, t), 3.54 - 3.65 (2H, m, 4.52 (1H t), 4.89 (1H
q), 6.89 (1H, s), 7.29 - 7.34 (4H, m. M5 me M-Na+

WG 3h9/047563 | nt er medi at e 49: PCT/GB2008/050925
(S)-4-am no-N-(1-(4-chl orophenyl) - 3-hydroxypropyl ) pi pe
ridine-4- 20 carboxam de 4
2009/ 047563PCT/ GB2008/ 050925 118 Hydr ogen
chloride 4Min dioxane (11.72 nlL, 46.87 mol) was

Int@ﬂﬂ@d’ia{e%é‘: %{i-ti\gf lt-t%—’&yl prophenylethvl)-4-cyanopiperidine-4-carboxamide

= (TEert- oul OXyCdr ooy rdant rnmoj-4-( L~ (4= CII Or Openy L)~ o5-
hydr oxypr opyl car banoyl ) pi peni di cgrboxylate

(Intermedi ate 48) (39, i oxane (30 ni).
The resulting solution
hours. The reacti on 5A4q x¥ure s dilssolved in

met hanol and purifi€d by ion exc arge chromat ogr aphy,
usi ng an SCX colum. The desired pr oduct was el uted

fro he col um us nmoni a/ OH an
{  abr{TgHad wpalaéela%aﬂé‘? gy Redx Wlwgwﬁuorophosphate

(lf@ & %ﬁfd‘l Nyas added in one 0rt10n to 1-( tert-butoxycarbon 1)-4-
(1-%4 chlorophenyl - 3- hydr oxypropyl) plperldlne 4- car bo

cyanapipdedifid-49cagbaxylit 08d W@ntesmedia 430K 0. 263 g.glmmal o () - NKR

chibreg ér%yi)gil\ﬁ_lz mlDM?ggg? by @ozrgmbl)%nﬁ TybEs ((137| n%rg 7959p' ganol) in
DMA SZO L) al23€ undér BfrogdIThBYesu g%ﬁlthﬁva@ %@rred at 60°C for 4

onosuccinimde (6.84 g, 38.4 was ad

hOlH@)rThedﬂWUS)é npigtuge wht eaporigshiodayispoarsl TG?EWY% lﬂlIPfél\/l((550 mL),
o ey SR A P ARSI BR8P
satin@tedsodhiaut hydfhgnras@hhi@f100 Ly Ehcwagarty Ht@Mﬁﬁsﬁdileﬂl’Uifer

the resulting brown solid was triturated with wat
magnesEing SH{pI BleEsh and cyBParpee i slbardeatdegredigt dye Crude product thus

obtfﬁ/iél(%alrwﬁts OfenttiiBd C[Flé{‘gﬁl \Aﬁﬁ?:ld'b(;/ LR sfl Eﬂfoﬁ{gﬁ%é(ﬂhtyhelnﬁdn gradient 0

to give a so h“was co
to TG0% EddAom 1sfﬂtaaain©tPuter fracasioas vore mpomede@aﬁfdrdt(ﬁ)gerv-butyl 4-(1-

(-GS et oo oA o oD e R (O g U bl (st ) as o
col@ur?esgguﬁl]\bhic§Eolic@ﬁ&f’od d‘rgm delll% RQadu]aHl "I?ﬁs rNQeHdlewaM'ﬂﬁen
234. 25 WD 2009/ 047563 / GB200 / 050925 119

red[ssobpqhﬁxj]i)@%(@loo mL), and trifluoroacetic acid (2.3 11 mL, 30.00 mmol) was
added) TR SR Fad Fr RG] oherddl;)e&%)rg 3 Q hours Xe? which the crude

product was purified by ion exchange chromatography, using an SCX column. The desired

product was eluted from the column using 7V ammonia/MeOH and pure fractions were
evaporated to dryness to afford (R)-N-(1-(4-chlorophenyl)ethyl)-4-cyanopiperidine-4-
carboxamide (0.720 g, 82 %) as a colourless gum. This material was used directly in the
next step without further purification.

MS m/e MH" 292.



10

15

20

H2 Br Bor ane-tetrahydrofuran conplex (71.7 ni,
71.70 mmol ) was added dropwi se to a stirred suspensi on
w@b0008)7583 am no- 3- (4- br onophenyl ) pr opanoi ¢ aci BICT/8B200g/050925
14.34 mmol) in 5 THF (80 nL) at OC over a period of 30
m nutes under nitrogen. The ygsulting suspension was
stirred at OC for 30 m nutes then at 22C for 5 hours.
The reaction m xture was added portionw se to net hanol

IntbAm@dighe 45: [RENSO-UE LA o) ) dth{ §9-Alanb A2FH-STRDIRS YL ©

U 4 U U . C X U U C cl cU,
d]pveihkBiodwdpiperidintdagapboxXddbidenl) and reconcentrat ed
(this process was repeated thr%e times). The residue
was dissolved in DCMio (79 nL)| and_washed wi th 1IN
NaOH (50 nlL). The aquee (e
(3 x 100 nL) and the ¢ gonbyned with the
organi c |layer. The @@ ed ordani gs were washed with
saturated brine (50 nL), dried ofer MgSO4 and
concentrated to afford crude pr ct.. The crude
product was purified by flash gilijga ©hromat ography,
elution gradient 2 to 6% MeOH ~8"in DCM Pure
fractions were evaporated to drynessHto 15afford

- 3-am No-3-(4- b | 1.9l (2. 160
DIEA 47 M 57 dD PR g B PR o bBenyisudn-4-
cya@@%@ﬂidiﬁeﬂ—&%ma&i@lﬁ%ﬂneHia,te £4)1620 m}'-, 827 (whbl) Bhd 6-chloro-7-

4.1% (1H, t), 7.17 - 7.20 (2H, n)éi 7. 45 - 7.49 (2H,
deagppuris (A mig-3-42 3gnol) o P4 (el afie2 50: Tha tegulting solution was

A o e R SR
chromalograph®t ixdng/AraSC Ke ohydt. abbldesitedepréducddvagelubd. (dn the column

uSiEE RO OB U s B Y dropei iy VS BRI (R)-N-

Th 1 A co )| )| al_ . TN
(1 ok D 4 oSOt ol DO ARG EL U Biperiding
carbyxaavidp 6¥el VQns amdrapge sdlide Thisywdslmedin thOnext step without further

2@0 / 047563PCT/ GB2008/ 050925 120 silica chromat ography
PUllid§ali@At  20- 50% Et OAc / i so-hexane). Pure fractions
"HWVIR (8YERADASOPS dragnessdy, @ oaffood (8t hyy, 2.19 (3H, % 4.72 (2H,
4- (4-chl or opheny1l) - 4- (et hoxyi m no) but anoat e (12. 33 g,
d), 99294 Hadd)a h.6d r-emge( 1ttt ams 2B éhtl, dd)gBa - 7.41 (4H, m), LH8 VR ),
13 O 1.13-1.17 (3H t), 2.26-2.50 (2H,
8'7%?192&756%5 CIH, qu), 52.94-2.98 (2H, t), 3.94 (3H,
MSh/e MIEOC0d, 05 (2H, q), 7.47-7.49 (2H, d), 7.66-7.69
(2H, d).

Intermediate 46: (S)-4-(1-amino-3-hvdroxvpropvllbenzonitrile

OH

/©/\ NH2
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 0°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 NaHCO5 (50 mL), extracted with EtOAc (3
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I nt er nedi ate 53:

4- (4-chl orophenyl) - 4- (met hoxyi m no) but anoi ¢ acid
wN2000)475€H cl Lit hi um hydr oxi de nonohydr at e (9r&RGB2008/050925

228.57 mmol ) was added to ethyl 4-(4-

10chl or opheny1) - 4- (et hoxyi njjpo) but anoat e

(Internmediate 52) (12.33 g, 45.71 mol ) in water (25.4

m.), THF (102 ni) and ethanol (102 ni). The resul ting

X 1r6n8 Xt ity 91'3 ‘Pga% d;s ta%ré rvgg Vﬁsﬁ@c@?&k@ﬁ?{}%%ﬁy ml_rse ( E{Lab&%écp&er MgSO.,
filtedetl Ian&va'tf@bre(t&ﬂ@ affoyd crlide pamlueto Uac vade aetjdust ek puwoifieldy flash

wth IMcitric acid s hen extracted wi.th FEt 0Ac
siliggchrongtperAPy, efrhféorb%railﬁmcd @x%".e A6QH ptheanymania in  Pure

fra&ﬁ)tng Rx%tr@ & aBbial& 1 %&r%és {8t F%}rﬂ IrigdiRver MySO4,

tered and evaporated to af d desired product
hydto(:ﬂ}romﬂ}hanzxphtenha/@%&g et1B Sx)ydsm qedywrlesaoidi ¢ aci d

g ﬁxﬁ\ggﬁ@ kf&}ilzz Ep §154 90 9ht93y(§h' EPh! 50 @ﬁ_,'\"vfﬁ 22-425(1H,

m)37$31&1}3|ﬂ'1_? 9)63 - 1.8/, 49, (2H, d), 7.67-7.69 (2H, d),
12.2 broad). M5 nlfe M+ 242. 20 Internedi ate 54:
M 117(4 chl or ophenyl ) butan-1-ol NH2 OH d
4- (4- Chl or ophenyl) - 4- (met hoxyi m no) but anoi ¢ aci d
(Internediate 53) (6.43 g, 26.61 mmol) in
Inteah i T f(8)-31aniid6-3Al) ciderd phowyIRshopundesl an
at nosphere of nitrogen, in 25 an | ce-nethanol bath.
Bor ane-t et rahydr of uran conpl ex ( oM i n THF) (93 ni,
93. 12 mmol ) was added dropw se er a period of 20
m nutes. The resulting solutiori was allowed to warmto
roomtenperature, stirred#0 Rgur then heated at
reflux for a further ours.zAfter cooling in
ice-water the m xture we eat ed vvith water (20 ni)
drog se with stirring over 10 m nutes. The m xture
afpapTicteahy dioderap somalem(3 Y mbodd T @hparadt Wasaddad dropwise to a
sl Rl Lo IR (Beo R ol i o, 30,08 finol) in
THHIFOMNa(Dhl af .AC Jov€i20pario)d cdidd exindicoprdes emrm gt:h Blid resultigg
5The resul ting miXxture was rred _and ted t 90C
SUSPERSION KOLY ST °E BT Sl t?soth?ﬁ . Peita e reaction
miftkd el Rided B&%%n&zis@?@ nié’tﬂaﬁol’% 80 mL-Eh?hé3%idﬁex9ases¥1He§%¥ om
were washed with water followed by brine, dried over
tenityBO4rc dodtheoeadays. Athe dnikburel vpn essentidted, a'ecusjselvmd@lduwthamls(%o
he urified flash silica chromatogra el uent .
Ly S50 sATRE el HONBO B R SR BORe. TP Rh S dissolved
in ]B@M’Q?"S%E}jaﬂcpwﬁsfhﬁt@ th 1IN NaOH (50 mL). Th(e ?ilqlslﬁéous layer was extracted

- am no- (()4 chl or ophenyl ) but an- 1- ol
Wlth DCM (3x 10

mL) and the extracts combined with the ofgamc layer. The combined
organics were washed with saturated brine (50 mL), dried over MgSO, 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, 1),
7.23 -7.25 (2H, m), 7.30 - 7.34 (2H, m).

MS m/c MH" 186.
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10g, 73.0 %9 as a colourless, transparent gum 1H NWR
(400. 13 MHz) 1.25-1.47 (2H, dm, 1.51-1.61 (2H m,
We284/087588 (2H, t), 3.76- 3.79 (1H, t), 7.33- 7rGBGEAH8/050925
m. Internediate 55: tert-butyl
1- (4-chl orophenyl) - 4- hydr oxypyt yl carbamate 15 C
Di-tert-butyl dicarbonate (1.588 ni, 6.91 nmol) was
added in one portion to 4-
aﬁa 4(&4 ( SNeQ{ BH{W Qy(ltérl}’\%lmcaﬁlong §ij5—‘&‘ I "Hl %hﬁ)%phenvl)-
gL 1o ) 1TTH DAVE(ZU TTL)  d C urtdact
3- mﬂtawnpleMamwnipdnmls@ﬂwrmms stirred at room
tenperature for 24 hours. resulting mxture was
evaporated to dryness and tjhe crude oil was triturated
20 with isohexane to givera gplid which was col |l ected
by filtration and dried unde vaHuun&to gi ve
tert-butyl 1-(4-chl utyl car bamat e
(1.800 g, 87 % as . (400. 13 Mz,
CDC13) 6 1.40 (9H1”s : 1 6(2H nm, 1.78 -
1.83 (2H, m), 3.63 - 3.68 (2H, 461(1H s), 4.84
LM

(1H, s), 7.21 (2H, m, 7.29 (2H, . 122

I nt er nedi at e 56:

4-(tert-butoxycarbonyl am no) - 4-%chl or ophenyl) butyl
met hanesul f onat e Met hanesul f onyl chl ori de

511
(- Bamineo}-(4-gklerophersd) Pee R - gle(lmrm@dm%ﬁwﬁ 09 g, 5.87 mmol)

waf gfdcgeg S OLBARDERY P epuvspbarat e
butbky @i Bunly bamine)p(pkridie-4vtarbaky2io aniilinter mediald ’((BQ2 02h1g) 5.87
at 25C_qver aQéoer [ ?%égf 15 m nut e? under

mm%%%n@?&%@ el prelMit (G08hy- @2% E%Oéri%Z&fl-y1>-
N,lﬁj@] ROt ESicth fﬁ?orﬁﬁﬁlﬁle&éfﬁﬂ)r(gﬂ%gﬂ{ %6%’@91@ Eglv@}a@ added and

ryness and the residue in DCM tered
thean@lmﬂ@soﬂutimMSextlpud pf 206 ﬂoy 24 hatsrh Blid rea@ion mixture was

chr t ogr a l.uti,on 1Q .2 00% Et O
evapir b SRS thep A el SRR S Bba 1 g2l SRttty wien
waflt Y3es$) b @idrafed bfine (50 mL). The orgamc layer was dried over MgSQO.,

(tert-butoxycarbonyl am no) - éh chl or ophenyl ) but yl

filtened lngh exapofaserbihen (rztu@m \glth de y%tharstoaffnm erade 69 tart-bugyl 4-
(tel(L %Rto(x arb%yézgn%h%](g’)cﬂﬁ)ﬁoiph?%ﬂs l}yd%(%icygﬁop(y%g'rban‘jo’yY)plperldme-
1- cérbzﬁyl(aﬂd-QA 6%)g, 135 20 ak 3Whid)solid. 30 - 7.33 (2H, d). 15 M5

IH Nl\e/IRN(IZOO 13%%92 DMSO-de) 6 1.39 (18H, s), 1.71 - 1.92 (6H, m), 3.06 (2H, s), 3.36
(2H, t), 3.54 - 3.65 (2H, m), 4.52 (1H, t), 4.89 (1H, q), 6.89 (1H, s), 7.29 - 7.34 (4H, m).

MS m/e M+Na™ 534,

Intermediate 49: (S)-4-amino-N-(1-(4-chlorophenvD-3-hyvdroxvpropvl)piperidine-4-

carboxamide

y

i N NH,
Q\H
cl

Tz
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Internedi ate 57:

1- (4-chl orophenyl) - N4, Nd- di net hyl but ane-1, 4-di am ne |
wolRooglo4Bssret hyl amine (84 ng, 1.85 mmol) and  PCT/GB2008/050925

4-(tert-butoxycarbonyl am no)-4-(4- 20

chl orophenyl ) butyl nethanesujficonate (I nternedi ate 56)

(700 nmg, 1.85 mmol) were dissolved in THF (10 nlL) and

seal ed into a mcrowave tube. The reaction was heated

. g gﬁ&@@ﬁﬁ%&ﬁﬂ@gﬁ PEP226 47 ﬁlq}cﬁg%aé Rdsdo (S)-tert-

mnu es I n the mcrowave r tor and coo toro
buttybmﬁteftaiuw@car‘ﬁbeﬂam&mt)mqn (#ichlaroghengB-3soncent r at ed and

hen di sso| ved in X and TFA
hy B RGN AR et e | 2Ro KO ATHETmEtiate ) (4, debb mmol) in
dloRﬁr%d@@tmI\ﬁa? h@i’gshl in QOlgﬁoﬁ %s SHCRENID @‘FOP%BQIW "f‘lﬁ’ehﬂéactlon
usi ng an colu desired product was el uted
letumwasrrbssblwedllm mthmsokfglda)uﬁﬂeébprmn aychatyd chnemgogrephy, using an

tio oratedto ss.to affor
S Qfirar DrecEHE PO N5 S RLERI e Sothn BhEG M ne
amﬁi%ﬁﬁa/lﬂlg()}%d réfa@din€ Ivde@é/\é@tflmateﬂfﬂo MR c6HBQLBA] IZ4-amino-N-
CDCL13) 0. - 0.79 (1H m, 0.82 - 0.91 1Hn?
(1-G1-G8oiopherDd-§-Biromy promy mip e & arbexeude £HOT0 g, 165 pes a
6.58 - 6.66 (4H, . lo M5 me MK 227.

COlgmﬂeSS 2ndll ate 58: (9S)- t(ert g)utyl

HNMR-((t(bﬂ mmmmse:mmdmxwm&m @8l basat®1@Q4H) m), 2.67 - 2.83
tyl dicarbonate (8 35.01 mmol ) was

(2}5@@!)@& 3i0r{28n@) gt {16h st.d-Y09) 7 ?3.2 (4H m).
Wézm chl orophenyl ) propan-1-ol (Internediate
35.01 mmol) in DCM (200 nL) at 25C under
nitrogen. The resulting solution was stirred at room
e ratéb'l for ﬁ hour < The I(iiin m Xt ure was
_&\:EQIE@&& Rromasdchlor ; € riturated
with |sohexane to give a soli d \ﬂ']l ch was coll ected by
iltration and dried under [vacuyh to gi ve

f

(S)-tert-butyl

1- (4-chl or ophenyl) - 3- hyd |oxy rob
92 2

| carbamate (9.20 g,

N-Bromosuccinimide (6.84 g, 38.42 mmol) was added portionwise to 4-chloro-7H-
pyrrolo[2,3-d]pyrimidine (5 g, 32.56 mmol) in DCM, dry (125 mL) at 20°C under nitrogen.
The resulting suspension was stirred at 20 °C for 1 hour. The reaction mixture was
evaporated and the resulting brown solid was triturated with water to give a purple solid
which was collected by filtration. The crude solid was triturated with hot MeOH to give a
solid which was collected by filtration. The hot trituration was repeated to give 5-bromo-4-
chloro-7H-pyrrolo[2,3-d]pyrimidine (5.23 g, 69.1 %) as a cream solid.

"H NMR (400.13 MHz, DMSO-d6) & 7.94 (1H, s), 8.63 (1H, s), 12.95 (1H, s)
MS m/e MH" 234,
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209 as a white solid. 1H NWR (399.9 M1z, CDC13) 6
1.43 (9H, s), 1.78 - 1.84 (1H, m, 2.05 (1H, d), 2.74

W@ 2dd9/08)63 3. 67 - 3.71 (2H, m, 4.88 (1H, s), 5SrOWGB1LHS/050925
d, 7.21 - 7.24 (2H, m, 7.30 - 7.33 (2H, m. MsS nfe
M:Na+ 308. 124 | nternedi at g 199:
(S)-3-(tert-butoxycarbonyl am no) - 3- (4-chl or ophenybpr op
yI nmet hanesul f onat e Met hanesul fonyl chloride (2.74

it TR b 5.3 %@ nﬁo%%ﬁ;@ﬁ;o@%ghsél tert- Sbutyl

(Intermsd|ate 58) (9.2 g, 32.19 f¥ol) and
triethylamne (5.38 nL, 38.63 mywl) in DCM (161 ni) at
25C over a period of 15 m nutes under nitrogen. The

resul ting solution was stisrgda 4 oom tenperature for
30 mnutes. The resulti ng ure Wwas evaporated to
dryness and the residugas-purified by flash silica

chr omat ogr aphy, elution gradient 40 to 100% Et OAc in

i soBemeeetrdﬁydﬁ)fdx@ﬁ campleR3]. Nefle 7e\77@pﬁnnat) evﬁhstaddw JopeBe to a
to afford (9)-3-(tert-butoxycarbonyl am no) - 3-

stirggq} e RROmAL ;%)r%)ﬁwnqw%ﬂﬁﬁﬁégwhﬁw%arepm@ md @ g gol o4 mmol) in
TSGR 5 Otg gy P ity P SRS The Bkl ygpension

waf Rtitredyt,0°@ f813( @Huts)theri7at22°C fof. ABufR Ahe dyactidn Bxture was added
Na+ 386. 15 Internedi ate 6

Porclglefg fﬁme aa9‘§@ﬁ@“ ng%f) hezsoNg Lo A iriH apoea? tfn@em%gﬁf?r 24

hodrs LTt thixde Was Bhidechithiad rB@sdohvA3R Irfé‘(fhanﬂsl &30 /D) andand

(S)-3-(tert-but oxycar bonyl am no) -
reconcentrated (this process was repeated three times). The residue was dissolved in DCM

(75 mL) and washed with 1N NaOH (50 mL). The aqueous layer was extracted with DCM

(3 x 100 mL) and the extracts combined with the organic layer. The combined organics
were washed with saturated brine (50 mL), dried over MgSQO, 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-bromophenyl)propan-1-ol (2.160 g, 65.5 %) as a colourless gum.
"H NMR (400.13 MHz, CDCl3) § 1.82 - 1.90 (2H, m), 3.76 - 3.82 (2H, m), 4.12 (1H, t),
7.17 -7.20 (2H, m), 7.45 - 7.49 (2H, m).

MS m/e MH" 230.

