PYRROLO [2, 3-D] PYRIMIDIN DERIVATIVES AS PROTEIN KINASE B INHIBITORS The present
invention relates to a novel group of bicyclic heterocycles which may be userul in the treatment or
prevention RORYWAEE®S medical condition mediated through protein kinase@/GFIRBISAIS@hown as
AKT). Such compounds may therefore be useful in the treatment or prevention of a number of different
cancers. The invention also relates to pharmaceutical compositions comprising said compounds, to
processep YRRMLOF2URSH FEYHI M DIRAERVAF AES IRSTEROTEIN KAMWSEN INfiFsAFORSediated
by PKB using said compounds. 10PKB is a component of the phosphatidyl 3-kinase (PI3K) signalling
pathway which plays an important part in cell proliferation and survival, including cellular responses to
growth factors. Upon binding of a growth factor, for example epidermal growth factor (EGF), to its cell
surface receptor tyrosine kinase, for example EGF receptor (EGFR), the receptor dimerises and
undergoes autoph®Bpeetation cThr aalephispherdbtionReéhtcySHidws oy S5 KD Te giftsitory
subunit of-RY3K(A3h HhRLRAGE It }é’r%&ﬁﬁﬁt%Q'HP@JaQérGPHi/eQ{cXI%%Rﬂﬁ%d@e[@@{ﬂréﬁél‘?xamp'e

growth factor receptor-bound protein RB2), and thereby activate the 110 kDa catalytic subunit of

PI3K (pl10prepdrkiaedtioRk B sbeknayseas th& Phosiiotgranernds may therefore be useful in
phosphatidylipgsiighefRaPirehasriiale {RLRALQ PiRtucsRARSARTHY iRestiad: idordriplagphate

(P1P3), a second messenger zo molecule that recruits both phosphatidylinositol-dependent kinasc 1
(PDK1) ancd®PRBAEFHIEC | SSPMROREIRB ROEPHiHB ST RANINYEIRIR RiRSS WAt [QEtNAtes PKB.  There

are three knoy #3Q{RE88 Of PE JHRR/MITS BN TR ANd T BRVA I nflaiined diopk igree

distinct genes. Activation of PKBa is associated with cell signalling events that mediate cell
proliferatior&ifg st /feaMPRMdeas activation of 25PKBO is associated with invasion, motility and

insulinymediated npat@PRIICJrAFERSRS ARE IR, PrRigsisCalls PR ARPRIOR ISRV N HiMALING
proapolptotic factors, for exampﬁle the BAD,%?(%S%a%yg-g and ?;ﬁi(hea%%KHR?ganscar%gtion factors,

and activatiPgXPaistRpRIH R 18 G7ak RiSrEGTALE aRtiapopratiddrdiagiseiblanprayeidoamp

response elg@eit RiRdiRgupSiamGRBB). LKRcanrRIsTaaniinpie dpigathayptiyaibyiaetivation 300f
p53 via phosphorylation of MDM2. Similarlg{, activated PKB induces %eﬁ[l‘rproliferation %activating
proteins invdH&d:itP dEIcgHowhRaR deRsatab BifSintdrBass Bl by aPatitwalropptsr (EGER), the

2009/047563R& GO OpRPErIieadinaip REPHBIARIRIHNENR AMBRRPHERASE Oh EaRAMYCIN
(mTOR) and via g%cc%%en synthase kinasc-3 (GSK3). PKB-mediated stimulation of cell proliferation
o

and prétectBIPTd RSO PO IS SHE M RHBLP kAU RN QIR GuHBH Bt Abl RIERE br

componentgiydthn heiPhak Raiwpiorig, FortRANH dQundt N RaleEcEAbLKaIMRlBrd#ation or
amplification of the genes encoding the p110 isoforms of PI3K are found in breast cancers, bowel

cancer, ovafiRRanead thesapdiKaein b QiR sp b isbundbrcBRK (&P - dherfing cancers,
angioplastiggligadsn@nagliemassanapiastishasiiecy o anoghirhlasiapaBIdts fe{prRApEate

medulloblastomas. Similarly, mutation amplification and/or qverexpression of the genes to encoding

the PKB isdforak ey eduranhosabriidstirosieks e B te Sdtes arGrRt Gt TAY gene

encoding fonbIEEN (@AResphaibe piisphaagainevRsRIEpladent kit Cat@ysng dae prip/ession of
P1P3 to P1P2) is inactivated in many tumour types, including ovarian, colorectal, breast, glioma,

melanoma, BRI Ly hoFH S HARaRIGRARICRIAIES #1d agHaatS BRBKWAKT. In view or the

importance of the Pj3k signalieakpamyayiddHPPK eetPRIBIf(RLION PRE SUCKY@l ag@Y compound that
disrupted thisg%?[thwa , including PKB inhibitors, may be useful in the treatment of cancer. Detailed
é‘@é

reviews of th halRHY sl s it ms SRS AMtiINAiRR QU GRS areopiiciwd by
Hennessy el s Naiure: Reviaws A BrugRiseavRolRassmRs 2008 LY Unde288:40Mo0Rpe Cully etal.,
25 PKBJ is associated with invasion, motility and insulin-mediated metabolic processes.
Activated PKB protects cells from apoptosis by inactivating proapoptotic factors, for
example the BAD, procaspase-9 and forkhead (FKHR) transcription factors, and activating
transcription factors that upregulate antiapoptotic genes, for example cyclic-AMP response
element binding protein (CREB). PKB can also contribute to cell survival by inactivation
30  of p53 via phosphorylation of MDM2. Similarly, activated PKB induces cell proliferation

by activating proteins involved in cell growth and metabolism, for example by a pathway



20Nature reviews / Cancer (March 2006) Vol. 6, 184-192. The voltage-dependent potassium channel
encoded by the human ether-a-go-go- related gene (hERG) is believed to play a key role in
repolarisation®eapEdaradicular cardiac action potential. Changes in its actiVi¢//6828e81080428r by
inherited mutations of the gene sequence or pharmacological modification, can lead to prolongation of
action potential duration. This can lead to prolongatidn of the QT interval recorded in man on an
electrocardiogram and to a potentially fatal cardiac arrhythmia known as Torsades de Pointes
(Vandenberg et aL (2001). Trends Phartnacol. Sci. 22, 240-246). Recent regulatory guidelines

(CPMPTICHREB 00 petivatom e htherapamm ioitiorassal mnaayigatnyl AR effekydagglicszeBmpounds at
the hERG %ﬁ'&%’e%ﬂé@ebﬁf @fg@lfment or a pre-clinical 30strategy aiming to predict the likelihood
that new chémical entities will prolong the QT interval recorded in man on an electrocardiogram. As
such, the eliminatiBK-Bf et ¢igiarivgtEatiofy dé pralhisTaH ampetpistedinideratiapiiatie development

of any new (if4grord favol MAMRIELHCIMPAURGR RaYR RAsR Ae et IRhigtoghih e F IKwathway.
For example W02006/046023 and W02006/046024 (Astex Therapeutics Limited) describe purine,

purinone art@aay5015ABRECBETeBNMAHS thEThRIBTFAMRIGuUIAKE S SENARLdTcaksi il hsasc B (PKB)
and protein Jgpase oG e QYSIoIRSIS Pl IEXIRISHIRINR BRI fHASS IMRIeVEshagents having

superior potency against PKB and/or advantageous physical properties (Mr example, higher aqueous

solubility, hRjfféipenesibhRyd andrsclomis sIRdRA BHIBPEBFAIER P 8dHF rivblibranesisity profiles
(for exam pI%@i@ﬁ%{%@%&éﬁ%Qi@ﬁﬁ@,&ﬂﬁ?ﬂ%ﬂ@&@!&éﬁvﬁ&@@m@m@'iﬁlﬁfﬁﬁl%ienepmparison
101 PP

with other known PIKE in ors. The applicants have surprisingly bound that certain bicyclic

heterocycletsiianlestosmasp atftil by ewasene B Rgsiion IRBr LMIRYPART AT tHE 8F8R8 be useful
in the reatragniph diseasersiatesinswhial Rl B aetiviaisciRlicated onexampisusancer.

According to a first aspect ofthe invention, there Is therefore provided a compound ofFommla (), or a

pharmaceulitiig Rty thn eces erreding - G SNEN (@nimahriass vhidseireyerepralets CH or N;
Z1-72 represgRiScaaFAHSalecsadraom Gf@@?@@mfﬁhh@&%@a@iﬁﬁdymﬁ%apiﬁﬁe@presems

hydrogen, fluoro, chloro, bromo, cyano, methyl, ethyl, di fluoromethyl, trilluoromethyl or cyclopropyl; n
is 0, 1 or 2: Rl YdigEeQEHiaE paIRYICIel Pieaite AP MiABATR Bpgidsuacmias and lymphomas;
this results in activation of PKB/AKT.

15 In view of the importance of the PI3K signalling pathway in tumour cell
proliferation and survival, any compound that disrupted this pathway, including PKB
inhibitors, may be useful in the treatment of cancer. Detailed reviews of the PI3K
signalling pathway and its involvement in tumourigenisis are provided by Hennessy et al.,
Nature Reviews / Drug Discovery (December 2005) Vol. 4, 988-1004. and Cully et a!.,

20  Nature reviews / Cancer (March 2006) Vol. 6, 184-192,

The voltage-dependent potassium channel encoded by the human ether-a-go-go-
related gene (hERG) is believed to play a key role in repolarisation of the ventricular
cardiac action potential. Changes in its activity, caused either by inherited mutations of the
gene sequence or pharmacological modification, can lead to prolongation of action

25 potential duration. This can lead to prolongation of the QT interval recorded in man on an
electrocardiogram and to a potentially fatal cardiac arrhythmia known as Torsades de
Pointes (Vandenberg et al. (2001). Trends Pharmacol. Sci. 22, 240-246). Recent
regulatory guidelines (CPMP/ICH/539/00) recommend that an in vitro assay investigating
the effects of test compounds at the hERG channel could be one element of a pre-clinical

30 strategy aiming to predict the likelihood that new chemical entities will prolong the QT
interval recorded in man on an electrocardiogram. As such, the elimination of hERG

blocking activity remains an important consideration in the development of any new drug.



hydroxyCl_alkyl, cyano, cyanoCi_alkyl, C3_6cycloalkyl, 25 -(CH2)6NHCOCI-13, -(CH2)6NHSO2CH3,
-(CT2)pNHCONH2, -(CT2)pNHCONR2R3, 4 (CH2)pNR21122, -(CH2)pSO2NH2,
-(CH2)pSO2NR29@D47EH2)pCONH2, -(CH2)pCONR2R3 or (CH2)p-R7: WHEF&B1808/03092%r 3; R2
represents hydrogen or Ch3alkyl; R3 represents Ch3allcyl; and R7 represents phenyl; R7 represents a
5 or 6 membered monocyclic heteroaryl ring which omprises 1, 2 or 3 heteroatoms selected from 0, N
or S; or R7 represents a monocyclic 4, 5, or 6 membered heterocyclic ring which comprises 10I,
2 or 3 heteroatoms selected from 0, Nor S; wherein R7 is optionally substituted by 1 or 2 substituents

selected from Ci_aM@rnabgusfsomanapndsbaneosserideisiaddhat repishaRB Kyprb»RY FPresents
hydrogen, Iluar, OIS IOMR AR BHRIRIAIY | AR RE SERSRRAIE BYHBaRACHMero, chioro

or bromo. 15In one embodiment of the invention, there is provided a compound of Formula (1), or a

pharmaceutle&ng; M@&%@éﬂ%&%@e@ymﬂ@l& i drdiitog modplasdbenetivibr N; z1-72
represents g, g{QHRBIRCELEPRAT LR HiMNG AL 30EPRATNI AW Rr 15 @Mexists the need

5 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.

10 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

Ly
15 N Iﬁ}
@
wherein:
Y represents CH or N;
Z'-77 represents a group selected from C(R®)=CH, N=CH and C(R®)=N; where
20 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,
fluoroCjalkyl, aminoC;alkyl, hydroxyC;alkyl, cyano, cyanoC;_salkyl, C;_cycloalkyl,
25 -(CH,),NHCOCHj, -(CH,),NHSO,CHj, -(CH,),NHCONHy, -(CH,),NHCONR’R’,



R1 represents Chalkyl, aminoChalkyl, hydroxyChalkyl, -(C1-12)pNHCOCHS3, (CH2),INR21124 or
C3_6cycloalkyl; where 25R2 represents hydrogen or C1_3alkyl; R3 represents C1_3alkyl; and 5 p and
g independ&vth29e9pdzedt 2 or 3. In a ftirther embodiment of the inventiBATG82EUS tF2fore
provided a compound ofFomula (1), or a pharmaceutically acceptable salt thereof: (1) wherein: Y
represents CH or N; Z1-Z2 represents a group seledted from CH=CH, N=CH and CH=N; fe represents
ClAalkyl, aminoCiAalkyl or C3_6cycloalkyl; and 10nis O, 1 or 2. The term "Cl-alkyl" is intended to
mean a saturated carpop chain oil to 4 carbon atoms in_length which may be straight-ch2ained or

branched. HEWENEY ReRerefob S MaiVlauéC By PORRsudk Ha kbR af€ Bp iR Rherstraight

chain versiqm gndygferences to individual branched-chain alkyl groups such as t-butyl are specific
for the 15branched (_:Hain version only. For example, "Cidalkyl" includes methyl, ethyl, propyl, isopropyl
and t-butyl.  Theebmlr@&24dikenyl" is intended to mean an unsaturated carbon chain of 2 to 4

carbon atoms in |eﬁg;%u\él§’gﬁﬁ Ry R siaghighained or branched, containing at least one carbon to
carbon double bond,. However references to individual alkenyl groups such as
5 R’ represents C;_zalkyl; 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
10 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.
15 In one embodiment of the invention, there is provided a compound of Formula (I),

or a pharmaceutically acceptable salt thereof:

R1 ) ITIHz
N (CHz)n
H
Cl
N
Y« z

L7
NT N

)

2

wherein:
20 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
25 R” represents hydrogen or C;.salkyl;
R’ represents C;_jalkyl; and



20"propenyl" are specific for the straight chain version only and references to individual
branched-chain alkyl groups such as tert-butenyl are specific for the branched chain version only. For
example, "OXO024IryFoincludes, but is not limited to, ethenyl, propenyl, isAS{§EBANINIEAF| and
tert-butenyl. The term "C2_4alkynyl" is intended to mean an unsaturated carbon chain of 2 to 4
25carbon 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 6 "propynyl" are
specific for the straight chain version only and references to individual branched-chain alkyl groups
such as tert-butyn{l ¢ GplspentisngheBpieientd ehain version only. For example, "C2_4alkyny!"
includes, but is noj{iqiteehtQ. By AhANADRY iHSORIBRYIM: QLI BRAFRIBLNYnT B 4Grm "C14
alkoxy" is intended to mean a saturated carbon chain of 1 to 4 carbon atoms in length, which may be
straight-chathEQ8r bRk 96 @, niareeudizglEacrtablasmiéheced alkoxy" includes, but is not limited
to, methoxy, ethoxy, propoxy and butoxy. The terrﬂl"CP@alkmqyzChalkyl" Is intended to mean a
saturated carbon chain of 1 to 104 carbon atoms it length, whi may be straight-chained or
branched, linked via oxygen to another sat(frat®d carson>stiain 61"1 to 4 carbon atoms in length, which
may be straight-chained or branched. E aple, TCRalk xyCi_zialkyl" includes, but is not limited
to, methoxyethyl, methoxypropyl, ethoxypropyl, propox and butoxypropyl. The term "fluoroCi
_alkyl" is intended to mean a saturated carbon chain of | to 4 15carbon atoms in length which may be
straight-chained or branched wherein at least one of t n atoms have been replaced by
fluorine. For example, "fluoroChaalkyl" includes, but is hot li itengo, fluoromethyl, fluoroethyl,
lluoropropyl, fluoroisopropyl, fluorobutyl, fluoroisobutyl, o-Teyt-butyl, trifluoromethyl,
pentafluoroethyl, heptafluoropropyl and nonafluorobutyl. 20The term "aminoCiAalky!" is intended to
mean asaturated carbon chain of 1 to 4 carbon atogy in length, which may be straight-chained or
branched, comprising one primary amino group. For example "atninoCiAalkyl" includes atninomethyl,
aminoethyl,"?[ln%ﬁ‘ﬂmopropyl , 3-aminopropyl, 1-aminoisopropyl and 4-aminobutyl. The term

"hydroxyCi yaligpreigiiiarides ko mean a saturated carbon chain of 1 to 4 25carbon atoms in length,

hich b ight-chained or branched, ising a hydroxyl
which may Ze-%r?elgresgntglg gro% sé?ergz%e(ia groglo @ﬁg%ﬁ?I%:a(Hrgr)ﬁl CH=N;

R' represents C;_qalkyl, aminoC)_salkyl or Cs.¢cycloalkyl; and

ap

10 nis0, 1 or 2.

The term “C,.salkyl” 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

15 branched chain version only. For example, “C;_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

20  “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.alkynyl” is intended to mean an unsaturated carbon chain of 2 to 4

25 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



group. For example "hydroxyCi_alkyl" includes hydroxymethyl, hydroxyethyl, 2- hydroxypropyl ,
3-hydroxypropyl, 1-hydroxyisopropyl and 4-hydroxybutyl. The term "C3_6cycloalkyl" is intended to
mean a satw&emd/a¢766membered monocyclic carbon ring. For example "®8TBeH2008MIM92mcludes
cyclopropyl, cyclobutyl, 30cyclopentyl and cyclohexyl. The term "heteroaryl ring" is intended to
mean a 5 or 6 membered, totally unsaturated, arométic tnonocyclic ring which comprises 1, 2 or 3
heteroatotns 7 independently selected from nitrogen, oxygen or sulphur, linked via a ring carbon atom
or a ring nitrogen atom where a bond from a nitrogen is possible, for example no bond is possible to

the nitrogen BoRYIpidrTe siegiitar Bieridrasaho shibievenaer Anhendrigfetasastta ngiaibielring.
Examples of 35 reambarigd BRIGHOINIRGS, INGlE, 1ML peiRt IR SRuRYER hafiran, imidazole,

triazole, tetrazole, pyrazine, pyrimidine, pyridazine, pyridine, pyrazole, isoxazole, oxazole, 1,2,4

oxadiazole,vigttRingBlE, Hieaowiewicr A rialkary Andehiophout st teptechiorbopalichiorRyiElintended

to mean a 443,A5RAYE dHy:saiated or partially saturated monocyclic ring which comprises
1,2 or 3 heteroatoms 10selecCted from nitrogen, oxygen or sulphur linked via a ring carbon atom or a

ring nitfogen atom T ExEHIPIes efdkaxpr & HsRisskEIRetB bedienatethed heaighainseddma,

te_trahydrOfWﬁBOﬁ%{&MQﬁ%M@@M{éQHﬁ@y ByNRhidinecthiago %n@?@@m@@@wi&%@@ﬁ%ﬁj perazine,
dihydropyridine, dihydropyrimidine and azepane. In further embodiments of the invention, each or the

Mowing defi#IBR of (s 2ikorgZ snghuden byt 106 limEEG (8- iR r S PEORDSY Mideinafter may
be used indiyjdually or in combination with one of the other following definitions to limit the broadest
definition ofFormulae (1), (I1A) or@&'lk'B) as apgro’priate. (1) Y represents N; (2) Z'-Z2 represents CH=CH,;
20(3)Z1-Z2 represEptde itaetikay gralb e dpdatsided ip e saratrdmadsnehenakyiite) RI
represgnts aRUARSai akAHKYh length, which may be straight-chained or branched, linked via oxygen to

another saturated carbon chain of 1 to 4 carbon atoms in length, which may be straight-
chained or branched. For example, “C;_salkoxyC;.salkyl” includes, but is not limited to,
methoxyethyl, methoxypropyl, ethoxypropyl, propoxyethyl and butoxypropyl.

The term “fluoroC;.salkyl” is intended to mean a saturated carbon chain of 1 to 4

15 carbon atoms in length which may be straight-chained or branched wherein at least one of
the hydrogen atoms have been replaced by fluorine. For example, “fluoroC;.salkyl”
includes, but is not limited to, fluoromethyl, fluoroethyl, fluoropropyl, fluoroisopropyl,
fluorobutyl, fluoroisobutyl, fluoro-tert-butyl, trifluoromethyl, pentafluoroethyl,
heptafluoropropyl and nonafluorobutyl.

20 The term “aminoCi.salkyl” is intended to mean a saturated carbon chain of 1 to 4
carbon atoms in length, which may be straight-chained or branched, comprising one
primary amino group. For example “aminoC;_salkyl” includes aminomethyl, aminoethyl,
2-aminopropyl , 3-aminopropyl, 1-aminoisopropyl and 4-aminobutyl.

The term “hydroxyCi.salkyl” is intended to mean a saturated carbon chain of 1 to 4

25 carbon atoms in length, which may be straight-chained or branched, comprising a hydroxyl
group. For example “hydroxyC;.salkyl” includes hydroxymethyl, hydroxyethyl, 2-
hydroxypropyl , 3-hydroxypropyl, 1-hydroxyisopropyl and 4-hydroxybutyl.

The term “Cs.scycloalkyl” is intended to mean a saturated 3 to 6 membered
monocyclic carbon ring. For example “C;_scycloalkyl” includes cyclopropyl, cyclobutyl,

30 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



(7) RI represents hydroxyCi_alkyl; 25(8)R1 represents C3-6c¢ycloalkyl; (9) fe represents
ChaalkoxyChalkyl, fluoroCi-alkyl, atninoC1-4alkyl, hydroxyClcyanoCi-aalkyl, C3_6cycloalkyl,
-(CH2)pNH®OCPB/04TH2)1,NHSO2CH3, (CT2)pNHCONH2, -(CT2)pNHCONRBRBS(WPLZ) pPNR2R3,
-(CH2)pS02NH2, (C1-12)pCONH2, -(CH2)pCONRZ2fe or 30(10) RI represents -(CH2)p-R7 wherein
R7 is selected from phenyl, piperidinyl, piperazinyl, pyrrolidinyl, morpholinyl, imidazolyl, isoxazolyl,
pyrazolyl and thiazolyl and R7 is optionally substituted by a single methyl group; 8 (1)) RI
represents hydroxyethyl; (12) nis 0: (13) nis1;(14)nis1lor2; (15  nisOor1; (16) pis 1, 2 or 3; (17)
R4 represe méfmm@}téféﬁk@ﬁtﬂdcfy@zﬁd}izmm@ms?@s&ﬁsl@ﬁmfép@ém@; a ring CRoh RAIPrasents

chioro: 10(20)RAGEBERFCAEMNFHTR'a bond HHhRPHRRIESEAS AYHIRIRR 2R SROHEBERRGALS chloro:
(23) R6 represents hydrogen; (24) R6 represents methyl: 15(25) R6 represents difluoromethy!;

(26) R6 repPesthls teifliprdtioagiypf a pyridine ring, but a bond is possible through the I-nitrogen of

a pyrazole ring. Examples of 5 or 6 membered heteroaryl rings include, but are not limited
5 to, pyrrole, furan, imidazole, triazole, tetrazole, pyrazine, pyrimidine, pyridazine, pyridine,
pyrazole, isoxazole, oxazole, 1,2,4 oxadiazole, isothiazole, thiazole, 1,2,4-triazole and
thiophene.
The term “heterocyclic ring” is intended to mean a 4, 5 or 6 membered fully
saturated or partially saturated monocyclic ring which comprises 1, 2 or 3 heteroatoms
10 selected from nitrogen, oxygen or sulphur linked via a ring carbon atom or a ring nitrogen
atom. Examples of 4, 5 or 6 membered heterocyclic rings include azetidine,
tetrahydrofuran, tetrahydropyran, pyrroline, pyrrolidine, thiazolidine, morpholine,
piperidine, piperazine, dihydropyridine, dihydropyrimidine and azepane.
In further embodiments of the invention, each of the following definitions of Y, z'-
15 7 R',R*, R’ R® nand p in paragraphs (1) to (26) hereinafter may be used individually or
in combination with one of the other following definitions to limit the broadest definition
of Formulae (I), (IA) or (IB) as appropriate.
(1) Y represents N;
(2)  Z'-Z* represents CH=CH;
20 (3)  Z'-Z* represents C(C1)=CH;

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

(5) R represents Calkyl;

(6) R represents aminoC.salkyl;

(7)  R'represents hydroxyC_alkyl;

25 (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 -(CHy),-R;

30 (10) R'represents -(CHz)p-R7 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;



According to another embodiment of the invention, there is provided a compound of Formula (1), or a
pharmaceutically acceptable salt thereof, which is:
4-amino-N-WQ2uIe+ai3enypethyl)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-yepipe AEiIFEBRO2®EHIISxamide:
(S)-4-amino-N-(1-(4-chl orophenyl)ethyl)-1-(7H-pyrrol o [2,3-d]pyrimi din-4-yl)piperi
dine4-carboxamide; 8
4-amino-N-(1-(4-chlorophenyl)propy1)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-yppiperidine-4- carboxamide;
25(S)-4-amino-N-(1-(41-chIorophenyepropyl)-l-(?l—1-pyrro|o[2,3-d]pyrimidin-4-y1)piperidine-
4-carboxamidet [(R)-RarsiiessvigLbpslisrmrBphienyl) propy1)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-
yl)piperidine-4(p§)rbqg(gr0!de;
4-amino-N-((4-chlorophenyl)(cyclopropyl)methyl)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-
30yl)piperidinetd3¢arBdkxdmide; 4-am in 0-N-(2-am in o-I-(4-ch | orophenyflethy1)-1-(7H-pyn-ol o
[2,3-d]pyrim i dinz4- yQpipgfidine-4-carboxamide; WO 20091047563PCT/GB2008/050925 9
(S)-4-(aminomethyl)-N-(1 -(4-chlorophenypethyl)- 1 -(71-I-pyrrolo[2,3-d]pyrimidin-4-
yl)piperidine-4-darboRdfidd: U-am in o-N-( | -(4-chloropheny1)-4-hydroxybuty1)- | -(7H-pyn-ol o
[2,3-d]pynnn d@-@ yPRigeniding-4-carboxamide; (S)-4-amino-N-(1 -(4-chloropheny1)-4-hydroxybuty1)-
1 -(7H-pyrrolo [2,3 -d]pyrimidin-4- Il)piperi dine-4-carboxann de; (R)-4-amino-N -(1
-(4-ch|orophcn£/ﬂ)4f1@d%k9ﬁﬁ‘lt§gi Qros PrADMY AR 4293-d]pyrimidin-4- yOpiperidinc-4-carboxamide;

4-amino-N-( 1 (ng-};hlﬁfqgﬁ%%-ghmtggg@fgg{gyl)- 1 -(7H-pyrrolo [2,3-d]pyrimidin-4- 10yl)piperi
dine-4-carboxann de; ,
(S)-4-amino-N-{(12{4-BnlEsRiistity 18y droxypropy1)-1-(7H-pyrrolo[2, 3-d]pyrimidin-4-
yOpipqgidine-4(ggybogaf@ig@éejﬂf§?b@g%gmido- | -(4-chl orophenyl)propy1)-4-amino- 1 -(7H-pyn-0l o
[2,3-d]pyrimi din-4- yhpiperi dine-4-carboxann de; 154-amino-N-(1 -(4-chlorophcny1)-3
-(dimethylamin@bropy 15ePresHe ByHAGSR, 3 -dipyrimidin- 4-yOpiperidine-4-carboxamide;

(22) R’ represents chloro;

(23) R represents hydrogen;
(24) R® represents methyl;

15 (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-

20  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;

25 (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-

30 yDpiperidine-4-carboxamide;
4-amino-N-(2-amino-1-(4-chlorophenyl)ethyl)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-

yl)piperidine-4-carboxamide;



(S)-4-amino-N-( | -(4-chloropheny1)-3 -(dimethyl am in o)propyl )- 1 -(7H-pyrrol o [2,3-
dipyrimidin-4-yOpiperidinc-4-carboxamide; (R)-4-amino-N-( 1 -(4-chloropheny1)-3
-(dimethylarmA@pedpy$y3 1 -(71-1-pyrrolo [2,3- 20d]pyrimidin-4-yOpiperidindd1¢aR083 051925
4-(aminomethyl)-N-( 1-(4-chlorophenyl)-3-hydroxypropyl)- | -(7H-pyrol o [2,3-d]pyrimi
din4-yOpiperidinc-4-carboxamide; 4-amino-N-(1 -(4<hloropheny1)-3 -hydroxypropyl)- 1 -(7H-pyrrolo
[2,3-d]pyrimidin-4- yl)piperi dine-4-carboxann de; 254-amino-N-(3-amino- 1 -(4-chlorophcnyl)propy1)- 1
-(71-I-pyrrolo [2,3-d]pyrimidin-4- yOpiperidinc-4-carboxamide; (R)-4-amino-N-( 1 -(4-chloropheny1)-3
-hydroxyprd Syt amurmgiybidNid 13(diphhermihanalypibelt @i exnedebdR sl denitin4-amino-N-(1
-(4-ch|orop@,w&g{@y{é—_ 46&?333@[15{8@ [2,3 -d]pyrimidin-4-yepiperidinc- 304-carboxamide:
(R)-4-(aminomethyl)-N-(' | -(4-chloropheny1l)ethyl)- | -(7H-pyn-ol o [2,3-d]pyrim i din-4-
yOpiperidint=ansamdxeimtrehroograyrmydwory budvdyd rid phawyelof2iydinxgiprshy - 1
-(71-1-pyrr@%ﬁ&ﬁ&m@m@%—&zﬁ@@gperidine-4-carboxamide; (S)-4-amino- | -(5 -brom o-7H-pyrrol o
[2,3 -d]pyrimidin-4-y1)-N-( | -(4-chlorophen ?-3- hydroxyprO{)yI iperidinc-4-carboxamide;
(S)-4-aﬁnind&ﬁ@@ﬁbﬁ&bﬁﬁw@h&m@qmy yepyPrty 1 Byrazelel 233 Alaysimidiaim=4- yl)piperi
dine-4-carb%?%g@h@;@5%3y&%m-&3-hydroxy-l -phcnylpropy1)- 1 -(7H-pyrrolo [2,3 -d]pyrimidin-4-
yOpiperidinc-4-carboxamide; S)-4-amino-gél -§14-chlorophe%;1§f-3 -hydroxg/propyl).- 1
-(9H-purin-6Rppipdirand-al-toehlerorhsmy - hesrexhrinbnl et myRrqie[2.3-dJpyrimidin-4-

-(4-ch|orop@¢gp¥gaf§ﬁ@éd4@éy%ggm-e} -(7H-pyrrolo [2,3- d]pyrimidin-4-yOpiperidine-4-carboxamide;
S)-4-amino-N-(' | -(4-bromopheny1)-3 -hydroxypropyl)- 1 -(7H-pyn-ol o [2,3-d]pynm i din-4- yl)piperi
élir)le- 4-car nggmpe(el’\] -(1 -(4-ghlor(>)/p enyl)¥2-hyc}£xyg¥h}21)- 1 -é7 H-;E)}yrrolo [2,& -d]p}f]r?%l/lidin-4- Yhpip

154-army noj{)@p@fgﬁ@mgm;)ﬁd@ itnethylamino)buty1)-1-(71-1-pyrrolo[2,3-d]pyrimidin-

4-yOpiperidine-4-carboxamide; o
(S)-4-amino-N-(1-(4-chlorophenyl)-3-hydroxypropyl)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-
yl)piperidine-4-carboxamide;
N-(3-acetamido-1-(4-chlorophenyl)propyl)-4-amino-1-(7H-pyrrolo[2,3-d]pyrimidin-4-
yl)piperidine-4-carboxamide;

15 4-amino-N-(1-(4-chlorophenyl)-3-(dimethylamino)propyl)-1-(7H-pyrrolo[2,3-d]pyrimidin-
4-yl)piperidine-4-carboxamide;
(S)-4-amino-N-(1-(4-chlorophenyl)-3-(dimethylamino)propyl)-1-(7H-pyrrolo[2,3-
d]pyrimidin-4-yl)piperidine-4-carboxamide;
(R)-4-amino-N-(1-(4-chlorophenyl)-3-(dimethylamino)propyl)-1-(7H-pyrrolo[2,3-

20 d]pyrimidin-4-yl)piperidine-4-carboxamide;
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;

25 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-

30 4-carboxamide;
(R)-4-(aminomethyl)-N-(1-(4-chlorophenyl)ethyl)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-

yl)piperidine-4-carboxamide;