Intermediate 52: ethvyl 4-(4-chlorophenyl)-4-(methoxyvimino)butanoate

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
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chl orophenyl ) propyl nethanesul fonate (I nternedi ate 59)
(500 ng, 1.37 mmol) were 20 dissolved in THF (10 nl)
wanahsesbed i nto a m crowave tube. The reacti oPCTHESB2008/050925
heated to 120C for 50 mnutes in the m crowave reactor
and cooled to roomtenperatug The reaction mxture
was concentrated and diluted with DCM (5 nL). TFA (1
m.) was added WD 2009/ 047563PCT/ GB2008/ 050925 125 and
tHihrde f h
B A T o S A T
evapsrancgi @nlrHeXs wodftord eth'i]h@-(d-ehliorcgﬁlepylb}dk(ﬁiethmylrmhu)bﬁdmoate
fiomtgt/s col um usi ng 3. 5N a ni a/ MeOH and pure
(12380 oRs Y FAREPAFEPBATEY 191ty yness to af ford

HWRJ(Zlé(ﬂI?PM}@Z ‘Pﬁ\ﬁ@@)’ Pi3! "ﬁ?’ﬁﬁj (932 %'PS(&Q@PNQ 3, 5@ ﬂSLa(‘ﬂ}ﬂ qu),

as a [ ow ol |
2. 9N;Hz98 ((ZH,‘,I)355 9@ (1HO£) 4.0614. QS)(2H1q)757 47- 248 22H.2H), 7 ﬁ«} 7 62 (&H, d).
- 2.54 (6H, m, 3.97 (1H, t), 7.27 - 7.31 (4H, m. M5
me MH 241. 10Internedi ate 61:

Interif bG35 Q40 RorophBEVI-4{ rePlidxyth bbb Btad b Ycidr di ne

5-Bronb-4-chloro- /H pyrrol o[ 2, 3-d[ pyrir m di ne
(Internmediate 50) (2 g, 8.60 njml) and

p-tol uenesul fonyl chloride (J+%40 g, 8.60 nmml) was
taken up in acetone (12 nlL) #nd stlrﬁed under nitrogen
and cool ed to between - 3'this solution was
15 added 2. OM NaCH sol (5. 50 om, 10.99 mmol)
whi | e mai nt ai ni ng t hel"i nt™r nal tenperature at |ess

h C. Th
¢ obURE T SEnPNBRE 6750 Roret. S HBRh s Uef [ -4
chlt)fdph@ﬁﬁm%feth@saﬁnﬁ@@haﬁgnwé tIn‘f‘éﬁﬁb(ﬁz&@“SQ)"@l 24 b dnmol) in

hl oro-7-tosyl- 7H pyrrol o[ 2 pyrim di ne
Wa(es (22584 glL)QDH%(I@Smé) p@d ethorcd 4f2sol).dT h@@&uhtlml(lwmwasastlrred

at %ﬁégor a%g@ffﬁw%ﬂsl mi uﬂw%%q_llluzgcf v%itl_é qug% ié_ﬁ%H I&%ﬂ%washed
withlveatddd20B ). THRueous was adjusted to pH5 with 1M citric acid solution then

extracted with EtOAc (3 x 150 mL). The organic extracts were washed with saturated brine

(25 mL) then dried over MgSO,, filtered and evaporated to afford desired product 4-(4-
chlorophenyl)-4-(methoxyimino)butanoic acid (7.63 g, 69.1 %) as a light yellow solid.
"H NMR (400.13 MHz) 2.39-2.43 (2H, t), 2.91-2.95 (2H, t), 3.94 (3H, s), 7.47-7.49 (2H,
d), 7.67-7.69 (2H, d), 12.21 (1H, broad).

MS m/e MH" 242.

Intermediate 54: 4-amino-4-(4-chlorophenvlbutan-1-ol

2
Q)WOH
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
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I nternedi ate 62: nethyl
1-(5-brono-7-tosyl-7H pyrrol 012, 3-dl pyri m di n-4-y1l) - 4-
W@ b@wblissoxycar bonyl am no) pi peri di ne- 4- car boxybet/eB2008/050925
Triethylam ne (3.55 nL, 25.45 mmol) was added to
5- brono-4-chl oro-7-tosyl-7H3pyrrol o 2, 3-d] pyri m di ne
(Internediate 61) (3.28 g, 8.48 mol ) and net hyl
4- (tert- butoxycarbonyl am no) pi peri di ne-4-car boxyl ate
6 h%%%zgﬁ;ﬁpgo%ﬁgg %n {cg-'v%Zerghe b (B8 m%&téd%i%a&ﬁ 326)@1?) @Jogwise
. e resulting suspension was stirred at or
withatirfring oMee 10 edaite ThonKk turewwszatosl teviidrtatvadmas eoom

diluted with 0Ac (200 nlL), and. washed sequenti al |l :
e auRAne ﬁtll(re?cg%%@)hoé}ﬁob%%{t? sV ating b Eulb %}ﬂSpivevh dhe residuc
wa@lHRARLSIed AY RE-WRS 1589, NQOHV@%.& g%‘ﬁg_ﬁ;_?] addeltaes R s@Relh stirring.

evaporated to afford crude pro e crude product
Thevessulping infikeide ys ftireslmndiheated acH¥ Orfat  hoapkthen ceblgtitorprom

ten%ré:?aglilrg\?ttgg ggt5%c2@7¥(@egﬁg%§g@1 F%B;EE% ?(gnelizﬂ.ggcﬁ é;fe[rgc{s%etrie Vashed with
wafkr €51t~ bline 08kt %PM%S@L%@ edapbkavd idardhéts 4 THA tnde product
p

tert - but oxycar bonyl am no) pi peri di ne-4-carboxyl ate
wag diegputj{icé by flash siben chrovhitpgraphby (duent 84R7NKRawomia® MeOH /

ol BBPES o1 b o ol .3

g, 1.8 %)l b.coburlest, dnsp2ddnt ghna. 8. 00 (1H, s), 8.03 (2H,
) %&8.40%1H s).. Ms.me MH 610. 20 WO
H D08/(600: b Xt |32 b A8 (BE o) | £371.6 he2&t ideld 45 BR2H. 1), 3.76-

JORYAYY, 7.33-7.38 (41, m).
372?{té TZ %ggé caf%%nylanino)-l-(5-cyc|opropyl-?-tosyl-

TH

¥t Sh s SR (1o ot RL R S i SRR ©
1- (5-brono-7-tosyl- 7H pyrrol o] 2, 3e] pyri m di n-4-y1) - 4-
(tert- 5butoxycarbonyl am no) pi pe¢ri di ne-4-car boxyl ate
(Internmediate 62) (1.1 g, 1.8 ), potassium
phosphate tribasic (1.343 g, .33 mmol ), tricycl ohexyl
phosphi ne (0.101 g, 0.36 d cycl opropyl boronic
acid (0.438 g, 4.34 mol re_sdaken up in toluene (10
m.) and water (0.400 nt). The®ni re was purged with
nitrogen for 30 m nutes then pal ium(l1) acetate

(0.041 g, 0.18 mmol ) was added. The mi xture was heated
t o P5@ri-butyldigathouats (lahith mheh 94 Iniekovas eddadoh oanplorsion ito 4-

am?r}o-j-?éercrllﬂ%reop gr{yq}bl{ll{a%- RXF{IlqlegmediaIp g4)rﬁ a.’)%t i, 81 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, s), 1.48 - 1.66 (2H, m), 1.78 - 1.83 (2H, m),
3.63 -3.68 (2H, m), 4.61 (1H, s), 4.84 (1H, s), 7.21 (2H, m), 7.29 - 7.31 (2H, m).



m xture was diluted with Et0OAc (75 nL), and washed
sequentially with water (50 nL) and saturated brine

W@ 2@901)563 The organic | ayer was dried over M SEHET/GB2008/050925
filtered and evaporated to afford crude product. The
crude product was purified by,flash silica
chromat ography, elution gradient 10 to 30% EtOAc in
i sohexane. Pure fractions were evaporated to dryness

Intl*ﬁ] leat fﬁ ql (qglttMtoxvcarbonv]ammo)-g-g4-ch|!0rophen¥_!)l_l}!q(l
A=t el t-pgutoxycar oonyt anr 11o) - —1-tosyl-
mefidneyulf@iaé 2, 3-
d] pyri m di n-4-yl) pi peri di ne-4-carboxyl ate (0.447 g,
43.4 % as a creamsolid. 1H NVMR(400.13 Mz, CDCl3) 6
0.72 - 0.76 (2H, m, 0.99 - 1.04 2H, n, 1. 43 (9H,
s), 1.90 - 1.94 (1H, m, 2.04 - 2010 (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 (2H, m, 476 (1H, s), 7.12 (1H,
s), 7.28 (2H, m, 8.03 - 8.05|20(2H, m, 8.46 (1H, s).
M5 mie MH 570. WD 2009 T/ GB2008/ 050925 128
I nternedi ate 64: %
4- (tert-but oxycar bonytm - 5“(Becycl opropyl- 7H pyrro
l 012, 3- di pyrimdin-4-ybpiperidi pé-4-carboxylic acid
2M sodi um hydr oxi de sol ution (500 ) was added to

5bu%@ﬁes§%§ﬁyi ) O21 { 30l fetbPspl A asAdded ropyiipedg fqr-butyl
5 - (@Jcﬁfo%ﬁreﬂj}lﬁmfﬂy@r&dy@u?ca%&r@t@ght&hﬁﬁlﬁe ssy ﬁ@@)’é oD mmol) and
(Internmedi ate 63 [) in THF L)
tricghtylgoge (A4 mds i |2tO| m@wléon DG 3R ISt 2P Ecover azp@np(i oF 15
il O TP B S S bl Myl 30
miR@edlThe edultidgpiidtiné tas &M bﬁ:tedstalduyne@@andﬁhe ré&UHROUS suspended
was extracted w x. 50 nL) and the

I
in ke rﬁl@rqdoanﬂé%ﬁ%ra@d%}fwé&ymh ilih GUORp IRy aegradient
10 20 (ﬂ)% E@Aﬁb} Isoﬂ-&ﬁn@ rIQl?enfr&ct ?¥ g{ega\’%?%%ra{eﬂqo ss'\{g %%rd 4-

tered a evaporated to a

(teﬂ—b@to&wtzﬁbd}@lmmbé¥(§Hchmrolﬂl)enjtl)lﬁtﬁylayethmmsml;ﬁmh{emﬂ:mrgg @00 %) as
.2, 3-d] pyrimdin-4-yl)piperidine-4- carboxylic acid

a whito5olidy "gg. 2 % as a cream solid. 1H NMVR
6 7
H%\ﬂ\gg (4(20}4%1?%1@% 1611Q9ﬁ 97 L8 197 38(7?(2 0@(299?3&{ ), 4.23 (2H,

0, 662,11H 3. 45’35 (12H3), mzo (gHezl) -734)01312231 &y, 6.92 (1H,
22 (1H, 8.21 (1H, 11.51 (1H, s),
15 MST%V%%%H‘“@) |v(rs Memw 402.( °) (1h )

Intermediate 57: 1-(4-chlorophenvl)-N4.N4-dimethvlbutane-1.4-diamine

NG

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
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WO 2009/ 047563PCT/ GB2008/ 050925 129 I nternedi ate 65:

(S)-tert-butyl
wd2¢02/0§7%6xhl or ophenyl) - 3- hydr oxypr opyl car banoyRQ F&B2008/050925

(5-cycl opropyl-7H pyrrol 012, 3-d

pyrim di n-4-yl)piperidin-4-yl,garbamate OH) 1- C NH

(S)-3-am no- 3-(4-chl orophenyl ) propan-1-ol (173 ng,

0.93 nmol) was added in one 5portion to

- |§g I r
12&3%?%{) gffg@t?%(%qgé 91%}}5 1%9(),‘[011& co%Ye tg g‘?(g]gy ge'ghtg%t gﬁe
rea(:tlicm ebedivaiseobdbntradd 5ndﬂ1en@i1£81vmirm DCandl (D)(HEA) ad #BA (2
2.80. Mol ) in

mlg. "{'h;e rg%cgg)élﬁzé@tslnpgg % %yff?% ?QONS N heN:rude product was purified by ion
exéh@ﬁ%@&ﬁ&m@ogfagﬁﬂz %ﬂln@%ﬁs‘d% O5IARIMOTRE Qés?reél g&ﬂduwwas]el%d from the

was a d"the resulting solution was stirred
colamnmmgfber zmmwmor}mdrm@ fragronriweraiea@pwmsed to dryness to

B R EREN T I R TN A

mﬁaturated brine (50 nL). The organic |ayer was dried
over filtered and evaporated to afford crude

H@%ME&& 0 13rM=H:c el 3 e 8dlct0. Waid Houw)i §.82d 0\ (i Hasi, 0.93 - 1.09
t,0 6% MeOH
vﬁ *ﬁg%ﬁﬁnig??ﬁggg%ﬂxﬁ%giﬁﬁ%gg6%%?%“%84p0rQ?ed to

MSﬂM@Mdr(zsy,- tert-butyl

4-(1-(4-chl orophenyl) - 3- hydroxypropylcarbannyl) 1-
15(5 cyclopropyl 7FprrroIo[2 d]pyr|n1d|n 4- yl)plper
, 3 ﬁ % . A

-i) L 144-

N T DIVBO- 00 w . OC
70,91 (2H, n) 1.40 (9H, s), 1081 - 2.06 (7TH, ),
3.33 - 3.40 (4H, m, 3.90 - 3.94 (2H m), 4.53 (1H
t), 4.91 - 4.93 ( 1H m, 692(1H s) 7.30 - 7.38
(4H, m), 7.96 (1H, d), 8, 11.49 (1H, s). 20
MS mie M+ 569. 130 Int d| é‘ 66 tert-butyl

1- (4-chl oropheny1) - 3- bpropylcarbanate

Di-tert-butyl dicarbonate (8.04 mL, 35.01 mmol) was added in one portion to (S)-3-
amino-3-(4-chlorophenyl)propan-1-ol (Intermediate 47) (6.5 g, 35.01 mmol) in DCM
(200 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 (S)-tert-butyl 1-(4-chlorophenyl)-3-hydroxypropylcarbamate (9.20 g, 92
%) as a white solid.

"H NMR (399.9 MHz, CDCI3) & 1.43 (9H, s), 1.78 - 1.84 (1H, m), 2.05 (1H, d), 2.74 (1H,
s), 3.67 - 3.71 (2H, m), 4.88 (1H, s), 5.04 (1H, d), 7.21 - 7.24 (2H, m), 7.30 - 7.33 (2H, m).
MS m/e M+Na" 308.
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Met hyl am ne gas was bubbled into a solution of

3-(tert-butoxycarbonyl am no)-3- (4-chl orophenyl) propyl
woredobanssill fonate (Internediate 31) (70 ng, O.RCT/GBRAOB/050925

in THF 5 (5 nL) at 22C over a period of 5 mnutes. The

m xture was sealed into a mpeyowave tube. The reaction

was heated to 125C for 30 minutes in the m crowave

react or and cooled to anblent tenperature. The mxture

anbﬁkkﬁMMﬁueNHB (aq)) in DOM Pure fractions were

evaporated to dryness to afford tgert-butyl

1- (4-chl orophenyl) - 3- 10( net hyl amino) pr opyl car bamat e
(52 my, 90 % as a colourl ess opF>xdH NWVR (399.902
MHz, CDC13) 6 1.41 (9H, s), _/9 (1H, br.m, 1.93 (1H,
br.m, 2.40 (3H, s), 2.59 (2Hg , 4.73 (1H br.$),
5.94 (1H, br.$), 7.21 (2H_d) A 29 (2H, d). MBS me
MH+ 299. 5. 15| nt er medi at @
1- (4-chl or ophenyl) - N3- e praéane 1, 3-di am ne CI
NH2 Hydr ogen chlori de (QM iTv1, 4-di oxane, 0.50
m., 2.00 nmmol) was added to ter yl

1- (4-chl orophenyl) - gneth | am no) pr opyl car bamat e
(1 nVesthragsuatoaylbdyor(dsy 2 g % 3574 Iminplof) was asldad dropmesedp (S)-tert-

bu%ﬁ%%%%?@%%mgﬁ 'ggirre K&Y%%%%Fbﬁ(iékgﬁﬁgﬂ%%ﬁgigb |g§19

mnv@pabiiettanghe . 1L B&.6B aghelyi DEM ol ihlL)ed 285C b@eﬁ a perlod
exchange chronatography usi ng an SCX colum. The
of HeBiuseh Widstmitpesiad hergsuluerspBion mas stirethi raemrigmpaypture for 30

mlﬂd@éwg F&gﬁﬂﬁtg R Eird GAaE Eva%glsaté/&%t% %lrﬁ}/e‘fél?ﬁ{c?ﬁlg ot Riedra¥ Harified by
flash (ideacthir-@napaplyyd ehiidn raeddigtt @o op d6@0o EtGA(diim rohexaph8Pure
ol s R sl 515 R
chlf}ro% rg;lj? 66 mefhaéesulfofiatd 51 d. 63*% 9 ‘K/%aé/\@whlte solid,

P 925 131 199. 3.

CT/ GB2008/ 05
ngr(ms) Mz, &DCBeBtl-36ut Y48 (9H, m), 2.20 (2H, ), 3.01 (3H, 5), 4.19 - 4.29

arftakdsh! gr9phenwl) >3- (rethviAm n) gy opvi car bamov1) -

MS m/e M+Na"™ 386.

Intermediate 60: (S)-1-(4-chlorophenvl)-N3.N3-diethvlpropane-1.3-diamine
5“ :

Cl

Diethylamine (0.426 mL, 4.12 mmol) and (S)-3-(tert-butoxycarbonylamino)-3-(4-

chlorophenyl)propyl methanesulfonate (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
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1- (7H pwrol 012, 3-di pvri m di n-4-0) pi peri di n-4-yl car bama
te d \ NH* H5
wO2q09namebenzot ri azol - 1-y1)-N, N, N, N -t et r amet hg1/GBo0081050925
m hexaf | uor ophosphate (44 ng, 0.12 nmol) was added to
4- (tert-butoxycarbonyl am no)pk- (7H pyrrol of 2, 3-
d] pyri m di n-4-yl) pi peri di ne-4-carboxylic acid
(Internmediate 1) (40 ng, 0.11 mmol) and
ancl(\‘;gle\tl' n%ch&? %g%ﬂjr%ﬁ&ba@]f | 4R Ofre Thde %021&0‘[% l‘lhgd B%/Fn
e resu ting i 0 suspensi on wa
exchibin@Odirbraatogiphy, rustngsrm SOTe cofuxinuThe dassred peddadt \t/ms eluted from the
anbi ent tenperature
colymp AR S0 % Bp MﬁéHn?é’tdlﬁHr‘bF%ﬁHﬁlé WErGePgLiGego dryness to
FéddTS R %ﬁﬁ h@ﬁl-(l\%zNﬁ'lli (1 hbp BN b i@ ¢ PRANBS3 G0 %
¢ sor(ufl gﬁ I n ?\IIJI\/P % a}l]edg}ty%%pm xt'ure sltnl (rér ed gi ZZC)aSa
yelfoy o8 days. The reactl on mxture was diluted with

' 58300 5 Sl SCRER AT By DL Sl seBecah Gl g om. m

39qqh1qml) nes-131ehyt@y With water and methanol to renove
inpurities foll owed by 30% (2M NH3 i n net hanol) in DCM

M§ o/eMit ' @4the product. The appropriate fractions were
evaporated to dryness to afford tert-butyl
4- (1- (4-chl orophenyl) - 3- (et hyl am no) pr opyl car banoy1l) -
Intérmediate 61: 5-bromo-4- chloro-7-tosyl-7H-pyrrolo[2.3-d|pyrimidine
(7H-pyrrol o[ 2, 3-d] pyri mdin-4-yl)piperidin-4-ylcarbanma
te (10.00 nmg, 17 %9 as a
542.5. 132 Internedi ategs69.
4- (tert-but oxycarbonyl am’n )
di car boxyl at e Met hyl
4-(tert-butoxycarbonyl an no) plsﬁ8r| di ne- 4- car boxyl at e
(W2008075109) 5(10 g, 38.79 mym was di ssolved in
DCM (194 nl). To this was addef -tert-butyl
di carbonate (10.67 nL, 46. 46 . portionw se. After
the addition the reaction was stikred at 25C for 1
hour. The crude product was washed with saturated
sodbBrohiocktilonatlé-plydem(2, sidpyaididite Integapdiatd 30)62 g, 8.60
mng}“ %%CPO g/_ @eé}e§u§%1@rtq:elflg?frr1 %4{(1)9& \/6%%)15125 %éjasttgke(rjlru)f)qg aget(t)noe (12

mI4-ahd Sike LRI YRR Y] AVROLBeRG!ch A5 €1nk #C. To this solution was
added 2.0M NaOH solution (5.50 mL, 10.99 mmol) while maintaining the internal

-tert- butyl 4- met hyl
eridi ne-1, 4-

2

temperature at less than 5°C. The reaction was allowed to warm to room temperature and
stirred for 1hour. 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
solid.