(S)-4-amino-N-( | -(4-chloropheny1)-3 -(di ethyl am in o)propy! )- 1 -(7H-pyrrol o [2,3-
dipyrimidin-4-yOpiperidinc-4-carboxamide; (S)-4-amino-N-( 1 -(4-chloropheny1)-3 -hydroxypropyl)- 1
-(5-cycloprop\L.2v¢/pisedo [2,3 - 20d]pyrimidin-4-yOpiperidine-4-carboxamRe&Er/GBFIHN 1 -(4-ch
lorophenyl)-3 -(methylamino)propyl)- | -(7H-pyrrol o [2,3 -d]pyrimi yOpiperidinc-4-carboxamide;
4-amino-N-[(4-chlorophenyl)(phenyOmethylk 1 -(7140-pyrrolo [2,3-d]pyrimidin-4- yl)piperi
dine-4-carboxami de; 254-amino-N42-amino- 1 -(4-chlorophcny1)-2-oxocthylk 1 -(71-1-pyrrolo
[2,3-d]pyrimidin-4- yOpiperidinc-4-carboxamide; 4-amino-1 -(3-bromo-1 H-pyrazolo [3
A-d]pyrimidippnyine R A s§d-eyanopktprophividygetiynpi ed dihERealoiddnhinysaidimio-N-[ (1
S)-1 -(4-ch(|j9[ hethvlk i skameloro-71-1-pyrrolo [2,3-d]pyrimidin-4-
30yl)piperidine-4-carboxamide; 4-amino- | -(3-bromo-1 H-pyrazol o [3 ,4-d]E%/rimidin-4-y1)-N-K 1S)-1
-(4-ch1 oropPehymim- hydrbsgpropiiirbiselalint-dlaipusantdd)-Nvd-(4-chlorophenyl)-3-
200910475{:‘§g>r &%%Qﬁﬁ %4&%3@%}1&[( 15)-1 -(4-ch|9ropheny;)-3-hydroxypropylk 1
-(5-chloro-7H-pyrrolo [2,3- ]{)yrlmldln-4-y0p|perld|ne-4-carboxam|de; 4-amino- | -(5 -bromo-7H-pyrrol
o [2,3 -8]pyfvrithiroaner NN A(fsshlprepbenibrdphdkigoarpipipkfitire et dmdlaerimigdinmo-N-[( 1
5_)-1 -(4-ch|9q§i9{;§1ma'gﬂ)5§1-_t3¥pgm;9&ylk 1 -(5-methy1-7H-pyrrolo [2,3- dipyrimi din-4-yDpiperi
dine-4-carboxami de; 4-amino-N-[(1 5)-1 -(4-chlorophenypethylk 1 -55 o
-methy1-7H Y raB s gy irdigmyal-pespiperrmib-4-cAtpxaririé: addpieidiyer 5)-1
-(4-chIorop@wﬁ&;ﬁ-ﬁgﬂ%m{h&butylk 1 -(7H-pyrrolo [2,3- 10dipyrimi din-4-yDpiperi
dine-4-carboxami de; _ o
(S)-4-amino-N-(1-(4-chlorophenyl)-3-hydroxypropyl)-1-(9H-purin-6-yl)piperidine-4-

10 carboxamide;

(S)-4-(aminomethyl)-N-(1-(4-chlorophenyl)-3-hydroxypropyl)-1-(7H-pyrrolo[2,3-
d]pyrimidin-4-yl)piperidine-4-carboxamide;
(S)-4-amino-N-(1-(4-bromophenyl)-3-hydroxypropyl)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-
yl)piperidine-4-carboxamide;

15 4-amino-N-(1-(4-chlorophenyl)-4-(dimethylamino)butyl)-1-(7H-pyrrolo[2,3-d]pyrimidin-
4-yl)piperidine-4-carboxamide;
(S)-4-amino-N-(1-(4-chlorophenyl)-3-(diethylamino)propyl)-1-(7H-pyrrolo[2,3-
d]pyrimidin-4-yl)piperidine-4-carboxamide;
(S)-4-amino-N-(1-(4-chlorophenyl)-3-hydroxypropyl)-1-(5-cyclopropyl-7H-pyrrolo[2,3-

20 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;

25 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-

30 yDpiperidine-4-carboxamide;
4-amino-1-(3-bromo-1H-pyrazolo[ 3,4-d]pyrimidin-4-yl)-N-[(1S)-1-(4-chlorophenyl)-3-
hydroxypropyl]piperidine-4-carboxamide;



4-amino-N-[(1 5)-1 -(4-cyanophcnyl)cthylk 1 -(7H-pyrrolo [2,3
-dipyrimidin-4-yOpiperidinc4-carboxamide; 4-am in o-N-[( | 5)-1 -(3-chloropheny1)-3-hydroxypropylk |
-(7H-pyrol oWW® 30wy 1Hed yOpiperi dine-4-carboxami de; 154-amino-1 -(7HAGFGR228B50925
-d]pyrimidin-4-y1)-N- 1(1 SF 1 -[4- (trifluoromethyl)phenyl]ethyll piperidine-4-c arboxamide; 4-am in
0-N-[( | R)- I -(4-bromophenyl)ethy11- I -(7H-pyrrol bl[2,3-d]pyrim din-4-y] )piperi din e4-carboxamidc;
4-amino-N4 1 -(4-chloropheny1)-2-phenylethylk 1 -(7H-pyrrolo [2,3 -d]pyrimidin-4-
20yl)piperidine-4-carboxamide; 4-am in 0-N-[ | -(4-11uorophenyl)ethy11- | -(7H-pyrrol o [2,3-d]pyrimi
din-4-yppipérﬁﬁ1ﬁ1@:‘lﬁ [éh‘?bdx&hﬁ]@i]@rqphﬁ@m%k{rdr@ﬁm@ﬁﬁgn&d ScsRlamymBryRalalZP=pyrrolo

[2,3-d]pyrimjeli rﬂn;@pg% Hé%dﬁrf‘é”‘@%@@aﬂﬁd?“ amino-N-(1 -phcnylethyl)- 1 -(71-1-pyrrolo
[2,3-dipyrimidin-4- yOplperl inc-4-carboxamide; 4-amino-N4 1 -(4- chlorophcnyl) -4-pyrrolidin- 1

-ylbutylk 1 /émnsyhbidopraﬁuﬁwmlﬂ&%reb}pw@mdﬁe%yéh%dkh‘ir)n&é 4-am in 0-N-[ |

-(4-chlorophgmybhén 4 aﬁgytéyjc;rg {LdHRyn-ol o [2,3-d]pyrim i din-4-
yOpiperidinc-4- carbog%d%%& iamln f -(4-chloropheny1)-4- plperldln 1 -ylbutyl]- 1 -(7H-pyrrolo

(2,3 -dpyrifhiamize-Whide ditfechlesp r 3y droxypiemib-A-§ -1y 1-7H-pyrrolo[2,3-

-(4-chlorophgpydhattrRiPeyoppd iRty lkakd dinRygrolo [2,3-
d]pyrimidin-4-yOpiperidine-4-carboxamide; 4-amino-N-ft | R)-1 -(4-ch | orophenyl )-4-piperi din-1

Lylbutylk | -GrEnBpAN (S 51 dihghloranhenypipeldingg: mesans dololamheaiidg)-4-

-(4- chIoropWﬁé&-l%m%g}M@%@gm 1 -yppropylk 1 -(7H- pyrrol o [2,3-d]pyrimi din-4-yl)piperi
dine-4-carboxami de; 4-amino-N-[(1S)-1-(4-chlorophenyl)-3-morpholin-4-ylpropylk 1 -(7H-pyrrolo [2,3 -

dipyrimidin- 4 %B}Béﬁdﬁg)ﬂc{é}—ﬁg pﬂﬂ@@iyl) -3-hydroxy-3-methylbutyl]-1-(7H-pyrrolo[2,3-
10 d]pyrimidin-4-yl)piperidine-4-carboxamide;

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

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

15 4-amino-1-(7H-pyrrolo[2,3-d]pyrimidin-4-yl)-N-{(1S)-1-[4-

(trifluoromethyl)phenyl]ethyl} piperidine-4-carboxamide;
4-amino-N-[(1R)-1-(4-bromophenyl)ethyl]-1-(7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidine-
4-carboxamide;

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

20 yDpiperidine-4-carboxamide;
4-amino-N-[ 1-(4-fluorophenyl)ethyl]-1-(7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidine-4-
carboxamide;
4-amino-N-[(4-chlorophenyl)(cyano)methyl]-1-(7H-pyrrolo[2,3-d]pyrimidin-4-
yl)piperidine-4-carboxamide;

25 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;

30 4-amino-N-[1-(4-chlorophenyl)-4-piperidin-1-ylbutyl]-1-(7H-pyrrolo[2,3-d]pyrimidin-4-

yl)piperidine-4-carboxamide;



4-amino-N-[( 1 S)-1-(4-chlorophenyl)-3-piperidin-1 -ylpropylk 1 -(71-1-pyrrolo [2,3- 10dipyrimi
din-4-yl)piperi dine-4-carboxann de; 4-amino-N-[(1 S)-1 -(4-chlorophenyl)-3-piperazin- 1 -ylpropylk 1
-(71-1-pyrromQ2@98)3§eimidin-4-yOpiperidine-4-carboxamide; 4-am in o-NP{{1&B2008/050925
-(4-chloropheny1)-34 | H-imidazol- | -yl)propylk I -(7H-pyrrolo[2,3- dipyrimi din-4-yl)piperi
dine-4-carboxann de; 154-amino-N-[( 1 S)- 1 -(4-chlb2Zopheny1)-3-pyrrolidin- 1 -ylpropylk 1 -(7H-pyrrolo
[2,3 - d]pyrimidin-4-yOpiperidine-4-carboxamide; 4-am in o-N-( | -(4-ch | oropheny1)-2-sul
camoylethyl)- | -(7H-pyn-ol o [2,3-d]pyrim i din-4- yl)piperidine-4-carboxamide; 4-amino-N-( 1
-(4-chloropHetiyino2ls((ifamd praphignylpvirire e m-d plerhibin 47 ZeyypaiAdine-4-carboxamide;

N‘(2'aCetaOﬂﬁq}?fnllﬁ{ﬂf.(&h}ljﬂigQﬂcﬁﬂé’ﬂ%gﬁﬂkﬁﬁﬁ%? 0- | -(7H-pyrrol o [2,3 -d]pyrinn din-4-
yl)piperidine-4-carboxamide; 4-amino-N-( 1 -(4-chloropheny1)-2- 1H-imidazol-2-%/pethyl)- 1
-(7H-pyrroldH2uBneipyHAR Hin(A-gnsisehcire-4ripesiharinydiesz Bl ArineyNolal 2(-chlorophcny1)-2-(1

H-pyrazol- Jﬂwmwilﬁ_l‘_§B&iﬂégﬁq;@mga§5oqmm&idin-4-yl)piperidine-4-carboxamide; 4-amino-N4 1
-(4-chlorophenyl)-2-(3-methylisoxazol-5-ypethylk 1 -(7H-pyn-olo [2,3 - dipyrimi din-4-yl)piperi
dine-4-garbbxamin - Hanhilddneitotpphanvpodtdryatielyineasen-2-yljpmpyllal -(7H-
-(71-1-pyrrolofé RAipyapidinmn R AWIpRRsdine-A-carhoxanmigde; 4-am in o-N-( 1 -(4-chlorophenyl)-3
-(dimethyl am in 0)-3-0x opropyl)- | -(7H-pyrrol o [2,3 - dipyrimidin-4-yl) iﬁeridine-4-carboxamide; wO
20091047 5631ﬁmq@]3@é§%mg%gbl§rmhenyl)-3 -morpholin-4-ylpropyl]-1 -F7 -pyrrolo[2,3-

4-amino-N-g]}p%iﬁhm{p@j;?bygéﬁdﬁﬁmoe%@gﬁgdkﬂH-pyrrolo[2,3-d]pyrimidin-4-
yOpiperidine-4-carboxamide;

4-amino-N-[(15)-1 ’-(4-chlorophenyl)-3 -piperidin-1-ylpropyl]-1-(7H-pyrrolo[2,3-

10 d]pyrimidin-4-yl)piperidine-4-carboxamide;
4-amino-N-[(1S)-1-(4-chlorophenyl)-3-piperazin-1-ylpropyl]-1-(7H-pyrrolo[2,3-
d]pyrimidin-4-yl)piperidine-4-carboxamide;
4-amino-N-[(1S)-1-(4-chlorophenyl)-3-(1H-imidazol-1-yl)propyl]-1-(7H-pyrrolo[2,3-
d]pyrimidin-4-yl)piperidine-4-carboxamide;

15 4-amino-N-[(1S)-1-(4-chlorophenyl)-3-pyrrolidin-1-ylpropyl]-1-(7H-pyrrolo[2,3-
d]pyrimidin-4-yl)piperidine-4-carboxamide;
4-amino-N-(1-(4-chlorophenyl)-2-sulfamoylethyl)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-
yl)piperidine-4-carboxamide;
4-amino-N-(1-(4-chlorophenyl)-2-sulfamoylethyl)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-

20 yDpiperidine-4-carboxamide;
N-(2-acetamido-1-(4-chlorophenyl)ethyl)-4-amino-1-(7H-pyrrolo[2,3-d]pyrimidin-4-
yl)piperidine-4-carboxamide;
4-amino-N-(1-(4-chlorophenyl)-2-(1H-imidazol-2-yl)ethyl)-1-(7H-pyrrolo[2,3-
d]pyrimidin-4-yl)piperidine-4-carboxamide;

25 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-

30 yDpiperidine-4-carboxamide;
4-amino-N-(1-(4-chlorophenyl)-3-(dimethylamino)-3-oxopropyl)-1-(7H-pyrrolo[2,3-
d]pyrimidin-4-yl)piperidine-4-carboxamide;



4-am in 0-N-(1 -(4-ch | oropheny1)-3 -sul famoylpropy1)- I -(7H-pyn-ol o [2,3-d]pyrimi
yl)piperidine-4-carboxamide;

4-amino-N-BQ@abig47gé3 chlorophenyl)-3-oxopropyl)-1-(71-1-pyrrolo[2,3- R VAFBRAS/AS092S5
yl)piperidine-4-carboxamide;
4-amino-N-(1-(4-chloropheny1)-3-ureidopropyl)-1-(7113-1-pyrrolo[2,3-dipyritnidin-4-
yOpiperidine-4-carboxamide;
4-amino-N-(1-(4_—chIoropheny0-2-cKanoethyI)-1-(71-1-pyrro|o[2,3-d]pyrimidin-4- o
1Oyl)piperid‘?n@m13@a%6kéf‘nﬁhlé0r@f’ enyl)-3-methoxypropyl)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-
4-amino- N- %gﬁ@ﬁg%gg%&gh{m@thylsulfonamldo)propyl) 1-(71-1-pyrrolo[2,3-

d]pyrimidin-4-yOpiperidine-4-carboxamide It is to be understood that, insofar as compounds or

Formula (1 )}camedNbbvd-ekl QfQﬁk@ﬁMQaﬂysaléﬁv@ﬂmaﬁé%ﬂc(fblrhfwylo{r%&eﬁpm@a@wmemc carbon

atom, the |rw%mgﬂd]rgféng:lg%g);gdﬁgeﬂmtlon any such optically active or racetnic form which
possesses the proper éOf inhibiti E/(ég PKB actm% The synthe5|s of optically active forms may be

carried out By8tadréPreeHAtlids-shivgaRrnrhetmsay oriDrhd Wi RY trdohRe Sreirascarigia-ty

synthesis frmg,gﬁgﬁllly L ACHYSoRIRRtMY Materials or by resolution of a racemic form. Racemic
compounds and racemic intermediates thereof are drawn herein as flat structures 20 whereas

stereospecﬁl@%ﬂ?pﬁtﬂdé‘%&?&?@h@%ﬁéﬁﬁ@iﬁ@@?ﬁféd}aie@ Hrepatstlake by Withitnt appropriate

stereoche g)mg%gjcarboﬁ}gl&ventlon also relates to any and all tautomeric forms of the
compounds of Formula g which are inhibitors of PKB activity. In one embodiment or the invention, the

compound 8faRada(itiheklererbsrditgayanert s TR st @adipyinyiti-frherein v, zI, Z2,
RI, R4,R5 gndipa@rs4efimedherginbefore. In another embodiment of- the invention, the

compound o N (14 R Orephomy oS- ety Teutonamidopropy - 471 pyrolo[2.3-
d]pyrimidin-4-yl)piperidine-4-carboxamide.
It is to be understood that, insofar as compounds of Formula (I) defined above exist
in optically active or racemic forms by virtue of the asymmetric carbon atom, the invention
15 includes in its definition any such optically active or racemic form which possesses the
property of inhibiting PKB activity. The synthesis of optically active forms may be carried
out by standard techniques of organic chemistry well known in the art, for example by
synthesis from optically active starting materials or by resolution of a racemic form.
Racemic compounds and racemic intermediates thereof are drawn herein as flat structures
20  whereas stereospecific compounds and stereospecific intermediates thereof are drawn with
the appropriate stereochemistry indicated.
The invention also relates to any and all tautomeric forms of the compounds of
Formula (I) which are inhibitors of PKB activity.
In one embodiment of the invention, the compound of Formula (I) has the

25 configuration shown in Formula (IA):



wherein Y, ZI, Z2, RI, R4, R5 and n are as defined hereinbefore. Reference herein to a compound of
Formula (1) should be understood to refer toequally to a compound of Formula (1), (1A) or (1B). In
one embodimenvu/enEédvention, there is provided a compound of FormulaPUA)GB2@gHMPATaceutically
acceptable salt thereof: R O NH,Il 2 (CH,)" CI N./ (IA) 15 Y represents CH or N; - Zrepresents a
group selected from CH=CH, N=CH and CH=N; n isl®, 1 or 2; and fe represents CiAalkyl,
aminoCiAalkyl, hydroxyCiAalkyl, -(C1-12)pNHCOCHS3, -(CH2),INR2R3 or C3_6cycloallcyl; where R2
represents hydrogen or Cirialkyl; fe represents Clrlalkyl and p and q independently represent 2 or 3.

s
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wherein Y, Z', Z2, R', R*, R® and n are as defined hereinbefore.

In another embodiment of the invention, the compound of Formula (I) has the

5 configuration shown in Formula (IB):
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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
10 equally to a compound of Formula (I), (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,).
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15 wherein:



In a thrther embodiment of the invention, there is therefore provided a compound 10ofFommla (I1A) or a
pharmaceutically acceptable salt thereof: (I1A) wherein: Y represents CH or N: 15 Z1-Z2 represents a
group selec@ pWa10€IR63CH, N=CH and CH=N; fe represents CiAalkyl, amRGZGRUOF G092
C3_6cycloalkyl; and nis 0, 1 or 2. In one embodiment or the invention, there is provided a
compound of Formula (1), (1A) or (IB) as defined heidéinbefore, or a pharmaceutically acceptable salt
thereof, wherein 20the compound of Formula (1), (IA) or (IB) is other than (S)-4-amino-N-(1-(4-
chloropheny1)-3-hydroxypropy1)- | -(7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidine-4- carboxamide. A
suitable phafrfigetpiéafyraectptable salt of a compound of Formula (1) is, for example, an
acid-additiop spit, gf a.careRaHRd,iRedaventionpdtich i§-suffigignityoagic, 25for example, an
acid-addition salt with, for example, an inorganic or organic acid, for W

20091047583P¢ /@B2008/050925 16 example hydrochloric, hydrobromic, sulphuric, phosphoric,
trifluoroaceyd, ,GiHG QB €IFIGE Aminodt WAlSE H?Q&'S%‘@Qﬁaﬁ@?f,‘?ﬁiﬁqk?pﬁ@m%ﬁgs of the present

invention may exist in solvated, for exainple hydrated, as well as unsolvated forms. It is to be
understood{dizh RrBse¥tnvaraieH efctiftiasses all such solvated forms which are inhibitors of

PKB activity. Tecorapaunesipi e rarmulRy(l) may be administered in the form of a prodrug
which is broken down in the human or animal body to give a compound of the Formula (1). Examples

of prodrugs includ& iFSAWSHYe folyalile @ters of a compound of the formula 10W. Various lorms
ofprodrugs are knewRdn, thad@inkdipRmelesof sugh prodrug derivatives, see:

In a further embodiment of the invention, there is therefore provided a compound

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

R' o NH
: . (CH,),
H
cl
N
Y« z

L7
NT N

(IA)

2

wherein:
Y represents CH or N;
15 Z'-Z” 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
20 the compound of Formula (1), (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,

25 for example, an acid-addition salt with, for example, an inorganic or organic acid, for



a) Design of Prodrugs, edited by H. Bundgaard, (Elsevier, 1985) and Methods in Enzymology, Vol. 42,
p. 309-396, edited by K. Widder, et al. (Academic Press, 1985); b) A Textbook ofDrug Design
and Developroei9diteed by Krogsgaard- 15 Larsen and H. Bundgaard, ChBg1a6B20#exand
Application of Prodrugs”, by H. Bundgaard p. 113-191 (1991): ¢) H. Bundgaard, Advanced Drug
Delivery Reviews, 8, 1-38 (1992); d) H. Bundgalsd, et al., Journal of Pharmaceutical Sciences,
77, 285 (1988); and 20N. Kakeya, et al., Chem Pharm Bull, 32, 692 (1984). According to a lurther
aspect of- the invention there is provided a pharmaceutical composition, which comprises a compound
of the Formeianeje by drpeitl ariacardiennynaice spibie s b esphest. 4 hesnaerhereiiiseds raaleic
associationwith a pharmaceutically-acceptable diluent or carrier. 25The compositions of the invention
may be in a form suitable for oral useggr example as tablets, lozenges, hard or soft capsules,

aqueous or oily sulpEkshsrisdsasifabia! apEFaRsTBIBISOerS Be GraprITEBV RIS IBRRAXIFSfor topical
use (for exagplgcAs m?@@%?ﬁ%ﬁ, 9850 AHENYSOT IR HORSHRN SIS RENSIRS) tFRr

administration by inhalation (for example as a finely divided powder or a liquid aerosol), for
administratiisSobineativREBFOTPRESeA M BIeR Wiata] EvrrewiHehiEe AN Fies al
administratign;(fgy example as a sterile aqueous or oily solution for intravenous, subcutaneous,
intramuscular or intramuscular dosing or as a suppository for rectal dosing). WO
20091047563PCTIBBoonBLds 25 ty Forma o mpnsriataisi tsecthit Hitold sl BeuiiaRed by

conventiong) ReCcRAHEREHEREhGRNNERIARA MM@PEH@% %@%ﬁp&ﬁihmﬁ@ﬁﬂﬁﬁﬁl@ﬁ) Thus,
compositions intended for oral use may contain, for example, one or more colouring, sweetening,

flavouring aipBIiReebRIateeadrsitse in vivRehydreboahls PG RIS RENNK ARy B8 HHmMInistered
to a wasm-kigodad RRIBAKRIR HHLUSs A WItRBWA & RIS SFRP QMR badh prearahthe animal, i.e.

approximately 0.1-100 mg/kg, and this normally provides a therapeutically-effective dose. A unit dose
form such #&5HYaBY&E-oFeapsule will usually contain, for example 1-250 mg of active ingredient.

Preferably a daily dpse inghggdiange:fide) saadoniy Bnlayesh i Rexamniess) anaakanydse daily.

However the daily dose will necessarily be varied depending upon the host treated, the particular route

of administidIrAN 8% SRleddy Br - AR sty te MEHIA ELMIMYRAIRRS BETToAER Who is
treating any particglar pafientissoRefennipehiesAREN WEERPAS, cdited by Krogsgaard-

15 Larsen and H. Bundgaard, Chapter 5 “Design and Application of Prodrugs”, by H.
Bundgaard p. 113-191 (1991);

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

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

20 N. Kakeya, et al., Chem Pharm Bull, 32, 692 (1984).

According to a further aspect of the invention there is provided a pharmaceutical
composition, which comprises a compound of the Formula (I), or a pharmaceutically
acceptable salt thereof, as defined hereinbefore in association with a
pharmaceutically-acceptable diluent or carrier.

25 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

30 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).



For example, a pharmaceutical composition of the present invention suitable lor 15oral administration
could comprise 1-200 mg/m1 of a compound of Formula (1), or a pharmaceutically-acceptable salt
thereof, (sus¥ e ZY48mino-N-(1-(4-chlorophenyl)-3- PCT/GB2008/050925
hydroxypropy1)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-yOpiperidine-4-carboxamide) in 0.5%
hydroxypropylmethylcellulose (FIPMC). In the conteki of the present specification, the term "therapy"
also includes 20"prophylaxis" unless there are specific indications to the contrary. The terms
"therapeutic” and "therapeutically”" should be construed accordingly. As used herein, the term

"treatment"” is interldEF@RaYE s i nPaHRTE #idRiBE Brd dalier) vaukendlquasedi Srder to

entirely or RRgHiaIFRURUE RN PhSAMERHiEN A IS RYMPIAM S RIWA £AE GO BARGASHE iRhthe
underlying pathcalg(?y. 25As used herein, the term "prophylaxis” is intended to have its normal

everyday masHidefdAE IR IUSREBYi AR Br &S HANIBlt Pl 08 MAFRCalBIBBnTBREBIIAS. disease and

secondary praRRilayisReRRY e disagseas already developed and the patient is temporarily or
permamently protected against exacerbation or worsening of the disease or the development of new

symptoims associald8 siepreindiebBeensoAb sibaeotindie pdopnesrbEy Ay disedsmpounds of
Formula (1) gfithe Rresent H&‘é@%ﬁﬁ@fﬁe%%@é‘tﬁgdé’o%g@?f%ﬁ% theatigalvenigi: diseases or medical
p

conditions mediated alone or in part by PKB activity, for example cancer. The types of 18 cancers
which may BRPEsEeaiNd tb tROmadi asthi borapBrihysrer Hsradhstapsitisd preded TR wistion

include, bUtA@’iﬁlﬂﬂ %H_Enlf&%'l E%cﬁ\é%réat@tﬁé‘ﬂ&eéaﬁﬁﬂ‘@ ‘%@i'lpééiﬁ‘ﬂ"y Eﬁﬁﬁﬁtﬁir(@(%ﬁﬂebf S8 GRANGET,
pancreatic cancer, glioma, glioblastoma, melanoma, prostate cancer, Icukaetnia, lytnphotna,

Non-Hodgk§4 Ygrsesirnt gablna sl seandbr Heparick e ke erypleid davcer,
gastroiptestinahsiromalHamouni adily oliomaydheighaangeak Rile et Ganee. engdemetrial cancer,

renal cancer, anaEIastic large cell lymphoma, acute myeloid leukaemia (AML), multiple mycloma,

melanoma SReFAEBHRAMDbIRG hesit iedribs DYHAYREFe Wp ORI IRER I BRE4RE saYREY Alay be
particularly giseRREDIR i tTRatRe Nl ddsache AMRO PR RS tBeWwIs Se Nt inventifnp ik epMizaged that

for the methods oftreatment of cancer mentioned herein, the compound of Formula (1) will be
administered® SRR ABHIWEHHQIEHy a human being. Similarly, for the uses of a compound of

Formula (1) for theftfﬁmu@faqﬁwﬁfa%@ﬂtng@ﬂmbm@y@@&ﬁdﬂb@hmﬁ &empeysd of-Fomiula

(1) will be administered to.a mammal, more g)articu arly a human being. 15According to a another

aspect'df th thodmimistrationseudsraEss bt g el abd araRAuRdr AidisTa Gefhéd hereinbefore,

or a pharmagattiaatiytraneniakiptssit thpr@efeiIr Waehas a9NedSRMENT(1-(4 ABRREPREHID)B further
aspect of the invention, there is provided a compound of Formula (1) as defined hereinbefore, or a

pharmace uh&dﬂ@;%{g%]ab]l & Hnpselol £ sdpddpygrimidin-4-yl)piperidinie-4-carboxamide) in 0.5%
hydroxypropylmethylcellulose (HPMC).

In the context of the present specification, the term "therapy" also includes

20  "prophylaxis" unless there are specific indications to the contrary. The terms "therapeutic”
and "therapeutically" should be construed accordingly.

As used herein, the term “treatment” is intended to have its normal everyday
meaning of dealing with a disease in order to entirely or partially relieve one, some or all
of its symptoms, or to correct or compensate for the underlying pathology.

25 As used herein, the term “prophylaxis” is intended to have its normal everyday
meaning and includes primary prophylaxis to prevent the development of the disease and
secondary prophylaxis whereby the disease has already developed and the patient is
temporarily or permamently protected against exacerbation or worsening of the disease or
the development of new symptoms associated with the disease.

30 As a result of their PKB inhibitory activity, the compounds of Formula (I) of the
present invention are expected to be useful in the treatment of diseases or medical

conditions mediated alone or in part by PKB activity, for example cancer. The types of



20 in the treatment of a disease mediated through PIKE. In one embodiment of the invention, said
disease mediated through PKB is cancer. In a further embodiment of the invention, said cancer is
selected froM@2@9aEahcer, cervical cancer, colorectal cancer, breast carf$eF/RRgsdRtiz26ancer,
glioma, glioblastoma, melanoma, prostate cancer, leukaemia, lymphoma, Non-Hodgkins lymphoma,
gastric cancer, lung cancer, hepatocellular cancer, 28gastric cancer, gastrointestinal stromal tumour
(GIST), gliotna, thyroid cancer, bile duct cancer, endometrial cancer, renal cancer, anaplastic large cell
lymphoma, acute myeloid leukaemia (AML), multiple myeloma, melanoma and mesothelioma. In one

embodimerfifeis Wyshtivay baisteetiitr esedeatteentrosinBreuspewitbee! KemMedhkwdshymphoma,
pancreatic gancer. HeARIGR U CHIEGFe ABPIIGIRANCE L RIRHIRIM CANEER A0 ARG LARESJA30one
particular embodiment, said cancer is breast cancer, more particularly luminal breast cancer. WO
20091047563E€!T OB 00805 Eatis cesFein gl toaa rtioblasigib et HF OIS HISHERESS provided
the use of Q&%H?Qfé[‘F%qﬁfp'ﬁeﬁﬁﬁ%ﬁ)@éd%ﬁﬂﬁ%rﬁﬁﬁ%lﬁQf‘é%?ricOéﬁ&?9fﬁﬂ§%%ﬁ9€§"y acceptable salt

thereof for the preparation of a medicament for the treatment or a disease mediated through PKB. In

one embodrRHPet kI §eBRRT0 §24AIH GREA s BRI ES AN STHab REEHAERF) 1 8lipthtther

embomme%?f&l&ﬁcﬁh\é%ﬂtlﬁ[b §é’<_i@|&%@E&‘rei%d_%ﬁl@ﬁi@ﬁcﬁ[&@r%@iﬁ&hﬁé‘&%ﬁaﬁ%ﬁ%@h@@éfa colorectal
cancer, breast cancer, pancreatic cancer, glioma, glioblastoma, melanoma, prostate cancer,

leukaemia, IyHPHIRTa 2R6H IRGHRIRIRUKASB oMM b hdtid in sarelemg. caplaaprepiftocellular cancer,

gastric cancgisQastoestionk %Hﬁé@ela&&ﬂnﬁwe(@k%ﬁicglpmanﬁay &E&&%ﬁ@&,t}ﬁ%ﬂb@t cancer,
endometrial cancer, renal cancer, 10anaplastic large cell lymphoma, acute myeloid leukaemia (AML),

multiple myBstisalariezeaRa R dorsatnsalisnng fYBRewkhodRsatesIiHE 1RVEMon, said cancer is

selectgg from bregstcanaessNoMh-lt daking iRARBMBe RRRAIRAIG LRI GREnNERAIPealilancancer,
gastric cancer, prostate cancer and Iung cancer. In one particular embodiment, said cancer is breast

cancer, mofEBRATAG Y sirmialbradlbe sdauniveidderdmgrenal iireisPasiededy thBYRRntion, there

is provided ghmpssigfaspmpranad et beaeulafilas definesunerpinbalies ecainerharmacsttically
acceptable salt thereoT far the preparation or a medicament for the treatment ofcancer. In one

embodimerP6RRBSANEHRIBNI d8 RN EisAged tha thstermprimd/aipmelnder LbhsiedmigiiterddSlorectal

cancer, bregsh4aneer kAR FAALGISANGERualiANginglioblastoma, melanoma, 20 prostate cancer,
leukaemia, lymphoma, Non-Hodgkins lymphoma, gastric cancer, Iuna{cancer, hepatocellular cancer,

a
gastric'tancer, gadtFSTIGEEHAISIRSIRAT fiRRsHP (ST iisal g sith eriesrP M dstlct cancer,
endometriabgaipeahd enabeance(l aRaRIRNE RrgRcabiYoPAYRanaReiriFANS | aiddptakaeria (AML),
multiple myeloma, melanoma and mesothelioma. In one embodiment or the invention, said cancer is
selected frotr]i‘F'Eﬁ%%&rZ%S?:&ﬁ@éﬁeﬁ‘Bﬁ@F‘?Bﬂgkins lymphoma, pancreatic cancer, hepatocellular cancer,

gastric cancer, prostaigdiapeehandivngpancarHianennantichias Brphadinentsagbeaneer is breast

cancer, more particularly luminal breast cancer. :
F01pmula l61) ag/ defrﬂleg herem%e ore, or a pharmaceutically acceptable salt thereof for use

20 in the treatment of a disease mediated through PKB. In one embodiment of the invention,
said disease mediated through PKB is cancer. In a further embodiment of the invention,
said cancer is selected from ovarian cancer, cervical cancer, colorectal cancer, breast
cancer, pancreatic cancer, glioma, glioblastoma, melanoma, prostate cancer, leukaemia,
lymphoma, Non-Hodgkins lymphoma, gastric cancer, lung cancer, hepatocellular cancer,

25 gastric cancer, gastrointestinal stromal tumour (GIST), glioma, thyroid cancer, bile duct
cancer, endometrial cancer, renal cancer, anaplastic large cell lymphoma, acute myeloid
leukaemia (AML), multiple myeloma, melanoma and mesothelioma. In one embodiment
of the invention, said cancer is selected from breast cancer, Non-Hodgkins lymphoma,
pancreatic cancer, hepatocellular cancer, gastric cancer, prostate cancer and lung cancer. In

30 one particular embodiment, said cancer is breast cancer, more particularly luminal breast

cancer.



According to a lurther aspect or the invention there is provided a method of using a compound of
Formula (1) as defined hereinbefore, or a phartnaccutically acceptable salt 30thereof, for the treatment
of cancer. Ivéh2oeda@iment of the invention, said cancer is selected fromPUAGBROGATWRScervical
cancer, colorectal cancer, breast cancer, pancreatic cancer, gliotna, glioblastoma, melanoma, prostate
cancer, leukaemia, lymphoma, Non- WO 20091047%83PCT/GB2008/050925 20 Hodgkins lymphoma,
gastric cancer, lung cancer, hepatocellular cancer, gastric cancer, gastrointestinal stromal tumour
(GIST), glioma, thyroid cancer, bile duct cancer, endometrial cancer, renal cancer, anaplastic large cell

lymphoma, acute MgemsidnsikadhitBaramnertitipia Yyayeasrihcindddaiorided e wesetidelioma. In one
embodiment. e Y SR SFiFCANTREIP RRIERIEH K0T DiSRFhARRGRENPRE BB ymphoma,

pancreatic cancer, hepatocellular cancer, gastric cancer, prostate cancer and lu g cancer. In one

particular efhBsainienthearanaasféet of pragdiceniraé foribeeisatenierhaldirtasy mehaicddheaieh
According tpREUIeL ASABEL R LREIPHRIHOBA HRIRRIREQVIde thadleir agt Al HOPieRLiaY & lyyman

suffering from a disease in which inhibition of PKB is beneficial, comprising the steps of administering
to a pefsonlihhbethensrekadimsnhatdbeinicatiperraid ansaidt peles s BRP SR BY @HESHula (1) as

defined herginbeigraneta Rigrparentica!yRasepiabie saiibaieehdaongismbeimeniqnihe
invention, the disease in which inhibition ofPKB is beneficial is cancer. In a further embodiment of the

15inventionMSHAMARh P IR fEERSE, hBreVArdNeRRER. NUiERdsree Y BeRBR I3 ieer, breast

cancer, PanGHeRLICIGRPEEhc 8 R SHARIBSOMEMBlane M RIOSKRIR FARGRIISkEABMENHIPhoma,
Non-Hodgkins lymphoma, gastric cancer I%r}glcancer, hepatocellular cancer, gastric cancer,

gastrointestiFaP Stk lﬁ?i&}l@Fﬁrgﬁ% el ceureie aiReLa S ‘@Rtldmetrial cancer,
renal cancesm AaRlasiclaieR SelROMAMRRM Ay AeHiaTWAIRI leAs A (L) yaitiale myeloma,

melanoma and mesothelioma. In one embodiment or the invention, said cancer is selected from breast

cancer, NoRRi BB/ &Ngimsaoieliqmam drediic eahREmp Ry i caid gartid sricsicbrostate

cancer and g SRR ar BePNRdRBH IR PRSHBIRNL p SRIELEA 68R SRR BRleRNGRY: RIS particularly
luminal breast cancer. 25The cancer treatment defined hereinbefore may be applied as a sole therapy

or may invoR&lriR SHIRToR RS 'fHE CRITRS S ORRE FReHBRS BRRIRURTTRPLLYEN, sifktiBtRBrapy or
chemotherapy:&uch.ABaMatieRRY RV Nkhse DRR 4F Baeerof the following categories or anti-tumour

agentsl.s- According to a further aspect of the invention, there is provided the use of a
compound of Formula (I) as defined hereinbefore, or a pharmaceutically acceptable salt
thereof, for the preparation of a medicament for the treatment of cancer. In one
embodiment of the invention, said cancer is selected from ovarian cancer, cervical cancer,
colorectal cancer, breast cancer, pancreatic cancer, glioma, glioblastoma, melanoma,

20  prostate cancer, leukaemia, lymphoma, Non-Hodgkins lymphoma, gastric cancer, lung
cancer, hepatocellular cancer, gastric cancer, gastrointestinal stromal tumour (GIST),
glioma, thyroid cancer, bile duct cancer, endometrial cancer, renal cancer, anaplastic large
cell lymphoma, acute myeloid leukaemia (AML), multiple myeloma, melanoma and
mesothelioma. In one embodiment of the invention, said cancer is sclected from breast

25 cancer, Non-Hodgkins lymphoma, pancreatic cancer, hepatocellular cancer, gastric cancer,
prostate cancer and lung cancer. In one particular embodiment, said cancer is breast cancer,
more particularly luminal breast cancer.

According to a further aspect of the invention, there is provided a method of using a
compound of Formula (I) as defined hereinbefore, or a pharmaceutically acceptable salt

30 thereof, for the treatment of cancer. In one embodiment of the invention, said cancer is
selected from ovarian cancer, cervical cancer, colorectal cancer, breast cancer, pancreatic

cancer, glioma, glioblastoma, melanoma, prostate cancer, leukaemia, lymphoma, Non-



() other antiproliferative/antineoplastic drugs and combinations thereof, as used in 30medical
oncology, such as alkylating agents (for example cis-platin, oxaliplatin, carboplatin, cyclophosphamide,
nitrogen mudtarahopietpiedlan, chlorambucil, busulphan, temozolamide and REBHSH2098470925
antimetabolites (for example getncitabine and antifolates WO 20091047563PCT/GB2008/050925 21
such as fluoropyrimidines like 5-fluorouracil and tega€ur, raltitrexed, methotrexate, cytosine
arabinoside, and hydroxyurea); antitumour antibiotics (for example anthracyclines like adriamycin,
bleomycin, doxorubicin, daunomycin, epirubicin, idarubicin, mitomycinC, dactinomycin and
mithramycifjoagimfitonerhgatits2aFie Lanssle Mt aaanaal diera e BuANCPRRsE, 8ApBlasBRecTvindesine

and vinorelbing anektavgids i fabaprtirRpless ans RRIRKInEssiNRialsY anskippoisomerase

inhibitors (for example epipodophyllotoxins like etoposidc’and teniposidc, amsacrinc, topotccan and

camptothecAytometrig eanerstaivaz ganpesisaprpisianitsesrel drisnhonmanpreaphodifeHkagiiEstrant,
toremifene, relgxifengicIoxianmanddadendans metliaegsadens S Sxerpie.d05icalutamide,

llutamide, nilutamide and cyproterone acetate), LHRH antagonists or LHRH agonists (for example

goserelin, IdUYRBHENn BHEBOSE BiFplosiesh BoraduRastieeRamisi-Hrstekinolyaseians), arpreadse
inhibitors (fep@MRRRSANASIQERIS, Fa@QKP&%nH&{%@%ﬁ&@@ﬁéﬁﬁﬁgkm}nfﬂ@&m of
|

5a-reductase such as finasteride; Ii) anti-invasion agents (for example c-Src kinase family
inhibitors liKEi¢Bla1 sERedHE. SthSABARIORIRARIRIG R [P\Que RistN s Aasinal beeatoxy - 5-
tetrahydropysaps@-yloxyquinazoline (AZD0530; International Patent Application WO 01/94341) and
N-(2-chloro-6-methylpheny1)-2-1.644-(2-hydroxyethyl)piperazin- | _
2-methylpyrimidin-ASgRidibieradsibesasarsbahrda erititisrampagded s netpdrChem., 2004,
47, 6693-66R%) i A melal opreigisassninhibilorg ikevmarmasaloNGIMIORS BehdiTekinase

plasminogen activator receptor function or antibodies to Heparanase); iv) inhibitors of growth
factor functiMPEISBIRHICRE oh dRBIER iR ladeP g BRe8 thaTapbalesthsanstdivttiYactor receptor

antibodies ({prexampiRtieAntcernRarnbpeniiastuzsnaRA EereRRtpdiVib, thesanti-EGFR antibody
panitumumab, the anti-erbB | antibody cetuximab [Erbitux, C225] and any growth lactor or growth

factor receptbfoHsRRteH s cerepiRRlsFHY tasEsnl elnpne Abadiaiahel o HESRIRNS HiseRSgy, 2005,

Vol. 54, ppld-wRkisHthitnRiesakR Relbeedyiosinrdinaserintibiensdansxanpigdnhibitors of the
epidemial growth factor family (for example EGER family tyrosine kinase inhibitors such as

N-(3-chioroBYANBPp PV IR L B l5c(E8 10 BY AHBR SART B SRy 5 h- 2 18RRI EgRstib,
ZD1839), Nof3ztxnophRmldafccRise?: mesRexyeibnyisHinazalilo S passine (anatinib, OSI-774)
and 6-acrylamjdo-N-(3-chloro-4-fluoropheny1)-7-(3- morpholinopropoxy)-quinazolin-4-amine (Cl 1033),
erbB2 tyrosifERFTLSe briRRhose Qi HedaR s R0 R B HE MRS At 1 Bivth factor family,

inhibitors ofifi lairieir cancer, gastric cancer, gastrointestinal stromal tumour (GIST), glioma,
thyroid cancer, bile duct cancer, endometrial cancer, renal cancer, anaplastic large cell

20 lymphoma, acute myeloid leukaemia (AML), multiple myeloma, melanoma and
mesothelioma. In one embodiment of the invention, said cancer is selected from breast
cancer, Non-Hodgkins lymphoma, pancreatic cancer, hepatocellular cancer, gastric cancer,
prostate cancer and lung cancer. In one particular embodiment, said cancer is breast cancer,
more particularly luminal breast cancer.

25 The cancer treatment defined hereinbefore may be applied as a sole therapy or may
involve, in addition to the compound of the invention, conventional surgery or
radiotherapy or chemotherapy. Such chemotherapy may include one or more of the
following categories of anti-tumour agents:-

(i) other antiproliferative/antineoplastic drugs and combinations thereof, as used in

30 medical oncology, such as alkylating agents (for example cis-platin, oxaliplatin,
carboplatin, cyclophosphamide, nitrogen mustard, melphalan, chlorambucil, busulphan,

temozolamide and nitrosoureas); antimetabolites (for example gemcitabine and antifolates



WO 20091047563PCT/GB2008/050925 22 derived growth factor family such as imatinib, inhibitors of
serine/threonine kinases (for example Ras/Raf signalling inhibitors such as famesyl transferase
inhibitors, fOVOxMIE7SSrafenib (BAY 43-9006)), inhibitors of cell signallingPEiFseREYMEI92Ad/or AKT
kinases, inhibitors of the hepatocyte growth factor family, c-kit inhibitors, abl kinasc inhibitors, IGF
receptor (insulin-like growth factor) kinase inhibitors2 durora kinase inhibitors (for example AZD 1152,
PH739358, VX-680, MLN8054, R763, MP235, MP529, VX-528 AND AX39459) and cyclin dependent
kinasc inhibitors such as CDK2 and/or CDK4 inhibitors; (v) antiangiogenic agents such as those

which inhibugleastfBiaeopyiiasdingy Hbeadbipedipeionthtieaator, Taitesmdprethetgnai¢ascular
endothelial call grRwihHiackal @alRGAMRRVAREY AR MRS IRETYL Bd WF CEAREE RRREASIRgKinasc

inhibitors such as 4-(4-bromo-2-fluofoanilino)-6-methoxy-7-(1-methylpiperidin-4-ylmethoxy)quinazoline

(ZD6474; EllspristaamyginirPinapais Zos ey ubiginfliverLysvgRiReRICBLyidRisIn, mitomycin-

methOX_V'7'@'9&&%@%&&&8@&%&%&%@9@9@&&&%@&5&?@! Q VBN R HRAQAE 7212),
vatalanib (P‘fK?_87; WO 98/35985) and SU11248 (sunitinib; WO 01/60814), compounds such as those

discloséd inViRes Ee NI haE: Appitsatorrdwiooribrspandiay odsdtodsxelmd rsoignsadd wo

98/13354 apg)| Gemue yhes 10RH WK By FIBRIASCNARIRDS CRI-Xample éﬁﬁ%&%ﬁﬂ%ﬂﬁﬁ?lﬁ&i ntegrin
avf33 lunction and angiostatint (vi) vascular damaging agents such as Combretastatin A4 and

compoundsCHiBefide a0 SAIRES atio R DI AP ABHHEARE FANDNED166, WO 00/40529, WO
00/41669, WO 01/83224b R Q2R3 R WRRRBRL Blor exd¥iPiantissnsenthalaRigsnfor example

those which are directed to the targets listed above, such as ISIS 2503, an anti-ras antisense;
(viii) gene thERIpFeas prdlasHEaS i dERlenhG e radARdeN s iodiiliag]s A8 ©58étrant genes such
as abeyyantpo3 i ARRITAMN Bl ALI0RBie ARd SRt Jeenasditg cladranaymeoRierdsH g Hierapy)

approaches such as those using cytosine deaminase, thymidine kinase or a bacterial nitroreductase

enzyme andSaPpTod ek isipleraaisachia Srorstiherd SR EsiBtnRiRgsy O RF ARG &% PP Kich as

multi-drug registansL.96Re: SNARRY;80 thRRMOHMUNQNBIARY ARRR26NE SetcMding oy dxample
ex-vivo and in-vivo approaches to increase the immunogenicity of-patient tumour cells, such as

transfectiorPAtR<EReKitES 3 inaditrerRUMH e GeH asdingsdeiifiseyte-macrophage colony 23
stimulating factor. ARPIAAChSSIBARSIRRSRT SAkANSINARRIGERIRRBIHG AU SIRCIesimmune cell
ritic ce

such as cytokine-transfected dend S, zggroaches using cytokine-transfected tumour cell lines

and approaehesonidmnsHuiense)pie arilindiéd 2-(4-metbpbBeidiaftyd #ReRtiotr, or a salt thereof, may
be prepareq AR AIASRSE KRRWLIRDE ARRlI2BIEs I the RseRRri 2 @hSHERIRARPUNS or

structurally related
WO 01/94341) and N-(2-chloro-6-methylphenyl)-2-{6-[4-(2-hydroxyethyl)piperazin-1-yl]-
2-methylpyrimidin-4-ylamino } thiazole-5-carboxamide (dasatinib, BMS-354825; J. Med.
Chem., 2004, 47, 6658-6661), and metalloproteinase inhibitors like marimastat, inhibitors
20  of urokinase plasminogen activator receptor function or antibodies to Heparanase);

(iv) inhibitors of growth factor function: for example such inhibitors include
growth factor antibodies and growth factor receptor antibodies (for example the anti-erbB2
antibody trastuzumab [Herceptin™], the anti-EGFR antibody panitumumab, the anti-erbB1
antibody cetuximab [Erbitux, C225] and any growth factor or growth factor receptor

25 antibodies disclosed by Stern et al. Critical reviews in oncology/haematology, 2005, Vol.
54, pp11-29); such inhibitors also include tyrosine kinase inhibitors, for example inhibitors
of the epidermal growth factor family (for example EGFR family tyrosine kinase inhibitors
such as N-(3-chloro-4-fluorophenyl)-7-methoxy-6-(3-morpholinopropoxy)quinazolin-4-
amine (gefitinib, ZD1839), N-(3-ethynylphenyl)-6,7-bis(2-methoxyethoxy)quinazolin-4-

30  amine (erlotinib, OSI-774) and 6-acrylamido-N-(3-chloro-4-fluorophenyl)-7-(3-
morpholinopropoxy)-quinazolin-4-amine (CI 1033), erbB2 tyrosine kinase inhibitors such

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



compounds. Functional groups may be protected and deprotected using conventional methods. For
examples of protecting groups such as amino and carboxylic acid protecting groups (as well as means
of formationve@@W9dniSed deprotection), see T.W. Greene and P.G.M. Wut®CP{ha¢Bes@25ups in
Organic Synthesis", Second Edition, John Wiley & 10Sons, New York, 1991. Certain processes for
the synthesis of compounds of Formula (1) are provided as a further feature of the invention. Thus,
according to a thrther aspect of the invention there is provided a process for the preparation of a
compound of Formula (1) or a pharmaceutically acceptable salt thereof, which comprises a process

(a), (b), (c) Beriapdwrranarey frimthesials asdraiadtid e bitors s stovectbreotisdunassfiobrmula (1)
unless othe&eaﬁ?pfé%@ﬁhﬂﬁéﬁ@&&%)ﬁﬁ%ﬁ&@%@%PM&J@ (a0 amRR Q! FrauiafUD: VI 0

NH CH HO-*****><m)" wherein Pl represents a suitable protecting group, for example

tert-butoxy @By (B ‘éa4c3n89069)a inhtbsEraide brrenrailing (hvowghMB ardiehatelokaesdr
Formula (V)hi¥iheseinthd HEpIRRS I_g&%%%%}%ﬁﬁ\lf QLRHRn fRSIRRMBI ARG AGH{C) When niis

1, hydrogenatlon of a compound of Formula (VI
IGF receptor (insulin-like growth factor kmase 1nh1b1t0rs aurora kinase inhibitors (for

example AZD1152, PH739358, VX-680, MLN8054, R763, MP235, MP529, VX-528
AND AX39459) and cyclin dependent kinase inhibitors such as CDK2 and/or CDK4
inhibitors;
(v) antiangiogenic agents such as those which inhibit the effects of vascular
10 endothelial growth factor, [for example the anti-vascular endothelial cell growth factor
antibody bevacizumab (Avastin™) and VEGF receptor tyrosine kinase inhibitors such as
4-(4-bromo-2-fluoroanilino)-6-methoxy-7-(1-methylpiperidin-4-ylmethoxy)quinazoline
(ZD6474; Example 2 within WO 01/32651), 4-(4-fluoro-2-methylindol-5-yloxy)-6-
methoxy-7-(3-pyrrolidin-1-ylpropoxy)quinazoline (AZD2171; Example 240 within WO
15 00/47212), vatalanib (PTK787; WO 98/35985) and SU11248 (sunitinib; WO 01/60814),
compounds such as those disclosed in International 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
20 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
25 aberrant genes such as aberrant p53 or aberrant BRCA1 or BRCA2, GDEPT
(gene-directed enzyme pro-drug therapy) approaches such as those using cytosine
deaminase, thymidine kinase or a bacterial nitroreductase enzyme and approaches to
increase patient tolerance to chemotherapy or radiotherapy such as multi-drug resistance
gene therapy; and
30 (ix) 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



(d) when RI represents aminomethyl, hydrogenation of- a compound ofFomula (VI1): Y\1 (VII) wherein
131 represents a suitable protecting group, for exatnple tert-butoxycarbonyl; and thereafter, if
necessary: W@amsdiirdg3a compound of-Formula (1) into another compoun®GTEHIMMIANIY25ii)
removing any protecting groups; and/or 10(iii) forming a pharmaceutically acceptable salt thereof
Examples of conversions of a compound of Formul&23l) into another compound of Fomula (1), are well
known to those skilled in the art, and include functional group interconversions such as hydrolysis,
hydrogenation, hydrogcnolysis, oxidation or reduction, and/or further functionalisation by standard

reactions sitmakERgidcor MBPERAREatRISSEPRBUPHITY, BIchEic|appiofichgssineesanierdedtions.
Specific reagfion,ROOHIIAAS,9t BIRAGTSSRIAIGLARE RORE A AR BloWsBrocess (2) - acids of

Formula (11) and amines of Formula (111) may be reacted togethér in the presence of a suitable

coupling re&yekinfotransacite buuzedbhnetiadspproaghes Ne NN HRTEMG RIFBPAGISS-

hexafluorophosphalg(HAMIANIR SHIaRIGDASE [ (HIC, ORI 04 FRGARG HORZ0081080925 25
e

example N,N'-diisopropylethylamine (DIPEA), in a suitable solvent, for éxample dimethylacetamide

(DMA),Sand<a0¥ 3 (a8 [erilinpede the RIFRaHPIOBoied youpeHprs QUABHMENbUIEYEd Process (b) -
carboxamidgs o hRER) %ﬁ%bﬁﬁ%ﬁ%&%'@éﬁBﬁ@féﬁ%ﬁd@éP?@%%% tedyeggther in the

presence of a suitable base, for example N,N1-diisopropylethylamine (D1PEA), in a suitable solvent,

for example5iRadst-dionmPEIPACS GitapRcE B EFaHAES YOR axamise 20 Grhoey s srddpiessiitbhout 60C;
Processes (Ghad {dhvSoroneunds ofomomanady by eriMlidisseiMashin a suitgbigrsohkentq lor example

ethanol, may be hydrogenated under an atmosphere ofhydrogen in the 10presence of a suitable
catalyst, forfeX¥athpluttanBiptRathie kerowpiia QtasapteSyatissior SesidiEdiieRoftm WiaraXide.
10 Sons, New York, 1991.

Certain processes for the synthesis of compounds of Formula (I) are provided as a
further feature of the invention. Thus, according to a further 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

an {I1m)
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
AN ACH), ,
. H Y~ N,
R k | y
5 X N
R II}II N H

20 (Iv) V)

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



Compounds of- Fommla (II) may be prepared according to Scheme I: VI ONET LI NaHCO, +Y\, Z'
NNReflux Temp H (V111)(V) Scheme 1 ISwherein Pl is a suitable protecting group, for example
tert-butoxycOema/Mrie3a suitable leaving group, for example chlorine, an®Gll/6BRINY/5MRFes are as
defined hereinbelore. Compounds of Formula (IV) may be prepared according to Scheme 2: (1V)
Scheme 2 wherein Pl and P2 are suitable protectin@4roups, for example tert-butoxycarbonyl, and all
other variables are as defined herebbefore. Compounds of Formula (VI) may be prepared according to

Scheme 3: ORI +
(c) when n is 1, hydrogenation of a compound of Formula (VI): or

1
R 0
N
=
N
\ H
R
R’ N
1

vZ z

N 2
A
N g

(V)

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

Tz

Ly
NT R
5 (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
10 (iii) 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-
15 catalysed coupling, or nucleophilic displacement reactions.
Specific reaction conditions for processes (a), (b), (¢) and (d) above are as follows:
Process (a) - acids of Formula (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



-...N,---DTPEA | R5SDMA P, ---,,N.--- 60'CR5 (TX)(ITT)(X)I , P DCM TFA WO
20091047563PCT/GB2008/050925 27 wherein Plis a suitable protecting group, for example
tert-butoxycOema/0ditall other variables are as defined hereinbefore. CoP§JoGRAWSHI8RAUla (VII)
may be prepared according to Scheme 4. HATU D1PEA DMA 50C Scheme 4

25

example N,N'-diisopropylethylamine (DIPEA), in a suitable solvent, for example
dimethylacetamide (DMA), and at a suitable temperature, for example 50 to 70°C, more
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' ]
I 0 NH
0O NH
A o>
" N2, NaHCO
a
L A 7 —— N (I
N X
H N Reflux Temp 1
N m Y« | Z\Z2
/
(VIIL) 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:



wherein RE represents a suitable protecting group, for example tert-butoxycarbonyl, and all other
variables are as defined hereinbefore. Compounds of Formulas (111), (V), (VIII) and (1X) arc
commercialNyavaildmésdnown in the literature, prepared by standard proceBEELIBINGWINRIe art, or
may be 10prepared according to the processes decribed herein. The following examples are for
illustration purposes and are not intended to limit th@&cope of this application. Each exemplified
compound represents a particular and independent aspect of the invention. All starting materials are
commercially available 1compounds, or they are known in the literature, or they are prepared by
standard processes 15known in the art. Generally, with respect to the following Exampjes: WO
20091047563PC®/GB$908/050925 28 (i) temperatures are given in degrees Celsius (¢); operations
were carried out at roororgs ambient tempergture, that is, at a temperature in‘the fange|of 18 to 25C;
(ii) organic sdilttio re dried over ous magnesium sulfate orcaRkydroy idhtsulfate;

evaporation of solvent was catried o g a rotarygyaporator ungdek reduced’préssuyre (600 to 4000
Pascals; 4.5 to 30m1||<hHg) with a Rath temperature of baAo 60C; (iﬁ) chromatogra eans Clash
chromatography on silica gel; thin layegchromatograghi{ (TLC) was carried out on sﬁ;ca gel plates; (iv)
in general, the cour(e,engf reactions was fallowed by TLC and / or analytical LGS, and reaction times
where given are for illustration only. 10(v) final products had satisfactory proton nuclear magnetic
resonance (NMR) spectra and/or mass spectral data; (vi) yields are given for illystration only and are
not necessarily those which can be obtained by diligent process developﬂ%{g& reparations were
repeated ilmore material was required; 15(vii) when given, NMR data is isptbe fgrm 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 sul foxide (DMSO-do) as solvent
unless otherwise indicated; the following abbreviations have been used: s, singlet; ¢, doublet; t, triplet;
g, quartet; rn, multiplet; bs, broad singlet; 20(viii) chemical symbols have theirlusudl me@q’mgs; Sl units
and symbols are used; (ix) Mass spectra (MS) and LC-MS data were g 2 LC-/M'S system
where the HPLC component comprised generally either an Agilent 100 #aters ‘@ e HT (2790 &
2795) equipment or an HP1100 pump and Diode Array with CTC autosagipler andwgs run on a
Phenomenex Gemini C 18 5[1m, 50 x 2 mm column (or similar) eluting with eig{%r H

Scheme 2
wherein P! and P* are suitable protecting groups, for example tert-butoxycarbonyl, and all

other variables are as defined hereinbefore.

5 Compounds of Formula (VI) may be prepared according to Scheme 3:
i N R’
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N R’ DIPEA R4/©)\ )%f
¥ s DMA X
P R 60°C R N
(IX) (1) X) b
DCM
TFA

1
R o)
N
=
4 DIPEA L 0 N
R i DMA 1 N =
R N 90°C vF VA X ) o
| ~———— \ Z° + R
(VI) Y/ Z\ 2 AN N/ 5
k | 7 N o R I}\II

>~ /
NN V) (Xa)

Scheme 3



25acidic eluent (for example, using a gradient between 0 - 95% water / acetonitrile with 5% of a 1%
formic acid in 50:50 wateracetonitrile (v/v) mixture), or basic eluent (for example, using a gradient
between 0- B3Y20R0d7I6d cetonitrile with 5% of a 0.1% 880 Ammonia in aceREANGRIKIHNEYS and the
MS component comprised generally a Waters ZQ mass spectrometer scanning over an appropriate
mass range. Chromatograms for Electrospray 30 (EX1) 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 vlv_hich 29 indicate the parent mass are reported and unless otherwise stated the
value quotetiliereie RNs-HYH R p BEdidinengrost el anex aumt 196 hideratRastionyin aad aloiiless stated

otherwise coppgids.caniaining Rrasyapetrically substituted carbon and/or sulfur atom have not
been resolved; (xi) any microwave reactions were carried out in either a Biotage Optimizer EXP, or a

GEM Explorer mickowieandsiof fsparatehighiybeforararkatserdieaioneksgiaghy (HPLC) was
performed on a Gilson instrument using the following conditions: Column: C18 reyersed-phase silica,
for example, Waters Abridge’, 5 pm silica, 19 x 100 10mm, or 30 x 100 mm, usingldecreasingly polar
solvent mixtures as eluent (decreasing ratio of Solvent A to Solvent B) Solvefit A: Water with 1%
ammonium hydroxide Solvent B: Ageftoyufsite Flow rate: 28 mi / tnin or 61 ry i 8@Fadient: Tailored
to suit each compound - generally i‘Hﬁ) min in length Wavel ||wgth: 254 nm Algbrevijations

BocTert-butoxycarb FOCASTMEGhemical Abstracts Qervite DCMdichlorotrgthane

i . . NH N
DIPEAN,N dusolgr hylamine acetone cyanohydrin 2 + 1
5 25°C r* Y& Z\ )
R 5 k |~
R X N
N g
HATU
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50°C
Y 1|>1
o
CH
N (CH,),
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Z
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NS
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N H

5 Scheme 4
wherein P' represents a suitable protecting group, for example tert-butoxycarbonyl, and all
other variables are as defined hereinbefore.

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

10 prepared according to the processes decribed herein.

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

15 known in the art.

Generally, with respect to the following Examples:



DEAdiethylamine DMAdimethylacetamide 25 DMFdimethylfortnamide
HATUO-(7-Azabenzotriazol-1-y1)-N,N,N',N'- tetramethyluronium hexafluorophosphate LCMSIliquid
chromatograyd s Sdectroscopy LDAlithium diisopropylamide 30 MPLOHaEGBAYHes¥2fe liquid
chromatography NMPN-methylpyn-olidinone OBDoptimum bed density WO
20091047563PCT/GB2008/050925 30 PTFEpolytetedfluoroethylene SCXstrong cation exchange
SFCsupercritical now chromatography TBMEt-butyl methyl ether TEAtriethylamine TFAtrilluoroacetic
acid THEtetrahydrofuran = Example 1: 4-amino-N-(1-(4-chlorophenybethyl)-1-(7H-pyrrolo12,3-di
pyrimidin-4(ﬁWﬁ%ﬁWﬁ$§%%@rﬁRﬁees Celsius (°C); operations were carried out at room or

4-tert-ButopysahoRMARIN:LZL A RYHAlRR ARV iR vepipg ising d: carboxylic acid
(Intermediate 1) (362 mg), _1-(4-chIorophenyl)gethanamlne (17§.mg), _
N(3-dimeth{i herigass 6pyHieBsetsyrctipd aiisiidahl oun R anes Ry adNp ISR HoBles 0B EN
sulfate; evaporation of solvent was carried out using a rotary evaporator under reduced
5 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.

10 (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;

15 (vii) 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;

20  (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

25 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

30 (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



15 mg) were stirred together in DMF (2 mL) under nitrogen for 16 hours. The reaction mixture was
partitioned between EtOAc (20 mL) and brine (4x 20 mL) The organics were combined, dried over
MgSO4 andveQapesrasgthin vacuo. The resultant white solid was dissolved iRAQTAGHZHMEASOBIML) and a
4M solution of HC1 in 1,4-dioxane (5 mL) was added. The resulting tnixture was stirred for 16 hours,
then diluted with diethyl ether (50 20 mL) The crude28roduct was isolated by filtration as the HC1 salt
which was purified by ion exchange chromatography, using an SCX column. The desired product was
eluted from the column using 7M ammonia/1\400H and pure fractions were evaporated to dryness.