"H NMR (400.13 MHz, DMSO-de) & 2.38 (3H, 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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i odi carboxylate (13.6 g, 98 %9 as a white solid. 1H

NVR (400.13 MHz, DMSO) 6 1.39 (9H, s), 1.40 (9H, s),
wa200004756¥ (2H, td), 1.88-1.92 (2H, d), 3.05 (P&F/GB2008/050925

broad), 3.61 (3H, s), 3.62-3.65 (2H, nm), 7.33 (broad,

exchange) . I nternedi at e 1AQ:
1-(tert-butoxycarbonyl)-4-(tert-butoxycarbonyl am no)p
peridi ne-4- 15carboxylic acid Li t hi um

IntV bR TRARDY L E?BFmﬁ&ﬂ%sﬂﬂ}i%@rﬁﬁoIWb%VMEdﬁPQ%ﬁ*y 4-(tert-

O 1=-1Ccrt=-p0utyl 4a-1cetIly
buﬁ)x&tz&fbbnblahﬁnmwdmhué-AmanMMmer| di ne- 1, 4-di car boxyl a
te (Internediate 69) 13(§8 g, 38.72 mmol) in water

(21.51 nlL), THF (86 ml) ﬁg%ﬁhnol (86 nmL). The
20resul ting sol uti on wag ré&d 20C for 1 day. The
reaction mxture was dil ufed vMQfé%&OAm (75 nm.) and
washed with water (75 nmb)t e aqueous was adjusted to

then extracted with

pHS with 1Mcitric acid so
' tracts were washed

Et OAc (3x200 mL). The or
W th saturated brine (SO[ﬂg
filtered and evaporat ed t O
pr oduct 7
1-(tert-butoxycarbonyl)- 4- (tePt > \nycarbonylan1no)pi
peridi ne-4- carboxylic acid (10: y, 78 %9 as a fine
white solid. 1H NWVR (400.13 MHz,\=BXBO 6 1.39 (9H, s),
1 40 (9H, s), 1.68-1.76 (2H, td) 1V89-1.92 (2H, d),

%@g%%ﬁ%%éegf mP; $E35 nelt §otaddep o éjbmé 0808 -tosy1.7h-

pyﬁlol() 1. HL@%Q&M@ e Ao (24 1 {45 G Mayl}m fert-

drox ut yl car banoybpi peri di ne- carbox ate _
but@Xf@I@mb@m@)pmeazlme-%cqrb_quliatw(WOmO8Q7ét1 ﬂ%)n(ét(ﬁyg, dd @8inymol) in

af lu h hat 5.24 13,77 s add
DM B 4P 270 n PRERS Rk bt ey et it T D R The
reablidOMKG R RARbACINRARIaRE aﬂdﬂea ith mwp&q&yd) bfL)agiddwvashed

(I'nternmedi ate 70 é4 31 g, 12.5 mmmol
sequenfidliyovigh yateg HiSon bﬁ@rﬁmrbte@ BHna (75 m{u} rithe oxgad aleper pgys dried
|

ov sy @ hrsp TR noRc 1 3Bty Fhe BBl
puﬂi@ﬁi st ﬂz[slhedwatchﬁﬁ)ﬁ?atégmplﬁf blutivs geuditne 8@ po7 @b EION0 in isohexane.

ness. The crude reaction xture s 15 di ssol ved
Puﬁerfy TagH NS CTECHAROTARE (G %@(He&% 4 r[ﬂ‘%fPrélanl?( h -Qabigper &dpsyl-7H-

pyrl}N%lg%%S %p%fﬁgnmnh ?le g&?-bf?trog r%/[e@l‘r‘lhb oHidlRd-LMB5x r?flate (3.60

I"l'tered vapor at e dry s The or gani
g, 6% alkt)iasn wias spld.i fi ed by flash silica chromat ography

T, 7 TETFET AT R do b a0a ey T8 B3 397

(2H-thY, 859-(3H, s), 3.84 (2H, d), 741 (lH .5); 7:46 (2H, d), 8.00 (1H, s), 8.03 %H d),
but oxycar bonyl am no) - 4- chl or opheny1) - 4- hydr ox
8.4yl dav)bamoyl ) plperldlne 1 20 car boxyl at e (5 06 g, 77

MR @8 gf f-white solid.
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1H NMR (400.13 MHz, DVsO) 6 1.39 (18H, s), 1.42-1.50
(2H, sex), 1.67-1.73 (2H, q), 1.74-1.82 (2H, m, 1.87

w@ 2dd9/0l1semd) , 3. 07 (2H, broad), 3.34-3.41 (2H, P@¥/GB2008/050925
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). M
me M+ = 527; HPLCtR = 2.48 min. WO
2009/ 047563PCT/ GB2008/ 050925 134 Internedi ate 72:

Inéér REAAE: §¥: hech{r £ ALORILIAT bo el 63 B b BRI T-HsP1- 7H-

c-4- Cdl DOXAaAlll Uc
pyrireid]2 Bed]p¥dn(idiar4-yh pipexidise-doasd exylate) - 4- ( 1- (4-chl orop

henyl) - 4- o

5hydr oxybut yl car banoyl ) pi

er{idi gfe-1 - carboxyl ate
(Internediate 71) (1.9§,058. cﬁ:%l) was stirred in

THF (18.82 nlL) and 4M hydfoggn ride (14.11 nmi,

56. 46 mmol ) in dioxane adde th stirring. The
resul ting solution was stirfYed anbi ent tenperature
overni ght. The crude m xt ut purified by SCX
chromat ography (el uent 20% 7 nia / MeOH in DCM.
Pure fractions were evapi% o dryness to afford

4- anm no- \ .0

i ON- (1- (4-chl orophenyl) - 4- hydpéXybut yl ) pi peri di ne-4-ca
rboxam de (1.04 g, 85%, as a cqg | ess, transparent

gum 1H NMR (400.13 MHz) 6 1. 16- (2H, dd),
1.29-1.51 (2H, sepd), 1.70-1.76 q), 1.75-1.89
(2H, M, 2.65-2.72 (2H, m, 2.74-2.83 (2H, dq),

3.3 . 397 =} A4 41 /P76
(1 H,Kde%ﬁ 1 ?(.(5 533993%75t0§§1ﬁa{ g ? %Q’@S% i }Jggﬂl gl)Hé,‘ %8) 4) (e
butdx PG R EniBE pipehidingel-caiboyBite I téviritediatd 58) (1HPELA .8 Rimol),

pot3sin RBESP A L EHSBr ey PR HpP D stiakie bolipsphine (0101 .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(II) 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 MgSOs, filtered and evaporated
to afford crude product. The crude product was purified by flash silica chromatography,
elution 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 solid.

"H NMR (400.13 MHz, CDCl3) § 0.72 - 0.76 (2H, m), 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 (2H, 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/c MH" 570.
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15

Cl 20 A solution of

2-(tert-but oxycar bonyl am no) - 2- (4- chl orophenyl ) et hyl
woredobasssll fonate (I nternedi ate 23) (535 ng, 1p&BGBRMSNS0925

in DM (8 nL) was treated with sodi um azide (199 ny,

3.06 nmmol ) and the mixture wag heated at 80 C for 1

hour. The m xture was cooled and allowed to stir at

room tenperature overnight. The sol ution was

Int@%gﬁﬁ{eo&ﬁ Q-(qgtttylﬁﬁ&v%hmdnv?ﬁ%tn%-ﬁ-(g-rwcw hﬁf‘ﬂ-ﬁﬂgvrrolmzs-

orgalir C 1 aycr vwds wasSTicu tw L W LTI Val €1 LISl Uurt eu
d]ph@midin-A-vipdpaddinsdsaarbetwdic dcid t ered and concentrated
until the final volune was approxi mtely 5 nmi. Ethano
(20 nmL) and 10% pal | adi ufg o cab (75 mg, 0.07 mol)
wer e added. The result] nsi\on was stirred under
an at nosphere of hydr i ent pressure and
tenperature for 1 hour. ure was filtered and
the S5filtrate was concentr der reduced pressure
to give tert-butyl 2- an1no
chIorophenyl)ethylcarbanﬁgg gum (410 ng, 99 %.
MS me Mt = 271 Inter A tert-butyl
1 (4-chl orophenyl) - 2 (nethylsquonan1do)ethylcarbanate
A.sol uti on rt b tyl
5. amVhioditing QY‘FHT“SFS?JHB% 51 4 Ry 48 Badrda neqt iate
bu%@caé%ghamno)ol @icm@ﬁrbpﬁnﬂtdﬁleﬁﬁ)b;y%lo‘f@ Qrcqwhﬁmm.
THF was tréated with
yl)mcﬂn@n@écqafhmylata:ﬂnwmdla(t@616))7(8 8@rmg, 0. 3@ 8mrmb liy THFH{0 mL) at

dJ ) e erat.ure
20t Gas boslig St e B &t 4™ a3 ERBE T g a FBER R wos
dil @ Reth AL O hﬁ@rah@ﬂﬁieﬁlué@lsqh @ Rvas EOBeddal idiByEio pH4 with
was concentrated and the resi due was 8ur|f|ed by flash

2MeBCLsatuteaty d haﬂwpaﬁ Ky eowaseitiagtgd ngthig Clyt @ ehnlgjapd therprganic
lay%%({%ﬁﬁr{éw @édewf’th er ta{eg b?&l%’@é {11%'). AR R fayBWs dried

S|re uct
ov@ﬂMgS@pmmﬁyﬁpnaeanﬁMyd&uﬁﬂmmankH@&@hMy4{mﬁbanate was

bt AR 00} 5 A STeD S By oL T din Py Bpipafiine-4-

carﬁ%?flr% Rl (‘37§n%6é ér%) e\pa’, créatﬁ%ohd 4.84 (2H m, 5.20 -
d), 35 (2H, d) M me (MH)-
HNMK'M(DO}i?eMiﬁd DM&O?CB) 5 0.66 - 0 73 (2H, m), 0.88 - 1.00 (2H, m), 1.40 (9H, s),

1,00 AT %5 41§ BAPRE WS & BY L IELN 2SS YH 38Med® o (11,
m), 8.21 (1H, s), 11.51 (1H, s), 12.29 (1H, s).
MS m/e MH™ 402.

| S
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25 C 136 tert-butyl
1- (4-chl or ophenyl) - 2- (net hyl sul f onam do) et hyl car bamat e

W@ bovopuTsesli ate 74) (151 ng, 0.43 nmol) was tr et BdB2A0BI50925
trifluoroacetic acid (2 nL). The solution was stirred
for 1 hour at room tenperatup®. The m xture was
concentrated under reduced pressure. The crude product
was purified by ion exchange chr omat ogr aphy, using an

(S-amb@bmbvwaﬂ- ruﬁlem 3- ﬂmnrhhmm-@tl-\tlnﬁneﬁqucl lehﬂmmmea in
nmet hanol and pure fracti ong were evapor at ed to dryness
to afford N-(2-am no-2-(4
chl or ophenyl ) et hyl ) net han‘eéul
a colourless crystalline3soli
CDC13) 6 2.89 (3H, Z}%
4.12 (1H, dd), |o4 1H,
(2H, d) MS me (M =
tert-butyl 4-(1-(4- chloropheny
(met hyl sul f onam do) et hyl car ba
1 pyrimidin-4-yl)pi peridi n15 N~
0-7( HNb----." O
0- (7- Azabenzotri azol - 1-y1)-N, N,NN , Iﬂ -tetranet hyl uroniu

m hexaf | uorophosphate (88 ng, 0.23 mmol) was added in
one(poi-tnore-3-64- thtdphﬁled)ps@pam]i gln(laii mg, 0.93 mmol) was added in one

S A S e e R S G

D)Bipefidiflc-Aharkdx2 8 de[ﬂ']) tértnediaRtaay (35 B0 PPN 4@ DIPEA
Y)ﬂ%eodf%e " X§6Cmml(n in_ NWP (3yt ghe m )%?jlg)re was

0. %&9@3{463 8Q,|ntrﬁolb\|n( ]Ql\%{ﬁq@lLQ QA7- azaben%otrlazol 1-y)-N,N,N’,N’-

f
B SEBR L SU N RLARGEE O TR IR
restlbinpg Qoludo@ivas emed £ 2P.C &rddehouf @haredcticemivet8re was evaporated to
partjti glned bet ween et hyl acetate and wat

dfyé‘Pijéh?fb eV ItRELO Qe St ldrandavasheds %@r@}aﬁyvﬂ@ water (50 mL)

and saturated brine (50 mL). The organic layer was dried over MgSQ,, filtered and

Ofonam de (93 ng, 86 % as

d. (399.9 M,
dﬁiﬁ/ 3 (1H, dd),
(2H, d), 7.34

Pre |ate 76:

~(7H pyrrol 012, 3-d
bamate C O N H

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-(1-(4-chlorophenyl)-3-hydroxypropylcarbamoyl)-1-
(5-cyclopropyl-7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidin-4-ylcarbamate (420 mg, 79 %)
as a yellow gum.

"H NMR (400.13 MHz, DMSO-de) & 0.66 - 0.70 (2H, m), 0.86 - 0.91 (2H, m), 1.40 (9H, s),
1.81-2.06 (7H, m), 3.33 - 3.40 (4H, m), 3.90 - 3.94 (2H, m), 4.53 (1H, t), 4.91 - 4.93 (1H,
m), 6.92 (1H, s), 7.30 - 7.38 (4H, m), 7.96 (1H, d), 8.20 (1H, s), 11.49 (1H, s).

MS m/c MH" 569.
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WD 2009/ 047563PCT/ GB2008/ 050925 137 organi ¢ sol ution

was concentrated under reduced pressure. The residue
wovampursss i ed by flash col utm chromat ogr aphy oPCEGBR@E/050925

usi ng gradient elution (1% nethanol / DCMto 15%

met hanol / DCM) . Product conjsining fractions were

conbined to give tert-butyl 4-

(1- (4-chl orophenyl) - 2- ( net hyI sul f onam do) et hyl car bam)y

In!é}HJ' %di&?ekk@ix&rt-jiu%- T-t4-chlor vl -3-(methvlamin Icarb.

% as col ourl ess sol d : NI\/R (399.9 WHz, DMSO d6) 6
1.41 (9H, s), 2.00 (4H s), 2.81 (3H, s), 3.52 -
3.69 (2H, m, 4.18 - 4. - M.-N4. 96 (1H, q), 6.60
(1H, s), 6.97 (1H, br, 7110 - 722(2H m, 7.37

(4H, s), 8.01 (1H, d) 11.65 (1H, s) Ms
me M+ = 592 10Inte di e77
2- (tert-butoxvcarbonvl am no) - 2- (4- chl or onhenvbet hvl

et hanety1A ARk §adwhs HEUND Btdd scuti UtI-Qer- ‘Bfltoxycarbon%l/a}mmo) -3-

2- (tert-but oxycar bonyl am no) - 2- (4- chl orophenyl ) e

(4- dﬂomh@@m}mmémﬂ(anmuéﬁon@td |(htterm@)1ai(e6300) (Hyng0. Y@ mmmad) in THF
' o t ed t : ,
6 o stk sty S Ao R ENRL R e pisrowave

tubbedhe eeaatloﬁ&aﬁléa@éd b m@‘t@ for Boemiuih i theW@iSrosRQt eshetndnd
partitioned between ethyl acetate and water. The

CO%?C@MD@@I&}@W%@%@WW@% @@s w&mr%& aid hp eesidaeivey purified

d
by Y0 T o kB oy A PSRN R
D(iNr Bomtfegtiaphycrerevspdrated t(uényngssgas aﬂinelrtértealut;ﬂ il d-ch1d?&phenyl)-3-
[ soh xane 20% e Sa(g:ft ate /

/
(m?t@b%%&%ﬁglgo%§§ﬁ@a@é?.( %algzaég/ Do foules
THRANIR]5H9. Sost QY.L aRaBYS @'1‘1'@@9{ s% { 4o end, q{r%h?%'(iﬁtlﬁ}{h) 2.40

et hanet hi oate (509 ny thus i sol ated as a cream
Gy, H# then)s 6173 le,lbe SNI\T\‘)‘( 699 basWAz 1 (DBCIZY.26 (2H4Q).

9H nnde35 (3H, s), 3.15 - 3.28 (2H, m), 4.78 (1H,
M W,él%';% 2'2.667 (1H, br, s), 7.24 (2H, d), 7.31 (2H d)
MS me (MH CH3C0)- = 286 138 Internediate 78:
tert but I

Hydrogen chloride (4M in 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 NH3/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, CDC13) § 1.81 (2H, dt), 2.40 (3H, s), 2.58 (2H, m), 4.01 (1H, t),
7.25 -7.31 (4H, m).
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N- Chl or osucci nim de (819 ng, 6.14 mmol) was added to a
sol ution of 2M hydrochloric acid (0.8 nL) in
wa@e@vomists i le (10 nL). The reaction flask was PODGBA008/050925
with an ice bath to 510C and
2- (tert-butoxycarbonyl am no)p33- (4-chl orophenyl ) et hyl
et hanethioate (Internediate 77) (506 ng, 1.53 mmol)
was added portionwi se. The m xture warmed during the
Mg {fpNognRd was stirred for 10 m nutes at room
tenperature The m xture was partitioned between ethyl
acetate and water. The organic |ayer was washed wth

brine, dr ed MAth Bgn S|un1sulfate filtered and
ermediate. 68: d pphenyl), lamino)propvlcarbamovl)-

Lﬁ}@ﬁhg@rbanate (602

. | ess solid.
1H NVR (399.9 MHz, CDC13) 6 X'44 (9H, s), 2.77 (1H
s), 4.06 (1H, dd), 4.36 (}AN\br, s), 5.15 - 5.23 (1H
m, 5.29 - 5.37 (1H\ m, (2H, d), 7.38 (2H, d)

i slnternediate 79: thr
1- (4-chl orophenyl) - 2-sul'T'q
S \\ NHO 2 ClL Amoni a (- .50 nmol ) was
added to a suspension of ter utllyl [L- (4-

chl or opheny1l) - 2- (chl or osul f pnyl|) &t hyl car bamat e
(Intermediate 78) (0.542 g, 3 mol) in acetonitrile
(10 nmL). The mi xture was stirted for 16 hours at room
tenperature. 20 The m xt urel \SIQQWitioned bet ween

et hyl acetate and water anst ’ gani ¢ | ayer was
washed with brine. The organl% sal uti on was drled with

eoboae apaeliiest-rybo SeNa s i B reye fieagthosphate (44

15 [ @RYerRBuSk BinflGo 91 -RHLBYko R 2181 ON
mer 00 ot ﬁ?%ﬁ?ﬂ?ﬁ‘ﬁg P ! hyFO)aCS?E\?5’ P

d]p?hen@ltas‘i Vlélaipmdm@étcarbtosyhc puid Yintérngesliath 1) (4bment):1) a@mol) and

N oL RO BET. bl g et Y388 e resting

susl 10@@@1%}[ a0 50°C3for (19 hingtrs. BhoZdixturd wi8 codleld tdmbient
47 - 3.56 (1H, m), 5.02 (1H. br, 0. 88 (2 ),

tenwegaéur(ezlm Lyt chbranhepzl;rN-’dynethylmgpane l)wlaqmnp Imternsdmte 67)
M IR T TE AT g s s
22°C for 3 days. The reaction mixture was diluted with EtOAc (50 mL) and washed with

et hyl carbamate NH O |

@

water (50 mL). The aqueous layer was passed through an SCX column. The column was
eluted with water and methanol to remove impurities followed by 30% (2M NH; in
methanol) in DCM to elute the product. The appropriate fractions were evaporated to
dryness to afford tert-butyl 4-(1-(4-chlorophenyl)-3-(methylamino)propylcarbamoyl)-1-
(7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidin-4-ylcarbamate (10.00 mg, 17 %) as a white
solid.

MS m/e MH" 542.5.
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NH2 O 11 \\ -NHO 2 d Tert-butyl
1- (4-chl or ophenyl) - 2- sul f anoyl et hyl car bamat e
W@ bovopuTsesli ate 79) (325 ng, 0.97 nmol) was tr et BdBRA0BI50925
trifluoroacetic acid (8 nL). The resulting solution
was stirred io for 15 m nutegpat roomtenperature. The
m xture was concentrated under reduced pressure and
the residue was purified by ion exchange

Int%h;lgm{eogf : ﬁ%ﬁ-bﬁ'ﬁfﬁ aneatr vl T%eﬁ%ﬁ%?vcal:ﬁgnﬁmnmp%?idine-1,4-

vwasiicu w t T et faffor  affd thie ucesi T eud product  was
dicakhidxsthteisi ng anmoni a i n nmet hanol (2M and pure
fractions were evaporated to dryness to afford
2-am no- 2- (4- chl orophen )ehhanesul fonam de (221 ny,
97 % as a near col ouN kgd H NVR (399.9 Mz,
33

DMSO-d6) 6 3.13 - 325( 9 (1H, dd), 7.35 -

7.48 (4H, m I\/Brrie(l\/H—l— I nt ermedi at e

81: Tert-butyl

4-(1- (4-chl orophenyl) - 2- Iethylcarbannyl) 1-

20( 7H pyrrol 012, 3-di pyri rﬂ di F? -yl ) pi peridin-4-yl carba

mate /Cl 140 S

0- ( Meﬂlzé Helterbbwtoayerbonylamingyp e Ndingr4-gasboxatase (WQZ@B%W@ 109)
(10rn I%%Xﬁ 1%81:%0 a@%%s@hltvgc? mJé% ’4119L 4]Eo thsa/asmallad%ec?gdl%gt butyl

Irrre

dlcérbbhz&e (tw&mw; a6 ke whabrpambnhs(ﬂ b&m:y tHeQldd{tdnIhélteaytidntvas
yl.) pi peri di ne-4-carboxylic acid (Internmediate 1)

Stlr@las 2|5rgC {) lslzow hs crde Predu N ashesh PaiByramteEsqdin 66
blcg?'bong)[e ?&\M t A thd 01[%& &lgye?s Hiddt ovER R/Iég(jﬁtt}éﬁﬁe BeRg evaporated

treate -am no-

to drighass ophidorg| 1)}ettkiiartd St iy bAd(de-Hultoxtye anbooly lamen o perf dibe- 1,4-
he sal utlﬁa was stirred for 1 hour at
e

dlcg%BﬁYlﬁ@n(ﬁ%é?é apRavhifese was treated with water

| al guy | phe i1t-at _
e S 8 O R R P R FHeRd. 1.88-1.92
(2Haak1 205 (2H, Ibeoetdo QéhéH,ey,B.@aWS (2H, m), 7.33 (broad, exchange).
4-(1- (4-chl orophenyl) - 2- sul f anoyl et hyl car banoyl) - 1- (7H

Int]:ﬁﬂ)!dh&f& AL 4. @erd IRi6tvEh P v 44 P Biftok At b i vih i ffdline-4-

M@L6140(9H s), 1.90 - 2.10 (4H n), 3.35

-3.39 (1H, m, o .
N_ _O
HO%\([)]/Z/
N

O O

Lithium hydroxide monohydrate (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
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3.51 - 3.59 (1H, m, 3.62 - 3.71 (2H, m, 4.12 - 4.26
(2H, m, 5.30 - 5.39 (1H, m, 6.59 (1H, s), 6.82 (2H,
W@ 200904383 - 7.18 (2H, m, 7.30 - 7.43 (4H, m,PrEr/&EB2008/050925
(1H, s), 8.19 (1H, d), 11.65 (1H, s) 15 MS me
M+ = 578 Internediate 82: tgpit-butyl
2-acet am do- 1- (4-chl or ouhenvbet hvi car bamat e |

afford desired product 1-(tert-butoxycarbonyl)-4-(tert-butoxycarbonylamino)piperidine-4-
carboxylic acid (10.36 g, 78 %) as a fine white solid.