This materidtdigaseptiamaseplprepidtrRrROTCMSIULIRY delbrsRdrs g ted ke ymkearesosidiatee (containing
1% NI-13) aRfMeCHaR §lHeN S, Faglions canBinng s cesipsd.campound 25were evaporated to
dryness to afford 4-amino-N-(1-(4-chlorophenyl)ethyl)-1-(7H-

pyrrolo[2,3-gipyntesdiviated DibRaafishserpearss xamrIBIAS dnwhRBelr iz whefiumyartbom H NMR
(d6-dmso, 40AMHZ) ArBAch iR (05 Deck 84:AQ4(M, 2H), 2.12-2.22 (br s, 2H), 3.54 (t, 2H), 4.39 (t,
2H), 4.81-4.92 (m, 1H), 6.55-6.59 (m, 1H), 7.13-7.18 (m, 1H), 7.31- 7.39 (m, 4H), 8.12 (s, 114), 8.30
(d, IH),311. @1l§nuq1)mmgwﬁy@ mgcjm@ge@mkﬂ@ aut in cither a Biotage Opt1m1zer EXP, ora

(S)-4- amlnqjﬁgh@%m@r&pgg%@hxl) 1-(7H-pyrrolo12,3-dlpyrimidin4-yl)piperidine-4-earboxamide
0-(7-Azabenzotriazol-1-y1)-N,N,N',Nttetramethyluronium hexafluoro Pphosphate 10(0.418 g) was added

in one portiGHIPEPEATNGIHEIREHBRYRIFs i crepaiapig (HPLC) was performed on'a
dipyrimidin-&i«QpipergsifcaD ey g Reshgrigimesiate 1) (0.361 g), (S)-1-(4-
chlorophenyl)ethanamine (0.140 mL) and DIPEA (0.524 mL) in DMA (10 mL) at 25C under nitrogen.
The resultn@%@mrdﬁl&a%@rﬁ?écpb@w@f@s IohexarThNaisae prlire waspuiied B ioWexchange
chromajoo Yo iS0 W B EehrRE TS e hPIorint AnAs st ome.salumRdising 7M
NH3/MeOH and pure fractions were evaporated to dryness. This crude material was then treated with
a 20% soluBbRTVTRAFPBEVPB L) and stirred at room temperature. The crude product was purl
lied by ion exgbange. SRR BN HSIRGAH ftgg&ﬁgumn The desired product was eluted from the
column using 7M ammonia/MeOH and pure fracfions were evaporated to dryness. This material 20
was purifiec> @y preBarsgrienioMS using decreasingly polar mixtures of water (containing 1% NH3) and
MeCN as eltights, &ragtions contaiging, thegesired compound were evaporated to dryness to afford
(S)-4-amino-Nﬁﬂg1 (4-chlorophenyl)ethyl)-1-(71-1- pyrrolo[2,3-d]pyrimidin-4-yOpiperidine-4-carboxamide
as a white SHRI@ TR0 o 54y RACR AN PEVD 3 Sarsatbistd-aey @ fongthaH, d), 1.42 - 1.45 (2H,
In), 1.88 - 2101 3khod> B34 227 (2H, S), 3.49 -3.59 (2H, m), 4.34 - 4.44 (21-1, m), 4.83 -4.90 (1H, m),
6.57 -6.58 (1H, m), 7.14 - 7.16 (11-1, in), 7.32 - 7.38 (4H, m), 8.12 (11-1, s), 8.30 (1H, d), 11.62 (1H,
S). MS ink MI-1+ 399.

Abbreviations
Boc Tert-butoxycarbonyl
20 CAS™ Chemical Abstracts Service
DCM dichloromethane
DIPEA N,N'-diisopropylethylamine
DEA diethylamine
DMA dimethylacetamide
25 DMF dimethylformamide
HATU O-(7-Azabenzotriazol-1-yl)-N,N,N',N'-
tetramethyluronium hexafluorophosphate
LCMS liquid chromatography mass spectroscopy
LDA lithium diisopropylamide
30 MPLC medium pressure liquid chromatography
NMP N-methylpyrrolidinone

OBD optimum bed density



WO 20091047563PCT/GB2008/050925 32 Example 3:
4-amino-N-(1-(4-chlorophenthpropyl)-1-(7H-pwrolo12,3-cll vflpiperidine-4-earboxamide
0-(7-AzabenyOtr08%o4+5631)-N,N,N1,N1-tetram ethyl uron i um h ex all uoroB6dsERAES(GFEABY g) was
added in one portion to 4-(tert-butoxycarbonylamino)-1-(7H-pyrrolo[2,3-
d]pyrimidin-4-yOpiperidine-4-carboxylic acid (Interm#&@liate 1) (0.181 g), 1-(4-
chlorophenyl)propan-l-amine (0.085 g) and DIPEA (0.262 mL) in DMA (10 mL) at 25C under nitrogen.
The resulting solution was stirred at 60C for 4 hours. The crude product was purified by ion exchange
chromatogrBph¥, using an SCX column. Thedesitadyraedetlenvas eluted from the column using 7AT
ammonia/MgB4l and pure fractions were evapgrated;in, dudigise This crude material was then treated
with a 20% solution of TFA in DCM (10 mL) and stirred at room temperature for 2 hours. The crude
product washtrified by ion exchange chron&iﬂt@&iﬁﬁﬁﬁl fi@mghapnseogreplimn. The desired product
was eluted frgigythe column using 7,Y ammqgj Qi AngnhRpre fractions were evaporated to dryness.
This 15 material was purified by preparative LCMS using decreasingly polar mixtures of water
(containing 1iﬁ’é*ammoma) and MeCN as eluést8yBragtons containing the desired compound were
evaporated g gryness to afford 4-amino-N-(Ldschlerarhenyepropyl)-1-
(7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidine-4-carboxamide as a white solid (0.138 g, 66.8 04). 20NMR
(400.13 MHEHBMSO0-d6) 6 0.87 (31-1, 1), 1.4¢rahedyqhann) 1.72- 1.79 (2H, m), 1.91 -2.05 (2H, m),
2.21 (2H, s), 354 3.62 (2H, m), 4.38 - 4.45 (2H, m), 4.65 - 4.70 (1H, m), 6.61 (11-1, dd), 7.18 (11-1,

dd), 7.32 - 7.37 (41-I, |n 8 31 (1H, d 8.12 (11-1, s). MS mle MH+ 413. 33 Examples 3A and 3B:
(S)-4-amindiXample. bydsasmmerNod-idneiforophen )eﬂhvB—b—WH pyrrolo[2.3-d]pvrimidin-4-

dlpynmpm%mmﬂgq—é&g@gmde and (R)-4-amino-N-(1-(4- eh] orophenybpropyl)-1
-(7H-pyrrolo 12,3- dlpyrlmldln -4- yI)plperldlne 4 earboxaml de 5Racem|c 4-amino-N-(1-(4-chl

by preparative chlral HPLC The fractlons

dryness to afford Isomer 1 (first to elute, 4 as akivhy es lid, and Isomer 2 (second to elute, 41

mg) as a white solid. Analytical data wasidentical to the imal sample. Chiral analytical HPLC
analysis N
o0
\N N

4-(tert-Butoxycarbonylamino)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidine-4-

carboxylic acid (Intermediate 1) (362 mg), 1-(4-chlorophenyl)ethanamine (172 mg), N-
(3-dimethylaminopropyl)-3-ethylcarbodiimide (231 mg) and 1-hydroxybenzotriazole (163

15 mg) were stirred together in DMF (2 mL) under nitrogen for 16 hours. The reaction
mixture was partitioned between EtOAc (20 mL) and brine (4x 20 mL). The organics were
combined, dried over MgS0O4 and evaporated in vacuo. The resultant white solid was
dissolved in 1,4-dioxane (5 mL) and a 4M solution of HCl in 1,4-dioxane (5 mL) was
added. The resulting mixture was stirred for 16 hours, then diluted with diethyl ether (50

20 mL). The crude product was isolated by filtration as the HCl salt which was purified by ion
exchange chromatography, using an SCX column. The desired product was eluted from the
column using 7M ammonia/MeOH and pure fractions were evaporated to dryness. This
material was purified by preparative LCMS using decreasingly polar mixtures of water
(containing 1% NHj3) and MeCN as eluents. Fractions containing the desired compound

25 were evaporated to dryness to afford 4-amino-N-(1-(4-chlorophenyl)ethyl)-1-(7H-
pyrrolo[2,3-d]pyrimidin-4-yl)piperidine-4-carboxamide as a white solid (168 mg, 42%).



io (using a 20pm Chiralpak AS (250mm x 4 6nun) column, with an eluent mixture of iso-
hexane/(EtOH/MeOH 50/50)/TEA 90/10/0.1, 1 mumin at 25C, injecting 10p1 of a Img/mL solution in
EtOH) showBgaedEidtiomer to be distinct from each other and enantionR€lcahgqo8s (8. =
100%). 15Example 4: 4-amino-N4(4-ehlorophenyl)(eyelopropyl)methyl)-1-(7H-pyrrolo12,3-
dlovrimidin-4-yl)piperidine-4-earboxamide 31
0-(7-Azabenzotriazol-1-ye-N,N,N',N-tetramethyluronium hexafluorophosphate (0.228 g) was added to
4-(tert-butoxycarbonylamino)-1-(71-1-pyrrolo[2,3-d]pyrimidin-4- 20yl)piperidine-4-carboxylic acid
(Intermedialdl) ¥R 6o yhmse, ¢HBBERRSA (L 6psopY) héthadrmel tintdriiediddd3) %391 g) and
DIPEA (0.265434 g1i). I BIRMER L] 16105 ubIn0s5QIaR VoS S171R6 3L 3G fof L hour. The

crude product was purified by ion exchange chromatography, using an SCX column e desired
product wad SRuteH fidm&HE tollifhh &idhely Namhdri and pure fractions were evaporated to
dryness. Thiscridempatedal was suspended in dichloromethane (25 5 mL), and TFA (5 mL) was
added. The reaction mixture was stirred for 1 hour, then the crude product was purified by ion
exchanyge chromatography, using an SCX column. The desired product was eluted from the column
using 7N arpmgRindie s} andaHENR eI e Ip RUAARaISH-RENNRAT S RIS NG whidn material
as a white SOIId Fhls materlal was trlturated under cold methanol To give the pure product,

] AN DAX P&yl )methyl)-1-(7H-pyn-ol o [2,3-d]pyrim i din -4-y1 )piperidin
e-4- carboxamlde as a Whlte SO|Id (0 167 g, 79 %).-11-10MR (400.13 MHz, DMSO-d6) 60.27 -0.37
(2H, m), 0.48 - 0.52 (2H, m), 1.18 - 1.24 (1H_m), 1340- 1148 (2Kl, m), 1.88- 2.02 (2H, m), 2.20 (2H, s),
3.50 - 3.59 (2H, m), 4.15 (1H, 1), 4.36 - 4.4 m), 6.5 58 (I H, m), 7.14 - 7.16 (IH, m), 7.35 -
7.40 (4H, m), 158.12 (11-1, s), 8.47 (1H 2 (1H, $). M$ ink MI-1+ 425. Example 5:
4-amino-N-(2-amino-1-(4- ehlorophenvt%thyl) 147H-pwro

dlpyrimidin-4-171)piperidine-4-earboxamide NH,
N/
L
\N N

H

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

10 (0.418 g) was added in one portion to 4-(tert-butoxycarbonylamino)-1-(7H-pyrrolo[2,3-
d]pyrimidin-4-yl)piperidine-4-carboxylic acid (Intermediate 1) (0.361 g), (S)-1-(4-
chlorophenyl)ethanamine (0.140 mL) and DIPEA (0.524 mL) 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

15 was eluted from the column using 7M NH3/MeOH and pure fractions were evaporated to
dryness. This crude material was then treated with a 20% solution of TFA in DCM (10
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 7M ammonia/MeOH and pure fractions were evaporated to dryness. This material

20  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,

25 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/c MH" 399.



CI N 20 Trilluoroacetic acid (3 niL) was added to tert-butyl 4-(2-amino-1-(4-
chlorophenyl)ethylcarbamoy1)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidin-4- ylcarbamate
(Intermedial®@2¢028225¢63 in DCM (100 mL) at 25C. The resulting solution &I &iBREBASPBT for 3
hours. The crude product was purified by ion exchange 25chromatography, using an SCX column. The
desired product was eluted from the column using 732 NH3/MeOH and pure fractions were evaporated
to dryness. The crude product WO 20091047563PCT/GB2008/050925 35 was purified by preparative
HPLC (Waters XBndge Prep C18 OBD column 5} I S|I|ca 19 nun dlameter 100 nun length), using
decreasingiXainplend B0y ANGRE : ! ] iptd4pntaining
the desired WRIEENGRPAAIR to dryness ThIS materlal was then further purified by flash
silica chromatograpny, elution gradient 0 to 10% methanolic ammonia (71V) in DCM. Pure fractions

[2,3- dipyrimidin-4- yOplperldlne -4- carboxamle asja col urle§§[gum (0.047 g, 11.4 %) 11-1 NMR
[ 18%;1 2H, in), 1.97 -2.05 (2H, m), 2.77 - 2.86
444 ( m)

(2H, m), 3.18 (2H, s), 3.51 -359 (2H m), 4.8 .70 10(1H, 1), 6.58 (1H, d), 7.15 OH, d),
7.30-7.32 (2H m) 7.35-7.37 (2H m)Cé.lz 1H, s), 8.4 s) 11.62 (11-1, s) MS ink MI-1+ 414.

to (S)-tert-butyl (44144- chlorophenypethylcarbamoy1)- rfolo[2,3- d]pyrlmldln -4-yl)piperidin-4-
yOmethylcarbamate (Intermediate 13) (0.257 g, 0.5 mmol)in D@M (20 mL) at 25C. The 20resulting

solution was stirre 25C for 1 hour. The c roduct was purifie ion
%_6&% Azabenzotriazol-1-yl) I\lflgﬁ\? d‘[etramethy&lurongju hexafluorophosphate

15d|pyr|m|d|n -4- 171)p|per|d|ne -4- carboxamlde 0 Tnlhfgj

5 (0.209 g) was added in one portion to 4-(tert-butoxycarbonylamino)-1-(7H-pyrrolo[2,3-
d]pyrimidin-4-yl)piperidine-4-carboxylic acid (Intermediate 1) (0.181 g), 1-(4-
chlorophenyl)propan-1-amine (0.085 g) and DIPEA (0.262 mL) 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

10 was eluted from the column using 7N ammonia/MeOH and pure fractions were evaporated
to dryness. This crude material was then treated with a 20% solution of TFA in DCM (10
mL) and stirred at room 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 7N ammonia/MeOH and pure fractions were evaporated to dryness. This

15 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
%).

2  'HNMR (400.13 MHz, DMSO-d¢) § 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.



exchange chromatography, using an SCX column. The desired product was eluted from the column
using 7M NH3/Me01-1 and pure fractions were evaporated to dryness. The crude product was purified
by flash silica@ReeNEIBGIaphy, elution gradient 0 to 10% 7N ammonia/MeORCFEBZMS/P93Sractions
were evaporated to dryness to afford (S)-4-
25(aminomethyl)-N-(1-(4-chlorophenyfiethyl)-1-(71-33pyrrolo[2,3-dipyrimidin-4-
yOpiperidine-4-carboxamide (0.095 g, 46.0 %) as a white solid. 36 1H NMR (400.13 MHz, DMSO-d6)
1.39 (3H, d) 1.43 - 150(4H m) 205 214(2H m) 269(2H s) 3.37 347(2H m) 4.20 425(2H
m), 4.96 - SlxXe P4 ’ - PNe - L

MS mle M
dlpyrlmldln- -yl)pIper ne- -ear oxamide N1 tic aci nil, 25 96 mmoI) was

41) 1 (7H pyrrolol12, 3-

and eluted with methanol follprrsg < TN /Ii{il : S C Product were combined,
[ )(Bridge Prep C18 OBD
column, 5um silica, 19 mf diameter, 100 ' [ lar mixtures of water

evaporated to dryness to afford 4-amino A\
chlorophenyl)-4-hydroxybutyl)-1-(71-1-p -dipyrimidin-4- yl)pler -4- carboxamide (58.0
mg, 50.8 %) as a colourless solid. 20IH NMR (3@9 902 MHz, DMSO) S 128 -1.51 (4H m), 1.69- 1.80

(L iy, S TG e Py A O A (1 ) wis
ink MI-1+ 4#Bpipdtidine-4- carboxamlde (Example 3) Was purified by preparative chiral- HPLC The
fractions containing the desired compound were evaporated to dryness to afford Isomer 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
10 (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%).

15 Example 4: 4-amino-N-((4-chlorophenvl)(cvclopropvl)methvl)-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-

20 yDpiperidine-4-carboxylic acid (Intermediate 1) (0.181 g), (4-
chlorophenyl)(cyclopropyl)methanamine (Intermediate 3) (0.091 g) and DIPEA (0.261



Examples 7A and 7B:
(S)-4-amino-N-(1-(4-ehlorophenv1)-4-hydroxybutvl)-1-(7Hpyrrolo12,3-dIpyrimidin-4-vbpiperidine-4-car
boxamide aWD(RPANO4TME0-N-(1-(4- chlorophenyl)-4-hydroxybutyl)-1-(7H-BWEAS32083@5p82midi
n-4-11)piperi din e-4- carboxamide 5 DIPEA (2.85 mL, 16.0 mmol) was added to
4-amino-N-(1-(4-chloropheny1)-4- hydroxybutyl)pipéddine-4-carboxamide (Intermediate 72) (1.04 g, 3
19 mmol) and 4- chloro-71-1-pyrrolo[2,3-d]pyrimidine (0.490 g, 3.19 mmol) in ethanol (15.96 mL) at
25C. The resulting solution was stirred at 65C overnight. The crude product was analysed by 10 LCMS

and evaporttbditoldMAdSsnhatdide SbadandinasalptismedpytivadsicHarigdaetrdmatddiaphy, using
an SCX-2 cglymn, JNR PERdYchtag Sii{t&{ie@ieﬁalﬂg@ %Mﬁ%%}ﬂ@ﬂﬁ%%&é%@ﬁm%ﬁlmam' /

DCM. The crude mixture was then re-purified by flash silica chromatography (eluent 0-10% 7/V

ammonia / MrsORHiRDaRtveneled Famideselapbraies 10/ anppessad siiiqnd pure fractions

4-amino-N-(l{4-ChligspREeRY d)yAly Iy By Yideéfibt was suspended in dichloromethane (25 .
15pyrrolo[2,3-d]pyrimidin-4-yOpiperidine-4-carboxamide (63.9 %) (racemate) as a fine white solid. The

racemate was briidl T Sl Byas agdedrihBsITRa Oh PBRBISGFapRYTTSERY tohembriherehsure

enantiomersq{myi - - 9 g?pgﬂ{ SPEaRH both
enantiomer?ﬁ%@i%ﬁéﬁ%ggﬁﬁggﬁﬁgg %%/I(@g& 133)/?%5@(%3 @%R 1.46-1.25%2& d),

1.74 (2H, sflesital produss wasehydlrogy thy cefumpysingd fopmpppmiadel¢(pH andipute Gpetiony 75-4.76

(IH, d), 6.59(dd-daPorktdd oLty Adsd (3G b Srdd (hiteRh 832 0had (SlalTHls MaRRdldal, S,
exchange); MS m/e MI-I+ 443; HPLC tR = 1.66 min. 38 Example 8:

4-amino-N-{EAs oSSR 2 RO Bt PUR-RISIHSlo 3 23URA-N-((4-

pyrimid&n-4dﬁ&8§ﬁ@9g(éyeﬁfw§mv&hﬂp1 l%ﬂ{tﬁ%%wyi,.%-d]Fyrimidin-4-yl)piperidine-4-
4-(1-(4-chloropheny1)-2-hydroxyethylcarbamoy1)-1-(71-1-pyrrolo[2,3-

d]pyrimidin-ZApOFRBEeR & Yk aHh® tMemedite 18) (137 mg, 0.27 mmol) was treated with
trifluoroacetig apigr(24m0.) T hersolptignonas) Siored far 37 howr atyroory teymaperaiueg), Themixture was

concentrated under reduceqt%pi(ressure. The crude product wasapurified by ion exchange

chromatogréidiy™rslrita SEX( B 1 e relrd - 5384 dErith the colutt AR B ahol and
washed witymethan. - Ugxqesiresh psoucs wasigluiasl 7.14 - 7.16 (1H, m), 7.35 - 7.40 (4H, m),

15 8.12(1H,s), 8.47 (1H, d), 11.62 (1H, s).
MS m/e MH" 425.

Example 5: 4-amino-N-(2-amino-1-(4-chlorophenvyl)ethvD-1-(7H-pvrrolo]2.3-

d]pvrimidin-4-yDpiperidine-4-carboxamide

20
Trifluoroacetic acid (3 mL) was added to tert-butyl 4-(2-amino-1-(4-

chlorophenyl)ethylcarbamoyl)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidin-4-
ylcarbamate (Intermediate 6) (0.514 g) in DCM (100 mL) at 25°C. The resulting solution
was stirred at 25 °C for 3 hours. The crude product was purified by ion exchange

25 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



10 from the column using 2M ammonia in methanol and pure fractions were evaporated to dryness to
afford 4-amino-N-(1-(4-chlorophenyl)-2-hydroxyethyl)-1-(7H-pyrrolo[2,3-
dipyritnidin-XQQmpedithee-4-carboxamide (111 mg, quant.) as a colourlessREYEGRAMNS/SHIESNMR
(399.9 MHz, DMSO-d6) S 1.40 - 1.49 (2H, m), 1.85 - 2.09 (2H, m), 3.48 - 3.69 15(4H, m), 4.35 -4.48
(21-1, m), 4.72 -4.81 (1H, in), 4.90 -4.96 (1H, m), 6.88 (11-1, 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) miz (ESI+) (M+H)+ = 415; HPLC tR = 1.57
min. 39 Example 9: (S)-4-amino-N-(1-(4-chlorophenv1)-3-hydroxypropy1)-1-(7H-pyrrolo12,3-
dipyrimidin-#as ipEadine preparpdvaid<<(E8 el XProizaitcn ©id£2RP) @ womiL $31e8 Mmol) was
added to (S GIQMQH:&’H)(‘%&m length), using decreasingly polar mixtures of water (containing 1%
5chloropheny1)-3-hydrox propylcar%amoylﬁl-(?H-pyrrolo[2,3-d]p rimidin-4-yepiperidin-
4-y|carbam3{g%}rﬁ1é‘il i @8291}1(:11?2-71:@6}021.@@ﬁﬁﬁt&%ﬂﬂﬁ&it&ﬁlé@ﬁ@éﬁ@ﬁ@%@ﬂﬁﬁ?@p@%ﬁ%g
suspensionwas stistesat AR eriarHa ou ulhe Ao Hfes dterask Sramgf anRibiE filtercup
a

and the crude solid was purified by preparative HPLC ers XTerra C18 column, 5pm silica, 19 min

L
diametér, 160HERUBAYH LdiplnedieaisingRiad BYlaR Rt résust st BstaipTagoreEt (1) and
MeCN as elyentss fFyashins comaiong s desirqd-eq Beywerie, puriiied By im.gxahange
chromatography, using an SCX column. The desired product was eluted from the column using 7M
N1-13/MeOAiaYirydie- bl il boamoramidtorsd relss s ssrea (0.047 g, 11.4 %).
(S)-4-aminOrﬁi(Mﬁ-@m@.@Nﬁ@xJ@ﬁso-qg §1.41-151 (5_2H, m), 1.86 - 1.94 (2H, m), 1.97 - 2.05
hydroxypropy1)-1-(7H-pyrrolo[2,3-d]pyrimi |n-4-)sl)%| eri |ne-4-carboxam|d§9$t(j)l.200 g, 1519.4 %) as a
white solid. #H-NMR - Bo92BME . DS 166 D4 %m?é)? 286 Trt-&9, 1ot (AbaL A 7R, 2.19
(21-1, §), 3 @81(2-d.58) 13154)-3.38 (R 1yM)3¢-3534. M54 53 £ bh0nf), 88161HEM))6.58 (1H,
t), 7.16 (1H,é[),§7%32 ;57).(318 ’4)F|, m) é8.1’2 iH,Bs), 8.23 %%%‘11.83 (IH,]g,Hm??(ESI‘%{-)j (M-BH)+ = 429;

HPLC tR = 346} $)4b1.62 (1H, s).
MS m/e MH" 414,

Example 6: (S)-4-(aminomethyl)-N-(1-(4-chlorophenylDethvD-1-(7H-pvrrolo]2.3-

15 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

20  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-

25 (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.



Example 9 alternative route 1: (S)-4-amino-N-(1-(4-chlorophenv1l)-3-hvdroxypropvl)-
1-(7H-pyrrolo12,3411pyrimidin-4-ybpiperidine-4-carboxamide  N-Ethyldiisopropylamine (1.676 ml,
962 mmol) W3 2809847 363(S)-4-amino-N-(1-(4- PCT/GB2008/050925
5chlorophenyl)-3-hydroxypropyl)piperidine-4-carboxamide (Intermediate 49) (1g, 3.21 mmol) and
4-chloro-7H-pyrrolo[2,3-d]pyrimidine (0.493 g, 3.213tmol) in butan- | -01 (15 in!). The resulting
solution was stirred at 60C 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

MgSO4, filtéFeaMHY @PRpch Metr 1M d ek 636b 90t I THe-drdlld PlodicBWas puriiedlby flash

silica chromgtogr t radiens i tg, 6% Njedh mmanjg i BEMPHre fkagtieng yere
evaporated tg dr%@%&?gﬁé) Zmamlno?N-i\ld- 4- c%%h?ny?)%rsh?dryxyp?o%y%(‘(I (’7%H)prrrol o]

[2,3- dipyrinfidittiEA yhipedididélasbaidd@Ride @84@(@1), 83 4 Whiitel #ath. (S)-4-amino-N-(1-
(4-chlorophgpy L)3Miyerexypropyl)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-yepiperidine-4- 15carboxamide
was stirred in ethyl acetate (7 mL) for 18 hours. The solid was collected by filtration, washed with a
small amount of ethyl acetate and vacuum oven dried at 55C lbr 18 hours to afford

(S)-4-amingeRlifd BRidibygi/82piperidine-4-ca

NMR (400. 3pveimidind gl p-dscavhexamide 180 - 2.02 (4H, m), 2.17 (2H, s), 3.35 - 3.40 (2H,
in), 3.50 -3.59 (2H, in), 434 441 (21 1 m), 453c(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),
20091047563PCT/GB2008/050925 41 Example 9
(S)-4-amino-N-(1-(4-chlorophenvl)-3-hydrox
1-(7H-pyrrolo12,3-dlpyrimidin-4-yl)piperidi L
(S)-3-Atnino-3-(4-chlorophenyl)propan-1-ol (In ermedlat 47 (2.055 g, 11.07 mmol) was 5 added in
one portion to 4-(tert-butoxycarbonylatnino)-1-(7H-pyrro -d]pyrimidin-4- yOpiperidine-4-carboxylic

acid (Intermediate 1) (4g, 11.07 mmol) and DIPEA (5.80 il 33.20 mmol) in DMA (40 ml). HATU (4.63

g, 12.18 mmol) was added and the resulting solution was stiffey at 20C for 24 hours. The reaction
mixture was evaporated to dryness then diluted with EtCAcA300 mL), and washed sequentially with
water (50 niL) and i

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

10 hydroxybutylcarbamoyl)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidin-4-ylcarbamate
(Intermediate 17) (140 mg, 0.26 mmol) at 20 °C and the resulting solution stirred for 1
hour. The solution was then diluted with methanol, applied to a 10g SCX column and
eluted with methanol followed by 2N NH3/MeOH. Fractions containing product were
combined, concentrated by evaporation and purified by preparative HPLC (Waters

15 XBridge Prep C18 OBD column, Spm silica, 19 mm diameter, 100 mm length), using
decreasingly polar mixtures of water (containing 1% NH3) and MeCN as eluents. Fractions
containing the desired compound were evaporated to dryness to afford 4-amino-N-(1-(4-
chlorophenyl)-4-hydroxybutyl)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidine-4-
carboxamide (58.0 mg, 50.8 %) as a colourless solid.

20  1H NMR (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.

25



iosaturated brine (50 niL). The organic layer was dried over MgSO4, filtered and evaporated to afford
crude product. The crude product was purified by Clash silica chromatography, elution gradient 2 to
6% MeOH WY apagrigiiin DCM. Pure fractions were evaporated to dryneS¥CAWGRPIOFATONGvith
dioxane (40m1) to afford (S)-tert-butyl 4-(1-(4-chloropheny0-3- hydroxypropylcarbamoy1)-1-(7H-pyrrol
o [2,3-d]pyrim din-4-y] )piperi din-4-y] carbamate 153Intermediate 22) (4.82 g, 82 %) as a white solid.
(S)-tert-butyl 4-(1-(4-chloropheny1)-3-

hydroxypropylcarbamoyo 1- (7H pyrrolo[2 3- d]pyrrmrdln -4- yOplperldln -4- ylcarbamate (Intermedrate 22)
(4.82 g, 82 2 B, alls 123 0L ACH i

221.36 mmﬁbﬁgﬂﬁﬁ %%&?ﬁﬁﬂﬁﬂ W%’i) irra%ﬂiﬁmm%;%@a@@ratﬁa E@Mfmurﬁowlcmde product

was purified by 1on exchange chromatograpny, 20 usrng an SCX column. The desired product was

eluted fromahiorophemylidraydroyyiutyhi] prirsolel 23 dipysimddineA-yhipiperadinetdmess. The
crude prodygtyss.pHddied by preparative HPLC (Waters XBrldge Prep C18 OBD column, Spin silica,
19 mm diameter, T00 mm length), usrng decreasingly polar mixtures of water (containing 1% NH3) and
MeCN as eluents. Fractions contaln? the desired compoun re evaporated to 25dryness to alTord
(S)-4-amino-N-(1-(4-chl orophenyl)-%ydroxypropyl) I-(7H-pyr¢ol o [2,3-
dipyritnidin-4-yOpiperidine-4-carboxamide{1.200 g, 25.3 %) as a Whitg solid. WO

20091047563PCT/GBZOOSQ (M+H)+ = P 1.67 min. 1H NMR
matches previous. Example @ H

N-(3-acetamido-1-(4-ehlorophengl)propyl1)4-

5dIpyrimidin-4-1711piperidine-4-earboxamide Hydrogen chloride (4M) ip 1,4-Dioxane (0.430 niL, 1.72
mmol) was added to tert-butyl 4- (3-ac et 4-chlorophenyl )p amoyl)-1-(7H-pyrrol o
[2,3-d]pyrimi din-4- yOpiperidin-4- ylcarban{@e ntefmediate 28) (98 rﬁg d 7nunol) in DCM (4mL) at
20C. ioThe resulting suspension was stirred™t 241C for 70 hours. The ré‘actr&?h mixture was
evaporated to dryness The crude product was purified by preparative HPLC (Waters XTcrra C18
column, 5p silica, 13 N s Sy, o1l PRsstSd Rifig eSSty Bienstiiet of water

(containing W&M‘}‘Bﬁl@%1WQM@$-@H#B&§nﬁd@Qﬂﬂfﬁlﬁ@ﬂiat@"M) trleodegmepbqamm) uAd yvere
evaporated to dryness to fford ra ace amr 0-1-(4- 15¢hloro heny pro&/ -4-am no 1-(7H-pyrrolo
%) it

[2,3-d]pyrinf s’ %BPHE? Atne-al> Iride 900 ]r%éj“ffg 1g5theng é’%lPS&Lf I NMR (399.9

MHz, DMS@%@@):ﬁulﬁ%&glsélﬁt(&ﬂwﬁh)stlﬂeﬂ @3195%), ol &highitl, Tthe]oﬁﬁtebt%ﬁl(aﬂ'{rvm)nﬁlgz@a%i s), 3.00
(2H, 1), 3.55 (2H d) 4.36 - 4.40 (2H, m), 4.80 (1Hid) 6.58 - 6.60 (1H, l6(IH ), 7.34 - 7.39
(41-1, 1), 780N THR) HPSTPIRY 19 IBATA S PidER 1Y) RS DI AR TESI+) (M+H)+
= 470: HPLEhibhratbgBpMynusédz an SCX-2 column. The product was eluted from the column using

20% 7N ammonia in methanol / DCM. The crude mixture was then re-purified by flash
silica chromatography (eluent 0-10% 7N ammonia / MeOH in DCM) and pure fractions
evaporated to dryness to afford 4-amino-N-(1-(4-chlorophenyl)-4-hydroxybutyl)-1-(7H-

15 pyrrolo[2,3-d]pyrimidin-4-yl)piperidine-4-carboxamide (63.9 %) (racemate) as a fine
white solid. The racemate was chirally resolved by supercritical flow chromatography
(SFC) to afford the pure enantiomers in yields of 272mg (19%) and 245mg (17%)
respectively. The NMR spectra for both enantiomers were identical.