"H NMR (400.13 MHz, DMSO) & 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 (2H, d), 7.16 (exchange), 12.36 (exchange).

Intermediate 71: tert-butvl 4-(tert-butoxvcarbonylamino)-4-(1-(4-chlorophenyl)-4-

hvdroxvbutylcarbamovl)piperidine-1-carboxvlate

HO \f
Y

;\

O-(7-azabenzotriazol-1-yl)-N,N,N’,N’-tetramethyluronium hexafluorophosphate
(5.24 g, 13.77 mmol) was added in one portion to 1-(tert-butoxycarbonyl)-4-(tert-
butoxycarbonylamino)piperidine-4-carboxylic acid (Intermediate 70) (4.31 g, 12.5
mmol), 4-amino-4-(4-chlorophenyl)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 EtOAc and then basified with saturated NaHCO; (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) § 1.39 (18H, s), 1.42-1.50 (2H, sex), 1.67-1.73 (2H, q),
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.
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O NHCO A solution of tert-butyl

2-am no- 1- (4-chl orophenyl ) et hyl carbamate (1 nternedi ate
w0 3)09a07560. 208 g, 0.77 mmol) and PCT/GB2008/050925

N- et hyl di i sopropyl am ne (0.266 nm., 1.54 mmol) in THF

(5 m) was treated with acetjsg anhydride (0.102 ni,

1.08 mmol ). The resulting solution was stirred at

anbi ent tenperature for 2 hours. The m xture was
Ind@Ahbdib RS REMIESN Pl Ao RN R BRRA T beridine 4

1€ 0Urgalit C 1 aycl vwas COITCCTItT at €U altu 11

cartbesamide was purified by flash col um chromatography on

“ silica using gradient elution (10% ethyl 25acetate /

DCMto 40% et hyl acetate / The desired product,

tert-butyl 2-acetam do-

was thus isolated as a cQlouflegls sghid. 141 1H NWR
(399.9 MHz, CDC13) 6 1. N’ .98 (3H, s), 3.46
- 3.67 (2H, m, 4.74 (Ad__br, s)97 - 5.56 (1H, m,
5.89 (1H, br, s), 7.92 (ZH, d) 32 (2H, d) M5 me
I\/H+ = 313 5internedi ate 83: H

Ter CIB @JW?A‘ %telgt%ugor;(lygg gnﬁ r%n)o? h(Bil otrgp enyl)- -
hy&o%&ﬁ&rgﬁn&ylgé é‘rmu&)ef PE&%BXM@(M&%&]@@F@ (L98 g, 3.76 mmol)

I nt ernedi at e was treate
was stirf¢duioridac elsi & Iabb dnd( ﬂ\/lr’dy):lrog*éh ehbaldcl(]%]rﬂ was 5686 mmaal) in

diog it e S BT aft et peegtuPE ST M E et emperature
ovdhigdy CThé’@ﬁd@M[ﬂtﬁﬂe%s?ﬁnﬁ@@ beRChREFEMEREAIFRY CdiaRrRYY, 7N
using an SCX col um he residue was | oaded onto the

amwmwﬁMﬂaHnétD@%lPua%&amﬁ agrewvepoiadiadamessrigefford 4-amino-
NSRBI P A SR PSRRI 2 DM e

colb@rléi;l%,ytﬁ&lsparélﬂ gahf. ord
(2-am no- 2- 4ch|oro gﬂ)ﬂ | ) acet am de (
t&i

(98 ,
HQ‘PM% (499.13 Malz @bllﬁd 7c( 8 IsYl (A1, segdM IP\W\Q;?% (2H, @),

175?’19% ?2% %15)%% (2%1 . (32'4-523{3' @){’ rr%) 9373%-3"3'9 Qﬁ}hm) 439
(exEbgenproat) 2BTOCRE (br, ) 7.30- 285 (2171 36 (464739 (MB 1), €8.25-8.27

Internmedi ate 84: tert-butyl
(exahqnzedBet ami do- 1- (4-chl or ophenybet hyl car bamoy1) - 1- (7H2

MOV MeF el a3 1R LM b And- v! ) pi peri di n- 4-yl car bamat e

Intermediate 73: tert-butvl 2-amino-1-(4-chlorophenvl)ethvlcarbamate

KA

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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0- (7- Azabenzotriazol -1-y1)-N,N,N , N -tetranet hyl uroni u
wondwenafskaior ophosphate (89 ng, 0.23 mmol) was PCDeB2008/050925

one portion to a stirred sol ution of

4- (tertbutoxycarbonyl am no) -iks( 7H pyrrol o[ 2, 3-d] pyri mi

di n-4-yl ) pi peridi ne-4-carboxylic acid (Internediate 1)

(80 nmg, 0.22 mmol) and N-ethyl dii sopropyl anm ne (0.046

: ) | '
Wlm@gﬁz%%%l% %A]ﬁérgdm MM; céée(‘lﬁ{_'a?ted R o A B RS was
apprbkiatacgdin 6 myll.)Eehdnll { Hcalaand 80% pall etivm dnatbo8 Y5 (120107,

0. 24 nmol)) he solution was stirre r 65 hours at
mm%bwe&ﬁls%f} érI‘E F%Suﬁme%uﬁa%w VaRAUIT fgw&r B ﬁ%ossﬁ%rﬁ,@é n
hy(?&?%’rleat%ﬁﬁ)tlé‘ltt rflfe @@d e rpefre!ﬁ?re %IglaﬂéLﬁ TRY SRSV AGIRRD and the

ter. gani ¢ sol ution was
ﬁhc¢mm®m@nam@dnuhdsbrﬁdduﬂhmeﬁusgsqmﬂﬂbﬁﬁmbdésmMMQJWHs

flash col um chr ography on silica
ehifephensd et £ bR (SRR ENT- 7 BoM t o 15%
MS’@J/J]MI];-ﬁl— h7PCM . Product containing fractions were
conbined to give tert-butyl 4-(2-acetani do-1- (4-

chIorophenyl)ethylcarbannyl) 1-(7Hpyrrolo[ 2,3 d]pyrlm
I Bt £

(9H, s), 178(3H s) 4H br . s) 3.36 - 3.43
15( 1H, n), 3.50 - /GLE@ 4.18 - 4.28 (2H, ),

4.85 - 4.93 (1H, m,
(2H, m, 7.30 - 7.37 (4H,

8.17 (2H, m, 11.65 (1 ;
20l nternedi ate 85: 2-ng

}51 (1H, m, 7.14 - 7.23
7..§ (1H, br, s), 8.12 -
5 ¢e M+ = 556
“1-tripfl- 1Himi dazole /

N N---c Triethylanj, ¥ 54 n, 82.82 mol) was

added dropwi se to 2-nethyl-1Him dazole (4.0 g, 48.72

)

A IR 0 S0P PN GRBRAR A St S
(220eng, a8 lomn0) mmm&wlmmdmnpﬂanmrwqém%l Tinle, Ir@smintolnig THE (5 mL)

wap SERET Syl Bneo it hfnd CHERART CAEMHD- 8P 5 Hinsgotution

wa@E‘tﬂ‘récﬁﬁ afilbikinf Yen%e'rz{tﬁl%cfoif 42 [101%@ T8 ek 9ﬁﬁ1t10ned between DCM
filtering. The filtered solid was washed wth water

anct Slign hig)irt@naltedoiu@dn ukgerrgarae layet W@ﬁ esieentepted and the residue was
r i t

puréf;w h %S|hl C8 %n %kHomHEograg gc())ln% 1% 3 §1ng lg?e{dheglg elol/P[iorzi1 %1 12 ethyl
acabé | DIC(Mitd 0% eﬂHSH ABthté BDONI) T hddesire@pedBikt, Gerl b6S1 (34,

s), (1H, 6.90 (1H d), 7.11 -7.16 30(6H,
chlqropgenyl)ﬂé@e(hgHulfﬁgamﬂg)ggly'lcarbamate was thus isolated as a colourless
solid (154 mg, 54.3 %).

'H NMR (399.9 MHz, CDCl5) § 1.43 (9H, s), 2.92 (3H, s), 3.38 - 3.52 (2H, m), 4.68 - 4.84
(2H, m), 5.20 - 5.28 (1H, m), 7.23 (2H, d), 7.35 (2H, d)

MS m/e (M-H)- = 347

Intermediate 75: N-(2-Amino-2-(4-chlorophenvylethvll)methanesulfonamide

Cl
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mz (ESI+) (MH)+ = 325; HPLC tR = 2.88 nin.

I nternmedi at e 86:
wa 2q¢dietsbor ophenvl) - 2- (1-tritvl-1H i m dazol - 2- pOBPGB20V/050925

5 Butyllithium(1l.6Min hexanes) (4.24 niL, 6.78 muol)

was added dropwise to 2-nethyg-Itrityl-1Him dazol e

(Internediate 85) (2.0 g, 6.16 mmol ) in THF (30 nl)

cooled to - 78C over a period of 20 m nutes under

[

terPt't)M]g%Fﬁ cl%lg{b'fjgéﬁﬁnfb Eﬂ%lg%ygﬁfefﬁnagnﬁg Cﬂ%ﬁl{yﬁ%ﬁ%a‘f\@ﬁn%h{edﬁﬂe 74)
(14 I@I (ot oinervtal skethyadel With 88Togaceticlgidi@im).). I"the'EbIEltﬁ)ih @vas stirred

added dropw se. The reaction was allowed to
forg) l&mt GG e usHER A SrcAn@Hed Kalos secpprressure. The
crugé?r(ﬂiiult ARG Bl B tl&gei@h %T&%ﬁ%@glgove%%m@@golumn The

racts were washed with brine
resglon wntlcvaalbé dnioythevaponat methanhlemdpvashéd wdh lmyetlﬁdnat Ahe desired

predhgiaf it € Rt B0 St 2l P, e B Bp Py fragtions

wefl #apsEtet @f}fn%sdto hffoft N-(2-amino-2-(4-
chl orophenyl)-2-(1-trityl-1Him dazol - Yl)ethanol

Chlompsqwlythy@mqhms@@namm @3 mige 86 Yeaisiacolopsless quxatelline solid.

H Wﬂé?s&% Mﬁfz c@@o%s 258 ((%%r 4)?3*17 gl)%éfa) %3%&1‘11 g@‘) (4rlr1)'i~ (1H, dd),
4.78.(D8, {12k}, 74p,H, B77347240(9H, m); nlz (ESI+) (MrH)+ =

465; HPLC tR = 3.54 min. I nternedi ate 87:
Mszm(ela\(iﬁ)cﬁl%gophenvl) 2-(1-tritvil-1Him dazol - 2- vbet hv

bi soi ndol i ne201 3-di one Di-tert-butyl

azodi car boxyl ate (0.808 g, 3.51 mml) was added

Intenmtdiatefdd & eelttd)lﬂ:vl(44-(1 (4-chlorophenyl)-2-

Qnag : RQ: [ )= piperidin-

4-3%&1"6;1312193 3 22 nmol ) . and tr| phenyl phosphl ne (0. 921 g,
mmol ) in WO 2009/ 047563PCT/ GB2008/ 050925 144 THF

er a period of 15
on was stirred at room

(25 nL) at roomtenperature o
m nutes . The resulting sol
tenperture for 60 mautes concentrated by
evaporation and pur i/f‘g“’e ash silica

chr omat ogr aphy, el uti o\ﬂ griadignt 20 to 40% Et OAc in
i sohexane. Pure fractions e eV B?%t ed to dryness
to afford 2-(1-(4-chlorophe -20( SMtrityl-1H

AN
NO\W
NT R

O-(7-Azabenzotriazol-1-yl)-N,N,N',N'-tetramethyluronium hexafluorophosphate (88 mg,

0.23 mmol) was added in one portion to a stirred solution of 4-(tert-
butoxycarbonylamino)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidine-4-carboxylic acid
(Intermediate 1) (79 mg, 0.22 mmol) and N-ethyldiisopropylamine (0.046 mL, 0.26
mmol) in NMP (3 mL). The mixture was treated with N-(2-amino-2-(4-
chlorophenyl)ethyl)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 organic layer was washed twice with water. The
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5i m dazol - 2-yl ) et hyl )i soi ndol i ne-1, 3-di one (1.78 g,

102 %9 as a colourless foam mz (ESI+) (MtH)+ = 594;
wWORW0e08R63= 2. 80 mi n. PCT/GB2008/050925

102- (1- (4-chl orophenyl)-2-(1-trityl-1Him dazol -2-yl)e

t hypi soi ndol i ne- 1, 3-di one (Inernediate 87) (1.78 g,

3.00 mmol ) and hydrazine hydrate (0.204 nL, 4.19 mmol)

in methanol (30 nL) were refluxed for 3 hours. The

| :

orgp R S0 B 6% SO A s Aok £ plesiyfe TR rpich O Buried by
ﬂasﬂp@llmtﬁn‘l c]hmmt(%@@hSGX sd&fatdsln@gg@ad%’td cBltioh € t%whithanol / DCM to

B $°' gmgmﬁ%&g O OB T oL Wyt 4
(1- -&HQ{r ?ﬂ@th?ﬁﬁlff)ﬁaﬁqd@)}ét ghﬁ% gll)' CeyH- 8X|rr010[2 3-

rorm ution gradiént 2 to 5% Me
d]p@dnédlhréhszlt)plpmdlwé#}dca‘bapm at Bdmg o/ DYy aesdoynbesafdlat. d

s BASRE TNORR el i ST BB 2 1R 5.0
(2H\IM§ 43%9. 49972(2&&%80@@11’1{ @6(121}@ 2, 6.90) (1H1 b@ls) (71H) v 22 (2H,

m)77.33(4 H) [ (1, @9&147(1@s11@@5 (h; s sz (ES| +) (M+H)+
M mﬁ Jrsllsg,ztR—Sls mn. 145 Internedi ate 89:

4- (1 (4-chl orophenvl)-2-(1-tritvl-1Him dazol -

vbet hV| ca7r bam)vl) 1 (7H— pvrrol 012 3 d|l

hvlgthanethioate

- ... NNH
0- (7- Azabenzotri azol - %
m hexaf | uor ophosphat e (1
portionw se to
4-(tert-but oxycarbonyl a

,N, N, N -tetramethyl uroniu
1 50.44 mol) was added

Cl
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
thioacetate (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 isolated 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 (1H, br, s), 7.24 (2H, d), 7.31 (2H, d)
MS m/e (M-H-CH3;CO)- = 286
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d] pyri m di n-4-yl ) pi peridi ne-4-carboxylic acid
(Internmediate 1) (150 ny, 0.42 mmol ), 1-
W@ de00kBsophenyl) - 2- (1-trityl- 1H i m dazol - 2- y lpet/banasios092s
ne (Internediate 88) (193 ng, 0.42 nmol) and
N-et hyl di i sopropyl am ne (0.08% nL, 0.50 nmol) in DV
(2.0 nmL) at roomtenperature. The resulting solution
was stirred at roomtenperature for 3 hours then
Intjeg@ &aféw iRy lef-(é‘-éigomheh%)g'-(\éﬁlo?oﬂﬁfo?lvy) aihlvf’c‘é(rbamate
ne pgrecrpgrtate was Ltolrrected Uy T1T1Ttlhatl Ull,

washed with water andj<ied0under vacuumto afford
ty

tert-butyl 4-(1-(4-

chl orophenyl)-2-(1-tri

oyl)-1-(7H pyrrol o[ 2, 3-

d] pyri mdi n-4-yl) pi peri ¢i

% as a creamsolid, wh as usef® without further

purification. 151H NMR(399. 902 MHz, CDCl3) 6 1.40

(9H, s), 2.05 - 2.29 (6H nm), 3.56 - 3.61 (2H, m,
N-@hBfosucainiafidd GHY nmg, 6. 13 1BBro)) M4s aghiied ©. HD1ytioH, of @M hgdrgéhloric

aCié %5'8 Jfﬁp?)ém %bgggé%?i%Lm%h%ée%izb %ﬁslg gf)'tt'é C(gh%\zftéﬁp 'ctz(;lr_llo’ath 0
10%) andlﬁ(t&%bﬁﬂdﬂycﬁborﬁylamlﬂb)zzl(ﬁghrb}ogh%mefhﬁ ea%thmagec tR

z0 Internediate

(Inier@ﬂled@tp d F/ bE0E ML )L ﬁmmﬂl)pwaaﬂdtd nomb@wsa norenBture wpgged

rén%t%l ﬁtgclhﬁgr_l gf 0 ¢ ga[i g ldeflg}(1 & nglﬁré&?slai r%%n tem%gt%ﬁ“ ¢ mixture was
partitis sl beedlednetiNacéid@ aﬁu);vamsmd drigfire lBer WaOWashed with brine,
t enperature under ar for 5 days. D ethyl ether was

drigdiyyeth magacsime sphidei iy ? e @d/wcefnﬂrafeélrtealrym%ﬂréa Wiyt r(4-
chlgfo hg%,l) ?gaﬁ&o@tgﬁoég@'eﬁl‘;lc:afbaur ! 0 , u ys{) g{ag .tI&LsVo%tathtfb% asa

e “product
col@nheseml[cht ed agueous anmmoni a (30% 36 mM) was added to

1 SIS M of e P e e {08, 708 Fhardlar B Bor. o,

5. ltsh% %edlhoi‘i’l)cf yoL 3y (Yar &).71.29 @ied, 7\"%&?{3 ?" th a

'e water and dried in vacuo to affor (4-

OWJ#NM d?ol -2-y1l) et hyl carbam
rs\b\m‘mte (320 ny, 95

chI orophenyl) 2- (1H- pyrazol 1-yl)ethanone (5.04 g,
: 4 ] I :

gel eluting with 0 to % €t hyl acetate in

di chl or onet hane. The nt “Nm@as evaporated to dryness
to afford 1-(4-chl orophenyl)-@2 ]Q—prrazol 1-

yl ) et hanone (2.78 g, 12 ONH, % as a
colorless crystalline siplid NW & I\/S = EN00228-12-01
m z (ESI +) (I\/H—|)+ er1. ~¥51H NWR (500 MHz, DI\/SO-d6) 6

5.83 E , S), 61 SlH dd), 7.48 (1H, d), 66 EZH,
ng§10n1a 1.5mL,31. 50 ‘mmol) was addéd to a suspension of tert- butyll 4-

Th| S was purl f| ed by ilj% ochr orrat ogr aphy on silica
ol

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% ethyl acetate / DCM to 30% ethyl
acetate / DCM). The desired product, tert-butyl 1-(4-chlorophenyl)-2-
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7.73 (1H, d), 8.04 (2H, d) Internediate 91: (Z) and

(E)-1-(4-chl orophenyl)-2-(1H pyrazol - 1- ybet hanone O-
woredobph7sexime 20 A N $ O0-..., Methoxyl am nECT/GB2008/050925

hydrochl ori de (0.668 g, 8.00 mmol), was added to a

stirred solution of 1- 139

(4-chl orophenyl) - 2-(1H pyrazol - 1-yl) et hanone

(Intermediate 90) (1.103 g, 5 mMmvol), at room

| :

sulfa%&ét@lb’e[rﬁa}tg%g 3§‘f r 33 u/gevgésgt?ﬁ% gshﬁ%d%ﬁ a%io%?lg&as%hd
HWRE{V%D@H\/HH&G)MSOV@Q@O 3N@HL h)e3r293|3d18341}501); 8l4Was.56 (1H, m),

{ t | ut
50364 Ny GSgeNoRr BanMs D108 D) |- 4Fne e s
MY tbd _q@l_ wagshed with water and drledto afford (2)

and (EM -(4-chl orophenyl) - 2- ( 1Hpyr azol - 1-yl ) et hanone

O-methyl oxinme (1.080 g, 87 %9 as a dark yeIIow solid.
NVR = EI\IOb 8

In

7.36 (1H, d), 7.42 (2H, d H d), 7.71 (1H, d)
I nternmedi ate 92: H,

1- (4-chl orophenyl)-2-(1 - ?—ybet hanam ne NH2
50 Cl

DVBO- d6) 6 3.99 (3H, s). 5. 44@(2 ?Ns) 6. 19 (1H "dd)
7l 2
)

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 (1H, dd), 7.35 - 7.48 (4H,
m)