"H NMR (400.13 MHz, DMSO) § 1.38-1.42 (2H, m), 1.46-1.49 (2H, d), 1.74 (2H, s), 1.92-

20 2.03 (2H, m), 2.19 (2H, s), 3.55-3.58 (2H, d), 4.38 (1H, s), 4.41 (2H, s), 4.75-4.76 (1H, d),
6.59 (1H, s), 7.17 (1H, s), 7.36 (4H, s), 8.15 (1H, s), 8.32-8.34 (1H, d), 11.65 (1H, s,
exchange);

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

25



Example 11: 4-amino-N-(1-(4-chlorophenvl)-3-(dimethylamino)propv1)-1-(7Hpyrrolo
[2,3-dIpyrimidin-4-vbpiperidine-4-carboxamide Hydrogen chloride (4M in 1,4-dioxanc, 1.01 inL, 405
minol) was adaabedervbutyl 4-(1- PCT/GB2008/050925
(4-chlorophenyl)-3-(dimethylamino)propylcarbamoy1)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-
yl)piperidin-4-ylcarbamate (Intermediate 34) (0.045 §8 0.08 mmol) in a mixture of DCM (5 niL) and
methanol (2 mL) at 22 'C. The resulting solution was stirred at 22 C for 16 hours. The mixture was
evaporated and the re5|due was pUI’Ierd by ion exchange chromatography usmg an SCX column. The

e‘hﬁﬂ]@@-&rboxamlde
-pyrrolo[2,3-d]pyrimidin-4-

Iourless gum 1H NMR (399.902 MHz, CDC13) 6

(1-(4-chloropheny
yOpiperidine-4-carboxamide (0.034 g, 92 %)

1.57 (2H, m), 1.66 (2H, br.$), 1.81 (1H, m), 2 48,(6H, s), 2.18 - 2.36 (4H, m), 3.67 (3H,
m), 4.50 (2H, m), 5.00 (IH, dt), 6.52 (1H, 15d) ) 7.18 (2H, d), 7.29 (2H, d), 8.33 (H, s),
9.07 (1H, d), 9.61 (1H, s). MS ink MI-1+ 43 2009 563PCT/GB2008/050925 44 Examples

11A and 11B: (S)-4-amino-N-(1-(4-chlorophensl)-3-
(dimethylamino)prom11-147H-pyrrolo[2,3-dIpyrimidin- 4mdme -4- earboxamide and
(R)-4-amino-N-(144-ehlorophem1)-3-(dimethylamino)pr {-
(7H-pwrolo12,3-dipyrimidin-4-thpiperidine-4-earboxamide CICGl \N Racemic

4-atnino-N- (éﬂ(:k HORbEPYs R FHERRY Y IAPIRRIRBRY BikddiH)- 1-(7H-pyrrolo[2,3-
pyrrolo[2,3-d yrmn 4h§£p|perlg|ng§%géarboxamlde (Exam ijes‘ll) 2231 mgq, 0. 51 mmol) was chirally

separated paeﬁrﬁarbawhmweﬁ@czmwtzdmwﬁw R duperBriicamelivas
chromatographiyd sltion 8abeat:s £ QKGR 1R J0eREA)T he-tAaspiorsiate fiagtions for the first

eluted isomer were evaégorated and the residue triturated with diethyl ether to give

4-amino-N- q_nme&aﬂgpo W@@@@qw@m&%a@%y&ﬁg@eﬁuced pressure. The crude product was

(7H-pyrroloRR,3riipykimydiskényhpingricinawhepio &@iﬁgd@aé&wu%w@@a@smae@@t@adw NMR
(399.902 MHz, DMSOQ) 1.43 (2H, ddd), 1838%H "dt), 1.86 2,01 (2H, m), 152.11 (6H, 5), 2.14 (2H. 1)

3.56 (2H, daaso ghggc&]lqlrdl&djleahggo ﬁq dif eggzv(qt nf)llé' ¢ desired product was eluted

10 from the column using 2M ammonia in methanol and pure fractions were evaporated to
dryness to afford 4-amino-N-(1-(4-chlorophenyl)-2-hydroxyethyl)-1-(7H-pyrrolo[2,3-
d]pyrimidin-4-yl)piperidine-4-carboxamide (111 mg, quant.) as a colourless crystalline
solid.

"H NMR (399.9 MHz, DMSO-dq) § 1.40 - 1.49 (2H, m), 1.85 - 2.09 (2H, m), 3.48 - 3.69

15 (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.



(1H, dd), 7.33 (2H, d), 7.37 (2H, d), 8.13 (11-1, s), 8.61 (11-1, d), 11.63 (11-1, s). MS mle MH+ 456.5.
The appropriate fractions for the second eluted isomer were evaporated and the residue triturated with
diethyl etheO gWe/M-an3ino-N-(I -(4-chlorophenyl)-3- PCT/GB2008/050925
20(ditnethylamino)propy1)-1-(71-1-pyrrolo[2,3-d]pyritnidin-4-yOpiperidine-4-earboxamide (43 mg,
19%) as a white solid. IH NMR (399.902 MHz, DMS®) S 1.43 (2H, ddd), 1.83 (2H, dt), 1.86 -2.0! (2H,
in), 2.11 (6H, s), 2.14 (2H, t), 3.56 (2H, ddd), 4.39 (2H, ddd), 4.83 (1H, q), 6.58 (I H, dd), 7.16 (1H, dd),
7.33 (2H, d), 7.37 (2H, d), 8.13 (11-1, s), 8.61 (11-1, d), 11.63 (11-1, s). 25MS ink MI-1+ 456.4, 458.4
WO 20091 dzznpledT(Srbantmmdets (4 deraphenyd)-3-hyvdroxvpropvl)-1-(7H-pyrrolo|2.3-
4-(aminomefiy)Nildiidac -(7Hpyrrolo[2,3-dltivrimidin-4-vbpiperidine-4
-carboxamide -(7-Azabenzotriazol-1-ye-N,N,N N-tetramethyluronium hexafluorophosphate (106
mg, 50.28 mmol) was added to 4-((tert-butoxycarb r[i’ylamino)methyl)-l-(?H-pyrrolo[2,3-
dipyritnidin-4-yOpiperidine-4-carboxylic acid (Intermediate 12) (100 mg, 0.27 mmol) and
N,N-diisopropylethylamine (0.055 mL, 0 32 m I) IrfNMP (5 mL) at 22 C. The resulting solution was
stirred at 50 C for 10 minutes then cooled t'en eratyre.

was added and the mixture was stirred at 22 C for a furth
and the residue was pun i lied by ion exchange chromatog
product was eluted from the column using 30% (2M NHJ in N -
evaporated to dryness to afford crude 15 product. The crudesprqduct was purified by preparative
HPLC (Waters XBridge Prep C18 OBD column, 5,1 silica, Yo mm diameter, 100 mm length), using
decreasing ixtures of ntaining 1% .NH3) and McGN as elye ctions containing
the desired LoD L S A S BT LR
5 chlorophenyl)-3-hydroxypropylcarbamoyl)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidin-

4-ylcarbamate (Intermediate 22) (1.27 g, 2.40 mmol) in dichloromethane (20 mL). The

resulting suspension was stirred at 20 °C for 16 hours. The reaction mixture was filtered
through a PTFE filtercup and the crude solid was purified by preparative HPLC (Waters
XTerra C18 column, Sum silica, 19 mm diameter, 100 mm length), using decreasingly

10 polar mixtures of water (containing 1% TFA) and MeCN as eluents. Fractions containing
the desired compound were 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 (S)-4-amino-N-(1-(4-chlorophenyl)-3-
hydroxypropyl)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidine-4-carboxamide (0.200 g,

15 19.4 %) as a white solid. IH NMR (399.9 MHz, DMSO-d6) & 1.45 (2H, d), 1.86 (1H, d),
1.90 - 1.93 (1H, m), 2.19 (2H, s), 3.38 (2H, q), 3.51 - 3.58 (2H, m), 4.35 - 4.38 (2H, m),
4.53 (1H, t), 4.88 (1H, d), 6.58 (1H, t), 7.16 (1H, t), 7.32 - 7.38 (4H, m), 8.12 (1H, s), 8.43
(1H, d), 11.63 (1H, s), m/z (ESI+) (M+H)+ = 429; HPLC tR = 1.46 min.



chl oroph eny1)-3-hydroxypropy1)-1-(7H-pyrrol o [2,3-d]pyrimi din-4-yl)piperidine-4- 20carboxatnide
(0.095 g, 81 %) as a white solid. 1H NMR (399.902 MHz, DMSO) 1.47 (2H, m), 1.80- 1.96 (2H, m),
2.09 (2H, mYYO BOYOHS6), 3.27 - 3.45 (4H, m), 4.26 (2H, ddd), 5.02 (1H, dBCE/EB87AM8/08)925.15 (1H,
d), 7.33 -7.39 (4H, m), 8.12 (IH, s), 8.44 (1 H, d), 11.63 (IH, s). MS mle WI+ 556 46 Example 13:
4-amino-N-(1-(4-ehlorophenv1)-3-hydroxypropy1)-14(7H-pwrolo12,3-
dipyrimidin-4-ybpiperidine-4-earboxamide OH TFA (0 7 mL) was added to a suspension of tert-butyl
4-(1-(4- chlorophenyl) 3 5hydroxypropy| carbamoyl) 1 (7H pyrrol o] [2 3 d]pyrlm din-4-y] )plperl
din-4-y] carB AR Fol ) g (YRRGETID oYl gon.
The resuIt|ng@ﬂﬂ%:mg?sjlﬁﬁﬁfﬁ%fgﬁ@%{ﬁl@@_wlﬁg%ﬁ@e removed in vacuo and the
reaction mixture was puriried by preparative using a wWaters X-Bridge reverse-phase column
(C-18, 5 microns silica, 19 mm diameter, 100 mm Ier;gtﬁ)”with 10decreasingly polar tnixtures of water
(containing 0.2% atmnonium carbonate) and acetongfile gs eluent. The pure fractions were
evaporated to dryness to afford 4-amino-N( ShtSro enM{)-3-hydroxypropyl )-1-(7H-pyn-ol o
[2,3-d]pyrimi din-4-yl)piperi carboxatnidec( 69.81% a’'white powder. 1H NMR (500 MHz,
DMSO-d6) 6 1.38 -1.46 (2H, m), 1.81 - 191(4H m), 2.35 (2H, br s), 15 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 ( , 7.16 (1H, d), 7.31 -7.37 (4H, m), 8.11
(1H, s), 8.45 (1H, d), 11.65 (1H, s). m/z (ES1+) (M+H)+ = 29 HPLC tR = 1.58 min. 47 Example 14:

4-amino-N-(3-amino-1-(4-chlorophenvl)propvl)-1-(7H-p ol

dlpvrimidin-4-ybpiperidine-4-earboxamide SN ﬁ

ARG

N-Ethyldiisopropylamine (1.676 ml, 9.62 mmol) was added to (S)-4-amino-N-(1-(4-
5 chlorophenyl)-3-hydroxypropyl)piperidine-4-carboxamide (Intermediate 49) (1g, 3.21

mmol) and 4-chloro-7H-pyrrolo[2,3-d]pyrimidine (0.493 g, 3.21 mmol) in butan-1-ol (15
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

10 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-(7H-pyrrolo[2,3-
d]pyrimidin-4-yl)piperidine-4-carboxamide (842mg) as a white foam. (S)-4-amino-N-(1-
(4-chlorophenyl)-3-hydroxypropyl)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidine-4-

15 carboxamide was stirred in ethyl acetate (7 mL) for 18 hours. The solid was collected by
filtration, washed with a small amount of ethyl acetate and vacuum oven dried at 55°C for
18 hours to afford (S)-4-amino-N-(1-(4-chlorophenyl)-3-hydroxypropyl)-1-(7H-
pyrrolo[2,3-d]pyrimidin-4-yl)piperidine-4-carboxamide (0.585 g, 42.5 %) as a white solid.
m/z (ES+) (M+H)+ =429; HPLC tR= 1.60 min.

20  1H NMR (400.13 MHz, DMSO-de) 6 1.39 - 1.47 (2H, m), 1.80 - 2.02 (4H, m), 2.17 (2H,
$), 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)

25



Trifluoroacetic acid (0 05 nil_.) was added to a stirred suspension of tert-butyl 4-(3- 5am in
0-1-(4-chlorophenyl)propyl carbamoy1)-1-(7H-pyn-ol o [2,3-d]pyrimi din-4-y] )piperidin- 4-ylcarbamate
(Intermedia®G8¥¥03763) in DCM (1 tnL) under argon at 25C. The resultin§GU§RAIEI0NZS stirred at
25C for 2 days. The reaction mixture was evaporated to dryness to afford the di-TFA salt of
4-amino-N-(3-amino-1-(4-chlorophenyl)propyl1)-1- 41
(7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidine-4-carboxamide as a partially solid oil (13.0 10mg). IHNMR
(500 MHz, DMSO- do) 1. 86 (1H d), 2 01 (2H m), 2 08 (QH, m) 241 (2H m) 2 69 (2H, m) 2 85 (1H,
ni), 3.61 (2PLXAMPE(@HK 24001 2 : g

rﬁ’du{\@% 'EH?H}{'HE | 15 Example 15:

(R)-4-amino- - rﬁpropv -I-(7HpwWrolo -d|IWI‘ImIdIn 4-vibiperidine-4-car
boxamide OH HC1 (4M in dioxane) (0.378 A 1.51 mmol) was added to (R)-tert-butyl 20chl oroph
eny1)-3-hydroxypropyl carbamoyl)-1-(7H- pyr&) 0[2,3cd]pyrimi din-4-yl)piperi din- 4-ylcarbamate
(Intermediate 42) (0.160 g, 0.30 mmol) in DCM+%3 m hengsulting 48 suspension was stirred at 20
C for 3 hours. The reaction mixture was evaporte@%. T de product was purified by preparative
HPLC (Waters XTerra C18 column, 5pm sj 9 mm diameter, 100 mm length), using decreasingly
polar mixtures or water (containing 1% am 4) and N as cluents. Fractions containing the
desired compound were 5 evaporated to d#y/ness to affg
(R)-4-amino-N-(1-(4-chloropheny1)-3- hy(ﬁloxypropyl)l‘fl
(7H-pyrrolo[2,3-d]pyrimidin-4-y1)piperidine-4-carboxa Q51 g, 39.3 %) as a white solid. 1H NMR
(399.9 MHz, DMSO-d6) 6 1. 46 (2H d), 1.86 (11-1, d), 1.90 - 193 (1H, m), 2.10 (2H, m), 3.37 (11-I, t),
355 (2111, 40 144 BRI A R H RS AP LIBIE, 1.0 R ARH m),

8.14 OH, d), 8.43 (IH, d), 1. 63 ( , S) ho visible NH
5 added in one portion to 4- (tert-butoxycarbonylammo) 1-(7H-pyrrolo[2,3-d]pyrimidin-4-

yl)piperidine-4-carboxylic acid (Intermediate 1) (4g, 11.07 mmol) and DIPEA (5.80 ml,
33.20 mmol) in DMA (40 ml). HATU (4.63 g, 12.18 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

10 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. 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

15 (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,

20 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

25 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.



MS mle MI-I+ 429; HPLC tR = 1.46 min Example 16:
(R)-4-amino-N-(1-(4-ehlorophenthethyl)-1-(7H-pyrrolo12,3- dipyrimidin-4-yl)piperidine-4-earboxamide
15 Cl ONO-2padTidtriazol-1-y1)-N,N,NcN'-tetramethyluronium hexaflUR§i6{6H?6p$1636905.418 g,
1.10 mmol) was added in one portion to
4-(tert-butoxycarbonylamino)-1-(7Hpyrrolo[2,3-dipyrididin-4-yOpiperidine-4-carboxylic acid
(Intermediate 1) (0.361 g, 1 mmol), (R)-1-(4-chlorophenyl)ethanamine (0.156 g, 1.00 mmol) and
DIPEA (0.524 mL, 203.00 mmol) in DMA (10 mL) at 25C under nitrogen. The resulting solution was
stirred at 60W46E3 hdMs Hine datid BreduRas/puiified by ion exchange chromatography, using an
SCX columny g RiesierRadviiwas eluted from the column using 7N ammoniaiMeOH 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 25 crude product was purified by ion exchange
chromatogrpRih piife: AL SGreEaniNG.110EHRH iHh AOAHEL YA LUNRH oIS GPldTafrusing 7N
ammoniaiMeOH and pure Tractlons were evaporated o dryness. The crude product was puritied by
prepardtivedlpxyiznid ORI i) ali: R&res of water (containing 1% ammonia) and MeCN
as eluents. Fractlons contalnlng the deswed compoun were evaporated to dryness to afford (R)-4-
amino-N-(1-(4-chlorophenyflethyl)-1-(7H-pyn-olo[2,3-ejpyrimidin-4-y1)piperidine-4- carboxamide
(0.211 g, 52.9 %) as a white solid. NMR (400 MHz, DMSO) 6 1.37 (3H, d), 1.39- 1.48 (2H, m), 1.86 -

m), 7.14 - 7.16 (1H, m), 7.32 - 7.38 (41-1, in)
399. 10 Example 17: (R)-4-(aminomethy
dipyrimidin-4-171)piperidine-4-carboxamide Raney(r) nicket (293 mg, 1.71 mmol) was added to a
solution of (R)-N-(1-(4- 15chlorophenypethyl)-4-cyano-147H-pyrrolo[2,3-d]pyrimidin-4-yepiperidine-4-
carboxamide (Intermediate 45) (466 mg, 1.14 mmol), in etihanol (30 mL) Ammonium hydroxide (10 mt.)
was added. This mixture was first purged with nitrogen, ed under a balloon of hydrogen and
stirred for 36 hours. The reaction mixture was filtered thr{bu cefite and the solvent evaporated to
dryness. The crude product was purified by 20flash silica 8hronnatography, elution gradient 0 to 10%

7N-ammon yl\élreo%gnlghl?onlgle Ezﬁ{/ﬁ in 1,4-Dioxane (0.430 mL, 1.72 mmol) was added to tert-butyl 4-

(3-acetamido-1-(4-chlorophenyl)propylcarbamoyl)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-
yl)piperidin-4-ylcarbamate (Intermediate 28) (98 mg, 0.17 mmol) in DCM (4mL) at 20°C.

10 The resulting suspension was stirred at 20 °C for 70 hours. The reaction mixture was
evaporated to dryness. The crude product was purified by preparative HPLC (Waters
XTerra C18 column, 5y silica, 19 mm diameter, 100 mm length), using decreasingly polar
mixtures of water (containing 1% NH3) and MeCN as eluents. Fractions containing the
desired compound were evaporated to dryness to afford N-(3-acetamido-1-(4-

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

20  (ESI+) M+H)+=470; HPLC tR = 1.56 min.



fractions were evaporated to dryness to afford (R)-4-(aminomethyl)-N-(1-(4-
chlorophenypethyl)-1-(7H-pyrrolo[2,3-dipyrimidin-4-yOpiperidine-4-carboxamide (276 mg, 58.6 %) as a
white solid. NRIR¢20&788z, DMSO) 6 1.38 (3H, d), 1.41 - 1.51 (2H, ni), 1.68PEB20081039923H, 25d),
2.68 (211, s), 3.37 - 3.50 (2H, m), 4.18 -4.28 (211, in), 4.95 -5.04 (111, in), 6.56 (1H, d), 7.15 (1H, d),
7.26 -7.50 (4H, m), 8.11 (1H, s), 8.52 (1H, d), 11.6643H, s). MS ink MHF 413. WO
20091047563PCT/GB2008/050925 50 Example 18:

(S)-4-amino- N (1 (4 eyanophenvl) 3 hydroxypropyl) 1- (7H pwrolol 2,3- dI

pyrimidin-4 XR&apledh s34 I ‘ il1i

(Intermedla {I@](( § A Q-i&ﬂ%‘xgﬁﬁt&%n_ to_ _

(Intermediate 1) (400 mg, 1.11 mmol) and D1PEA (0. 40 mL, 3.32 mmol) in DMA (5 tnL)
0-(7-azabenzotriazol-1-y1)-N,N,N',N'- tetram\ethylur hexafluorophosphate (463 mg, 1.22 nunol)
was added and the resulting solution was stipfed at 26~C lor 24 hours. The reaction mixture was
evaporated to dryness then diluted with EtOAc (300\nLj, and washed sequentially with water (50 mL)
and saturated brine (50 mL) The organic layer was drie er MgSO4, 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 wererévaporated to dryness to afford (S)-tert-butyl
4-(1-(4-cyanophenyl)-3-

15hydroxypropylcarbamoyl)-1-(7H-pyrrolo[2,3- d]pyrlr‘@dl -4-yepiperidin-4-ylcarbamate (267 mg,
46.4%) as a white solid. (S)-tert-butyl 4-(1-(4-cyanophenyl)-3- hydroxypropylcarbamoyl) 1-(7H-pyrrol

00 1) anc G ERSULET RIS AN, T, o ARG A g ML s stirec
at ambient (@mb&ﬁ@tpﬂ&?[}@n@hmﬂh@léﬂm@pidpyﬂmﬂm@ﬁwa)s pw}ﬁq@ﬁylu{ @d]bﬁﬂgﬁdm-4-

h X I Th I f h I ing 3.5N
ammonia A S e ST ET R Aol O BHOLLEE AR e e by
preparative(GIRILG e(ﬂuamsamsr(agmarame:ﬂ@ OBO-soltinn s@htlbsilies, @itradint AAaR@ETer, 11600 mm
length), usnﬂ% dec asm E/H olar mlxture%gg %g[%r ontainin 1%{261 mmonia and McCN as

eluents. Fractions ¢ %Pelun ge N& dedhed ewa dP);lneess O &fford

eval
(S)-4- amunmﬁﬂe@a(tégrypmpmmg/hh:wmcoxypmm)dmmcprzaom\@ds?aaﬂaa@ﬂﬁ BR0Q8IDE0925

10 using 2M NH3/MeOH and pure fractions were evaporated to dryness to afford 4-amino-N-
(1-(4-chlorophenyl)-3-(dimethylamino)propyl)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-
yl)piperidine-4-carboxamide (0.034 g, 92 %) as a colourless gum.

IH NMR (399.902 MHz, CDCI13) 6 1.57 (2H, m), 1.66 (2H, br.s), 1.81 (1H, m), 2.02 (1H,

m), 2.18 (6H, s), 2.18 - 2.36 (4H, m), 3.67 (3H, m), 4.50 (2H, m), 5.00 (1H, dt), 6.52 (1H,
15 d), 7.05(1H, d), 7.18 (2H, d), 7.29 (2H, d), 8.33 (1H, s), 9.07 (1H, d), 9.61 (1H, s).

MS m/c MH" 456



51 (7H-pyrrolo[2,3-d]pyrimidin-4-yppiperidine-4-carboxamide (70.0 mg, 15.1 %) as a white solid.
NMR (400.13 MHz, DMSO-d6) 6 1.36 - 1.47 (2H, m), 1.80 -2.0! (4H, m), 2.17 (2H, s), 3.39 (21-1, q),
3.52 -3.59 (N 1009/043834.40 (21-1, m), 4.58 (1H, t), 4.94 (1H, s), 6.57 (1HPCY/GBRBORIH0R, 7.50 (2H,
d), 7.76 - 7.79 (2H, d), 8.12 (1H, s), 8.52 (1H, s), 11.61 (1H, s). MS m/e MHE 420. Example 19:
(S)-4-amino-1-(5-bromo-7H-pwrolo12,3-dlpyrimidin-44v1)-N-(1-(4-
ehlorophenv1)-3-hydroxvpropyl)Piperidine-4-carboxamide 10 DIPEA (0.670 mL, 3.85 mmol) was
added to (S)- 4 -amino-N- (1 (4 chlorophenyl) 3- hydroxypropyl)plperldme -4-carboxamide (Intermediate
PiefAAF A, tialee ) (ISOPIEHRamidine (Intermediate 50) (298
mg, 1.28 m ﬂﬁéfh Wb ok j ' St Pifr 48 hours. The

reaction 15mixture was i ’ / water (25 mL) and

crude prodqeﬁ%ﬁ{m@pquﬂﬁaﬁ,@yqﬂﬁgﬁylﬁaﬁp @l@gabq%@magography elutlon gradlent 0 to 6%
MeOH with ammonia in DCM. The product Was then purfied by preparative HPLC (Waters XBridge

Prep C18 OBD column, 5p silica, 19 mm d meter 20100 mm length), using decreasingly polar
mixtures of water (containing 1% amm iS\kractions containing the desired
compound were evaporated to er to afford
(S)-4-amino-1-(5-bromo-7H- pyﬁ olofz;
dipyritnidin-4-y1)-N-(1-(4-chloropheny1}¥
as a white solid. 52 1HNMR (400.13 MH

(IH, s), 8.25 (IH, s), 8.47 (IH, d), 12.18 (IH, §). MS mle M1-1+ 510. Example 20:
(S)-4-amino-N-(1-(4-ehloropheny1)-3-hydg y1)-1-(1Hpyrazolo{3 4-d]pyrimidin-4-yl)piperidine-4-
earboxamide DIPEA (0.419 mL, 2 #1 nimaop) was added to Havy
3-hydroxypropyl)piperidine-4-carboxamide finterfhediate 49) (250 Mg 080 mmol) and
4-chloré-1H-pyrazolo[3,4-d]pyrimidine (124 mg, 0.80 mmol) in butan-I-ol (g mL). The resulting solution
was stirred at 60 Q{hmeﬁﬂcwesnﬂibé\wammhlmxplf@wasmdumwm&@ﬁm@ﬂ))m(ymnd washed

sequentlally Wlt 125 mL turate 5 mL Tq. orga |cI asd over MgSO4,
filtered and eyva V]‘,a’[e %yali%r crugﬁgl dul&e 15%e0§r% € pto Exd @/ﬁ %\?I %qsh silica
chromatograypiyl,) sdatiohigridy ieph tal @b A0k pakhAdDn i i@ (ﬁi()ﬁnlm ﬂﬁmﬁnactlhnﬁmvesrmg

evaporated to nes nd tri urated wit d|e | ether to aff r 0
(S amin N b O ST S S L F.C 02 (BLOH + 0.1% DEA). The
10 appropnate fractions for the first eluted isomer were evaporated and the residue triturated

with diethyl ether to give 4-amino-N-(1-(4-chlorophenyl)-3-(dimethylamino)propyl)-1-
(7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidine-4-carboxamide (59 mg, 25%) as a white
solid.
IH NMR (399.902 MHz, DMSO) & 1.43 (2H, ddd), 1.83 (2H, dt), 1.86 - 2.01 (2H, m),

15 2.11 (6H, s), 2.14 (2H, t), 3.56 (2H, ddd), 4.39 (2H, ddd), 4.83 (1H, dt), 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"456.5.
The appropriate fractions for the second eluted isomer were evaporated and the residue
triturated with diethyl ether to give 4-amino-N-(1-(4-chlorophenyl)-3-

20 (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).

25 MS m/e MH"456.4, 458.4



pyrazolo[3,4-d]pyrimidin-4-yl)piperidine-4-carboxamide (112 mg, 32.5 %) as a white solid. 201H NMR
(399.9 MHz, DMSO-do) 6 1.49 (2H, t), 1.79 -2.01 (4H, m), 3.39 (2H, m), 3.62 (2H, s), 4.40 (2H, s),
4.57 (1H, t) MBBEBH7ReP 7.32 - 7.38 (4H, m), 8.22 (IH, d), 8.29 (IH, s), 8.4B(TI&B3Y0§BBRP1H, s). MS
mle MH+ 430. WO 20091047563PCT/GB2008/050925 53 Example 21:
(S)-4-amino-N-(3-hydroxv-1-phenylpropvl)-1-(7H-py¥olo12,3-
dipyrimidin-4-yl)piperidine-4-earboxamide HO (S)-3-Amino-3-phenylpropan-l-ol hydrochloride (260
mg, 1.38 mmol) was added Sin one portlon to

4- (tert -butoxxdHpred p .
(Intermediajg 2bhé 9 eRtPEMQ%%mhuﬁé?’ mmol) in DMA (5 mL)
imetnyluronium hexa uorophosphate (579 mg, 1.52 mmol)

0-(7-azabenzotriazol-I-y
was added and the resulting solutlon was stirred at 20 £'for 24 hours. The reaction mixture was
¥iL), and washed sequentially with water (50

evaporated to to dryness then diluted with EtOAc (¥
dried over MgSO4, liltered and evaporated to

mL) and saturated brine (50 mL). The organie 7

afford crude product. The crude product was putifigd by‘flash silica chromatography, elution gradient 2
to 6% MeOH with ammonia in DCM. Fractions were v btlgd to afford (S)-tert-butyl
4-(3-hydroxy-1-phenylpropylcarbamoy1)-1-(71-1- :
15pyrrolo[2,3-dipyrimidin-4-yOpiperidin-4-ylcarbamat & 4 mg, 48.8 %) as a white solid. The product
(334 mg, 0.67 mtnol) was suspended in dioxanc (5 00 tnL) and 4M hydrogen chloride in dioxane
(0.961 mL, 27 67 mmol) added. The reaction was stir bient temperature for 2 hours. The
crude product was purified by ion exchange chromatdbr using an SCX column. The desired
product was cluted from the column using 3.5N 20 ammoniaeOH and pure fractions were

evaporated dn aryassn AMEALUING. QUINAS LEIFALA0, Wit EIARAQrINR Al veé*g@bév@% collected
by filtration and dried under vacuum to give (S)-4-amino-N- -(3-hydrox % I-ph enylproR.y 7H-pyrrol o

[2,3- d..5ymﬂ|amnmww@wa@marwmmggrmgywwww -Off (ipy el 2431 NMR (400.13

MHz, DMSQra@) Qidifid (2, ’\lll)]t}ié)lcﬁn%z“ =28 ¢lc hel kI rmeiaty B25P10PAME KMok ARP-

Example 22: (S)-4-amino- 4 ehloroph(?ﬂzl) -3-hydroxypropy1)-149H-purin-6-
thplpel‘ldlnebh- g@g&@ﬁpd@thylamme (0.055 0.32 mmol) in NMP (5 mL) at 22 °C. The resulting

solution was stirred at 50 °C for 10 minutes then cooled to ambient temperature. 3-Amino-

3-(4-chlorophenyl)propan-1-ol (Intermediate 29) (49.5 mg, 0.27 mmol) was added as a

10 solution in NMP (2 mL) and the mixture was stirred at 22 °C for 16 hours. 4M HCl in
dioxane (1 mL) was added and the mixture was stirred at 22 °C for a further 24 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 30% (2M
NH; in MeOH) in DCM and pure fractions were evaporated to dryness to afford crude

15 product. 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 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-

20  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

25



DIPEA (0.335 niL, 1.92 mmol) was added to (S)-4-amino-N-(1-(4-chlorophenyl)-
3-hydroxypropyl)piperidine-4-carboxamide (Intermediate 49) (200 nig, 0.64 mmol) and
6-chloro-9HWARAEBINIg, 0.64 minol) in butan-l-ol (4 mL) The resulting soMIGERBESHHAE at 60C
for 18 hours. The reaction mixture was diluted with EtOAc (50 mL), and iowashed sequentially with
water (25 niL) and saturated brine (25 niL). The orgdnic layer was dried over MgSO4, filtered and
evaporated to afford crude product. The crude product was purified by flash silica chromatography,
elution gradlent 0 to 6% MeOH Wlth ammonla in DCM Pure fractlons were evaporated to dryness to
afford (S)-4Exainple AInH) A : : A pYEioleRe34 -carboxami
de (14 1figg gﬁ&ﬂé% Jclﬁiﬁll}{lfglgﬁgg 13 MHz DMSO d6) 6 1.42 (2H, 1), 1.78 -2.00
(4H, m), 3. , 4.88 (1H, d), 5.02 (2H, s), 7.30 - 7.39 (4H, ni),
8.08 (1H, s), 8. 17 8.22 (1H s) 8.42 (1H d) 13.07 H s). MS mle MH+ 430. 20 WO
20091047563PCT/GB2008/050925 55 Example 23
(S)-4-(aminomethyl)-N-(1-(4-chlorophenv1l)- 7
[2,3- dItlvrlmldln 4-vbpiperidine-4-earboxamid

4-((tert-butoxycarbonylamino)methyl)-l-(?H- pyrrolo[2,3dipyrimidin-4-yl)piperidine-4-carboxylic acid
(Intermediate 12) (500 mg, 1.33 mmol) and D1PEA (0.698)mL, 4 00 mmol) in DMA (6 mL)

0-(7-azabenzotriazol-1- y1)-N,N,N',N'-tetramethyluroniu uorophosphate (557 mg, 1.47 mmol)
was added and the resulting solution was stirred at 20C @r; hogrs then 20C for 18 hours. The
N

H
TFA (0.7 mL) was added to a suspension of tert-butyl 4-(1-(4-chlorophenyl)-3-

5 hydroxypropylcarbamoyl)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidin-4-ylcarbamate
(Intermediate 36) (175 mg, 0.33 mmol) in dichloromethane (7 mL) under argon. The
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

10 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),

15 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.