MS m/e (M-H-)- = 233

Intermediate 81: Tert-butyl 4-(1-(4-chlorophenyl)-2-sulfamovlethylcarbamovl)-1-

(7H-pvrrolo]2.3-d]pyvrimidin-4-yDpiperidin-4-vlcarbamate

cl
H,N_ o
% / H
o) II}I NVO%
i\
0
N
N~ s \
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Bor ane tetrahydrofuran conplex (15.00 nmL, 15.00 mol)
was added to a stirred solution of (Z2) and
W@ E)09047543 chl or ophenyl) - 2- (1H pyrazol - 1- y1) et he@Do82008/050925
O-met hyl oxinme (Internediate 91) (0.749 g, 3 nmol)
di ssolved in THF (30 nL) at yygom tenperature under
argon. The resulting solution was stirred under refl ux
for 3 hours. The m xture was cooled io in ane

o SRR SO LRSI e s

0.3dinxdol) emwmlde@fﬂ oeqEbridMeson syllmted\solmhoﬂ bgm(retts magneti c
stirring and allowed to Di th et her. was adde
butgﬁ&caftr%lﬂagyé%i-@ﬂ @ygfeb%% gélﬂl@ﬂlml‘?‘ﬁ’é IPRRTEIne yearbepyaic acid
(Inftéi'rlﬂet?ﬁz{te Q)(E]ﬁ%% & 39 fnbhof £lahy |et1@id?ﬁ5ptgg§l§ﬁiu&v(@r06m 38
[tered and ev porated to give'the crude product
mmoi)ﬂfmrf@MPE(B%mL)'rThs miasirevesitredtedwith 2-amino+2e(4f ol | owi ng

chlr ea %1}y ‘[l%m N‘E)’Rﬁqldngnqgégﬁ%%e%) ](Jé%d?%gg _rl}lne(li\mzl’ h&%)lu‘uon was

stiffed®fbr ( hblur fddom ferdperdtald. THE miNtuRAwhslkbat&d) w1t1?w@fbr (3HL) and the
resuZn@g7 88 (1H, d) Internediate 93: Tert-buty

coloudpisaweppitaty wis Bolatod byl trziaen, yuashegiomth water and then
ace¥0nei\{r {0 nganrfeb %ﬁ%’u%%l %(ékt%%%ﬁeln%ﬁ% §ul%{e{n9(§gfletﬁgflgargamoylpl p(7H-

pyr%le@' %E@@l&ffﬂiﬂ@@@i@&ﬁ&lﬁ%ﬂ%rb%aMTﬂ g, 20%)ds c8loddess solid.
in one portio

ngéw %M%&RMSQ&@NW%@H ), %0 - 2.10 (4H, m), 3.35 - 3.39 (1H, m),
3.5 CH: 9 gh"‘nﬂ[%? §]7@3(§H2§19,( O%‘ﬁb%g?i}%ﬁ%@}ﬂé@&%@ﬁ"}ﬂ%ﬁbw

i c aci ternedi ate
(1H,-s{, 683142:5} opAey-1). 1 2€H Irh )p ¥ 38z G1431(4¥] et hanarH e, 8.19 (1H, d),
%Eﬁg d| ate 92) (0.202 g, 0.5 mml) and
11 i Y sopr opyl et hyl am ne (0.174 nL, 1.00 nmmol) in
MMNEi Y L 278 Spyrrolidinone (3.0 nL) at room
tenperature under argon. The resulting solution was
stirred overnight. The reacti on m xture was purified

and decrea3|ngly pol ar xfjures of water (containing
0. 2% armoni um car bon ndnacetonitrile as el uent.
The fractions containing the des%ﬁed i oconmpound wer e
evaporated to dryness t ténr{butyl

4-(1-(4-chl orophenyl) -
pyrazol - 1-y1l) et hyl cariba 1)-1- (7FprrroIo[2 3-d] pyrim
i di n-4- yl)glperldln 4-yl carbamate (0.216 76 %9 as a

A sphitroa of tgrspatly Zﬂ@uscnh(&chkw%heeébeﬂ)ylemme dmgmedipr 73)

(07 SPGB A AR ity M0 OB A% B e

ml3 w3 tfedidd widh, acdti®ZnHydiHde (0.1023m841.08 bhmat)., THe. r&ﬁlltﬁrﬂg'tolutlon was
.m, 4.38 ([1H dd), 4.74 (1H, dd), 5.30 (1H, 14
st1r(e_g_z|‘tt aa@)}en @ng)prqtthq fng houfs 1?%11e(1;g].qturg yvas parzglopq_ et en DCM and

sod?gtﬁ%é&gt?ngﬁ)ﬁolu Soﬂgglge’l(glg ?% il_?ygr §s é ?r(la,t??)trr%d diﬁlgtltge gg}:i_&ue was
puriZdd Hy ﬂ@h@blwmmdhemyﬂ)gr@hy bhisaze Ius1ﬁg el dne Eihmbm €105 Athyl
acq%eﬁes %;3%11 A&M&yég%g%g ybldh&)h 'The dgsér'e?i r(')ﬂﬁct fert- gutymcgtamﬂo-
1-(4-chlorophenyl)ethylcarbamate (0.151 g, 62.7 %), was thus isolated as a colourless
solid.

dlamster 100 mﬂlenijréfloow rate of 40 n1 / mnute)
e)
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dropwi se to 2-nethylthiazole (1.983 g, 20 nmol)

di ssolved in THF (35.00 nL) over a period of 5 m nutes
woinaensssgon at - 70C. The resulting pal e yel | orCEHGBROIDE/050925

was stirred at - 2570 C for 2.5 hour.

4-chl orobenzonitrile (2.75 ¢4720.00 mmol ) in THF

(35.00 n.) was added dropwi se to the suspension, which

was stirred at -70 C for 90 minutes after the end of

I r
RSO, OSSR ORI, KO¥1 105 4 By o,

br, 8y, Udd Vs Cleheentsated, tbros)dﬂ.)meéSH, @nd.3dikdréd with

et hyl ace WO 2009/ 047563PCT/ GB2008/ 050925 149
M%W&Mﬁasﬁéégw th water, dried over magnesi um sul phate

and concentrated. The crude product was purified by

flash chronatography on S|I|ca gel elutlng wth 10 to

: ig 44 : ihgde ol vent was

evaporat ed to dryness to aff%p(Z) 1 (4-

chl or opheny1) - 2- ('t hi azol -

2- yefhelnam ne (1.466 g, 31.0
%9 as a pale yellow sol id

WRN = EN00228- 45- 01
mz (ESI+) (MH)+ = 23 NVR (500 MHz, CDC13) 6 5.72
(1H, s), 6.54 (2H, 589 (1H, df, 7.38 (d, 2H),

7.55 (2H, d), 7.68 (1H, d) iol nterrredi ate 95:
Terl-b{14 Cricotaoyidie hy(4chRrdihenplyahyl 2arpiresth dhaeimelineB2) (48 mg,

0. 4? é}ﬁl:BN Sglla%:s grga@égvr%élotaglggrbg%eﬁr I Acﬁagg (g 61|1]5 H[Eg ls_lolf;}ttlor{ \%gsn;tmed for

1 hodsaledofn CRIRERRR emelﬁm@m%tvhis %6Qéen%aﬁé9 %hﬂ&qufﬂc@@ pressure. The
(Internediate 94) (1 3 mol) and traces of

crude pmﬁl@ﬁtemﬂ ptgrf@él’@ydm; sxﬁh‘emh leom@togtaphﬁ using anrfiGX collamn. The

resDa i St BPERE FOEn R ght R & BRG] s ggsirea

prdﬂﬁétt\ilaﬂsrblﬁt@d o thé bdsmﬁﬁh S0lgUIN @fnddith RIBaEendt ah@ Puﬂéﬂfactions
mai nt ai ned by addi ng dropwi se the 2N solution o

werRyRpeiRicdrte draessdoiaporeNHararned -(obiareriepybethylbacctamide (98
(5 t: was renoved under vacuum

mng% /Qasgé)a eﬁl?&%%&ﬁ U}{?e%bthg wat er, \r;H vvgs adj \ljst :3

"H a'MR (8929 M/Hacm])@lg) &1f6e\(lzldrl§1p§) ®f97t(BIH JN3.88L BRBI7qhHEM), 3.44 -

hydrochloric acid in net The aqueous 20 phase
35%6(§Hm%ﬁ‘e%5v\ﬂh(1&ﬁ’é%lh9r78e@ﬁelﬁ O/ 8 herU e
MeFidsted 40 14 by adding a 6N aqueous sol ution of
sodi um hydrOX| de and the basi c aqueous phase was
extracted with diethyl ether twi ce. The organi c phases

InteEneaiFitl dertiuivid (2 Socdim o LYE cnib RS B et eaPP v 1-(7H-

pvﬂm((ﬁz gtth95ﬁﬁh&myzﬂ-)marp@mmmhc&bx&])a% hanam ne (1.310
g, 90 9§ as a colorless oirl. NVR = EN00228-47-01 1H

NVR (500 MHz, DNBO- d6) 6210 2H n), 3.22 (1H, dd),
3.26 (1H, dd), 4.22 (1H, t.32(2H d), 7.37 (2H,

d), 7.51 (1H d), 7ﬁ(1
N
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WD 2009/ 047563PCT/ GB2008/ 050925 150 Internmedi ate 96:
Tert-butyl
wd2¢02/0§7%6xhl or ophenyl) - 2- (t hi azol - 2- ybet hyl car bemopi)osn50925

i?H— pyrrol 012, 3-di pyri m di n-dpyl ) pi peri di n-4-yl car bama

te HATU (0.418 g, 1.10 mmol) was added in one

portion to 4-(tert-butoxycarbonyl am no)-1-
O AR B0 B d o P X N B PR IR AR EPRACT me,
0.23 nirtelg hivay eﬂﬂldb@ imydnje-portf drhioazairred syll)ied baharitne

Utﬂk%ag*;qr@ ]?Z%}ﬂi&’vggﬁﬁi%g(ddﬁ}ﬁggld% -prmﬂﬁ%ﬁycqrhoxyhc acid
(In%rﬁ?etdli‘:yt@‘lgﬁgo%ﬂg rb3 HnftANgd R %}soﬁﬁ\%mﬁﬁﬁé @rﬂll%fxﬁi .87

under argo e resulting solution was sti
mnoot eV i (3 it 2 0hevasxtadoes tratql widh pi- ¢2a2tmmt)lfi7e(4r u d e

eni QiR s et Ted i DaBat 5 T8 b P b ythe Shuton was
stifled(fbr 64 h6ik Qf RRALRMbEradirt L THAAR A mﬁablbfﬂu%ﬁécb@dmyéﬂ cthyl
(7THp rroI023d1plyr|md|n 4ea/1)p|per|d|n -yl car banma
a]

accfade il 98ET.¢glhegugapyc lapwRva washed ENOOYE -wgergThd prgpvr solution

Wa§ g(l)_rllcerr'}]/'t)r_lazte% D%%%ef@:e(%)ress ge g‘%i 668?% va'%g)?ﬁr&lgd B§ @(aﬁ_kf—f()hrlﬁl?

chr3nﬁ8)g€aliﬂy ofsilick u@ﬁhg(gld:dwﬂ'f)slutlénlg%(tﬂéﬂhaﬂﬂ / DENM % (LM methanol /
dt 57 (1H, d), 7.17 (1H, d), 30 (2H, d 7.37 .
DCé\QL’P beuct qon@4n g |£])act1(g})s were G@nPlIlFFi tcdglve r&@utyé%@-gge}amﬂo- 1-(4-

Chlmﬁsﬁ@ﬂ;ﬂ‘t@@%’f@%@%‘ T SR S e
ylchrbhgiatesdD@ g, 8 Yo)las tchiourtess solid.

R A M B P 2 Db oy bOF e raopiie - 343
CHRRPABNS o1 ) LSRR 9 33488 0 8 500 1 v
7.14 - 723 (2H, m), 7.30 - 7.37 (4H, m), 7.84 (1H, br, s), 8.12 - 8. 17?2H m), 11.65 (1H,
br, s)

MS m/e MH™ = 556

Intermediate 85: 2-methvl-1-trityl-1H-imidazole

(:\(cm

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, CDCl13) & 1.65 (3H, s), 6.70 (1H, d), 6.90 (1H, d), 7.11 - 7.16
(6H, m), 7.29 - 7.35 (9H, m);
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20

50f methyl 3 -(4-(tert-butoxycarb

onylamno)-1-(7Hpyrro lo [2,3 -d] pyrimdin-4-yl)pip
weoodionse3 4- car boxam do) - 3- (4- chl or ophenyl ) pr opemcab@s/050925

(Intermedi ate 35) (400 ng, 0.72 mol) in THF (40 nl)

at roomtenperature. The resjhting suspension quickly

went into solution and was then stirred at RT

overnight. The following norning a white precipitate

nﬂf@ﬁﬂ+f th|Z+I§b§ M?ECtRLlf§§HnR”d dried in vacuo to

|obutoxycarbonylan1no) 1-(7Hpyrrolo [2,3
4 )p |p erldlne 4-car b oxam
ORDH SILVY )i o B - 'lm (Y0~ .‘.t..'.éj =
o O-d6) 6 1.41 (9H
N'2.27 (2H, m, 3.30
4.33 (2H, m, 4.83

EN00228 39 01 1H NVR (500 M
s), 1.89 (2H, m, 206(2H/ﬁ)
(2H, mpartially hidden by
(1H, m, 657(1H s), 7.22 (2H, d),
7.32 (2H, d), 7.58 (1H 8. 14 (1H, s), 10.02 (1H,
S); MZ(EQ-)(MU b \MOH

2009/ O47563PCT/ GBZOO8/(850 152 Inter rredi ate 98:

Bu@i‘b% @y@%{i %ﬁ:ﬁp}%) 23ﬂ1ﬁ Ff;?f%/@pwi)z dl dlro%wwneot)o _231_nethyl 1-

tr1t8MHan€jdaQol‘é (HRRHABLLA 53 £2 M'gcérlb%ﬁﬁ&? dﬁﬁ# (G Boled to -

mol ) was added in one“portion to |ithium
788~ c(\zbr @1pelr1¢>d of 20 minutes under nitrogen. The resulting dark red solution was

st1r§efd; z%gé %‘g)yrﬂmgl‘gers @L%Qaarﬁ(ogg O%é)rf réloéI%L)rzo'bgnZdeJl(Pe%gfhgtOdé& g, 6.16

mnidhy ﬁlhmF erNany hdd&l@@@@ﬁ@é eflk'réﬁcﬁbmls an@w&ﬂ)o \{/z%QQHGwl to 0°C
0. 36 nmol ), dlnethéﬁﬁn1ne hydr ochl ori de (48.

eI OVikE MUaRIcd BB FRENy AN Dt b0 TRME L0 The
cof Bk PP TEE B 2t A ShiBence it orhn g

erature un e res Ion wa

evapbrtdtiog thadv piirifighty: ﬂ@hetlhylchﬁmMgrapi@e dluh@n gfaawnp 20 &t ®0%
t he. crude |o@product whi ch forned as hj s was
EQAq duigohgxens. Buspiraghigng peee vepergicg do fhl’Yé‘e%:Srta aéfoghwt 770

PR T3 SUPSORU 181 005 s ot
1 HINMR 896106 By DMSED)rie. bH BERrdpy 52 ad sa bt em), 5. % (1H, d), 6.66
(1H, d), 6.96 - 7.02 (9H, m), 7.26 (2H, d), 7.37 - 7.40 (9H, m);

m/z (ESI+) (M+H)+ = 465; HPLC R = 3.54 min.

Intermediate 87: 2-(1-(4-chlorophenvl)-2-(1-trityl-1H-imidazol-2-vl)ethvlisoindoline-

(\N /CPh3
N/

1.3-dione

Cl

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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15

20

15Sodi um hydride (35.0 ng, 0.87 mmvl) was added to
tert-butyl 1-(4-chlorophenyl)-3-

whyawoxips opyl car bamate (I nternedi ate 30) (200r@mGBE008050925
nmmol) in THF (10 nL) at O C under nitrogen. The
m xture was stirred at 0 C fgy 15 m nutes. Methyl
i odide (0.044 niL, 0.70 nmmol) was added dropw se, and
the resulting suspension was stirred at 22 C for 4

TS RS SRS ., 508 LA, i o
stireed dt acdre teripdrivrelfoe O yhinetch éien C3xcedGatell by eviyraambindeplrified
o e SR 5 50 M.
fragiﬁdﬁg S Pl 6Eated'iB %E%eg% APE G %@ﬁloﬁ’&ﬁﬂeﬁ&ﬁ-@-(@%ﬁfﬂﬁ%ﬁ

['1ca chronmat ogra el ution
imiZea9/20v T8k POih GBR0 033 -0800 2573 531 @ il hemtolddrlese @D

BT U or REFATp LS, 4§ 0ne vere evaporated o

1- (4-chl or ophenyl) - 3- net hoxypr opyl car banate (80 ny,
38.1 %9 as a white solid. 1H NWVR (399.902 MHz, CDC13)
Intgrmedigte 88: 1-(¢ychlaropheyvil{2-(dtrityl-AH-imidazok2-vhietirmaping
s), 53.32 (2H, m, 4.79 (1H, br.$@-,, 5.45 (1H, br.$),
7.20 (2H, d), 7.29 (2H, d); 1 §13+) (M+H) + = 300,
302 (M+rH+), 244.3, 246.3 (MiHe-C4H3) ; HPLC tR = 2.58
mn. Internediate 100: N
1- (4-chl or ophenyl) - 3- net hox
10 Hydrogen chloride (4M 4=di oxane, 0.667 ni,
2.67 mol ) was added §p put yNH1 -
(4- chl or ophenyl) - 3- met hoxypt opyl car bamat e

| pt [ 99),.. .0, g Xt f
2Rl R P R s g 2T ity R
(In$erinidie 8FRE . A ¢ 13 @E0dmaiol 2 dGylieizide Hyatuts(0.204embj 41 Ufenol) in

was concentrated and the residue was purified by ion

meiigneh(H aHgeV ERFIHELE éqréplr%ﬂr& Joe ngputimesdser é%lwti%?v/vasrﬁét to cool to
roo%ﬁ%}r[&/)ggaﬂﬁg %gy%ﬁﬁ’he nHIRATHE AN G aE %élﬁllf‘é(ﬁ 31 QG% seM cartridge

ractions were evaporat ed to ryness
and dutflfvathdméthaifel felidvordoph2x W ;¢ [Gle @kl hRoostpet@pataidingfraci®ns were

e el e RSB bRt MR (3R % gty

elu(i&ﬁ"graﬂ)ent 3 16+ 3(MEOHTh DAMOBy e Hectibds weke &fapordiedibd ((rgﬁ&ss to
m; 20 MZ (ESI+) (MrH) + = 200.2, 202.3 (M+H+) ; HPLC

afford 1=(4¢chtorophenyl)-2-6U tritpt- S rimddaaple2-yO¢thanamine KUPYA g, 67.8 %) as a

4- (1- (4- chl orophenyl) - 3- met hoxypr opyl car banoyl) - 1-
COI??‘QF?SB%Q%I 012, 3-di pyri m di n-4-ybpi peri di n- 4-yl car bamat

1HENMRQ(399.902 MHz, CDCI3) § 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 (R = 3.13 min.

propan-1-amine "¢, G NH 2
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20

0- (7- Azabenzotriazol -1-y1)-N, N, N , N -tetranet hyl uroniu
m hexaf | uor ophosphate (55.2 ng, 50.15 mol) was added
WO 0009/047563 PCT/GB2008/050925
4- (tert-butoxycarbonyl am no)-1-(7H pyrrol o[ 2, 3-d] pyrim
i din-4- yl)piperidine-4-carbgxylic acid (Internediate
1) (50 ng, 0.14 mmol) and Net hyl dii sopropyl am ne
(0.029 nL, 0.17 nmol) in NVP (5 nL). The resulting

l‘gl:- -Ilm&é%ol-g-

vl)eshy leaxlyqon oyl pib-(1Haps nrelo(2 .‘Bl-td@lwmnﬁtﬁhd pgipexidin-6-yiEirbamate
0.14 nmol) was added as a iqQ,solution in NW (2 nlL).
The resulting mxture Stivtred at 22 C for 16
hours. The reaction mXttlre was diluted with Et0Ac (75
nm.) and washed sequentiall’y with water (6x 75 nlL), and
saturated brine (50 g % ganic | ayer was dried
over MgSH4, filtered ‘ PO afed b ford crude
product. The crudé S v pyr [fi efl by flash
silica chronmat ography, gient 1 to 4 %(10:1
MeOH conc. NH3 (aq)) in DCM A€ 15fractions were
evaporated to dryness to afford tert-butyl
4-(1-(4-chl orophenyl) - 3- N
met hoxypr opyl car banoy1l) - 1- ( 7H pysrol/o[ 2, 3-d] pyri m di n-
4-yl ) pi peridin-4-ylcarbamate (57.0§m, 69.2 % as a
white solid. 1H NWR (399. 902 I\/Hz DVSO) 6 1.42 (9H,
O-E)AzabeBfotfi2ad]- 1ty)l)-NIN ,QQ,N-tleaﬁﬁ:tl(}lepnim)n h&afRorpk)sphite (166 mg,

0.4 r5molg Sy afdid Pl iz tosthimbiubytronyigS L Hgagyrolol2.3-
d]p?frlﬁﬁdlﬁ%lég}emﬁneqa cﬁllb’dixyfg%%m@ (I%%et(tﬂédmt%)ll)a(llﬂ) IﬁRé ((éﬁ'lfnmol) 1-
(4- ﬂhlnmphml)zwgﬁmv$Haﬁ'®fdz®2%)8¥h©6@9@5 (mﬁﬁrmmleter@d(b%emg,

0 4%-‘%‘11?‘9 8P4 NP R g h85 7 3k 420 rmme 3 M b s BBy &
roodt fkﬂ[}féﬁfﬂﬁu@ arig: resilQh@sstiticn il @ﬁlﬁ‘eﬂta@hﬁ)n{ fedRrdilie f@r §ﬁours then
was added to 3-(tert-butoxycarbonyl am no) - 3-

quf(rwh%c?ﬂndmm{éﬂym@)ﬁ@ Epiel a At elloaspite BRaprecipitife évaﬁ@eﬂ%qt@ by
ﬁlti")ﬁjﬂ)on (\ZQshg@ Wlt(lﬂ \%a% Irgﬁ‘ald)neh ﬂn%&g@% f%sr]d %grt-guﬁ){oﬁ' ?1 -(4-

resul ting on was stirre urs.

chlEfb@hét@&)SB-l(D-mrmyi XHuibedawas 2 dil Jethyterbanidy 1 )EL OH@-p@ﬁrGlom,}
and washed sequentially with 20% saturated brin
d]psgynygiy- ‘E;)‘r‘gplg%ﬁl Pﬁr%aarg%mﬁé (FYbmgy §> /#ﬁ%asﬁe@%lrﬁoea \ﬁ@ﬂéb was
usef ﬂg,rult [Jo RN Yﬁﬁnﬁ‘&ﬁ%. filtered and evaporated to
cru product. The crude product was purified
lHﬁyMiRl (éﬁﬁ 9QZ)MIHZ',(§E(EIBD orret0dgHaph.05el229 (6H., s0) .eft 3D3%2H, m),

335 0L B CEXPIE o) B (1 350 AR S 6 SH0R! Bt 887 01 rn,
m) 7. $3 0 (o), aM7Nek; 3y, e rhipbephenyd )k pi,

)187 tganec?h?%gt Z)ng o rrg@ 73 6%21594a5:(\r/\1h| ;bep)goﬁl dX 1ﬁ|mé)
/N1 BAGHHDR= mz,,HED@IBy :62&nw1 (9H, s), 1.98 (2H,

dt), 2.32 (3H, s), 2.83 (2H, m, 4.67 (1H, br.$), 4.88

(1H, br.$), 7.20 (2H, d), 7.30 (2H, d); 15 M Z (ESI+)
Inteih bttiateY0:19) (4=C BB Bophen B2 -8l H-phiFiAo1-1 RjetFand@e M N.

I nternmedi ate 103:

tert-butyl 1- (4-chl or opheny \* - sul f anmoyl pr opyl car bamat

e N

Cl
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G N-Chlorosuccinimde (90 ng, 0.67 mvol) was added

to a mxture of acetonitrile (3 nL) 20and 2M
whyawoetsboric acid (0.1 nL) cooled to 10 C PCT/GB2008/050925

S-3-(tert-Butoxycar bonyl am no) - 3- (4-

chl or ophenyl ) propyl et hanet h1i4§at e (Internediate 102)

(58 ng, 0.17 mmol ) was added dropwi se as a solution in

acetonitrile (2 nL) and the resulting solution was

A S%%)%%g pgltalz lt% (% F‘{f) %34%19_@ %OIE)W %ﬁnﬂ@he&llﬁgyﬁ‘&gﬁmone (11.44 ¢,

49 atmabl} tiesatved inMEMEL([70 ned Wasrstied ay®omlibmpefiakirel nedenagzon for 5

evapor at ed and t e residue . 156 was rtitioned

dase A HE! e rasardreq andhie RERCHTatoTHRS %18%@ geshehwith ghigthyl ether
t

an@?ﬁtlédalfl r@g%)drl\%‘tae%lgg %%‘é\% tﬁ@%rélﬁg rJdllﬂﬁteg)StﬂrQ ggﬁ?cws miﬁ't@&?stals

Cohg¢dntreted dqednus sgimanip38%e 36 epamas hddpdgapenspgnglon of 8.76 g of the

e PRRLEGE Tapro i TR ol Bon PaS i top Yo tf Rl Rinipf e vettow

cryk@RAP8 fiftered! WakHeH wifhCOmkIa witd?Anfl UAGd er\Fh%uMVﬁf &tord 1-(4-
evaﬁor ated to dr yness to afford tert-buty

chlprophersit}- S bigtieraze)- lal)eﬁ@n@wﬁﬂ% @éwémlblaﬁéﬁéf/ox ax0n jople yellow

sol%eﬁctr%ct@ fgﬁ{ g\iyfts 115g%‘ g% nggtherzprgal ﬁlsg ag Blérlﬁ/l_g by flash

chrdmhibgtapty ofdsilick.géfel(fldg whh Oﬁib 10% &Byl(aﬂ;éﬂlatetu)l dlcﬁloz&nétﬁb:he. The
d, 7.34 (2H, d); mz (ESI+
solygy was ev porated R diypesy 10 ?ﬁf‘i’fd I3 qh#@réplheém)a% élfimrazol 1-

b a H2
R e L D A S R S T L TG L
NM\&& Mﬂj%HNOOn&aﬂt—Oﬂ)ut yl 1-(4-

C rophenyl) - 3- sul f anoyl pr opyl car bamate (Internedi ate
Wa@%ﬁ z@g % Lof'zlll mml) in a 15 mixture of DCM (5 nl)
1HAUR f({%bbm% MSO-d6) 5. z?? ,s), hs%lfgﬁuhaj RS HUL), 966 (2H, d),

was stirred at 22 C'for 2 hour's hé m'xture was
7.78\H3od)ad8d (218, dr yness and the residue was purified by

i on exchange chromat ography, using an SCX col um. The

desired product was eluted fromthe col umm using 30%
Interdvbdiie 917 (Mphl (£)21-REVhRR6D Ry H-1-(1BE-pivPi¥]- 18/ Rthanone O-

evaporated to dryness to afford
methyloxine 3- (4- chl or ophenyl ) pr opane- 1- sul f onani de (20. 00

20 ny, 73.8 % as a col ou%&\ss gum niz (ESI+) (MtH) +

= 249.2, 251.2 : HPLCtR 1132 mn.
N
N
&
Cl ~

Methoxylamine hydrochloride (0.668 g, 8.00 mmol), was added to a stirred solution of 1-
(4-chlorophenyl)-2-(1H-pyrazol-1-yl)ethanone (Intermediate 90) (1.103 g, 5 mmol), 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 ml). 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 (ESI+) (M+H)+ = 250.
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157 Internedi ate 105: tert-butyl
4-(1- (4-chl orophenvl) - 3-sul fanovi propvi car banovl) - 1-

W@ Zddopwases 012, 3- di pvri m di n-4-0) pi peri di n- 4- vi e&T/BBR@BH50925
d

0-(7-Azabenzotriazol -1-y1)-Ng¥ N, N -tetranmet hyl uroni u
m hexaf | uor ophosphate (30.9 ng, 50.08 mmvl) was added

to
1Hﬁ\7d1i(4‘g]<_e(§§)03)|[’1§19>i¥1€1§bb %'?@@Q‘%E i5(44'12@1\’5%%'(1|@[ g{@]d%[s (1L, o),

pi peridine-4-¢ 'l cacdi
7.42)2K28), g5 (DHOB), mTol()Hadyd N, N- d||sopropylethylan1ne
(0.016 m., 0.09 nmol) in NWP (5 nL) at 22 C. The
resulting suspension was stirred at 50 C for 10
Int¥hbdigfe 92t EURId ¥ heiAs 24 ab &) ATk Bhalfiper at ur e
O
(Interned|ate 104) 10 (19 ng, 0.08 nmol) was added
as a solution in NW (2 mX. _nNthe m xture was stirred
at 22 C for 3 days. The mix¥urg was diluted with
met hanol and | oaded onto col um. The crude
product was purified by i xchgﬁge chr omat ogr aphy;
the desired product wasg,ef~wg#€d fromthe col um using
2M NH3/ MeOH and pure fractions were evaporated to
Bothhy i@ &by drbfgat tordplcR ( BR0E i LWaS.00 wirh 1) 8chskydéd @Sdstirred solution
silica_chromat ograph 15 elution gradient 2 to 6%

of Gagnd (Rbré- e@lﬁaophmﬁ?aay)pyrwomw)emmemf OaveBrRITer o
(Inié‘?lge%?@te §E ér oph%%e@g% g)%lls%glfvgﬁ th 'i'ﬁ[:t(?) ® HltLX lat room temperature under
argenl Tyl lpnombtoar wansiy k)l -uhd¢rtpy for 8l teus, 3Ftd]piktireiwds cooled
. Nn-4-yl)pi di n- 4- b 6. 00 34.9 9

in g et Pih i St S g e atSisbled Poaeyiety HhpRact s
ml} Rhe résuﬁglg"&ﬁhas@%mwﬁ% A0V MNP ERREELBAR OBLARR IR 2S5 tirring

I nt er nedi at e
and drawddiio gbd- @mtlrrbdenhe( Avag hildndopd dlmylay ers wexoppaipyled aflisagrganic

lay‘félrt v(f“zasCIlurthle_%2 ex?r'agt)éﬁl @1‘8{ diethyl ether dried over MgSO,, filtered and evaporated to

give the crude product (741mg, 55%). This was used directly in the following reaction.
NMR = EN00228-27-01

1H NMR (500 MHz, CDCI3) & 4.23 (1H, dd), 4.42 (1H, dd), 4.61 (1H, dd), 6.54 (1H, dd),
7.14 (2H, d), 7.34 (2H, d), 7.60 (1H, d), 7.88 (1H, d)

Intermediate 93: Tert-butvl 4-(1-(4-chlorophenv-2-(1H-pvrazol-1-

vlethvlcarbamovl)-1-(7H-pvrrolo]2.3-d]pvrimidin-4-yl)piperidin-4-vlcarbamate

\

Fearea:

N\ \

H
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0
0- (7- Azabenzotriazol -1-y1)-N,N,N , N -tetranet hyl uroni u
wondwenafsbkaior o- phosphate (466 ng, 1.23 nmol) waBCEIBews/050925
in one portion to
tert-butyl -3-am no- 3- (4-chl of,gphenyl ) propanoic 5 acid
(245 ng, 0.82 mmol ), ammoni um chloride (131 ng, 2.45
mol ) and N, hUiisoproperthyIanine (0.811 n, 4.90
r .
HATIE 200 A ol b kadeR MIRR S} AR Pyl fgerponylamino)-1
(7H—b§errble§1;34d§pyrmmmu4gl)p@3némaﬁe¢aab@@ht acidr @inesmedinde 1) (0.181 g,
redis ed in FEtOAc washed sequentj al
0-5inphol ot ehlonp I)yl)a%fﬁ %wmza{-ia%smaﬁaém@ss Inpfpymedinte 92) (0.202
I -
g, (2\5/ %g@"glg %ulé(ngq‘g dg@a)r%d)lgg¥1t9f_flﬁ{e @95%1, 1900 mh&I1 e R thyl-2
py3elahmans-(3-O(mE Litiroom pérepsrdiureSundex angpu. pmedambmmicéut(@mas stirred

ove;%]_g&? 21"@3 Leaftlgﬁ%tﬁree \?%@?ng]bgtpie% ve (IML% using a %gdters X-
Br@ﬁ@fﬂv %hﬁ% ol aphe nyhﬂ&l‘n@soﬁl"@dml 9’ ehrfekdiaiider 1 P00HG length,

4 di oxane (1 674 nmL, 6.69 muvol) was added
ﬂowgatleeqf 140 mjt/ yingtehpchdecieagipgly polar mlxtures of water (containing 0.2%

am%é)& rn?@arg?)ﬁ/%g? a%d %Xtiqgmgﬁé&%?tlg%n?f@%e frgt(%tpotélg &mfr%ﬁl?ngethé' 868)1red

coxﬁp@uﬂdtwm cePouitedd dvsess td affed tat-ba§l £( f-04-chlohphesyl)-2-(1H-
The reaction m xture was evﬁﬁorat ed and was purifie

ed
pymgoli lonhDehdrahgao il il g Ay -d iy rimidiant-gipaplin-4-ylcarbamate
o/ T, ' |uted f th |
(0.%@' %g%/ﬁ/? %&3?‘@8&?}%}@ %@Hf \r/\ggt Foﬁsewer (reog]vapgr g?egrm
m/t (ESIryQdsE)t o 5651 or d
gh henyl de (46.0 ny, 34.6
NN 2R T o AP T VR (3606, Mtz DBO d6) 6
1HQ\1191% @b*MIiI% ,Dl\alS@)3d6£ & B (9(%?-% M2 I\ﬁl@l %ési %H(zl—;%nﬁ& 5. 0’%)4(1H m),
3. SMQH IHIPLSCSZt (b5 n1), 1.94 |(riIﬂi m) gLl (IIHL er)n@ali% atkd dupgt.74 (1H, dd), 5.30
t
(RO 40 45015 Bphdfg - 8- BRSHBGY L30 By 73 (1H. O
7.53(%ﬁ&)&8¢%2 011913, B34{ 19y, 1di), i 16 7145, ¥) ) pi peri di n-4-yl car ba
nmat e

0- (7- Azabenzotriazol -1-yl)-n,n,n' ,n' -tetramet hyl uroniu

indlhhEdiald #0193 RNASANBE Spreh -2 Wniar8- 2 fiRhdmtifS added

1T ore puUrtr o tou

4-(tert-butoxycarbonyl am no) - 1- (g?%pyrrol o[ 2, 3-

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
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d] pyri m di n-4-yl ) pi peridi ne-4-carboxylic acid
(Internediate 1) (82 ng, 0.23 mmol) and

woORddbdiissopr opyl et hyl am ne (0.112 nL, 0.68 mMoPYT/GB2MOKIE50925
(4 nm.) at 20C under nitrogen. The resulting solution
was stirred at 20 C for 5 mijugtes. 3-am no- 3-(4-
chl or ophenyl ) propanam de (Internediate 107) (45 ng,
0. 23 nmol) vvas then added to the 10 reaction and

e L
prdﬂhéﬂwa&qiueﬂﬁe(i B9 flakl) chréhmato@ragphnioa sil&ygel slasngiwite d0 av €00% cthyl
acez/% Hl @ﬁl{ﬂhgn%erﬂeea?{le2ﬂ€eo$%€ﬂqg{y§§?g@%?atgg dnetsse ‘[ot a uEi)(lZ) 1-(4-

I
Chleﬁ’?g@ﬁ%? gﬁg&%ﬂ@é}lﬁegﬁr&@ﬂe gl/ %@k 0112@ ‘%)‘3]; Qéﬁll\e/l'yzeﬂb&é Sséh&
NMRAEHMS = EEIAD22284FPﬁ@lt R =1.88 m n. I nt er medi at e 109

t - byt
m/ﬁ\&rlg{f ?@%h Foﬁ?enyl) 3- (phenoxycar bonyl ani no) -
1HmM}Ryd5bG amarEdel3) 5560 @henyb.saltbar fh? Qﬂr%am{ d9. 71§382(dﬁLzH) 7.55
nmol ) was added dropvvl se to tert-butyl 3-am no-1-
(2P(4i)c716$)f enyl ) propyl carbamate (Internediate 25) (300
ng, 1.05 nmol) and sodi um bi carbonate (133 ng, 1.58
mmol ) in dioxane (10 nL) at 20C under nitrogen. The
InteBabdihte@s: 104U hdRopmvBtl-(thR@oR2-yhethanhfing hours.
The reaction m xture was concentrat ed 5 and dil uted
with Et0OAc (20 nL) and waspeq wth water (20 nlL). The
organic |layer was dried ov NG SO, filtered and
evaporated to afford
tert-butyl 1\ 141- (4- chl or oph® Né
(phenoxycar bonyl am no) - pr | carbamate (427 ng, 100%
as a gum nlz (ESI+) (M = 405; HPLC tR = 2.85 mn.
10l nternedi ate 110: tert-butyl
A 2N geluicdn of lppihetjotic- BdimeVido Prad pydne smipaatet e was addadodrppmmnse to

PR Tt T RehartRE ANESTedife YIS (P25 &l 61 mmon
anAARE epbleawb}esar BOEMNOYEANR MB@H I(mmm ruﬁﬁmh& st RERd from
ri(l ntermedi ate 109) (427 ny 05 mml7)
darkbiles mwwgienﬁocbmn%@qberohefde@e i) g.i r66[ymno D3vasiadedrineone
stirr
pOI{E[}lgﬁ lr[%s ?he%ﬁlér%? g@%ﬁ&ﬂ bl éﬁ‘%?%e éol(%’,\rla vga%cngcllnlgtgth %é% glghlglﬁ éi@(%vvlge the 2N
soldiii briid el dvd chlorict 23 ALin (r2éharo) atafodmwaﬁib%rw AfneIWalﬁ Eﬂim&lg Osolvent
mL). The organic | ayer was drled over MgSH4, filtered
was, Faneyed ,ggglqw@guqn@, the eydg Wag fakep yp yqlto water, pH was adjusted around 2

o iy R PURBLEN s SRR BT 5, g

phdsntwers meadhealt it ditthyl ether twice then pH was adjusted to 14 by adding a 6N
aqule_owsls3 éoé}lrl?ior}loefssoslﬁmcﬁ” 0x1 e an(y t?lg :bof X gcl{ll{e%fals phase was extracted with

diethyl ether twice. The organic phases were washed with brine dried over magnesium
sulphate and concentrated to afford 1-(4-chlorophenyl)-2-(thiazol-2-yl)ethanamine (1.310
g, 90 %) as a colorless oil.

NMR = EN00228-47-01

1H NMR (500 MHz, DMSO-d6) 6 2.10 (2H, m), 3.22 (1H, dd), 3.26 (1H, dd), 4.22 (1H, t),
7.32 (2H, d), 7.37 (2H, d), 7.51 (1H, d), 7.66 (1H, d)
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Tert-butyl 1-(4-chlorophenyl)- 3-ureidopropyl carbamate
(Internmediate 110) (346 ng, 1.06 nmmol) was dissol ved
WO 009B4v568nL) and stirred at 20 C for 2 hours. pdheB2008/050925
reacti on was 25 vacuunmed to dryness and was purified
by ion exchange chromatograpfy) using an SCX col um.
The desired product was eluted fromthe col unm usi ng
0. 35M NH3/ MeOH and 161 pure fractions were evaporated

_(A- .

Intte ('i 553 t-ﬁm : !c"l)i Uy ﬁ'--t ia -2- Dethylcgrbamovyl
(THpow ol 6§ 218MR ply BSid - piviih 46yl cfrbhnite ( 2H, q), 2. 98
(2H, m, 3.82 (1H, t), 4.05 (2H, s), 5. 38 (2H s),

5.94 (1H, s), 7.37 ( ,\Nn), 5 MZ (ESI+) (MH)+ = 228;
HPLC tR = 1.25 mn. medi ate 112: Tert-butyl

4-(1- (4-chl orophenyl) opr gpyl car banoyl) - 1- (7H
' i W$ﬁw%3r{ylcarbanate

pyrrol 012, 3-di pyri m

NH2 1?11-0 d H o
n",n' -tetranet hyl uron
0.99 mmol ) was added

100- ( 7- Azabenzot rgdzo¥<1-y1) -
i um hexaf | uor o- phosphate (378
in one portion to N
4- (tert-butoxycarbonyl am no) -|L- (THpyrrol of 2, 3-
d] pyri m di n-4-yl) pi peri di ne- axylic acid
(Intermediate 1) (240 ng, 0.66 mmbH) and

, . i = ) . .
HAY G L0 0 APV RS i eidtbn, R SR by ifino)-1 -
(7Hvpsrrsio] 2, 3-€ibyaimid -4y f)pipeAdint Autagisox ylic 3d dmtemadiatk-1)i(8.361 g,
chl orophenyl ) propyl Jurea (Lnternediate 111) (/151
L OGP PRRR L B 4Rl SR e BRI L0 31
[ f : [ ' ) D
L8B4 A RO O 0 S5EL 2 PRy 2
pymdljdindited S Orrghhatgodmytenparaisraurdedangeer THeyS8Mting sdlutemedas stirred
OV%H]%&E ‘(ﬁtﬁ’@ rﬁf?a% r%gg%&q;})fiéc?é?atet &re trl_lcpeugr&iuct, which was filtered, washed
pleHfi RiIlIYRATPRYOGAA BABR WY acho (o SvBYA-B9I 4-21 -@-chloroghenyl)-2-(thiazol-
-d]pyrimdin-4-yl)p ip eridin-4-ylcarb amate (379 20
2-yhig{ ook Dal-GHT-DBrrs o[, e It (A p v +4-icBbamate (0.550
%ﬁ&ﬁltR = 1.88 mn. 162 Internediate 113:
&3 i No- 3- (4-chl or ophenyl ) propanenitrile NH
NMR & MS = EN00228-48-01

1H NMR (500 MHz, DMSO-d6) & 1.23 (9H, s), 1.74 (1H, m), 1.89 (2H, m), 2.00 (1H, m),
3.10 (2H, dd), 3.52 (1H, m), 3.58 (1H, m), 4.00 (1H, m), 4.19 (1H, m), 5.29 (1H, dt), 6.57
(1H, d), 7.17 (1H, d), 7.30 (2H, d), 7.37 (2H, d), 7.54 (1H), d), 7.69 (1H, d), 8.13 (1H, s),
8.33 (1H, d), 8.47 (1H, d), 11.68 (1H, s)

m/z (ESI+) (M+H)+ = 582
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15

Clll NHCL (4M in 1,4-dioxane (0.668 nL, 2.67 mol)
was added in one portion to tert-butyl 1-

W@ de0elkBsoOphenyl) - 2- cyanoet hyl car bamat e (| nt er PEDGBR@®S/050925
24) (150 ng, 0.53 mml) in DCM 5(4nlL) at 20C. The
resulting solution was stirrgd at 20C for 18 hours.