10reaction 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 MgSO4, filtered and evaporated to afford
crude produdO PI/BdastsS product was purified by flash silica chromatograpR¢ TEHB2OMS@OMEENt 2 to 6%
MeOH with ammonia in DCM. Pure fractions were evaporated to dryness to afford (S)-tert-butyl
(4-(1-(4-chloropheny1)-3- 15hydroxypropylcarbamoyX)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-yepiperidin-4-
yOmethylcarbamate (428 mg, 59.2 %) as a colourless gum. The product (428 mg) was dissolved in
dioxane (6.00 mL) and 4M hydrogen chlorlde in dloxane (O 925 mL, 26.64 mmol) added The reaction
was stirred Exapple MR HAeD) ls(4rpl phenyliprapybslr 7l by
chromatograﬁg%{m,lﬂﬁmg_ggéﬁﬁﬁegﬁmm I;.,q,ggﬂﬁ@gezo product was eluted from the column using
3.57\T ammoni and pure fractions were evaporated to dryness. The crude product was purified
by preparative HPLC (Waters XBridge Prep C18§ BBD column, 51.tm silica, 19 mm diameter, 100 nun
length), using decreasingly polar mixtures of wate (corgalnlng 1% ammonia) and MeCN as eluents.
Fractions containing the desired compound were eyapd o dryness to afford (S)-4-
25(aminomethyl)-N-(1-(4-chlorophenyl)-3- ;ﬁ' ‘H-pyrrolo[2,3-dipyritnidin-4-
yOpiperidine-4-carboxamide (192 mg, 32.54q).&s a whi film. WO
20091047563PCT/GB2008/050925 56 IISI]NMR (400.13 Mz, DMSO-d6) 6 1.45 - 1.47 (2H, m), 1.79-
1.84 (1H, m), 1.89 - 1.99 (1H, m), 2.09 (2H, s), 2.67 (2H,8) 3. \6 -3.42 (4H, m), 4.25 (2H, d), 4.57 (1H,

4
Tz

Trifluoroacetic acid (0.05 mL) was added to a stirred suspension of tert-butyl 4-(3-
5 amino-1-(4-chlorophenyl)propylcarbamoyl)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidin-
4-ylcarbamate (Intermediate 38) (7.0 mg) in DCM (1 mL) under argon at 25°C. The
resulting suspension was stirred at 25°C for 2 days. The reaction mixture was evaporated
to dryness to afford the di-TFA salt of 4-amino-N-(3-amino-1-(4-chlorophenyl)propyl)-1-
(7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidine-4-carboxamide as a partially solid oil (13.0
10 mg).
"H NMR (500 MHz, DMSO-de) & 1.86 (1H, d), 2.01 (2H, m), 2.08 (1H, m) 2.41 (2H, m),
2.69 (2H, m), 2.85 (1H, m), 3.61 (2H, t), 4.63 (2H, t), 5.02 (1H, q), 6.82 (1H, s), 7.36 (1H,
t), 7.41 (2H, d), 7.49 (2H, d), 7.93 (3H, s br), 8.32 (1H, s), 8.59 (3H, s br), 8.96 (1H, d).
MS m/e MH" 428.
15

Example 15: (R)-4-amino-N-(1-(4-chlorophenyl)-3-hvdroxvpropvh-1-(7H-

pyrrolo|2.3-d|pvrimidin-4-yl)piperidine-4-carboxamide

OH
O
NH
) g% |
N

NT X N\
|

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

20 chlorophenyl)-3-hydroxypropylcarbamoyl)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidin-
4-ylcarbamate (Intermediate 42) (0.160 g, 0.30 mmol) in DCM (3 mL). The resulting



- 7.36 (4H, m), 8.11 (1H, s), 8.44 (1H, d), 11.61 (1H, s). MS ink MHF 443. Example 24:
(S)-4-amino-N-(144-bromophenvl)-3-hydroxypropy1)-147H-pyrrolo12,3-
dipyrimidin-302098ipt1okne-4-earboxamide HO to(S)-3-Amino-3-(4-bromopaEGBRNS9apR2501
(Intermediate 51) (191 mg, 0.83 mmol) was added in one portion to
4-(tert-butoxycarbonylamino)-1-(7H-pyrrolo[2,3- dipy8tnidin-4-yOpiperidine-4-carboxylic acid
(Intermediate 1) (300 mg, 0.83 mmol) and D1PEA (0.435 mL, 2.49 mmol) in DMA (5 tnL)
0-(7-azabenzotriazol-1-y1)-N,N,N',N'- tetramethyluronium hexafluorophosphate (347 mg, 0.91 mmol)
was added ggamdonsyas sirgdsdldflof WIS dtived Ahoorddepmpdlie Wike eReeasd- mik&ire was
evaporateddg, dnigssdNe KRS RIARGAON Snlo) Sndorastiedsequenfialbn viikyates (50 mL)
and saturated brine (50 mL) The organic layer was dried over MgSOA4, filtered and evaporated to
afford crudd proBurampisre nathlasnarirsacnyielspelie mbH s AoyrégHyoBlaMREg radient 2
to 6% MeOHyyith AMMONRIMAEN EERRIRDT WisTR ROsHARRIAEA I AIE (s R Kk e
4-(1-(4-bromopheny1)-3-hydroxypropylcarbamoy1)-1-

(7H-pyrrolofY BReffg A @y aesiiei sERERHRvAcarmaente] (s Hegombenyds P ey drgmits gotler 1 The
product (21¢m 1 raHea I diexar Qthiide) @7 f+ ar ghlggide in
dioxanc (O.QY%VI%%%F%}%%%%{%%EM. h%ﬁge%ccﬁo{%x wrggs%rred at g@nr?gie%ﬂf tkgrgngza?urgﬁ%rgz hours.
The crude ﬁf&’&hct was purified by ion exchange 25chromatography, using an SCX column. The
desired pro@l(}ﬁMﬁs(W©q\/f@£U]ﬂl@Si91H 3 Wsipg 30 ,m%)(liﬁ/,'\d 0Hhand jpyr, Hgﬁ{}?rzwere
evaporated to dryness. The product WO 20091047563PCT/GB2008/050925 57 was then purified by
preparative APLR) (Waldid X Bridge B8pds 1870 BBl cBluthm’ Gl kich 84 §1Hnf Hidrietd 100 mm

length), using gesreasingly Polas RMtuigsf Mvatar ésontaining, 436 1qr@m@ni§)sfﬂ@| Wesidhage! uents.

Fractions containing the desired compound were evaporated to dryness to afford

(S)-4-amind"N-i3 Moo Adrye) B = 1.46 min.
hydroxypropy1)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-yppiperidine-4-carboxamide (51.0 mg, 13.0%) as a
white solid. 1H NMR (400.13 MHz, DMSO-d6) 6 1.38 1.79 - 2.01 (4H, m), 2.15 (21-1,
s), 3.37 (21 phed: gRycd-aminer Ni(1A4-chloraphenylethyl)-I-(/Hap ofR.3

(1H, d), 7. 28 R 4BvIiD b i - Brb {aiid. 8.42 (1H, d), 11.62 (1H, s).

O
N
H
Cl
N
NZ N\

H

AN P11
—c

15

O-(7-azabenzotriazol-1-yl)-N,N,N',N'-tetramethyluronium hexafluorophosphate
(0.418 g, 1.10 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) (0.361 g, 1
mmol), (R)-1-(4-chlorophenyl)ethanamine (0.156 g, 1.00 mmol) and DIPEA (0.524 mL,
20 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
25 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



10 MS m/e MH+ 473. Example 25:
4-amino-N-(1-(4-chlorophenvl)-4-(dimethylamino)buty1)-1-(7Hpyrrolo[2,3-dItivrimidin-4-vbpiperidine-4-
carboxamid® O 208¥0156Chloropheny1)-N4,N4-dimethylbutane-1,4-diamine @6 FB2AIBAS®Z3 (330 mg,
1.46 mmol) was added in one portion to 4-(tert-butoxycarbonylamino)-1-(71-1-
pyrrolo[2,3-dipyrimidin-4-yl)piperidine-4-carboxylic a#9d (Intermediate 1) (526 mg, 1.46 mmol) and
DIPEA (0.763 mL, 4.37 mmol) in DMA (5 mL). 0-(7-azabenzotriazol-1-y1)-
N,N,N',N'-tetramethyluronium hexafluorophosphate (609 mg, 1.60 mmol) was added and 20the
resulting soflg§ERa e sHpaH BRSO ﬁw%@gnm%é%@mmm@a@vﬁa%ﬁm@@ QPNEtOAC (25 mL),

and washed:seaugntiai il WRISEZOPL: ARG ARt P20 M) L0s.QraBRiqiayer was dried

over MgSO4, filtered and evaporated to afford crude product. The crude product was purified by flash

silica chronfaidaity - @rehémapapnzhebd-166Hvisore pitatpromkdinsonpaeridiper fractions

were eVapOcE%’&%@éiW@%%i Z%E%Fa,féeétmtt)é'soh
4-(1-(4-chloropheny1) dlm hylamino)butylcarbamoy1)-1-(7H- 58
oyroloto.5- Aoy AUk sahate 1405 e o ok Q.

4-(1-(4-chlogqy @ygﬁﬂ@nﬁﬂﬁy&a@mq}buaymmmcm Jn 711"@3”9!@{? M'@%n 4-ybpiperidin-4-
ylcarbamate (42 0.74 mmol) was dissolved in DCM (5. 00 inL) and 1 mljlradded The

reaction wad Stif#del al‘!am&é‘?lﬁ 13 tdfe oS ﬁgﬂf@ﬁﬁé%ﬁi% ﬁr@dﬂbﬁ éib fi@%l(ﬁ%on
exchange chiromatography, using an SCX column. The desired product was eluted from the column
using 3.57\T ammonia/MeOH and pure fractions were evaporated to dryness to afford crude product
which was ﬂ?ﬁ%r‘é@Wth;a?ethyl ether to afford 4-amino-N-(1-(4-chlorophenyl)-4-
(dimethylamino)buty0-1-(7H-pyrrolo[2,3-d]pyrimidin-4-yOpiperidine-4-carboxamide (245 10mg, 35.8
%) as a white SO|Id 1H NMR (400.13 MHz, DMSO d6) 6 1.26 - 1.33 (2H, m; 1.38-1.47 (2H, in), 1.65 -
1.75 (2H, miixs : 4-(aminqgmethyl)-) 4-chlprophenyletity Ipvicselol 8y (o1 in),

4.73 (1H, my ﬁmlii] i erﬁlﬁfé@-'é'ar’BMﬁ?dﬂ 37 (4H, m), 8.12 (1H s), 8.31 (IH, d), 11.62
(1H, s). 15 MS mle MH+ 470. Example

(S)-4-amino-N-(1-(4- ehlorophenvl) -3- (dlethylamln )pro v1)-1-(7Hpyrrolo[2,3-dipyrimidin-4-ybpiperidin
e-4-earboxamide %j\
0
N
N H

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

15 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

20  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,

25 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.



20(S)-1-(4-Chl oropheny1)-N3,N3-di ethylpropane-1,3-di am in e (Intermediate 60) (119 mg, 0.49
mmol) was added in one portion to
4-(tert-butoyeartiyrideeino)-1-(7Hpyrrolo[2,3-d]pyrimidin-4-yOpiperidine-4 REFESRNS /450825
(Intermediate 1) (179 mg, 0.49 mrnol) and DIPEA (0.259 niL, 1.48 mrnol) in DMA (5 niL)
0-(7-azabenzotriazol-1-y1)- N,N,N',V-tetramethylurafllum hexafluorophosphate (207 mg, 0.54 mmol)
was added and WO 20091047563PCT/GB2008/050925 59 the resulting solution was stirred at 50C
for 2 hours. The reactlon mlxture Was dlluted Wlth EtOAc (25 mL) and Washed sequentlally with water
(20 mL) and:XaAmA (2 PE S Oyt 1 £
evaporatedd&%ﬁmﬂﬁqgg_ ﬂ{)@@i’ﬁhﬂﬁ%&ﬂﬁ@x%ﬁﬁ‘ém was purified by flash S|I|ca chromatography,
elution gradient 5 10 o Me ammonia In Pure fractions were evaporated to dryness to
afford (S)-tert-butyl 4-(1-(4-chlorophenyl )-3- (H? thyl amlno)propyl carbamoy1)- | -(7H-pyn-ol o [2,3-
dipyritnidin-4-yOpiperidin-4-ylcarbamate (189 %) as a colourless gum. (S)-tertbutyl
4-(1-(4-chIorophenyl)-3-(diethylamino)propylca” -INHZH-pyrrolo[2,3-
d]pyrimidin-4-yOpiperidin-4-ylcarbamate (18Q.m [) was dissolved in DCM 10 (5.00 mL) and
TFA (1 mL) added. The reaction was stirred bienttemperature for 2 hours. The crude product
was purified by ion exchange chromatography2sing an SCX column. The desired product was eluted
from the column using 7N ammonia/MeOH,and pure fraeti ere evaporated to dryness to afford
crude product which was triturated with diethyl ether td@ff

(S)-4-amino-N-(1-(4-chlorophenyl)-3- (diethylamino)prd]byl);\ﬁ

15(7H-pyrrolol[2, SZ(dég yrimidin-4- ye%pendlne -4- arboxamlde 70.0 m% 29.3 %8 as a Whlte foam. 114
NMR (400.13 MHA BRMECHEE)% oA @Ry hszeng (o (InfrymegiateAh (4 meg bz oH, m),
3.)51 -3.55(9 @hg;l)lﬁ)aﬂ?aaed%n@léz’ﬂdzﬂi@h &)M(é{*dbtﬂtoﬁﬁﬁrﬁkiﬂyﬁ)nﬁmdﬁl Zlﬂﬁﬁg’lzhmdlz?ﬁZ 7.38 (411,
m), 8.12 (1H, s),.8.59 (1H, s), 11.63 20MS|n MI-1+ 484, e 27.

(S)-4-amind'N Y(rin(kfhé‘h% {f’f}l%%%@ﬂf&ﬁ% 1%%%%%}3\?{?@ Ber bibl3mael apd
pyrimidin- 4Nm@€(@mﬁ1§@m@2<amidg @MJW(W-@xmamedmtﬁay!@mbﬂmmmmumed|ate 65)

(420 mg, 0 74 mmol) in dioxane L) The resu solution was tlrred b| ttemperature for
5 hours, THiEVREHEHHRUIS U8 HESERISOR R A oPad pLFRED BJAH

chromatogragtijinsiogaenSeX smitemmt AheCdesipachpued lmtewascabﬁedﬂmm he eohpamatlécuai ng 3.5N
ammonla/M OH and pure fractians were e o ed to dr S. The uct was th uri |ed by
prepar%?tlve %%ﬁ@ %%W}rbg@éﬁ é@g %@M#gﬁe&h@a H YA ?gpp
length), u5|ragctmmeﬁsmgﬁmaommmmmgwﬁ&elaﬁe@mIﬁiﬁgdl&@eamrg@maﬁaﬁfédvbeﬁN as cluents.
o e S Ao e Er e YRRt S0 R B AR i
10hydroxypehfoyiditdetapbycldptiopydratitiy2 nol 6f%, 34d{phrimitiaadndjpaderioid-Lucafboxtamide (25.0
mg, 7.2 %) as a white soI IHNMR 0.66 - , m), 0.86 - 0.91 (2H,
m), 1.41 - 150 (EH PR %E9 dﬁyfﬁsf'éﬂ %f%r%@%ég?%‘?ﬁﬂ@f 3YYD B%Yg m), 4.54 (IH, t), 4.90
(IH, d); 6. 901{/11l‘hx$i)r6p3720arbﬁﬁ((¢lb+,l Ay H8 P18 Gl 253 - Bl ifihdj rai- }'Llﬁhpdﬁeﬂ&[nsﬁ)-ylcarbamate

(267 mg, 46.4 %) as a white solid. (S)-tert-butyl 4-(1-(4-cyanophenyl)-3-

hydroxypropylcarbamoyl)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidin-4-ylcarbamate
(267 mg, 0.51 mmol) was suspended in dioxane (5.00 mL) and 4M hydrogen chloride in
dioxane (0.769 mL, 22.14 mmol) added. The reaction was stirred at ambient temperature

20 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 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%

25 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-



15 MS mie Mfl+ 470. Example 28:
4-amino-N-(1-(4-chlorophenvl)-3-(methylamino)propv11-1-(7Hpyrrolo[2,3-dipyrimidin-4-yl)piperidine-4
-carboxamide0ce02eHFerogen chloride (4M in dioxanc, 0.461 mL, 1.84 mnROMGR2MEOSHPLS tert-butyl
4-(1-(4-chloropheny1)-3-(methylamino)propylcarbamoy1)-1-(7H-pyrrolo[2,3-d]pyrimidin4-yDpiperidin-4-
ylcarbamate (Intermediate 68) (10 mg, 0.02 mmol) ifila mixture of DCM (3 mL) and methanol (1 mL) at
22C. The resulting solution was stirred at 22C for 2 hours. The mixture was evaporated and the
residue was purified by ion exchange WO 20091047563PCT/GB2008/050925 61 chromatography,
using an SERLBIrl[FRcddRgivailBrddybpas Bneddcrhoxeiel o ([(TA wiginkP30%) @ NS in MeOH)

in DCM and gyye fractions were evaporated to dryness to alTord 4-am in 0-N-(1-(4-ch

loropheny1)-3-(methylamin o)propy1)- | -(7H-pyrrol o [2,3- dipyritnidin-4- peridine-4-carboxamide
(7 mg, 86 0/13{&@41% RS YiglamDMS f’(égiﬁgdziﬂ 2.omsS3 e 2. 5&@3@ ) 2118328k8)dt), 1.87

- 2.01 (2H, 530353 (3 8Y). 3.35 (2H, 195%)334248?21'1%%% Hn b, 4.8 ﬁ'#,s%é' {F, br.3),
6.58 (1H, d), 716&1(1)%&3732 7.38'(4H, in), 8.13 (IH,’s), 8.57 ,11.6 mle MH+

442.4. 10THR-cohd afiﬂéaﬁvéht%ﬁﬁsgea% e &wéﬁ' \ﬂ/)eﬁe AHS, ﬁ'brhltﬁ eBpropriate
starting maigrigls/ Ui 3 pyocess analogous to that described in Example 2. Table A No. Compound

Name Structure NMR / MS

Example 19: (S)-4-amino-1-(5-bromo-7H-pvrrolo]2.3-d]pvrimidin-4-y1)-N-(1-(4-

chlorophenyl)-3-hvdroxvpropvhpiperidine-4-carboxamide
OH

Br
N7 N\

10 H

DIPEA (0.670 mL, 3.85 mmol) was added to (S)-4-amino-N-(1-(4-chlorophenyl)-
3-hydroxypropyl)piperidine-4-carboxamide (Intermediate 49) (400 mg, 1.28 mmol) and
5-bromo-4-chloro-7H-pyrrolo[2,3-d]pyrimidine (Intermediate 50) (298 mg, 1.28 mmol)
in butan-1-ol (6 mL). The resulting solution was stirred at 60°C for 18 hours. The reaction

15 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 MgSO,, 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. The product was then purified by
preparative HPLC (Waters XBridge Prep C18 OBD column, 5p silica, 19 mm diameter,

20 100 mm length), using decreasingly polar mixtures of water (containing 1% ammonia) and
MeCN as eluents. Fractions containing the desired compound were evaporated to dryness
and triturated with diethyl ether to afford (S)-4-amino-1-(5-bromo-7H-pyrrolo[2,3-
d]pyrimidin-4-yl)-N-(1-(4-chlorophenyl)-3-hydroxypropyl)piperidine-4-carboxamide (70.0
mg, 10.8 %) as a white solid.



29 4-amino-N-[(4- chlorophenyl)(p henyl)methy11- 1-(71-1- pyrrolo[2,3- d]pyrimidin-4- yl)piperidine-4-
carboxamide Zrc=p 1\z 7/ C7 cy = 11-1 NMR (399.902 MHz, DMSO) 6 11.65 (11-1, s), 8.76 (IH, s),
8.13 (1H, s)V2R09/p42560H, m), 7.17 - 7.15 OH, m), 6.60 -6.58 (1H, m), 6.8CTAHB28Y849%234 .39 (2H,
m), 3.59 - 3.51 (21-1, in), 2.34 - 2.27 (2H, m), 2.02 - 1.93 (21-1, in), 1.52 - 1.46 (2H, in) ni/z (ESI+)
(M+1-1)+ = 461; HPLC tR = 2.21 min. 30 4-amino-Ns2- amino-1-(4- chlorophenyl)-2- oxoethy1]-1-
(7H-pyrrolo[2,3- d]pyrimidin-4- yl)piperidine-4- carboxamide _Fr RD /X4 z=./0 _ /IH NMR (399.902
MHz, DMSQ) 6 11.65 (1H, s), 8.92 (1H,_sg, 8.13 (1H, s), 7.80 (1H, s), 7.45 - 7.39 (4H, m), 7.29 (1H, s),
7.17 - 7.15 (IHYMR 6168 L3eMAZ1PMD-930 (1H, <), 0 48HamB {2 nl)93 @51 mué -t 23 2.43 (2H,

?hg'g?r{ 18413k, 371904183 (b1 30k &AS) 14394, M) s (B3 1), WD+ 53448 HLC (R =
. n.

7.50 (1H, s), 8.25 (1H, s), 8.47 (1H, d), 12.18 (1H, s).

MS m/e MH" 510.

Example 20: (S)-4-amino-N-(1-(4-chlorophenvl)-3-hvdroxvpropvl-1-(1H-

pvrazolo|3.4-d]pvrimidin-4-vDpiperidine-4-carboxamide

OH

DIPEA (0.419 mL, 2.41 mmol) was added to (S)-4-amino-N-(1-(4-chlorophenyl)-

10 3-hydroxypropyl)piperidine-4-carboxamide (Intermediate 49) (250 mg, 0.80 mmol) and
4-chloro-1H-pyrazolo[3,4-d]pyrimidine (124 mg, 0.80 mmol) in butan-1-ol (5 mL). The
resulting solution was stirred at 60 °C for 6 hours. The reaction mixture was diluted with
EtOAc (50 mL), and washed sequentially with water (25 mL) and saturated brine (25 mL).
The organic layer was dried over MgSOQ,, filtered and evaporated to afford crude product.

15 The crude product was purified by flash silica chromatography, elution gradient 0 to 6%
MeOH with ammonia in DCM. Pure fractions were evaporated to dryness and triturated
with diethyl ether to afford (S)-4-amino-N-(1-(4-chlorophenyl)-3-hydroxypropyl)-1-(1H-
pyrazolo[3,4-d]pyrimidin-4-yl)piperidine-4-carboxamide (112 mg, 32.5 %) as a white
solid.

20  1H NMR (399.9 MHz, DMSO-dq) 6 1.49 (2H, t), 1.79 - 2.01 (4H, m), 3.39 (2H, m), 3.62
(2H, s), 4.40 (2H, s), 4.57 (1H, t), 4.88 (1H, m), 7.32 - 7.38 (4H, m), 8.22 (1H, d), 8.29
(1H, s), 8.45 (1H, d), 13.52 (1H, s).
MS m/c MH" 430.

25



62 The compounds of the invention listed in Table B below were made from the appropriate
starting materials using a process analogous to that described in Example 9 alternative route |. Table
B No. CompasupedNEide3Structure  NMR / MS 31 4-amino-1-(3- bromo- | BCTGR2080]) RS
d]pyrimidin-4-yl)-N[(I S)-1-(4- chlorophenyBethyl] piperidine-4- carboxamide 1 o N NH, N ii
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Example 21: (S)-4-amino-N-(3-hvdroxy-1-phenvlpropvD-1-(7H-pvrrolo[2.3-

d]pvrimidin-4-yDpiperidine-4-carboxamide

HO
) o
0
d .
N7 N\

H

(S)-3-Amino-3-phenylpropan-1-ol hydrochloride (260 mg, 1.38 mmol) was added
5 in one portion to 4-(tert-butoxycarbonylamino)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-
yl)piperidine-4-carboxylic acid (Intermediate 21) (500 mg, 1.38 mmol) and DIPEA
(0.967 mL, 5.53 mmol) in DMA (5 mL). O-(7-azabenzotriazol-1-yl1)-N,N,N’,N’-
tetramethyluronium hexafluorophosphate (579 mg, 1.52 mmol) was added and the
resulting solution was stirred at 20 °C for 24 hours. The reaction mixture was evaporated to

10 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-

15 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

20 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 -

25 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).



MS: miz (ESI+) (M+H)+ = 480; HPLC tR = 1.34 min. Cla

WO 2009/047563 PCT/GB2008/050925

54

MS m/e MH" 395.

Example 22: (S)-4-amino-N-(1-(4-chlorophenyl)-3-hvdroxvpropvD-1-(9H-purin-6-

vl)piperidine-4-carboxamide

OH

§f 0
NH
N

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
10 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,
15 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.

20



32 4-amino-N-[(1S)-1- (4- chlorophenyBethylk 1-(5-chloro-7H- pyrrolo[2,3- d]pyrimidin-4-
yl)piperidine-4- carboxamide 11-1 NMR (400 MHz, DMSO) 5 1.39 (31-1, d), 1.42- 1.51 (2H, m),
1.98 -2.18 (39 219/843%3 3.48 (2H, m), 3.90 - 4.03 (21-1, m), 4.82 -4.96 (1HGRIGB28/349R34H, in),
7.45 (1H, s), 8.23 (1H, s), 8.34 (IH, d), 11.98 - 12.18 (1H, ni). MS: mlz (ESI+) (M+H)+ = 433; HPLC tR
= 1.96 min. 55

Example 23: (S)-4-(aminomethvl)-N-(1-(4-chlorophenvl)-3-hvdroxvpropvh-1-(7H-

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
5 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

10 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-

15 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

20 product was eluted from the column using 3.5V 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-

25 (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.



10

15

20

25
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"H NMR (400.13 MHz, DMSO-d6) & 1.45 - 1.47 (2H, m), 1.79 - 1.84 (1H, m), 1.89 - 1.99
(1H, m), 2.09 (2H, s), 2.67 (2H, s), 3.36 - 3.42 (4H, m), 4.25 (2H, d), 4.57 (1H, s), 5.01
(1H, d), 6.55 (1H, s), 7.14 (1H, s), 7.33 - 7.36 (4H, m), 8.11 (1H, s), 8.44 (1H, d), 11.61
(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

(0]
) o
N NH,
H
N
N;p
NG

H

H

Br

(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



33 4-amino-1-(3- bromo-1H- pyrazolo[3,4- d]pyrimidin-4-y1)-N- [(1S)-1-(4- chlorophenyl)-3-

hydroxypropyl] C 1/54 0\ .... 1H NMR (400.13 MHz, DMSO-d6) 5 1.45 - 1.53 (2H, in), 1.81 - 1.94 (2H,

ni), 1.98 - 2 WO 2PPY/PT33.38 (2H, m), 3.55 - 3.62 (21-1, m), 4.17 - 4.23 (2H PEiN/GBEA081050%3 4.90 (1H,

d), 7.32 -7.38 (4H, in), 8.29 (1H, s), 8.46 (IH, d) 63 piperidine-4- carboxamide MS m/e MH+ 510 34
57

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-

5 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).

10 MSm/e 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

|
N

~N
O
N NH,
H
Cl
N
o0
NS
N
15 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
20  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

25 afford tert-butyl 4-(1-(4-chlorophenyl)-4-(dimethylamino)butylcarbamoyl)-1-(7H-



4-amino-N-[(1S)-1- (4-chloropheny1)-3- hydroxypropy1l]-1- (5-chloro-71-1- pyrrolo[2,3- d]pyrimidin-4-
yl)piperidinc-4- carboxamide C2 z C zz 1H NMR (399.9 MHz, DMSO-d6) 5 1.42 - 1.50 (2H, in), 1.82 -
1.92 (2H, in)yQ.20Y¥@ B3I 2H, ni), 3.39 - 3.46 (4H, ni), 3.93 - 3.99 (2H, m), £63/EB0F/BBRN1H, m),
7.33-7.39 (4H, m), 7.47 (1H, s), 8.25 (1H, s), 8.52 (11-1, d), 12.14 (11-1, s) MS m/e MH+ 463 35
4-amino-1-(5- bromo-7Hpyrrolo[2,3- cl]pyrimidin-4-yi§-N- [(1S)-1-(4- chlorophenyeethyl] piperidine-4-
carboxamidc 11-1 NMR (400 MHz, DMSO) 6 1.38 (3H, d), 1.42 - 1.52 (2H, m), 2.02 -2.23 (4H, m),
3.40 - 3.45 (21-1, m), 3.85 -3.99 (21-1, m), 4.80 - 4.97 (11-1, in), 7.33 -7.40 (41-1, in), 7.51 (IH, s), 8.26
(IH, s), 8.33¥plg)2 Badinyrinpdig-f1H ) mpeide- tnyZcasyrp 48D e £ Yoh i copleietessos min.

gum. tert-Butyl 4-(1-(4-chlorophenyl)-4-(dimethylamino)butylcarbamoyl)-1-(7H-
pyrrolo[2,3-d]pyrimidin-4-yl)piperidin-4-ylcarbamate (423 mg, 0.74 mmol) was dissolved
in DCM (5.00 mL) and TFA (1 mL) added. The reaction was stirred at ambient

5 temperature for 2 hours. The crude product was purified by ion exchange chromatography,
using an SCX column. The desired product was eluted from the column using 3.5V
ammonia/MeOH and pure fractions were evaporated to dryness to afford crude product
which was triturated with diethyl ether to afford 4-amino-N-(1-(4-chlorophenyl)-4-
(dimethylamino)butyl)-1-(7H-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



INzx \ 7\ z 36 4-amino-N-[(1S)-1- (4-chloropheny1)-3- hydroxypropy1]-1- (5-methyl-7H- pyrrolo[2,3-
d]pyrimidin-4- yl)piperidinc-4- carboxamidc 271/ 0 2y (-A 4Z ct 1H NMR (399.9 MHz, DMSO-d6) 5
1.41 - 1.49 @B 2Ip/M7583 2.13 (6H, ni), 2.34 (3H, s), 3.38 - 3.42 (2H, m), RTI/CHF/BEIN1H, t),
4.90 -4.93 (1H, m), 7.05 (11-1, s), 7.31 -7.41 (41-1, in), 8.19 (11-1, s), 8.50 (11-1, d), 11.50 (11-1, s)
MS m/e MH+ 443 64 37 4-amino-N-[(1S)-1- (4- chlofbphenypethylk 1-(5-methyl-7Hpyn-olo[2,3-
d]pyrimidin-4- yl)piperidine-4- carboxamide
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
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
10 (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-
15 (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).
20 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

25 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-



ar oNIl-\NHO1HNMR (400 MHz, DMSO) 5 1.39 (3H, d), 1.41-1.54 (2H, m), 1.96 - 2.17 (4H,
in), 2.34 (3H, s), 3.31 - 3.43 (2H, ni), 3.65 - 3.84 (2H, ni), 4.81 - 4.97 (IH, ni), 7.03 (IH, s), 7.30 - 7.44
(4H, m), 8.18QLH0MY4BEGH (1H, d), 11.45 (1H, s). MS: nth (ES1+) (M+H)+ PLT/EEAMBOSERS 1.41 min,

60

d]pyrimidin-4-yl)piperidin-4-ylcarbamate (Intermediate 65) (420 mg, 0.74 mmol) in
dioxane (25 mL). The resulting solution was stirred at ambient temperature for 2 hours.
The reaction mixture was dissolved in methanol and purified by ion exchange
chromatography, using an SCX column. The desired product was eluted from the column

5 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-

10 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).

15 MS m/e 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 0
H NH,
N
D
N7 N
20 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



40 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 WO 2009/047563 PCT/GB2008/050925
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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.

s "HNMR (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.

10 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, ), 7.17 - 7.15 (1H, m),
Y Q 6.58 - 6.57 (1H, m), 5.30 (11,

(7H-pyrrolo[2,3- Nl Ny | s), 4.48 - 4.38 (2H, m), 3.55 -

Z
dpyrimidind- NN | 346 (2H, m), 243 (2H, 5),

2.03-1.94 (1H, m), 1.90 - 1.82
)piperidine-4- (1H, m), 1.49 - 1.39 (2H, m)

ybpip

m/z (ESI+) (M+H)+ = 428;

carboxamide HPLC tg = 1.45 min.




No. Compound Name Structure NMR / MS 38* 4-amino-N-[(1S)-1- (4-chloropheny1)-3- hydroxy-3-
methylbuty1]-1- (7H-pyrrolo[2,3- d]pyrimidin-4- yl)piperidine-4- carboxamide o on 1111 N II'\ 1H NMR
(399.902 MM BWRIHE) 5 1.10 (s, 3H), 1.12 (s, 3H), 1.54- 1.63 (in, 2H), PE6/GBZDFH50PRH), 1.92-
1.99 (m, IH), 2.05 - 2.16 (m, 2H), 3.49 -3.60 (m, 2H), 4.41 -4.49 (m, 2H), 4.96 (dd, 1H), 6.61 (d, 1H),
7.18 (d, 1H), 7.29 - 7.35 (in, 4H), 8.15 (s, 1H), 8.62 (&, IH), 11.64 (s, IH) m/z (ES+) (M+H)+ = 457.22
39 4-amino-N-R1S)-1- (4- cyanophenyl)ethyl] -1-(7H-pyrrolo[2,3- d]pyrimidin-4- yl)piperidine-4- 1/

The compounds of the invention listed in Table B below were made from the
appropriate starting materials using a process analogous to that described in Example 9

alternative route 1.

s Table B
No. | Compound Name Structure NMR /MS
31 4-amino-1-(3- I 0 MS: m/z (ESI+)
1T Cl@ NH (M+H)+ = 480; HPLC
bromo-1H X * | R =1.34 min,
pyrazolo[3,4-
d]pyrimidin-4-yl)-N- N Br
[(15)-14- Nﬁjf\%
NS
chlorophenyl)ethyl] NN
piperidine-4-
carboxamide
32 | 4-amino-N-[(1S)-1- : 0 "H NMR (400 MHz,
al = NH, DMSO) & 1.39 (3H, d),
(4-
N 1.42 —1.51 (2H, m),
chlorophenyl)ethyl]- 1.98 —2.18 (4H, m),
N 3.36 — 3.48 (2H, m)
(5. _ _ Cl ’ ’
1-(5-chloro-7H 2 3.90 — 4.03 (2H., m),
pyrrolo[2,3- g N | 4.82-4.96 (1H, m),
dIpyrimidin-d- SN [7.31-7.41 (4H, m),
Py 7.45 (1H, s), 8.23 (1H,
yl)piperidine-4- s), 8.34 (1H, d), 11.98 —
carboxamide 12.18 (1H, m).
MS: m/z (ESI+)
(M+H)+ = 433; HPLC
tR = 1.96 min.
33 | 4-amino-1-(3- OH 1H NMR (400.13 MHz,
bromo-1H J DMSO-d6) & 1.45 -
omo-2H- P 1.53 (2H, m), 1.81 -
pyrazolo[3.4- cl N NH, 1.94 (2H, m), 1.98 -
_ 2.14 (2H, m), 3.38 (2H,
d]pyrimidin-4-y1)-N- m), 3.55 - 3.62 (2H, m),
[(15)-1-(4- Br | 4.17-4.23 (2H, m),
N NN | 4.54 (1H, 1), 4.90 (1H,
chlorophenyl)-3 :IgN d), 7.32 - 7.38 (4H, m),
hydroxypropyl] N N 829 (1H, s), 8.46 (1H,
d)




N % O N NH -\ N H IH NMR (400. | 3 MHz, DMSO-d6) 5 1.40 (3H, d), 1.51 (2H, d), 1.93 - 2.08 (2H,
m), 3.52 -3.58 (2H, in), 4.39 -4.45 (2H, in), 4.94 (1H, t), 6.59 OH,d), 7.16 - 7.17 CH, d), 7.51 (2H, d),

7.78 (2H, d)\V® 280014478 : PCT/GB2008/050925
63
piperidine-4- MS m/e MH+ 510
carboxamide
34 4-amino-N-[(1S)-1- JOH IH NMR (399.9 MHz,
(4-chlorophenyl)-3- I 0 DMS0-d6) 5 1.42 -

; 1.50 (2H, m), 1.82 -
hydroxypropyl]-1- | & N NH, 1.92 (2H, m), 2.01 -

2.15 (2H, m), 3.39 -
(-chloro-7H- 3.46 (4H, m), 3.93 -

pyrrolo[2,3- Cl13.99 (2H, m), 4.59 (1H,
L NP t), 4.90 (1H, m), 7.33 -

d]pyrimidin-4- :I\g 7.39 (4H, m), 7.47 (1H,

yl)piperidine-4- Nl |s),8.25(1H, s), 8.52

(1H, d), 12.14 (1H, s)

carboxamide MS m/e MH-+ 463
35 | 4-amino-1-(5- : o "H NMR (400 MHz,
Cl—< :}—\: NH DMSO) 6 1.38 (3H, d),
bromo-7H- N 2 1.42 i 52 (2H(, m), :
pyrrolo[2,3- 2.02 -2.23 (4H, m),
d]pyrimidin-4-yl)-N- Br g:gg - g:gg 83 3
[(1S)-1-(4- N( ) |480-497 (1H, m),
X
chlorophenyl)ethyl] N N ;2? (I;Ijus)),(é;Hi 6n?l’H,
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-[(1S)-1- OH 1H NMR (399.9 Mz,
J 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




65 carboxamide 8.47 (IH, d), 11.64 (1H, s) MS nile MH+ 390 40 4-amino-N-[(1S)-1-
(8-chlorophenyl)-3- hydroxypropyl]-1- (7H-pyrrolo[2,3- d]pyrimidin-4- yl)piperidine-4- earboxamide
1H NMR (400013 MH7SBAVISO-d6) 1.44 (2H, t), 1.81 - 2.03 (4H, m), 3.35 - BADGBRNOA)S@® 0 - 3.58

(2H, m), 4.35 - 4.42 (2H, In), 4.54 (1 H, 1), 4.89 (1H, d), 6.58 (1H, m), 7.14 - 7.16 (1H, m),

chlorophenyl)ethyl]-

1-(5-methyl-7H-
pyrrolo[2,3-
d]pyrimidin-4-
yl)piperidine-4-

carboxamide

N

|
k\N X

64
37 | 4-amino-N-[(1S)-1- : 0 "H NMR (400 MHz,
4 CH@-'\ NH, DMSO) & 1.39 (3H, d),
i N 1.41 — 1.54 (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.
5
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,
- -3- > O
(4-chlorophenyl)-3 | 3E), 1125, 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- 1H NMR (400.13 MHz,
4 DMSO-d6) & 1.40 (3H,
d), 1.51 (2H, d), 1.93 -
cyanophenyl)ethyl] 2.08 (2H, m), 3.52 - 3.58
(2H, m), 4.39 - 4.45 (2H,
-1-(7H-pyrrolo[2,3- m), 4.94 (1H, 1), 6.59
dJpyrimidin-4- \ (1H, d), 7.16 - 7.17 (1H,
L N | d), 7.51 (2H, d), 7.78
yl)piperidine-4- H (2H, d), 8.13 (1H, 5),




7.26 - 7.28 (2H, m), 7.32 - 7.36 (21-1, m), 8.12 (1H, s), 8.46 (11-1, d), 11.62 (1H, s) MS m/e MH+ 429
0 41 4-amino-1-(7H- pyrrolo[2,3- d]pyrimidin-4-y1)- N-{(1S)-1-[4- (trifluoromethyl) phenyllethy
piperidine-4wénzbekedioe |H NMR (400.13 MHz, DMSO-d6) 6 1.41 (3H, dPCIBEBRES/Af92593 - 2.06
(2H, m), 3.52 - 3.58 (2H, m), 4.39 -4.44 (2H, m), 4.95 (1H, t), 6.59 (1H, d), 7.15 - 7.17 (11-1, d), 7.54

(2H, d), 7.67 (2H, d), 8.13 (IH, s), 8.46 (1H, d), 11.6651H, S)

carboxamide

8.47 (1H, d), 11.64 (1H,

)
MS m/e MH+ 390

40

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

carboxamide

1H NMR (400.13 MHz,
DMSO-d6) 6 1.44 (2H,
t), 1.81 - 2.03 (4H, m),
3.35-3.40 (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 - 7.16 (1H, m),
7.26 - 7.28 (2H, m), 7.32
-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-
pyrrolo[2,3-
d]pyrimidin-4-yl)-
N-{(1S)-1-[4-
(trifluoromethyl)
phenyl]ethyl}
piperidine-4-

carboxamide

Tz

1H NMR (400.13 MHz,
DMSO0-d6) 6 1.41 (3H,
d), 1.50 (2H, d), 1.93 -
2.06 (2H, m), 3.52 - 3.58
(2H, m), 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), 11.64 (1H,
s)

MS m/c 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.

5 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.



MS mile MH+ 433 INzz z XcLI * 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 fOV@ 00T B3 The compounds of the invention listed in Table D REIHGBASBOF2Fe from the
appropriate starting materials using a process analogous to that described in Example 16. 66 Table D

No. Compound Name Structure NMR / MS 66
Table D
No. | Compound Name Structure NMR /MS
42 | 4-amino-N-[(1R)-1- o 1H NMR (400.13 MHz,
“ /@/LNHH DMSO0-d6) & 1.37 3H,
H d), 1.39 - 1.47 (2H, m),
bromophenyl)ethyl]- | Br N 1.85-2.02 (2H, m), 2.18
2H, s), 3.50 - 3.58 (2H,
1-(7H-pyrrolo[2,3- RN I(n), 4..%3 S4.43 (2H,(m),
d]pyrimidin-4- k\N N | 4.80-4.88 (1H, s), 6.57 -
JDpiperidine-4- B 16.59 (1H, m), 7.14 - 7.16
(1H, m), 7.27 - 7.29 (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]- fi))l’\/IlS;)O (_161) 4?61(;1%1,(?1)5:
1-(7H-pyrrolo[2,3- 0 128?)1- (11211 (1)H,2n})6, (12?{6
C -2. ,m), 2. ,
d]pyrimidin-4- N NH, s), 3.50 - 3.58 (2H, m),
yl)piperidine-4- H 4.35 - 4.43 (2H, m), 4.84
: -4.92 (1H, m), 6.57 -
carboxamide N 6.58 (1H, m), 7.10 - 7.15
NN (3H, m), 7.34 - 7.37 (2H,
KN | m), 8.12 (1H, s), 8.28
N (1H, d), 11.62 (1H, s)
MH+ = 383
RT = 1.47 min,




42 4-amino-N-[(1R)-1- 1H NMR (400.13 MHz, (4- DMSO-d6) 1.37 (3H,

bromophenypethylk 1.85 -2.02 (2H, m), 2.18 1-(7H-pyrrolo[2,3- (2H, s), 3.50 - 3.58 (2H,
WO 2009/047563

5
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PCT/GB2008/050925

45

4-amino-N-[(4-
chlorophenyl)(cyano
)

1H NMR (400 MHz,
DMSO) & 1.42 — 1.58
(3H, m), 1.84 — 2.04 (2H,
m), 3.49 — 3.64 (2H, m),
430 - 4.44 (2H, m), 6.16

d]pyrimidin-4-
yl)piperidine-4-

carboxamide

-1-(7H- N
methyl]-1-(7H (1H, s), 6.57 — 6.63 (1H,
pyrrolo[2,3- NZ B m), 7.13 - 7.19 (1H, m),
dJpyrimidined- k\N < | 7.46 = 7.55 (4H, m), 8.13
Y H | (1H,s), 11.64 (1H, s)
yl)piperidine-4- MH+ =410
carboxamide RT=1.79 min
46 4-amino-N-(1- Q 1H NMR (400.13 MHz,
NH, | DMSO-d6) 5 1.38 (3H,
phenylethyl)-1-(7H- N d), 1.89 - 2.03 (2H, m),
pyrrolo[2,3- 2.17 (2H, s), 3.50 - 3.57
N (2H, m), 4.37 - 4.43 (2H,

m), 4.84 -4.92 (1H, m),
6.57 - 6.58 (1H, m), 7.15
(1H, dd), 7.19 - 7.26 (1H,
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-
pyrrolidin-1-
ylbutyl]-1-(7H-
pyrrolo[2,3-
d]pyrimidin-4-
yl)piperidine-4-

carboxamide

Cl

TZ

1H NMR (400.13 MHz,
DMSO-d6) 6 1.31 - 1.49
(4H, m), 1.65 (4H, s),
1.69-1.77 (2H, m), 1.88
- 1.98 (2H, m), 2.15 (2H,
s), 2.34 (4H, s), 2.36 (2H,
s), 3.53-3.58 (2H, m),
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)

d), 1.39 - 1.47 (2H, m),



m), 4.33 -4.43 (2H, m), d]pyrimidin-4- 4.80 -4.88 (1H, s), 6.57 - yl)piperidine-4- 6.59 (1H, m), 7.14-
7.16 (1H, m), 7.27 - 7.29 (2H, carboxamide in), 7.48 - 7.51 (2H, in),

8.12 (1H, s), 8.30 (1H,

WO 2009/047563 PCT/GB2008/050925
68
MS m/c MH+ 496
48 | 4-amino-N-[1-(4- R 1H NMR (399.9 MHz,

N\ DMSO-d6) § 1.32 - 1.37
chlorophenyl)-4- (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- ¢l 3.56 (6H, m), 4.51 (2H,
dpyrimidin-4- b d), 4.79 (1H, m), 6.62 -

py N)I\> 6.64 (1H, m), 7.19 (1H,
yl)piperidine-4- k\N N t), 7.32 - 7.34 (2H, d),

carboxamide

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-
chlorophenyl)-4-
piperidin-1-ylbutyl]- 0

1-(7H-pyrrolo[2,3- NH,
Cl

TZ

d]pyrimidin-4-

yl)piperidine-4- NZ | \
carboxamide k\
N R

IH NMR (400.13 MHz,
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-

5 vDpiperidine-4-carboxamide

O <
N NH, Ny NH,
H H
cl cl



d), 11.62 (IH,s) MH+ =443 RT =1.69 min 43 4-amino-N4 | -(4- IH NMR (400 MHz,
chlorophenyl1)-2- DMSO) 1.21 - 1.42 (2H, m), 1.72- 1.94 (2H, phenylethy1]-1-(7H- m), 2.98 - 3.10
(2H, m), WO 2009/047563 PCT/GB2008/050925

69

The individual stereoiomers of the racemate of Example 49 were separated using the same
methodology as that described for Examples 11A and 11B.
IH NMR (500.13 MHz, DMSO-d6) 6 1.31 - 1.41 (4H, m), 1.44 - 1.48 (6H, m), 1.68 - 1.71
(2H, m), 1.90 - 1.98 (4H, m), 2.21 (6H, m), 3.54 - 3.56 (2H, m), 4.38 (2H, t), 4.73 (1H, d),
5 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
IH NMR (500.13 MHz, DMSO-d6) 6 1.31 - 1.41 (4H, m), 1.44 - 1.48 (7TH, 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, t), 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)
10 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.

15 Table F
No. | Compound Name Structure NMR /MS
50 4-amino-N-[(18)-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, t),2.31 - 2.34 (7H,

1-yl)propyl]-1-(7H- m), 3.54 - 3.57 (2H, m),

pyrrolo[2,3-
d]pyrimidin-4-

5 NH,
N
H
cl

4.38 (2H, m), 4.82 (14,
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),
carboxamide SN 8.55 (1H, d), 11.62 (1H,

s)
MS m/e MH+ 511




pyrrolo[2,3- 3.44 - 3.62 (2H, in), 4.13 -4.23 (1H, in), 4.24 - d]pyrimidin-4- 4.35 ( IH, in), 4.98 - 5.12
ylpiperidine-4- (1H, m), 6.54 (IH, d), 7.12 - 7.29 (6H, m), 7.32 carboxamide -7.44 (4H, m), 8.12 (1H,

s), 8.44 (1HWS) 2009837563 PCT/GB2008/050925
70
51 | 4-amino-N-[(1S)-1- [Oj 1H NMR (400.13 MHz,
DMSO0-d6) 6 1.43 (2H,
(4-chlorophenyl)-3- N m), 1.83 - 2.00 (4H, m),
morpholin-4- /l o 2.20 (2H, 1), 2.27 - 2.37
: (4H, m), 3.51 - 3.63 (6H,
ylpropyl]-1-(7H- @AE N | ), 4.35 - 4.41 (2H, m),
pyrrolo[2,3- Cl 4.85 (1H, m), 6.57 (1H,
o d), 7.15 (1H, d), 7.32 -
4- N
d]pyrimidin-4 7.37 (4H, m), 8.12 (1H,
yl)piperidine-4- N7 | \ | s), 8.65 (1H, d), 11.62
arboxamid k\N N | (1, 5)
carboxamide H | MS m/e 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,
o 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,
arboxanid k\N N | d), 11.62 (1H, s)
carboxamide H | MS m/e MH+ 496
53* | 4-amino-N-[(1S)-1- q 1H NMR (400.13 MHz,
DMSO0-d6) 6 1.40 - 1.47
(4-chlorophenyl)-3- [Nj (2H, m), 1.82 - 1.99 (4H,
piperazin-1- /] m), 2.11 - 2.25 (6H, m),
Ipropyl]-1-(7H- o0 2.67 - 2.69 (4H, m), 3.54
YIpropy : NH, | -3.57 (2H, m), 4.35 -
pyrrolo[2,3- /@AE 4.41 (2H, m), 4.83 (1H,
L cl m), 6.57 (1H, d), 7.15
dJpyrimidin-4- N (1H, d), 7.31 - 7.37 (4H,
yl)piperidine-4- NP m), 8.12 (1H, s), 8.61
carboxamide k\ | ) (11, d), 11.62 (1H, 5)
NN | MS m/e MH+ 497




MH+ =475 RT = 2.31 min 44 4-amino-N41-(4- RCz oz zx 1H NMR (400.13 MHz,

fluorophenypethylk DMSO-d6) 8 1.38 (3H,

WO 2009/047563 PCT/GB2008/050925
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54 | 4-amino-N-[(1S)-1- N 1H NMR (400.13 MHz,
(‘ ) DMSO-d6) § 1.41 - 1.53

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

carboxamide

(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, m), 4.34 -
4.42 (2H, m), 4.69 (1H,
m), 6.58 (1H, d), 6.89
(1H, s), 7.15 (2H, 1), 7.31
(2H, d), 7.36 - 7.38 (2H,
d), 7.56 (1H, s), 8.12
(1H, s), 8.44 (1H, d),
11.62 (1H, s)

MS m/e MH+ 479

55 4-amino-N-[(1S)-1-
(4-chlorophenyl)-3-
pyrrolidin-1-
ylpropyl]-1-(7H-
pyrrolo[2,3-
d]pyrimidin-4-
yl)piperidine-4-

carboxamide

I
k\N X

IH NMR (400.13 MHz,
DMSO-d6) 6 1.42 - 1.58
(2H, m), 1.71 (5H, s),
1.84-2.02 (5H, m), 2.33
(2H, m), 2.55 (2H, m),
3.51-3.59(2H, m), 4.36
-4.43 (2H, m), 4.86 (1H,
t), 6.58 (1H, d), 7.16 (1H,
d), 7.30 - 7.38 (5H, m),
8.12 (1H, s), 11.63 (1H,
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

Cl
\\S/,O
ZINN
H N P
H NHz




d), 1.40 - 1.46 (2H, in), 1-(7H-pyrrolo[2,3- 1.87- 1.91 (1H, m), 1.96 d]pyrimidin-4- -2.01 (1H, m), 2.16
(2H, s), 3.50 - 3.58 (2H, m), yl)piperidine-4- 4.35 - 4.43 (2H, m), 4.84 carboxamide -4.92 (1H, in),

6.57 -
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Tert-butyl 4-(1-(4-chlorophenyl)-2-(methylsulfonamido)ethylcarbamoyl)-1-(7H-
pyrrolo[2,3-d]pyrimidin-4-yl)piperidin-4-ylcarbamate (Intermediate 76) (100 mg, 0.17
mmol) was treated with trifluoroacetic acid (2 mL). The solution was stirred for 1 hour at
room temperature. The mixture was concentrated under reduced pressure. The crude
product was purified by ion exchange chromatography, using an SCX column. The residue
was loaded onto the column in methanol and washed with methanol. The desired product
was 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
VA //
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-



(3H, m), 7.34-7.37 (2H, m), 8.12 (1H, s), 8.28 (1H,d), 11.62 (1H,s) MH+=383 RI=1.47 min,
WO 20091047563PCT/GB2008/050925
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pyrrolo[2,3-d]pyrimidin-4-yl)piperidine-4-carboxamide (125 mg, 99 %) as a

colourless solid.

"H NMR (399.9 MHz, DMSO-d6) & 1.35 - 1.53 (2H, m), 1.86 - 2.04 (2H, m), 3.35 - 3.40
(1H, m), 3.52 - 3.62 (2H, m), 3.68 (1H, dd), 4.33 - 4.41 (2H, m), 5.24 - 5.29 (1H, m), 6.56
-6.60 (1H, m), 6.88 (2H, s), 7.13 - 7.17 (1H, m), 7.39 (4H, s), 8.13 (1H, s), 8.68 (1H, br,
s), 11.63 (1H, s)

MS m/c 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
O
)J\N
0 O
N NH,
N
X
N@ﬁ
N
N g

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),



67 45 4-amino-N-[(4- chlorophenyl)(cyano methylk1-(7Hpyn-olo[2,3- d]pyrimidin-4- yl)piperidine-4-
carboxamide ) 04z \z-e zz IH NMR (400 MHz, DMSO) 6 1.42- 1.58 (3H, m), 1.84 - 2.04 (2H, in), 3.49 -
3.64 (21-1, WY 2089042563 (2H, in), 6.16 (1H, s), 6.57 - 6.63 (IH, m), 7.13 -7°CT/(GB209§/0F0485- 7.55
(4H, m), 8.13 (1H, s), 11.64 (1H, s) MH+ =410 Rl = 1 79 min 46 4-amino-N-(1-
phenylethyl)-1-(7Hpyn-olo[2,3- d]pyrimidin-4- yl)pipéidine-4- carboxamide i\zH_,z4\2 .pz.. 1H
NMR (400.13 MHz, DMSO-d6) 6 1.38 (3H, d), 1.89 - 2.03 (2H, In), 2.17 (2H, s), 3.50 -3.57 (2H, ni),
4.37 - 4.43 (2H, m), 4.84 - 4.92 (1H, m), 6.57 - 6.58 (1H, m), 7.15 (1H, dd), 7.19 - 7.26 (1H, in), 7.31 -
7.32 (4H, inY; 8.1 3-004 15, 3)28104, df119.62 (IH, s)
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MS m/e MH™ = 456

Example 539: 4-amino-N-(1-(4-chlorophenyl)-2-(1H-imidazol-2-yl)ethvD-1-(7H-

pyrroloj2.3-d]pvrimidin-4-yl)piperidine-4-carboxamide

ot

\
N \
N
H

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.



MH+ = 365 RI = 1.40 mm, 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. 5Table
E No. CompasupedNEidée3Structure NMR / MS 47 4-amino-N41-(4- chlorophR@)/3B2048/¢56%2hin-1-
ylbuty1]-1-(7Hpyrrolo[2,3- d]pyrimidin-4- yl)piperidine-4- carboxamide '4!CZ z 0z=7 IH NMR (400.13
MHz, DMSO-d6) 6 1.31 - 1.49 (4H, m), 1.65 (4H, s);7£.69- 1.77 (2H, m), 1.88 - 1.98 (2H, m), 2.15 (2H,
S), 2.34 (4H, s), 2.36 (2H, s), 3.53 - 3.58 (2H, m), 4.34 - 4.41 (2H, In), 4.73 (1H, m), 6.57 (IH, 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) WO
2009104 75Expmples daammoeNH kg4-chlorophenvyl)-2-(1H-pyrazol-1-yl)ethyl]-1-(7H-

pvrrolo]2.3-d]pvrimidin-4-vl)piperidine-4-carboxamide

Tz

N\\

H
TFA (0.7 mL) was added to a suspension of tert-butyl 4-(1-(4-chlorophenyl)-2-(1H-

5 pyrazol-1-yl)ethylcarbamoyl)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidin-4-ylcarbamate
(180 mg, 0.32 mmol) in dichloromethane (Intermediate 93) (7 mL) under argon. The
resulting solution was stirred at room temperature overnight. The solvents were removed
in vacuo and the reaction mixture was purified by preparative HPLC using a Waters X-
Bridge reverse-phase column (C-18, 5 microns silica, 19 mm diameter, 100 mm length)

10 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),

15 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.



MS m/e MH+ 496 48 4-amino-N41-(4- chloropheny1)-4- morpholin-4- ylbuty1]-1-(7Hpyn-olo[2,3-
d]pyrimidin-4- yl)piperidine-4- carboxamide S 4=1 z'4,=/IH NMR (399.9 MHz, DMSO-d6) 6 1.32 - 1.37
(1H, m), 1.4 O0LGW/(¥F6A), 1.57- 1.76 (4H, m), 2.10 - 2.17 (2H, m), 2.26 - PGEEBRNBHSBAY - 3.56
(6H, In), 4.51 (2H, d), 4.79 (IH, m), 6.62 - 6.64 (1H, m), 7.19 (1H, t), 7.32 - 7.34 (2H, d), 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-N41-(4- chloropheny1l)-4-
piperidin-1-ylbutylk 1-(7H-pyrrol o [2,3- d]pyrimidin-4- yl)piperidine-4- carboxamide Iz\ _( 0 4 - CRC 4g
C 1H NMR (400. 13 MHz, DMSO d6) 6 1. 31 1 37 (3H m) 1 41 1. 47 (6H, m) 1.66- 1 73 (2H, m),
1.86 - 2.00 Exa ofz N+ | Ing4- Idorophgs thy lisp xazoh3-yhe ), 6.57 (IH,

. 715 (Ve TaBAd o3 i S e (1H, ) MS e M 510

S

|\\

N
H

4-Amino-N-[1-(4-chlorophenyl)-2-(3-methylisoxazol-5-yl)ethyl]-1-(7H-pyrrolo[2,3-

5 d]pyrimidin-4-yl)piperidine-4-carboxamide was made from the appropriate starting
materials using a process analogous to that described for Example 60.
IH NMR (500 MHz, DMSO-d6) 6 1.35 (2H, d), 1.87 (2H, m), 2.14 (2H, s), 2.15 (3H, s),
3.17-3.33 (2H, m), 3.53 (2H, m), 4.31 (2H, m), 5.15 (1H, d), 6.06 (1H, s), 6.56 (1H, d),
7.16 (1H, t), 7.39 (4H, m), 8.12 (1H, s), 8.60 (1H, br d), 11.65 (1H, s).

10 m/z (ESI+) (M+H)+ =480

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

N\\

H
15 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



Example 49A and 49B: 4-amino-N-R1S1-1-(4-ehlorophenvl)-4-Piperidin-1-vibutv11-1-
(711-pwrolo12,3-di pyrimidin-4-v1)piperidi ne-4-earboxami de and 4-amino-N-[(1R)-1-
(4-ehloroph¥y 2y0a/ppEddin-1-vibutvl1-1-(7H-pwrolo12,3-d] pyrimidin-4- PCT/GB2008/050925
5vl)piperidine-4-earboxamide 69 The individual stereoiomers of the racemate of Example 49 were
separated using the same methodology as that des@fibed for Examples 11A and 11B. IH NMR (500.13
MHz, DMSO-d6) 6 1.31 - 1.41 (4H, m), 1.44- 1.48 (6H, m), 1.68- 1.71 (2H, m), 1.90- 1.98 (41-1, m),
2.21 (6H, in), 3.54 - 3.56 (2H, m), 4.38 (21-1, t), 4.73 (11-1, d), 6.58 (1H, q), 7.15 (1H, q), 7.32 - 7.37
(4H, m), 8.1 ¢Ex$, 8y Bgider mrmersy-nhagacolpma (i dSmannrpassifcpy 1P momrligoeiers fmm
DMSO-06) .8 artyibddlshdI) plifnt R e Bt G WS 8 haty ). 2.21
(6H, in), 3.54 -3.56 (2H, m), 4. F21-1, t), 4.73 (11-1, d), 6.58 (1H, q), 7.15@)%[& ), 7.32 - 7.37 (4H,
m), 8.12 (11ndpcgtoniirile agelyang 3 hpHras iopSMSTAFEARNMAEI O THERSHD ﬂﬁﬂisgoﬁﬁé%‘&ention
listed in Tabkek._ nade from-4b rigte i Ata Iy -analogous
1 that descna 1 T ke S AR aRe
4-aminé-N-fleayeexamide 28\ 759§ Yo as a pv NI RWEe, 13 MHz,

1H NMR (500 MHz, DMSO-d6) & 1.35 (2H, d), 1.85 (2H, m), 2.07 (2H, br s), 3.41-3.56
(4H, m), 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), 8.11 (1H, s), 8.75 (1H, br d), 11.70 (1H, br s);

m/z (ESI+) (M+H)+ = 482

10

N\\

H

TFA (1.0 mL) was added to a suspension of tert-butyl 4-(1-(4-chlorophenyl)-3-

15 (dimethylamino)-3-oxopropylcarbamoyl)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidin-4-
ylcarbamate (Intermediate 98) (770mg, 0.24 mmol) in dichloromethane (10 mL) under
argon. The resulting solution was stirred at room temperature for one night. The solvents
were removed in vacuo and the reaction mixture was purified by preparative HPLC using a
Waters X-Bridge reverse-phase column (C-18, 5 microns silica, 19 mm diameter, 100 mm

20 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)-3-(dimethylamino)-3-oxopropyl)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-
yl)piperidine-4-carboxamide (74.0 mg, 64.8 %) as a white powder.



(4-chlorophenyl)-3- DMSO-d6) 6 1.39- 1.47 (2H, in), 1.84 - 1.97 (4H, (4-methylpiperazin- m), 2.13
(4H, s), 2.19 1-yl)propyl1l-1-(71-1- (2H,t), 2.31-2.34 (7H, m), 3.54- 3.57 (2H, m), pyrrolo[2,3-
WO 2009/047563 PCT/GB2008/050925

78
1H NMR (500 MHz, DMSO-d6) § 1.43 (2H, m), 1.94 (2H, m), 2.75 (3H, s), 2.8 (2H, m),
2.89 3, s), 3.52 (2H, m), 4.40 (2H, m), 5.15 (1H, d), 6.58 (1H, d), 7.16 (1H, 1), 7.35 (4H,

s), 8.12 (1H, s), 8.76 (1H, br d), 11.66 (1H, br s);
m/z (ESI+) (M+H)+ = 470

Example 64: 4-amino-N-(1-(4-chlorophenv)-3-methoxvpropvD-1-(7H-pvrrolo]2.3-

d]pvrimidin-4-yDpiperidine-4-carboxamide

\
0
cl 0
N NH,
N
SN
m
2
N
N

Hydrogen chloride (4M in 1,4-dioxane, 1.151 mL, 4.60 mmol) was added to tert-butyl 4-
10 (1-(4-chlorophenyl)-3-methoxypropylcarbamoyl)-1-(7H-pyrrolo[2,3-d|pyrimidin-4-
yl)piperidin-4-ylcarbamate (Intermediate 101) (50 mg, 0.09 mmol) in a mixture of DCM
(5 mL) and methanol (2 mL) at 22 °C. The resulting solution was stirred at 22 °C for 2
days. The mixture was evaporated and the residue was purified by ion exchange
chromatography, using an SCX column. The desired product was eluted from the column
15 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.
IH NMR (399.902 MHz, DMSO) & 1.44 (2H, m), 1.88 - 2.02 (5H, m), 2.46 (2H, s), 3.21
20  (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.



4.38 (2H, m), 4.82 (1H, d]pyrimidin -4- m), 6.57 (1H, d), 7.14 - 7.16 (1H, d), 7.31 -7.37
yl)piperidinc-4- (4H, in), 8.12 (1H, s), carboxamide 8.55 (1H, d), 11.62 (1H, s) MSink MH+ 511
WO 2009/047563 PCT/GB2008/050925
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Example 65: 4-amino-N-(1-(4-chloropheny-3-sulfamovlpropvh-1-(7H-pvrrolo[2.3-

d]pvrimidin-4-yDpiperidine-4-carboxamide

cl
0
Il
HN—S
0
N NH,
N
N')T%
I
N
N g

Hydrogen chloride (4M in dioxane, 0.676 mL, 2.70 mmol) was added to tert-butyl 4-(1-(4-
5 chlorophenyl)-3-sulfamoylpropylcarbamoyl)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-
yl)piperidin-4-ylcarbamate (Intermediate 105) (16 mg, 0.03 mmol) in a mixture of DCM
(5 mL) and methanol (5 mL) at 22 °C. The resulting solution was stirred at 22 °C for 20
hours. The mixture was evaporated and the residue was purified by ion exchange
chromatography, using an SCX column. The desired product was eluted from the column
10 using 30% (2M NHj3 in MeOH) in DCM and pure fractions were evaporated to dryness to
afford 4-amino-N-(1-(4-chlorophenyl)-3-sulfamoylpropyl)-1-(7H-pyrrolo[2,3-d]pyrimidin-
4-yl)piperidine-4-carboxamide (12.00 mg, 90 %) as a colourless gum.
IH NMR (399.902 MHz, DMSO) & 1.48 (2H, m), 1.90 - 2.06 (2H, m), 2.09 - 2.24 (2H, m),
2.87 (1H, ddd), 3.02 (1H, ddd), 3.56 (2H, m), 3.56 (2H, d), 4.41 (2H, m), 4.91 (1H, br.s),
15 6.59 (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.