The reaction m xture was evaporated to afford
3- am no- 3- (4-chl orophenyl ) propanenitrile (HCl salt)

dllﬁz,rﬁmdlmhvmﬁmnmde-m-cfhrbbﬂmiﬂer-sdnahlbmbhmsbmatmoate

0- (7- Azabenzotriazol -1-y1

m hexaf | uor o- phosphat e R

in one portion to 0

4- (tert-but oxycarbonyl am ho) | 1 (HFLp | of 2, 3-

d] pyri ni di n- 4-yl ) pi p€TRe Ne %Tf acid (194 ng,

0.54 mmwol) and N, N- i i b rop FEX hyl ami ne (0. 533
P~(3n)

m., 3.22 nmmol) incl N C under nitrogen. The
resulting solution was stirredjat 20C for 5 m nutes.
3-am no- 3- (4-chl orophenyl) - R itrile
(I'ntermediate 113) (97 ng, 0.]b4 ) in NVMP (3nL) was
then added to the reaction andn&tifNred for 1 hour. The
reaction m xture was concentrated and diluted wth

L1tlfﬁlﬁﬂ62yc(r5ﬁﬂé-ll AEMNAS. 82 ehrib ) DNVRERKcr (WRRAHJed (Hhsstieed 8ipension
er was dried over MgSO4, 20filtered and eva(ﬁ)or ate
of m@%y{? $-6-ert- -butoxycarbonylamino)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidine-

4- cfaé) %E}hg{ gJ%- Q%&)r%&fﬁéﬁﬁ‘éﬁ%})ﬁer %ﬂg}iﬂa‘} C%sr)((thb n@yb%'n‘&nol) in

THEQ42 8L )gut rddd0 tdmperdtare( B rb)sul(ﬂ\rg- Is-l)speﬁsm&l?@ulcl{'ﬂ?lm@nt Rte=solution
(f' 19 mn. Gl163 [ nter,
angd wag thep, @‘Sl,qre_l_ 2(‘[ RLAYSRig hgﬁﬁ %l ying morning a white precipitate had

forﬁﬁﬁt 1) g%sffﬁfé%ﬂ aqﬁ)cﬂfe‘él@ﬁ('v&%még%%m m Vet pé@-es ul f onyl

chl ori vvasadeddopvviseto
butbeydarliumialrmﬁe) E-QTHWQHQIO{ZJdﬂpwnmﬁheﬁyl)pmmg@béaﬁm@mﬁdo)é-

- hER DR fandat (A9390g, Mo of;, 0> Mol ) and

NMR & MS = EN00228-39-01

1H NMR (500 MHz, DMSO-d6) 6 1.41 (9H, s), 1.89 (2H, m), 2.06 (2H, m), 2.27 (2H, m),
3.30 (2H, m partially hidden by H20), 4.33 (2H, m), 4.83 (1H, m), 6.57 (1H, s), 7.14 (1H,
s), 7.22 (2H, d), 7.32 (2H, d), 7.58 (1H, m), 8.10 (1H, s), 10.02 (1H, s);

m/z (ESI-) (M-Li)- = 541

)-N,N,N ,N -tetranet hyl uroniu
06 ng, 0.81 nmol ) was added
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N, N- di i sopropyl et hyl am ne (0.367 nL, 2.11 nmol) in DCM

(4 mL) at 20C. The resulting solution was stirred at
WQ@0WIhers6d8 hours. The reaction mxture was  PCT/GB2008/050925

concentrated and diluted with Et20 (25 niL) and washed

with water (25nL). The organj |ayer was dried over

MpSH4, filtered and evaporated to afford crude

4 i - .
ox@iropyldatiemhe ) YTHIpvirdelo [B. B dgpirénidin-43vl)piperidin-4-ylcarbamate
(et hyl sul f onam do) pr opyl carbamate (275 ng, 71.9 % as
a white solid. 1H NVR (899.9 Mz, DVSO-d6) 6 1.37 (9H,

s), 1.76 (1H, m, 1.82-11.88 (1H, nm, 2.87 (3H,

s), 2.89 - 2.91 (2H, ¥, ¥.5 (1@, d), 7.00 (1H, t),
7.32 (2H, d), 7.39 ( 48N15 _-d), mz (ESI+)
(MrH) + = 361; HPLC { 2.2% nt g medi ate 116:

N- ( 3- am no- 3- (4- chLeoxepnenyl )|pr ony®) met hanesul f onam de
NH2 20TFA (4 ) was added tert-butyl

1- (4-chl orophenyl) - 3-

(et hyl sul f onam do) pr opyl car eN{ I nternediate 115)
(275 ng, 0.76 nmmol) and stirred OC for 2 hours.
The reaction was vacuumed to dfyness. The crude

product was purified g%éion exchange chr onat ogr aphy,
HAJSY lp24ng. 930 watalnyias arlded geenerpaitigrt wdiibrumpgré4-&riit ed

b b T S o gy o SR B RS B D BB Rmicor -
(4-d18érophymdmsofanoaé {Imtermediate 97) (200mg, 0.36 mmol), dimethylamine
pr.opyl ) met hanesul f gnarmi

hydrodgors (196 o el GO B4 PRUMC Ay bR (030 13- 109
ooy PR i % 3 o Pyl S o
restling Fol8Gon wis difyrédidvermpht. Biduhy e(HeBhdded(tvipdicipitate2B@ prude
proEl'E%‘t%y}iigg E(}]i‘%lségfj an gﬂgll ;ﬂ,%;?\fvgf rqrilsaeEl %vit]h]]gt:zOtarelcri tdfig(&J %oy éive the crude
gufa MR WhiBnadided Br RBYdq@ahte iy Wﬁh&lﬁ%@wr%ﬁﬁgatﬁmd

I pvrimdin-4-0)piperidin4-vicarbamate

Intermediate 99: tert-butyl 1-(4-chlorophenyl)-3-methoxypropvlcarbamate

\
0

Cl o>¥<
E<
o)

Sodium hydride (35.0 mg, 0.87 mmol) 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 mmol) was added dropwise, and the resulting suspension was stirred at 22 °C for 4
hours. The reaction was quenched with KHSOj, 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 MgSOs, filtered and evaporated to give

crude product. The crude product was purified by flash silica chromatography, elution
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d
0- (7- Azabenzotriazol -1-y1)-N,N,N , N -tetranet hyl uroni u
wondwenafskaior o- phosphate (245 ng, 0.65 nmol) waBCEIBewSs/050925
in one portion to
4- (tert-butoxycarbonyl am no)sk- (7H pyrrol of 2, 3-
d] pyri m di n-4-yl ) pi peri di ne-4-carboxylic acid
(Intermediate 1) (155 ng, 0.43 nmol) and
. iis . ' : N
ercpight S LG PN KLATRE sk il SAp IRk WS To
affovders-butyl éd4ahla2&pHeny o3 -methbryiresylcddbqBataidmg 338 #%) as a
chl or ophenyl ) pr opyl ) net hanesul f onam de (I nternedi ate
whitg 89114113 1y, 0.43 mmol) in NWP (2nl) was then added
HOMIR | ENESEIr for S5 0T r (
lHnixtB?ggag%kggﬂcent?Z?éémggg’%fﬂﬁ?éggaﬁi%oépgkgﬁ?g%)e@LS%
3.331(YH amal AESHED b B.40&l dr brs2.07. 20 J2H, The7. 20 ahidd; | ayer

SRR Sl IR L 5459, 20 RIPAYRSEY pLe - 2.6

mig0chl or ophenyl) - 3- (net hyl sul f onam do) pr opyl car banoyl) -
1-(7H pyrrolo [2,3 -d] pyrimdin-4-
yl ) pi peridin-4-yl carbamate (261 ng, 100% . mz (ESI+)

A : Ben_ 1)-3- S\ rJ)_h '—a%i?lglbcal
e tested

as set out below. WO 2009/ 047563PCT/ GB2008/ 050925 165
In Vitro MDA- MB-468 human breast Gadenocar ci noma GSK- 3
Phosphoryl ati on Assay Thi s\ assay determ nes the
ability of test conpounds goxi nhipbit phosphoryl ation
of Serine-9 residue in f p—Synt hase Ki nase- 3beta
(GSK-313) as a surrogate msFKer ofi,cellul ar PKB (Akt)
activity, as assessed using Acunen Expl orer

Hygtogen eklotde (4N an &4Rbaxtee, 666 2whndl68 gymol) wipAddm- taggt-butyl 1-

- RPRIDERS e BER R R et B lod in o
miXtQre dIMREM (FBhD} @idnesthind] R 6eD) <C.MoRk fek@dnEa@li@oBwas stirred

romh nmedium (DVEM Invitrogen Limted, Paisley, UK
at Zaiafo éd}@upgo Theoggure 33 censghtaited ﬁlgi thgagsidue was purified by ion

B OB AR5 Y S o

col@anhsmg 204 NH ;@ HNawd puee RS H24) cvapord®d tudtymesio Gadrd 1-

p to a confluency of 70-90 % r the .
(+-gHexspheny ﬂ%@%@@?%%@%é‘h-%%%%@@ aeRyrieTsaHt
1HINIRIRGEbY Yo £ MIAT D E3Y B, 8D"-YIPsd egﬂ?@?, 3 Gl 'ayH,tsg,OQ% (1H, m), 3.43

Limted, Catal ogue . 25300-062) and seeded into the
(1Hyeh), 4.00f(1H, ) B2k- 7 Bari4dament - bot t om Cor ni ng Cost ar

P r 9 I t [ r, SCi ific UK

g GRbeeon, 2olReeubePuRFE: PRC &t Thist”nor 3004
and DPS-130-020K) at a 15density of 5000 cells per
well in 100Wof conplete growh nmedia. The cells were
i ncubat ed overnight at 37Cwith 5% CO2 to all ow t hem
to adhere. On day 2, the cells were treated with
test conpounds and i ncubated for 2 hours at 37C with
5% CO2. Test compounds were prepared as 10mM st ock
solutions in DMSO and dosed directly to required
concentration into test wells using non-contact
(acoustic
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20di spensing of nultiple 2.5n1 droplets directly into

assay wells) ECHO dosing technol ogy (Labcyte Inc.
wewpysbe, California, USA). Each pl ate cont aP@EdB2008/050925

control wells wthout test conmpound. 201 _11 of fixing

buf fer (Phosphate Buffered Sal;i ne (PBS) containing 10%

for mal dehyde; Signma; Catal ogue No. F1635) was then

added to each well to give a final 25 well

InteRREGALS A1l Pt-bufvPs- L AL 8o ¥phEn 1R S Inbis YRGB F1ch P antoyl)-1-

mrrutes at 1T OOt elipelr ature priror 1o L1E I Xaltrve

(7Hheivicplé[@Bedipdrinkidiii4- whipliperiin wadbsaibaarge W t h 250W of

PBS and then 501_11 PBS added to each well. PBS was
then aspirated and cells p %neablllsed and bl ocked by
i ncubating each well wth 1 11 of

per meabi | i sati on/ bl ocki ng Buffer (PBS containing 0.5%
Tween 20 (Sigm; Cat g P5927) and 5% Mar vel

M Ik Powder 30 (Ahdrs h y Ltd, Macclesfield,
Cheshire, UK; Catal ogue No. HA 5 for 1 hour at
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was carried out using Caliper LabChip software and

I C50 curves were cal cul ated uging Origi nTM software

(OriginLab Corporation, Northanpton, MA USA).

Exanpl es of the invention were tested in the in vitro

it ' 95y P R8 LA ted with
SRR Q3P 16D, RN G
DB 3 uhnd) aiKBicheancth CsabinBMvithnhyorgamic PKBa Meatoniiaal organics

( PIM 1 9{ 2 (ﬁ 0Q76 2 0.13 0.0038 ,3 0. 14 (P 0067 3A, 3B .

were filtered through a phase-separating paper and evaporated. The residue was purified
by flash silica chromatography, elution gradient 30 to 80% EtOAc in isohexane. Product-
containing fractions were evaporated to dryness to afford tert-butyl 1-(4-chlorophenyl)-3-
sulfamoylpropylcarbamate (40.0 mg, 68.0 %) as a white solid.
IH NMR (399.902 MHz, CDCI13) 6 1.42 (9H, s), 2.75 - 2.91 (2H, m), 3.11 - 3.17 (2H, m),
4.74 (1H, br.s), 4.93 (1H, t), 7.23 (2H, d), 7.34 (2H, d);

m/z (BSI+) (M+H+ -C4HS8) = 293.2, 295.2 ; HPLC (R = 2.11 min.

Intermediate 104: 3-amino-3-(4-chlorophenvDpropane-1-sulfonamide

Cl

@)

Hydrogen chloride (4M in dioxan, 1.0 mL, 4.00 mmol) was added to tert-butyl 1-(4-
chlorophenyl)-3-sulfamoylpropylcarbamate (Intermediate 103) (38 mg, 0.11 mmol) in a
mixture of DCM (5 mL) and methanol (2 mL) at 22 °C. The resulting solution was stirred
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% (2M 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 (ESI+) (M+H)+ = 249.2, 251.2 ; HPLC (R = 1.32 min.
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Intermediate 105: tert-butyl 4-(1-(4-chlorophenyl)-3-sulfamovlpropvlcarbamovl)-1-

(7H-pvrrolo]2.3-d]pyvrimidin-4-yDpiperidin-4-vlcarbamate

Cl

Tz

ZT
O=<
_é

0
LAy
O-(7-Azabenzotriazol-1-yl)-N,N,N',N'-tetramethyluronium hexafluorophosphate (30.9 mg,
0.08 mmol) was added to 4-(tert-butoxycarbonylamino)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-
yl)piperidine-4-carboxylic acid (Intermediate 1) (28 mg, 0.08 mmol) and N,N-
diisopropylethylamine (0.016 mL, 0.09 mmol) in NMP (5 mL) at 22 °C. The resulting
suspension was stirred at 50 °C for 10 minutes. The mixture was cooled to ambient
temperature and 3-amino-3-(4-chlorophenyl)propane-1-sulfonamide (Intermediate 104)
(19.27 mg, 0.08 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 loaded onto an SCX
column. The crude product was purified by ion exchange chromatography; the desired
product was eluted from the column using 2M NH3/MeOH and pure fractions were
evaporated to dryness. The crude product was purified by flash silica chromatography,
elution gradient 2 to 6% (10:1 MeOH/conc. NH3 (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)+ = 5924, 594.3 ; HPLC tR = 1.99 min.
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Intermediate 106: tert-butyl 3-amino-1-(4-chlorophenyl)-3-oxopropvlcarbamate
Cl

NH

XO\([)]/NH 0

O-(7-Azabenzotriazol-1-yl)-N,N,N',N'-tetramethyluronium hexafluoro-phosphate (466 mg,
1.23 mmol) was added in one portion to tert-butyl-3-amino-3-(4-chlorophenyl) propanoic
acid (245 mg, 0.82 mmol), ammonium chloride (131 mg, 2.45 mmol) and N,N-
diisopropylethylamine (0.811 mL, 4.90 mmol) in DMF (4 mL) at 20°C under nitrogen. The
resulting suspension was stirred at 20 °C for 18 hours. The reaction mixture was
evaporated to dryness and redissolved in EtOAc (25 mL), and washed sequentially with
water (25 mL) and saturated brine (25 mL). The organic layer was dried over MgSOs,
filtered and evaporated to afford tert-butyl 3-amino-1-(4-chlorophenyl)-3-
oxopropylcarbamate (200 mg, 82%) as a white solid. m/z (ESI-) (M-H)- = 297; HPLC tR =

1.91 min.

Intermediate 107: 3-amino-3-(4-chlorophenvyl)propanamide
Cl

NH

NH, O

2
HCl (4M) in 1, 4 dioxane (1.674 mL, 6.69 mmol) was added to tert-butyl 3-amino-1-(4-
chlorophenyl)-3-oxopropylcarbamate (Intermediate 106) (200 mg, 0.67 mmol) in DCM
(20 mL) at 20°C. The resulting solution was stirred at 20 °C for 4 hours. The reaction
mixture was evaporated and 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 3-amino-3-(4-chlorophenyl)propanamide
(46.0 mg, 34.6 %) as a white solid.

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, t), 7.35 - 7.42 (4H, m),

m/z (ESI+) (M+H)+ = 199; HPLC tR = 1.14 min.
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Intermediate 108: tert-butyl 4-(3-amino-1-(4-chlorophenvl)-3-oxopropvlcarbamovl)-

1-(7H-pvrrolo]2.3-d]pyvrimidin-4-yl)piperidin-4-vlcarbamate

NH,
O
O
X
cl NN
O
N

N\\
I
L L

O-(7-Azabenzotriazol-1-yl)-n,n,n',n'-tetramethyluronium hexafluoro-phosphate (129 mg,
0.34 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) (82 mg, 0.23 mmol) and
N,N-diisopropylethylamine (0.112 mL, 0.68 mmol) in DMF (4 mL) at 20°C under
nitrogen. The resulting solution was stirred at 20 °C for 5 minutes. 3-amino-3-(4-
chlorophenyl)propanamide (Intermediate 107) (45 mg, 0.23 mmol) was then added to the
reaction and stirred for 3 hours. The reaction mixture was concentrated and diluted with
EtOAc (20 mL) and washed with water (20 mL). The organic layer was dried over MgSOy,
filtered and evaporated to afford tert-butyl 4-(3-amino-1-(4-chlorophenyl)-3-
oxopropylcarbamoyl)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidin-4-ylcarbamate (99
mg, 100%).

m/z (ESI+) (M+H)+ = 542; HPLC tR = 1.88 min.

Intermediate 109: tert-butyl N-|1-(4-chlorophenvl)-3-(phenoxvcarbonvlamino)-

HNJOI\OJV

A

Cl O 0

propvllcarbamate
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Phenyl chloroformate (0.132 mL, 1.05 mmol) was added dropwise to tert-butyl 3-amino-1-
(4-chlorophenyl)propylcarbamate (Intermediate 25) (300 mg, 1.05 mmol) and sodium
bicarbonate (133 mg, 1.58 mmol) in dioxane (10 mL) at 20°C under nitrogen. The
resulting solution was stirred at 20 °C for 2 hours. The reaction mixture was concentrated
and diluted with EtOAc (20 mL) and washed with water (20 mL). The organic layer was
dried over MgSOy, filtered and evaporated to afford tert-butyl N-[1-(4-chlorophenyl)-3-
(phenoxycarbonylamino)-propyl]carbamate (427 mg, 100%) as a gum.

m/z (ESI+) (M+H)+ = 405; HPLC tR = 2.85 min.

Intermediate 110: tert-butyl 1-(4-chlorophenyl)-3-ureidopropvlcarbamate
L
HN OJV
NH

Cl O NH

2
Ammonium chloride (113 mg, 2.11 mmol) was added in one portion to tert-butyl N-[1-(4-
chlorophenyl)-3-(phenoxycarbonylamino)propyl]carbamate (Intermediate 109) (427 mg,
1.05 mmol) and triethylamine (0.882 mL, 6.33 mmol) in DMF (3 mL). The resulting
solution was stirred at 0.352 molar for 24 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 1-(4-chlorophenyl)-3-
ureidopropylcarbamate (346 mg, 100%),

m/z (ESI+) (M+H)+ = 328; HPLC tR = 1.91 min.

Intermediate 111: 1-(3-amino-3-(4-chlorophenvDpropvl)urea

NH,

NH

A

cl 07 "NH,

Tert-butyl 1-(4-chlorophenyl)-3-ureidopropylcarbamate (Intermediate 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)propyljurea (151 mg, 62.8 %) as a yellow gum.

1H NMR (399.9 MHz, DMSO-d6) 6 1.61 (2H, q), 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 (ESI+) (M+H)+ = 228; HPLC (R = 1.25 min.

Intermediate 112: Tert-butvl 4-(1-(4-chlorophenvl)-3-ureidopropylcarbamovh-1-(7H-

pvrrolo]2.3-d]pvrimidin-4-yl)piperidin-4-yvlcarbamate

NH,

c1/®i E%ﬁ\\(og(

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)propyl)urea (Intermediate 111) (151 mg, 0.66 mmol) in NMP (2mL) was
then added to the reaction and stirred for 18 hours. The reaction mixture was diluted with
EtOAc (20 mL) and washed with water (20 mL). The organic layer was dried over MgSOy,
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.



10

15

20

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 4.3 0.032 43 0.87 0.031 44 1.8
WO 2009/047563 PCT/GB2008/050925

162

Intermediate 113: 3-amino-3-(4-chlorophenvl)propanenitrile
NH

2

cl Il
N

HCl (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-chlorophenyl)propanenitrile (HCI salt)

(115 mg, 99 %) as a white solid.

Intermediate 114: (4-chlorophenyl)-2-cvanoethvlcarbamovh-1-(7H-pvrrolo]2.3-

d]pvrimidin-4-yDpiperidin-4-vlcarbamate

@\\1%«¥

|\\
/

N

N7

O-(7-Azabenzotriazol-1-yl)-N,N,N',N'-tetramethyluronium hexafluoro-phosphate (306 mg,
0.81 mmol) was added in one portion to 4-(tert-butoxycarbonylamino)-1-(7H-pyrrolo[2,3-
d]pyrimidin-4-yl)piperidine-4-carboxylic acid (194 mg, 0.54 mmol) and N,N-
diisopropylethylamine (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 mmol) 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 MgSQOu,
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 (ESI+) (M+H)+ = 524; HPLC tR =2.19 min.
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Intermediate 115: tert-butyl 1-(4-chlorophenyl)-3-

(methvlsulfonamido)propvlcarbamate

Cl .\

Methanesulfonyl chloride (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-diisopropylethylamine (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
diluted 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.

IH 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, ),

m/z (ESI+) (M+H)+ =361; HPLC tR =2.25 min.

Intermediate 116: N-(3-amino-3-(4-chlorophenvl)propvlmethanesulfonamide

Cl '\

TFA (4 mL) was added 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 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
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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) 6 1.69 - 1.72 (2H, m), 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-chlorophenyl)-3-

(methvlsulfonamido)propvlcarbamovl)-1-(7H-pvrrolo]2.3-d]pvrimidin-4-yl)piperidin-

4-vlcarbamate

H —
H_s=o0

o Jéﬁw( X

\
|/\
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-butoxycarbonylamino)-1-(7H-pyrrolo[2,3-
d]pyrimidin-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-amino-3-(4-
chlorophenyl)propyl)methanesulfonamide (Intermediate 116) (113 mg, 0.43 mmol) in
NMP (2mL) was then added to the reaction and stirred for 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 set out below.
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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-3f) 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, Catalogue 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; Sigma,
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 %.

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) at a
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 Inc. Sunnyvale, California, USA). Each plate contained control wells without test
compound.

20ul 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 being removed. Each well was washed once with 250ul of PBS and
then 50ul PBS added to each well. PBS was then aspirated and cells permeabilised and
blocked by incubating each well with 50ul 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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Chi nese hanster ovary K1 (CHO cells described by
(Persson, Carlsson, Duker, &gfacobson, 2005) were
grown to sem -confluence at 37 Cin a

Following removal of Perm/Block buffer, 50ul of primary anti-phospho-GSK-3[3
antibody (Cell Signalling Technology (New England Biolabs (Uk) Ltd.), Hitchin,
Hertfordshire, UK; Catalogue N0.9336 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 250ul 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-3f3. 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.

ICsp 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. ICsy 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 1Csg

values calculated. These values are shown in Table G.

In vitro AKT1 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 labelled peptide to a phosphorylated

product by a respective kinase. The complete enzyme reaction is carried out in microtitre
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Clainms: 1.A conpound of Fornula (1), or a

Iorﬁﬁ&ﬁ(@pﬁw@&a&d&d §(‘5clﬁ %@%‘S‘% %Q&é\ﬁfg@gf 89 PatchPlald™ and its
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un@fﬁdkpwﬁ@bﬁﬁlseﬁ whthOomat&EnG)seliion NeChhdthd f6](lcR61)1g Nomphb€tien (in

e EE e
pHCM‘fJ @ I@b %@MF 10 'KSOIQL A‘fte? Em%ung%cr &%&%ﬁﬁg S$h&hLeA@bdi¥d-head (E-

keny ynyl
hea@) tlngrk@wyl@ourwahk }7ht;ch]’llatgetljll‘I @@Iomahgylhpleatmtlﬁm:lipplaiﬂgw yoltage

pu]é%%égey Cl 4ab‘%§[ﬁl tkl %MCl aal ki/é[m%%'c_léhen dispensed 3.5

1oL UGN s RO CERRZR i R BN B the el
“(CrR) (CH2) pSO2NR2R3, - ( CH2) pCONHR,
v e) HOoNRoR tofeacl Ehbyiel R hpieriscpsheval. Folowi hirgthe E-

he erggvelsc'lﬁrg}tlﬁc'd %1%3; %gg%te?gpgggtg%emg Itlhe ngll 1‘68%? e:orfi):taell’sleedn]t‘ﬂ ea%h well.
Nebt, tHe s@luﬁbﬁf@ﬁrﬂ@ﬁuﬂﬂém&;@ﬂ th€ Pk En@ay Was bheﬁ@e&\fhj lecess” solutlon
thagheﬂgtrhle Sfoel?owlmg gon%;r)os?tu?ne(tlr? 1r11(.1)\?)t ?(rrCBI 1‘28' lsg}zl“?&dl fNrIgClz cl) and HEPES 20
(pH 7.25-7.30 using 10 M KOH) plus 100 pg/ml of amphotericin B (Sigma-Aldrich). After
allowing 9 minutes for patch perforation to take place, the E-head moved round the
PatchPlate™ 48 wells at a time to obtain pre-compound hERG current measurements. The
F-head then added 3.5 ul of solution from each well of the compound plate to 4 wells on
the PatchPlate™ (the final DM SO concentration was 0.33% in every well). This was
achieved by moving from the most dilute to the most concentrated well of the compound
plate to minimise the impact of any compound carry-over. After approximately 3.5 mins
incubation, the E-head then moved around all 384-wells of the PatchPlate™ to obtain post-
compound hERG current measurements. In this way, non-cumulative concentration-effect
curves could be produced where, providing the acceptance criteria were achieved in a
sufficient percentage of wells (see below), the effect of each concentration of test
compound was based on recording from between 1 and 4 cells.

The pre- and post-compound hERG current was evoked by a single voltage pulse
consisting of'a 20 s period holding at -70 mV, a 160 ms step to -60 mV (to obtain an
estimate of leak), a 100 ms step back to -70 mV, a 1 s step to + 40 mV, a 2 s step to -30
mV and finally a 500 ms step to -70mV. In between the pre- and post-compound voltage
pulses there was no clamping of the membrane potential. Currents were leak-subtracted
based on the estimate of current evoked during the +10mV step at the start of the voltage
pulse protocol. Any voltage offsets in lonWorks™ HT were adjusted in one of two ways.
When determining compound potency, a depolarising voltage ramp was applied to CHO-

Kv1.5 cells and the voltage noted at which there was an inflection point in the current trace
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R7 represents a nonocyclic 4, 5, or 6 nenbered
heterocyclic ring which conprises 1, 2 or 3
whedenossons sel ected fromO, N or S; 25wher ei PCRGBR®S/050925
optionally substituted by 1 or 2 substituents sel ected
from G _4al kyl, trifluoronetpyl , G _4al koxy, fluoro,
chl oro, brono, and cyano; WO
2009/ 047563PCT/ GB2008/ 050925 179 R4 represents
(. et e %%gr%}) \rVrEél ﬁ%?‘lgnne? gét%ﬂcr)ré %{ag g@e%ﬁtvgwﬂy%ng; gpero‘[oc? ) The Voltage at
whodhl thig @carrrd@lrlmmprevmﬂl}cmm@htedmﬁfed Iﬁ@]mgmﬂleasa(ﬂe)voatagm@inmgnd in

to Clalml r a pharnaceut i aII pt abl
corviieng cle FRldENEnd SIS IR &S of @%ﬂ%ﬁﬁmﬁ%s lupan offset

poteRiH] 'c%ﬁ%'eﬁfér&ﬂﬁ%hb f‘[blrﬁﬂ’!SI'I@s'+ 1”"J‘H(l'ls'co)‘}tware RinghEVTRRURY reference

according to either CCaim1 Caim?2, or a
poiph a¥ Iecdnigringah yhel‘t@am@@@trapﬂlﬁld@gwalmh@eetm‘s of WhBKgiany ¥ifset was
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thepleagsaain edifstiaaliusymerd die gred bh W ogles™Y Hﬁn@f@@fre T\m@n@ﬁm smnal was

nmet hoxyCi - 4al kyl, fluoroCl-4al kyl, amno Cl
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lealé @p.@ﬁgg@zw by @@&@)\H@&Q HT. sp@p@;ep@qu@ggl Ad)rms average of the
curt n?'a@ﬁllgg élg inifid tﬁﬂ(ﬁng g&@?&éﬁz 7@%&? r(ﬁzls@ﬁ’net &ngnﬂt 1 ubtﬁacgrrlg this
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froB), thiRpedksofshé adtoadchirospopbe I‘T)hle acqaalppmce diiteyih for the currents evoked

. piperazinyl, pyrroljdinyl, norpholinyl, imdazolyl,
1N g3 W&z oY %IF Prﬁ??aélzsﬁﬁl)}]es%tﬁgceﬁﬁ - pre- 3699 hBRG il current amplitude

>1§)(P£A%loas -sé/an s%QSrEéétRﬁc%%%mf‘z %h@ gltgereggit 1lﬁmb1t%nocyfﬁhe hERG current

was assessed by dividing the post-scan hERG current by the respective pre-scan hERG

current for each well.
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Results of hERG Analysis
Example 9, (S)-4-amino-N-(1-(4-chlorophenyl)-3-hydroxypropyl)-1-(7H-

pyrrolo[2,3-d]pyrimidin-4-yl)piperidine-4-carboxamide, was tested up to 100 uM
according to the procedure described above and a mean hERG ICsg value of 177 uM was

derived by extrapolation of the curve.
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180 7. A conpound according to any one of Clainms 1 to

5, or a pharmaceutically acceptable salt thereof,
wob@weiTseRl represents hydroxyethyl. 8. A conporyo®#2008/050925

according to any one of Clains 1 to 7, or a

pharmaceutical ly acceptable galt thereof, wherein R4

represents chloro or brono. 5 9. A conpound according

to any one of Clainms 1 to 8, or a pharmaceutically

SERLERLGRne2! t thereof, wherein RS represents
. A conpound according to any one of

Phﬁtﬁbdm'nﬁmh@mﬁlvsw of P Ih autisaraie irotCink BBIGJ,B@dWO&nS@dDbnse to
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sal'T thereof, Toget her with a pharnaceutically
accaptal)’ &I Méeertllsd ATEAT minglper HIEB-141) W%mwwgﬂj were injected

f.d
s.c ISRt AR RGO Lo g Wb heBoe rpfhed agobuner
abdﬂ@dls‘-@lmt acutelddse 6f pmmdng?/ﬁg er (E)ﬂgaﬁlﬁlo&lﬂé(liem-%h@frophenyl) 3-
d ai ns to 10, or har maceuti cally 20accept

hyciranpr@mé} édFH-ﬁy@ﬁoldgé d]pyltllhéillll ﬁéélnmldlft@f“ @@rgewmde (29) was
glven %h Wf %e of Crillmqgls tVV%I‘ ag%ﬁla%rlls% % gecn'ﬁ?cg' t1r§1§}|:;0119t’ an% tumours

y accep e sal
dlsﬁehb&dt(meaﬁdfﬁfab fafzeb irelaglid aARGe. . 2515 A process for the

preEar ation of a compound of Fornu érléﬁ? according t
RTVIYO PoT hiialeieutPRAR] ip lé)c/e gﬁ? 0% Fyig Lysis buffer

cor&%ﬁ{n%%g?te%gg? ggsrﬂg ﬂageﬁﬁigg)lug&ggﬁﬁg ?Preﬂ ?ﬁ} métﬁ% %?7 (MP
Biamddiealomatear4eall @-500). Pyatein t8dcentrafidrs)were estlmated agamst a BSA
standard curve using Pierce BCA kit (#23225). pGSK3p was measured by western blotting
and pPRAS40 by solid phase sandwich ELISA (Biosource KHO0421).

For western blotting, equivalent amounts of protein were resolved by 4-12%
gradient Bis-Tris polyacrylamide pre-cast gels (Invitrogen NP0323), transferred to Hybond
C Extra nitrocellulose membranes (Invitrogen LC2001) and incubated with primary
antiserum (pGSK3p ser9, Cell Signaling Technology #9336; total GSK3p3, BD
Transduction Labs #610202) and subsequently with either horseradish peroxidase
conjugated anti-rabbit IgG (Cell Signaling Technology #7074) or anti-mouse IgG ( Cell
Signalling Technology #7076). Immunoreactive proteins were detected by enhanced
chemiluminescence (#34076 Pierce Supersignal Dura) and bands quantified with a
ChemiGenius II (Syngene). Plotted values show the percentage inhibition of pGSK3[3
compared to vehicle controls, following normalisation for total pGSK3.

For ELISA (Enzyme linked Immuno Sorbent Assay), equivalent amounts of protein
were added to a 96 well plate pre-coated with a ‘capture’ pPRAS40 specific monoclonal
antibody. A ‘detection’ antibody specific for pPPRAS40(Thr 246) is then added followed
by an HRP labelled anti-rabbit IgG antibody. The assay is then quantified using stabilised
TMB (tetramethylbenzidine) at 450nm on a plate reader. Colour intensity is proportional

to the concentration of pPRAS40 (Thr 246). The results are shown in Figure 1.
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wherein 131 represents a suitable protecting group;
(b) reaction of a carboxam de of Fornmula (IV) with a
whrayolises het erocycl e of Fornula (V): (1'V) (ROT/GB2008/050925
5wherein L1 represents a suitable |eaving group; (c)
when n is 1, hydrogenation ofysa conpound of Fornul a
(M): or (VI) (d) when 1Z1 represents am nonet hyl,
hydr ogenati on of a conmpound of Forrmula (VII): 182
Mélyb lahti %Bﬁj S dbAkidESRE-ASARRS N (£ \"4 Elﬁgio%h&{m §< (HVHI%QVDI‘ODVD 1-
group, ana thnerearter, 1 necessdlry

( 7H}©mte]bf2 hd @y rimo Mﬂvmfenﬂinemdaabd;dahndld@) an ot her
ound of Fornmula (1);.5(ii) r rmwnga ect
gr ggﬁ%ere GREPYEd (ImmeOf%?frﬁ% (%C%ﬁamﬁ%@m 9 %erl?d?%rom Ehifhes
RiVRF € §P8:aRYi8s. SahE nlifeh8Rfhoused and maintained in specific, pathogen-free

conditions. For in vivo implant, cells were harvested from T225 tissue culture flasks by a

2- to 5S-minute treatment with 3 x trypsin (Invitrogen) in EDTA solution followed by
suspension in basic medium and three washes in phosphate buffered saline (Invitrogen).
Only single-cell suspensions of greater than 90% viability, as determined by trypan blue
exclusion, were used for injection. MCF-7 breast tumor cells (ATCC number HTB-22™)
(5 x 10° cells + 50% Matrigel™) were injected subcutaneously in the left flank of the
animal in a volume of 0.1 mL. Prior to implantation of the MCF-7 cells, SCID mice were
anaesthetized and implanted with a 0.5 mg/21 day duration estrogen pellet. When mean
tumor size reached ~ 0.3 cm’, the mice were randomized into control and treatment groups.
The treatment group received 300 mg/kg E9 solubilized in a vehicle consisting of 10%
(v/iv) DMSO, 25% (w/v) Kleptose™ in water, by oral gavage. The control group received
the vehicle alone, once daily by oral gavage. Tumor volumes (measured by caliper) were
recorded at intervals for the duration of the study. Mice were sacrificed by CO; euthanasia.
The tumor volume was calculated (taking length to be the longest diameter across the
tumor and width to be the corresponding perpendicular diameter using the formula: (length
x width) x V(length x width) x (7/6). Growth inhibition from the start of treatment was
assessed by comparison of the differences in tumor volume between control and treated
groups. Because the variance in mean tumor volume data increases proportionally with
volume (and is therefore disproportionate between groups), data were log-transformed to
remove any size dependency before statistical evaluation. Statistical significance was

evaluated using a one-tailed, two-sample ¢ test. The results are shown in Figure 2.

Human Dose Prediction

Human dose prediction for clinical studies requires an estimate of human
pharmacokinetic (PK) parameters important for defining the elimination T, and the shape
and magnitude of the plasma concentration vs time profile at a particular dose. These
estimated parameters include Clearance, Volume of Distribution at Steady State (Vss),

absorption rate constant (Ka), bioavailability (F) and dosing frequency. Human dose
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predictions also require some pharmacological evidence as to how exposure relates to
efficacy (McGinnity, Collington, Austin & Riley, Current Drug Metabolism 2007 8 463-
479).

For (S)-4-amino-N-(1-(4-chlorophenyl)-3-hydroxypropyl)-1-(7H-pyrrolo[2,3-
d]pyrimidin-4-yl)piperidine-4-carboxamide (E9), human clearance was estimated from
intrinsic clearance (Clint) data determined in human hepatocytes corrected to in vivo
clearance by incorporation of the well-stirred model (Riley, McGinnity & Austin, Drug
Metabolism & Disposition 2005 33(9) 1304-1311). Minor differences were observed in the
plasma protein binding of the compound across rat, dog and human; consequently,
observed rat and dog Vss values were corrected by the factor Fu, human/Fu (rat or dog)
(where Fu = fraction unbound in plasma). Human Vss was estimated to be 3.3 L/kg using
this approach. Fraction absorbed (Fabs) in humans was taken as the average across rat and
dog. This Fabs parameter was then adjusted to bioavailability (F) by correction for hepatic
extraction. The absorption rate (Ka) was set to ensure that Tmax was 1h for E9, a 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 ICsq 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]pyrimidin-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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List of Figures

Figure 1: GSK3p and PRAS40 phosphorylation levels in samples taken from U87-MG
tumours grown in nude mice following an acute dose of 150 or 300 mg/kg (S)-4-amino-N-
(1-(4-chlorophenyl)-3-hydroxypropyl)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidine-4-

carboxamide (E9), n =5 per timepoint.

Figure 2: Results of MCF-7 antitumour study in SCID mice using a once daily (QD) dose
of 300 mg/kg (S)-4-amino-N-(1-(4-chlorophenyl)-3-hydroxypropyl)-1-(7H-pyrrolo[2,3-
d]pyrimidin-4-yl)piperidine-4-carboxamide (E9).
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Claims:
1. A compound of Formula (I), or a pharmaceutically acceptable salt thereof:
R' o) ITIHz
H
R4
R’ N
1
Y« Z\ By
K’
N
N @
)
wherein:
Y represents CH or N;

Z'-77 represents a group selected from C(R®)=CH, N=CH and C(R®)=N; where
RS represents hydrogen, fluoro, chloro, bromo, cyano, methyl, ethyl,
difluoromethyl, trifluoromethyl or cyclopropyl;
nis0, 1 or2;
R! represents C;.qalkyl, Cy4alkenyl, Coalkynyl, C_salkoxy, C;.4alkoxyCalkyl,
fluoroCy_salkyl, aminoC;_alkyl, hydroxyC;_salkyl, cyano, cyanoC;_salkyl, C;_cycloalkyl,
-(CH»),NHCOCH3, -(CH,),NHSO,CHj, -(CH,),NHCONH2, -(CH,),NHCONR’R’,
-(CH2),NR’R’, -(CH,),SO,NH,, -(CH,),SO;NR’R’, -(CH,),CONH,, -(CH,),CONR’R’ or
-(CHz)p-R7; where
pis0, 1,2 or3;
R” represents hydrogen or C;.salkyl;
R’ represents C;alkyl; and
R’ represents phenyl;
R’ represents a 5 or 6 membered monocyclic heteroaryl ring which comprises 1, 2
or 3 heteroatoms selected from O, N or S; or
R’ represents a monocyclic 4, 5, or 6 membered heterocyclic ring which comprises
1, 2 or 3 heteroatoms selected from O, N or S;
wherein R’ is optionally substituted by 1 or 2 substituents selected from Cj_salkyl,

trifluoromethyl, C;_jalkoxy, fluoro, chloro, bromo, and cyano;
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R” represents hydrogen, fluoro, chloro, bromo, cyano or trifluoromethyl; and

R’ represents hydrogen, fluoro, chloro or bromo.

2. A compound of Formula (I) according to Claim 1, or a pharmaceutically acceptable salt

thereof, wherein the compound of Formula (I) has the configuration shown in Formula (IA):

R' o NH
H CH
N (CH,),
\ H
R
R’ N
1

Y& Z\ By
NIy’
N
N@
(IA).
3. A compound according to either Claim 1 or Claim 2, or a pharmaceutically

acceptable salt thereof, wherein Y represents N.

4, A compound according to any one of Claims 1 to 3, or a pharmaceutically

acceptable salt thereof, wherein Z'-Z” represents CH=CH.

5. A compound according to any one of Claims 1 to 4, or a pharmaceutically
acceptable salt thereof, wherein R' represents methoxyC-jalkyl, fluoroCi-jalkyl,
aminoC;-salkyl, hydroxyC;-salkyl, cyanoC;-salkyl, Cscycloalkyl, -(CH,),NHCOCHj3,
-(CH,),NHSO,CHj3, -(CH,),NHCONHy, -(CH,),NHCONR’R®, -(CH,),NR’R’,
-(CH,),SO:NH,, -(CH,),CONH,, -(CH,),CONR’R’ or -(CHy),-R’.

6. A compound according to Claim 5 wherein R' represents -(CHz)p-R7, p represents
1,2 or 3, R7 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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7. A compound according to any one of Claims 1 to 5, or a pharmaceutically
acceptable salt thereof, wherein R' represents hydroxyethyl.
8. A compound according to any one of Claims 1 to 7, or a pharmaceutically

acceptable salt thereof, wherein R” represents chloro or bromo.

9. A compound according to any one of Claims 1 to 8, or a pharmaceutically

acceptable salt thereof, wherein R’ represents hydrogen.

10. A compound according to any one of Claims 1 to 9, or a pharmaceutically

acceptable salt thereof, wherein nis 0 or 1.

11. A pharmaceutical composition comprising a compound according to any one of
Claims 1 to 10, or a pharmaceutically-acceptable salt thereof, together with a

pharmaceutically acceptable diluent or carrier.

12. A compound according to any one of Claims 1 to 10, or a pharmaceutically

acceptable salt thereof, for use as a medicament.

13. A compound according to any one of Claims 1 to 10, or a pharmaceutically

acceptable salt thereof, for use in the treatment of cancer.

14. A compound according to any one of Claims 1 to 10, or a pharmaceutically

acceptable salt thereof, for use in the treatment of breast cancer.

15. A process for the preparation of a compound of Formula (I) according to Claim 1,
or a pharmaceutically acceptable salt thereof, which comprises a process (a), (b), (c) or (d):

(a) reaction of an acid of Formula (II) with an amine of Formula (I1I):
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I|)1
O IIIH
(CH,),
HO : R!
NH,
1 4
= Z R
o
/
X N
H

D (IIm)
wherein P' represents a suitable protecting group;

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

R o N

L
(CHZ)n 1
. H Y~ Z, 5
R |z
5 N N/
R N NT N
Iv) V)

wherein L; represents a suitable leaving group;

(c) when n is 1, hydrogenation of a compound of Formula (VI): or

1
R 0
N
=
N
\ H
R
R’ N
1

Y« z

\
WA
N §

(V)

(d) when R’ represents aminomethyl, hydrogenation of a compound of Formula (VII):
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Il !
0 ITIH
N (CH,),
H
1(4
R’ 1
z
Y= N,
A
NS
N
N g
(V)

wherein P' represents a suitable protecting group;

and thereafter, if necessary:

(i) converting a compound of Formula (I) into another compound of Formula (I);
(i1) removing any protecting groups; and/or

(ii1) forming a pharmaceutically acceptable salt thereof.