70 51 4-amino-N-[(IS)-1- (4-chloropheny1)-3- tnorpholin-4- ylpropy1]-1-(7Hpyn-olo[2,3- d]pyrimidin-4-
yl)piperidine-4- carboxamide \_/z 111 (1H, s) IH NMR (400.13 MHz, DMSO-d6) 6 1.43 (2H, m), 1.83
-2.00 (4H, n\YO20@/(3FH68), 2.27 - 2.37 (4H, in), 3.51 -3.63 (6H, m), 4.35 -4. 2CTAFB290B/e8EBY |H, In),
6.57 (IH, d), 7.15 (IH, d), 7.32- 7.37 (4H, m), 8.12 (1H, s), 8.65 (1H, d), 11.62 MS mic MH+ 498 52
4-amino-N-[(1S)-1- (4-chlorophenyl)-3- piperidin-1-8Apropy1]-1-(7Hpyrrolo[2,3- d]pyrimidin-4-
yl)piperidine-4- carboxamidc ic=)c/ _Z\7 0Z/i ..... I CJ- 1H NMR (400.13 MHz, DMSO-d6) 6 1.33 -
1.50 (8H, in), 1. 82 1. 90 (4H, m), 2. 15 (2H, t) 2 25 - 2. 34 (4H In) 3 53 3.57 (2H, m), 4.39 (2H, m),
4.82 (1H, ample ' phlo : ‘ D-LY7}64 - 8.66 (1H, d),

11.62 (1H, %M&Wﬁ%“ﬁ%’bﬁ%ﬁdm 4-vl)piperidine-4-carboxamide

\
N \
N
H

HCl in 1, 4-dioxane (4M) (0.228 mL, 0.91 mmol) was added to tert-butyl 4-(3-amino-1-(4-
5 chlorophenyl)-3-oxopropylcarbamoyl)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidin-4-
ylcarbamate (Intermediate 108) (99 mg, 0.18 mmol) in DCM (4 mL) at 20°C. The
resulting solution was stirred at 20 °C for 3 hours. The reaction mixture was filtered
through a PTFE cup and the collected solid was purified by preparative HPLC (Waters
XTerra C18 column, 5y silica, 30 mm diameter, 100 mm length), using decreasingly polar
10 mixtures of water (containing 1% NH3) and MeCN as eluents. Fractions containing the
desired compound were evaporated to dryness to afford 4-amino-N-(3-amino-1-(4-
chlorophenyl)-3-oxopropyl)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidine-4-carboxamide
(9.00 mg, 11.1 %) as a cream solid.
IH NMR (399.9 MHz, DMSO-d6) 6 1.40 - 1.43 (2H, m), 1.93 -1.96 (2H, m), 2.18 (2H, s),
15 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 (5H, m), 8.13 (1H, s), 8.76 (1H, d), 11.63 (1H, s), (no NH2
visible).

m/z (ESI+) (M+H)+ = 442; HPLC R = 1.47 min.

20



53* 4-amirw-N-R1S)-1- (4-chlorophcnyl)-3- piperazin-1- ylpropy1]-1-(7Hpyn-olo[2,3- d]pyrimidin-4-
yl)piperidine-4- carboxamide ci H 1111r NII, \ N Il IH NMR (400.13 MHz, DMSO-d6) 6 1.40 - 1.47 (2H,
m), 1.82 - 1O (p9/(#3563.11 -2.25 (6H, m), 2.67 -2.69 (4H, m), 3.54 - 3.57 PAH/GBRMSAB092341 (2H,
m), 4.83 (IF, m), 6.57 (114, d), 7.15 (1H, d), 7.31 -7.37 (4H, m), 8.12 (1H, s), 8.61 (1H, d), 11.62 (1H,
S) MS mic MH+ 497 71 54 4-amino-N-[(I1S)- | - (4-clfdbrophenyl)-3- (1H-imidazol-1-
yepropy1]-1-(7Hpyn-olo[2,3- d]pyrimidin-4- yl)piperidine-4- carboxamide IH NMR (400. | 3 MHz,
DMSO-d6) 1.41 -1.53 (2H, m), 1.86 -2.04 (2H, |n) 2.13-2.25 (4H in), 3 52 - 3.61 (2H, m), 3.96 - 4.00
(2H, ni), 4.Fxample GL1 dpamineNd(L+(4rgh v 3 -aipsidopropy iy 1-€7H p[213

7.38 (2H, ) 738k Shd bRk dihes) 8 Ml ), 1162 (H, s) MS ink MH+ 479

D
LAy
TFA (3 mL) was added to tert-butyl 4-(1-(4-chlorophenyl)-3-ureidopropylcarbamoyl)-1-

5 (7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidin-4-ylcarbamate (Intermediate 112) (379 mg,
0.66 mmol). The reaction was left to stir at 20 °C for 4 hours and then vacuumed to
dryness. The crude product was purified by ion exchange chromatography, using an SCX
column. The desired product was eluted from the column using 0.35M NH3;/MeOH and
pure fractions were evaporated to dryness to afford crude material. The crude product was

10 purified by preparative HPLC (Waters XBridge Prep C18 OBD column, 5y silica, 19 mm
diameter, 100 mm length), using decreasingly polar mixtures of water (containing 1%
NH3) and MeCN as eluents. Fractions containing the desired compound were evaporated
to dryness to afford 4-amino-N-(1-(4-chlorophenyl)-3-ureidopropyl)-1-(7H-pyrrolo[2,3-
d]pyrimidin-4-yl)piperidine-4-carboxamide (14.00 mg, 5.60 %) as a white solid.

15 1H NMR (399.9 MHz, DMSO-d6) 6 1.41 - 1.49 (2H, m), 1.78 - 1.88 (2H, m), 2.01 (1H, d),
291 (1H, t), 2.97 (2H, t), 3.55 (2H, d), 4.37 (2H, d), 4.78 (1H, d), 5.40 (2H, s), 5.95 (1H,
t), 6.58 - 6.59 (1H, m), 7.15 - 7.16 (1H, m), 7.33 - 7.39 (4H, m), 8.13 (1H, s), 8.36 (1H, d),
11.63 (1H, s);

m/z (ESI+) (M+H)+ =471; HPLC tR = 1.50 min.

20



C-C-N 0 55 4-amino-N-R1S)-1- (4-chloropheny1)-3- pyrrolidin-1- ylpropy1]-1-(7Hpyrrolo[2,3-
d]pyrimidin-4- yl)piperidine-4- carboxamide IH NMR (400. | 3 MHz, DMSO-d6) 6 1.42 - 1.58 (2H, ni),
1.71 (5H, s)WVD24090¢5¢5H, m), 2.33 (2H, m), 2.55 (2H, m), 3.51 -3.59 (2HPE/GB2@8ANZ2P1-1, in),
4.86 (1H, 0, 6.58 CH, d), 7.16 (1H, d), 7.30 - 7.38 (5H, In), 8.12 (1H, s), 11.63 (1H, s) MS mite MH+
482 Fr/70.Z---\\RIC4Z: .... * Made by the sant&methodology as that described for Example 26
starting from 142,4- dimethoxybenzyppiperazine. The TFA deprotection in the final step was heated at

80C to remove Boc and dlmethoxybenzyl groups Example 56:
4-amino-N-ZXang Larc h 13-gyangetivl-1-(7H-pvrrolo|2.3-

dipyrimidin &ry{)ﬂm&ﬂ rﬁvﬁﬁ%@%@&ﬂmlﬂ%moxamlde

\
| \
N
H

HCl (4M) in 1,4-dioxane (2.011 mL, 8.04 mmol) was added to tert-butyl 4-(1-(4-

5 chlorophenyl)-2-cyanoethylcarbamoyl)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidin-4-
ylcarbamate (Intermediate 114) (0.281 g, 0.54 mmol) in DCM (8 mL) at 20°C. The
resulting solution was stirred at 20°C for 18 hours. The reaction was vacuumed to dryness
and was purified by preparative HPLC (Waters XTerra C18 column, 5y silica, 19 mm
diameter, 100 mm length), using decreasingly polar mixtures of water (containing 1%

10 NHs) and MeCN as eluents. Fractions containing the desired compound were evaporated 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 -

15 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.



72 Tert-butyl
4-(1-(4-chlorophenyl)-2-(methylsulfonamido)ethylcarbamoy1)-1-(7Hpyrrolo[2,3-d]pyrimidin-4-yOpiperi
din-4-ylcarbw@2Wnkedhediate 76) (100 mg, 0.17 mmol) was treated with REUIOEGRZAEBNE0823d (2 niL).
The solution was stirred lor 1 hour at room temperature. The mixture was concentrated under reduced
pressure. The crude product was purified by ion ex@dtange 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 usmg 2M ammonia in methanol and pure fractions were evaporated to
dryness to Ay 2 : AINOKOT lsle,nvl) 3-(methylsulfonamido)propyl)-1-(7H-

(methylsulf H&M&'W'%@%%M@”dme -4-carboxamide 10(79 fig, 95
%) as a colourTess SO, . 38 - 1.53 (2H, m), 1.85 -2.07 (21-1, in),
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, ni), 7.35 - 7.43 (4H, m), 8.13 (1H, 3)7§28 (1H, br, s), 11.64 (I H, s) MS ni/e MH+ =
492 15 Example 57: 4-amino-N-(1-(4-ehlorophenvy)-Zsulfammilethvb-1-(7H-pyrrolo12,3- di
pyrimidin-4-xl)piperidine-4-earboxamide HnN s 0 'O'N 'Bert butyl 4-( | -(4-chlorophenyl)-2-sul camoyl
ethyl carbam oyl )-1-(7H-pyrrol o [2,3- 20dipyritRigird-yQpiperidin-4-ylcarbamate (Intermediate 81)
(153 mg, 0.26 mtnol) was treated with iftrs(oagetic g¥id ) The solution was stirred for 30
minutes at room temperature. The mixture was concentr@tedunder reduced pressure and the residue
was purified by ion exchange chromatography, using an\SQCX column. The desired product was eluted
from the column using ammonia in methanol (2M) and purg fractions were 25evaporated to dryness to
afford 4-amino-N-(1-(4-chloropheny1)-2-sulfamoylethyl);J
pyrrolo[2,3-d]pyrimidin-4-yOpiperidine-4-carboxamide (1&5 mpy,

Q19 ]

%) as a colourless solid.

HCl (4M) in 1,4-Dioxane (1.615 mL, 6.46 mmol) was added to tert-butyl 4-(1-(4-

5 chlorophenyl)-3-(methylsulfonamido)propylcarbamoyl)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-
yl)piperidin-4-ylcarbamate (Intermediate 117) (261 mg, 0.43 mmol), The resulting
suspension was stirred at 20 °C for 1 hour. No reaction. TFA (1mL) was then added to the
reaction and stirred for 16 hours. The reaction was vacuumed to dryness and was purified
by ion exchange chromatography, using an SCX column. The desired product was eluted

10 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-

15 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.

IH 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),
20  8.13(1H,s), 8.38 (1H, d), 11.63 (1H, s),

m/z (ESI+) (M+H)+ = 506; HPLC tR = 1.62 min.



11-1 NMR (399.9 MHz, DMSO-d6) 6 1.35 - 1.53 (2H, m), 1.86 - 2.04 (2H, m), 3.35 -3.40 (1H, m), 3.52
- 3.62 (2H, in), 3.68 (1H, dd), 4.33 - 4.41 (2H, in), 5.24 - 5.29 (1H, m), 6.56 -6.60 (1H, m), 6.88 (2H, s),
7.13 - 7.17 WA 2099/0aA393(4H, s), 8.13 (1H, s), 8.68 (1H, br, s), 11.63 (1H, SPCIBBISOREDNE 478
Example 58: N-(2-aeetamido-1-(4-ehlorophenvbethyl)-4-amino-1-(7H-pnrolo12,3-
10dipyrimidin-4-yl)piperidine-4-earboxamide Cl T&4t-butyl
4-(2-acetamido-1-(4-chlorophenypethylcarbamoy1)-1-(7H-pyrrolo[2,3-

d]pyrlmrdrn 4 prrperldrn -4- ylcarbamate (Intermedrate 84) (97 mg 0.17 mmol) was treated Wlth

concentrateﬂ)%m ﬁ@g%mﬁge&cﬁle crude product was purlfled by ion exchange
chromatograpny, using an column. The residue was loaded onto the column in methanol and

20d]pyr|m|d|n -4- yI)plperldlne -4- carboxamlde (8Qm quant) asa cream dry lilm. IHNMR (399.9 MHz,
DMSO-d6) 6 1.43 (2H, t), 1.79 (311, s), 1.83 -2.0 (2H m), 2.20 74 8.42 - 8.50 (1H, m), 11.63 (1H, s)
MSnVeMt= 456 Example 59:
4-amino-N-(1-(4-ehlorophenyl)-2-(1H- |m|dazo
4-carboxamide / NH CI Trifluoroacetic acid (5
4-(1-(4-chlorophenyl)-2-

(1-trity1-1H- imidaZDdramB&ﬁhyI@Mb[@mﬂmihylp@bbWrﬂM&Badjpyyimidhbﬁyﬁpb)maeﬂdim ylcarbamate

intes, WEBE IR S HIOR abe A g CART oA B e Se i s ae
resulting sobytibehi@s dmmm&mmmmﬁmaﬁblk@tdm&@gﬁ@é(wﬁl]remedrlmx:feﬂ\ms then eluted
ith MeOH foll by 2N NH; P f d and
Concentratdt P SUABBISHBHAG (i N BN P ET R 0SH /oo ol Y BGHABRE The
precipitate W38r was concentrated and MeOH (1.5 L) was added. The mixture was shaken for 30 min

at 45 °C and filtered. The filtrate was concentrated again and dissolved in HO (300 mL).
10 6N HCl was added until the pH reached 4.5 (ca. 80 mL). The mixture was filtered and the

vli th§)-1-(7HpwroI0123-dipvrimidin-4-v|)uiperidine-
mmol) was added to tert-butyl

cake was dried under vacuum to afford the crude product, which was further purified by
silica gel chromatography (eluting with MeOH: DCM=1:3) to yield 4-[(2-methylpropan-2-
yl)oxycarbonylamino]-1-(3,5,7-triazabicyclo[4.3.0]nona-2,4,8,10-tetraen-2-yl)piperidine-
4-carboxylic acid as pale grey solid (105g, 63%).

15 1H NMR (400.13 MHz, DMSO-dg) 6 1.40 (9H, s), 1.88 - 1.95 (2H, m), 2.02 - 2.06 (2H,
m), 3.44 - 3.51 (2H, m), 4.30 (2H, d), 6.60 - 6.61 (1H, m), 7.16 - 7.18 (1H, m), 7.29 (1H,
s), 8.14 (1H, s), 11.68 (1H, s).
MS m/e MH" 362.

20  Intermediate 2: (4-chlorophenvl)(cvclopropvDmethanone O-methyvl oxime

N*O

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



15collected by filtration, washed with MeCN and dried under vacuum to afford 4-amino-N-
(1-(4-chloropheny1)-2-01-1-imidazol-2-yflethyl)-1-(71-1-pyrrolo[2,3-dipyrimidin-4-
yflpiperidineWBeafsd#arndde (130 mg, 72.8 %) as a cream solid. 1H NMR (J8OIge2psi50S0O) 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 (IH, (4), 6.57
(1H, d), 6.85 (2H, s), 7.16 (IH, d), 207.25 (2H, d), 7.81 (2H, d), 8.12 (1H, s), 8.89 (1H, d), 11.63 (1H, br
S) nilz (ESI+) (M+H)+ = 465: HPLC tR = 1.62 min. 75 Example 60:
4-amino-N-11-(4-ehlorophenvl)-2-(1H-pyrazol-1-thethyll-1-(7Hpyrrolo[2,3-dltivrimidin-4-vbpiperidine-4-
carboxamid®! TR ey salpheis’addetPiahlispehasary ol teetnstyemaiedie istsp RBAYR2-(1H-
Spyrazol -Lyfieihyl CarPamavida St mve-pliaddon dhyEimiotinsf-yiariegy-inadyhcarbamate (180
mg, 0.32 tntnol) in dichloromethane (Intermediate 93) (7 tnL) under argon. The resulting solution was
stirred at ro%Wﬁ¥EW&WQMIW§GR@n&W@@’¥@Pﬁ%@1%5\&&70%}1%%@%‘&&%11 mixture
was purifiecrfy, pERRIAIVA H&H@l&&!ﬂ% f Waters XBrideroir ararmiaseaabann (C-18, 5 microns
silica, 19 mm diameter, 100 mm length) to and decreasingly polar mixtures of water (containing 0.2%
ammorﬁumMz% ﬁé@ ‘ahtPacetonitrile as eluent. The fractions were evaporated to dryness to afford
4-amino-N41-(4- chloropheny1)-2-(1H-pyrazol-1-y1 )ethyl ]-1-(7H-pyrrol o [2,3-d]pyrimi din-4-yl)piperi
dine-4- carboxatnlde as awhlte powder. 1H NMR (500 MHz DMSO0-d6) 6 1.33 (2H, m), 1.83 (2H, m),
2.14 (2H, s , pte 412ar Nl CRVYUEVEIOMILg DX Janaming 615 (1H, t), 6.56 (1H, q), 7.15
(1H, t), 7.30 (2H d), 7. 36 (2H d), 7.44 (1H, d), 7.55 (1 H) 8.11 (IH, s) 8.81 (IH, br d), 11.64 (IH, s);
miz (ES1+) (M+H)+ = 465. 76 Example 61.:
4-amino-N-11-(4-ehlorophenvl)-2-(3-methyliso
dine-4-carboxamide
4-Amino-N41-(4-chIorophenyl)-2-(3-methy|%bxazol-S-ypethyll—l-(?1-1-pyrro|o[2,3-
,d]pyrimidin-4-yOpigHisinerdisrdman deiyrs Nade frem, beaprpRaaieistarting -

10 chlorophenyl)(cyclopropyl)methanone O-methyl oxime (Intermediate 2) (2.75 g) in THF

-thed-1-(7prrroIo[2,3-dItivrimidin-4-vbpiperi

(100 mL) at 25°C under nitrogen. The resulting solution was stirred at 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,

15 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).

20

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
25 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



materials using a process analogous to that described for Example 60. 11-1 NMR (500 MHz,
DMSO-d6) 6 1.35 (2H, d), 1.87 (2H, m), 2.14 (2H, s), 2.15 (3H, s), 3.17-3.33 (2H, m), 3.53 (2H, m),
4.31 (2H, mYY8 2®9e¥5ed, 6.06 (1H, s), 6.56 (1H, d), 7.16 (1H, 0, 7.39 (4H PGT/GBRROGINF%); 8.60 (1H,
br d), 11.65 (1H, s). 10 M/Z (ESI+) (M+H)+ = 480 Example 62:
4-amino-N-(1-(4-ehloronhenv1l)-2-(thiazol-2-vbethylsa-(7H-pyrrolo12,3-
dipyrimidin-4-ybpiperidine-4-earboxamide /r ISTFA (2 0 mL) was added to a suspension of tert-butyl
4-(1-(4-chloropheny1l)-2-(thiazol-2-

yOethylcarl9agssia Ryerarpiriestsiees M Amidisradyasi seripmrird] daoavdanainarhisdiaksoe) (918
mg, 0.95 mpol ity GNP BELAAG RN SBEHYISLARIAN JBE GRS SRIEID Was fUkied at room

temperaturé for one night. The solvents were femoved In vacuo and the reaction mixture was purified

by preparatRiEHECESiHETE Weerdod 1odnassPe Tiosbdasosnd48-Phleenbesyamatgatrile
reverse-phage, e8lumR{ColiBwhitHSRNRE fRllicsh d8dmmpdirpietel 1R QIMdengtny) anddggreasingly

polar mixtures of water (containing 0.2% ammonium carbonate) and acetonitrile as eluent. The
fractions welrd B\M d1dHAnEd2Gb )bk (2H. ), 4.82 (1H, 5), 7.30 - 7.34 (2H, m), 7.39 -
4-amino-N-{l4 I’q{%phenyl)-z-(thiazol-2-yBethyI)-1-(71-1-pyrro|o[2,3-dipyrimidin-4-yOpiperidine-4-c
arboxamide (259 mg, 56.8 %) as a white powder. 1H NMR (500 MHz, DMSO-d6) 6 1.35 (2H, d), 1.85
(2H, m), 2.07 (2H, br s), 3.41-3.56 (4H, m), 4.30 (21-1, in), 5.20 (1H, d), 6.56 (Hi, d), 7.15 (1H, t), 7.36

(41-1, in), Trffelhtdashee’s? e Bt 8-4ds-CiTorDp BehD1fddT kb il efily K@i BRI RHRES!+) (M+H)+
=482 10 Example 63; . .

. .
(]

oo BN AN IHDEIAGHIEYIGIEIRHNKLIE)- 1 -(7Hpyrrolo12,3-dipyrimidin-4-thpipe
ridine-4-carboxamide TFA (1 0 mL) wa suspension of tert-butyl 4-(1-(4-chloropheny1)-3-

m@tﬁ?e (20 inL) under argon. The

] t. Thie solvents were removed in vacuo
and the reaction mixture was pun i lied by pegparative Casing a Waters X-Bridge reverse-phase
column (C-18, 5 microns silica, 19 nfh diameter, 100 0 length) and decreasingly polar mixtures
of water (containing 0.2% ammonium carbonate) and agetonitrile as eluent. The fractions were
evaporated to dryness to afford 4-amino-N(1-(4-chlo -3-(dimethylamino)-3-oxopropy1l
)-1-(7H-pyn-o1l o [2,3-clipyrimi din-4- yOpiperidine-4-J;grb ide (74.0 mg, 64.8 %) as a white
powdef, 78 1H NMR (500 MHz, DMSO-d6) 6 1.43 (2HNm), 194 (2H, m), 2.75 (3H, s), 2.8 (2H, m),

S 806 (R by N R ey Turbmiin Hexattubrophasphate (HATC, 12 O

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

yl)piperidine-4-carboxylic acid (Intermediate 1) (0.361 g), 2-amino-2-(4-
chlorophenyl)acetonitrile (Intermediate 4) (0.167 g) and N-ethyldiisopropylamine (0.523
15 mkL, 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-
20  ylcarbamate as a white solid (0.343 g, 67.3 %).
MS m/e MH" 510.



rniz (ES1+) (M+1-1)+ = 470 Example 64:
4-amino-N-(1-(4-ehlorophenv1)-3-methoxymonv1)-1-(7H-pyrrolo12,3-
dipyrimidin-¥QIRoippdHanee-4-earboxamide "0 Hydrogen chloride (4M in 1,4PET6%EB2009/05812nL, 4.60
mmol) was added to tert-butyl 4-
10(1-(4-chloropheny1)-3-methoxypropylcarbamoy1)8I-(7H-pyrrolo[2,3-d]pyrimidin-4-
yDpiperidin-4-ylcarbarnate (Intermediate 101) (50 mg, 0.09 mmol) in a mixture of DCM (5 inL) and
methanol (2 mL) at 22 "C. The resulting solution was stirred at 22 C for 2 days. The mixture was

' iatg Duyilif i A0 savbamolalr@HX colunut The

) iate 6 icterthwyl dietivdearbamioyd )
desired progyff 1615 gl—%ﬁﬁﬂ:ﬁﬂﬂhfﬂﬁ?}?@@ﬂéﬂﬁ' _glgM HaleOH; pure fractions were evaporated
to dryness and the residue was triturated With diethyT ether to aiford
4-amino-N-(1-(4-chIorophenyl)-S-methoxyTﬁIfI@

(7H-pyrrolo[2,3-d]pyrimidin-4-yppiperidine-4-carpoxal ide§39.00r%%,/96 %) as a white solid. 11-1
6
1

0
\

>GHA), (2H, s), 3.21 20(3H, s), 3.28 (2H,
06 (1M, dd), 7.33 (2H, d), 7.37 (2H, d),

\l

t), 3.55 (2H, in), 4.39 (2H, m), 4.87 (1H.X4 H
8.13 (1H, s), 8.45 (1H, d), 11.63 (1H's); nilz (ESI+) ( +=443.4; HPLC tR = 1.87 min. 79

Example 65: 4-amino-N-(1-(4-chlorophenv1)-3-sulfamoylprom71)-1-(7H-pwrolo12,3-
dlpyrimidin-4-ybpiperidine-4-earboxamide CI Hydrogénh ghtonde (4M in dioxanc, 0.676 mL, 2.70
mmol) was added to tert-butyl 4-(1-(4- ~
schlorophenyl)-B-suIfamoylpropylcarbamoyO-l-(?H-pyrI?IoIo[ZES-d]pyrimidinA-
yOpiperidin-4-ylcarbamate (Intermediate 105)(16 mg, 0.03 mmol) in a mixture of DCM (5 mL) and
methanol (3% at @@k’@.(&ﬁé7ré§u‘ﬁ?r§ga§6?§ﬂ8ﬁq}if§%“§i]r?€ﬁ%t 22 C for 20 hours. The mixture was
evaporated gdiegi S OuLT YalRMEK [3%% [Jlna,g%gﬁm el 29olumn. The
desired pro%@%aﬂ%#?m ﬁlﬁes}clﬁaﬁjbr%m%)usi@r?ﬁ % (IIgM ‘NH3 I MEOH) Wg‘gﬁgnd ure

fractions Wéfrléaébﬁﬁé%féﬂt%'a%m%ﬁépog) in et%anol (30 mL). Ammonium hydroxide (0.039
4-amino-N-(lr(AseRIedapderyidndssuHanQypRIeRY dadkd({ Hany R Ryhie i firydipineridine-4-carb
oxamide (1%b%?smﬂ{egr%;ﬁ%oisn?iggr%uvgSSS %l eurrer(l{ through celite and the solvent evaporated to

dryness. The reaction mixture was evaporated to dryness and redissolved in DCM (200

10 mkL), and washed with water (125 mL). The organic layer was dried over MgSOy, filtered

and evaporated to afford crude product, tert-butyl 4-(2-amino-1-(4-

chlorophenyl)ethylcarbamoyl)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidin-4-

ylcarbamate as a colourless gum (0.514 g, 100 %). This material was used crude in the

next step without further purification.

15 MS m/e MH  514.

Intermediate 7: 1-tert-butvl 4-ethvl 4-cvanopiperidine-1.4-dicarboxvlate

A solution of LDA (107 ml, 214.01 mmol) was added to a stirred solution of tert-butyl 4-
20  cyanopiperidine-1-carboxylate (30 g, 143 mmol) in THF (250ml) at -78°C, under nitrogen.

The resulting solution was stirred at -78 °C for 30 minutes. Ethyl chloroformate (16.37 ml,



I HNMR (399.902 MHz, DMSO) S 1.48 (2H, m), 1.90- 2.06 (2H, m), 2.09- 2.24 (2H, m), 2.87 (11-1,
ddd), 3.02 (1H, ddd), 3.56 (2H, m), 3.56 (21-1, d), 4.41 (2H, m), 4.91 (11-1, br.$), 156.59 (11-1, dd),
6.80 (21-1, HORA®/(¥F68Id), 7.38 - 7.43 (41-1, m), 8.13 (1H, s), 8.46 (1H, SBCTIGB2AUBASE)2Miz (ESI+)
(M+H)+ =492.4, 494.3 ; HPLC tR = 1.60 min. WO 20091047563PCT/GB2008/050925 80 Example
66: 88
4-amino-N-(3-amino-1-(4-chlorophenvl)-3-oxopropy1)-1-(7Hpyrrolo[2,3-dIpyrimidin-4-vbpiperidine-4-c
arboxamide HC1 in 1, 4-dioxane (4M) (0.228 inL, 0.91 minol) was added to tert-butyl 4-(3-amino-1-(4-
schloropheny1)23snebropyrdsesh by 19svl{ng solvens [ s sistadhamirilloyopiseridin. & iaeatbamate
(Intermediafe,108) (30 1182t BIR Mt IR RGM (A 1Dkl AR CarT e teRUItIG SAytiaR vas stirred at 20

C for 3 hours. The reaction mixture was liltered through a PTFE cup and the collected solid was

purified by Séisstedivath DEM woddhersrganertaret svapiathed pshisatusgad b grrhenl) dginm
length), USiHﬁ&?&&%ﬁﬁh@@'@g@iﬁ&&@%ﬁ%&%ﬁ&&ﬁé@l@%@%%@iB&&P@rﬁﬂf@a@&é’%@&@e@ﬁl?%@w-

Fractions containing the desired compound were evaporated to dryness to afford _
4_aminé_N_(l3a§mﬁl,d\l?LS.@H1ﬁed by flash silica chromatography, elution gradient 10% EtOAc in

chlorophenyb3:ax0PseRY Ak ié Ak Ry elplso AP imiditsd y apipRr idiRerhraraoxamide (9.00 mg,
11.1 %) as a cream solid. IH NMR (399.9 MHz, DMSO-d6) 6 1.40 - 1.43 (2H, m), 1.93 -1.96 (2H, m),
2.18 (2H, syyesgpperiding {Frdicarboxy bee (20D goH - o592 YellePib.58 (1H, d), 6.81 (11-1, s),
7.15-7.16 (1HMmR 2466.1371@¥1£§UD@P3%%133%§}\17,V}, 8 1 (b, &, 11.%6-32(@‘)"%23)11 (9 Npip_visible). nih

(ES1+) (M+1-1)+ = 442; HPLC tR = 1.47 min. 20091047563PCT/GB2008/050925 81
2.08 (2H, m), 3.12 (2H, ), 4.09 - 4.14' (2H, m), 4.29 (2H, q).

10

Intermediate 8: 1-tert-butyl 4-ethvyl 4-(aminomethvDpiperidine-1.4-dicarboxvlate

15 N

Platinum(I'V) oxide (0.724 g, 3.19 mmol) and 1-tert-butyl 4-ethyl 4-cyanopiperidine-1,4-
20  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-
25 (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).



Example 67: 4-amino-N-(1-(4-ehlorophenv1)-3-ureidopropyl)-1-(7H-pwrolo12,3-
dipyrimidin-4-yl)piperidine-4-earboxamide TFA (3 mL) was added to tert-butyl
4-(1-(4-chloveprreen/ad7sedireidopropylcarbamoyl)-1- PCT/GB2008/050925
(7H-pyrrolo[2,3-d]pyrimidin-4-yfipiperidin-4-ylcarbamate (Intermediate 112) (379 mg, 0.66 mmol). The
reaction was left to stir at 20 C for 4 hours and then&acuumed to dryness. The crude product was
purified by ion exchange chromatography, using an SCX column. The desired product was eluted from
the column usmg O 35M NE3/MeOH and pure fractrons Were evaporated to dryness to afford crude
ekl LY hpdpeliiste ks XBridge Prep C18 OBD
column, 5¢g S|I|ca 19 mm dlameter 100111111 Iengjh) using decreasingly polar mixtures of water
(containing 1% NH3) and MeCN as eluents. Fractigps containing the desired compound were
evaporated to dryness to afford 4-am in o-N-/(l\-@- h Wﬂ-) -3-ureidopropy1)-1-(7H-pyn-ol o [2,3-
dipyritnidin-4-yfipiperidine-4-carboxamide (14.00 mg; 5.6Q %) as a white solid. 1511-1 NMR (399.9
MHz, DMSO-d6) 5 1.41 - 1.49 (2H, m), 1.78 - 1.88 (21-1, m), 2.01 (1H, d), 2.91 (1H, fi, 2.97 (21-1, 1),
3.55(21-1, d), 4.37 (2H, d), 4.78 (1H, d), 5.40 (21-1, s §595(1H t), 6.58 - 6.59 (1H, m), 7.15 -7.16
(A1H, m), 7.33 - 7.39 (4H, m), 8.13 (1H, s), 8.36 OH, d),11.63 (1H, s); nilz (ESI+) (M+H)+ = 471: HPLC

tR = 1.50 mipy 20, W ORI ﬁQ@S’;&Iéfé%zﬁ’Qﬁ/%Qgﬁéu%%1?2%%‘&18&8[0 I-tert-butyl 4-cthyl

4-amino-N-(1-(4- ehlorophenvl) -2-eyanoethyl)-1-(7H-pyrrolo12,3- d
pyrimidin-4 4/(pipestisiad) padsiamide deabapte @Mﬂﬁlﬂhf’d@‘o&aﬁé(& @92 mm&)on mmol) was

added to tef;hutyl 43613(4-BRYQ SYdloar VRN G £erBameyl)-fa(fH PO LL . BrddiRyrim
din-4-y] )piperi din 4- |Icarbamate (Intermediate 114) (0.281 g, 0.54 nunol) in DCM (8 mL) at 20C.

The resultrrrg%murréﬁcabafslgﬁﬁé@lam%@r@m@ﬁ@nhm THageacton srsaclberiediteddryelss and was
purified by prepPaTALY e bR He Q\é{ﬁ%ﬁﬁ%ﬁgrfﬁr@ﬂf%mﬁmﬁanﬁ%ﬁﬂé%&%&'@véi’é‘ g?ﬁaﬂé?iq@m

length), using decreasingly polar mixtures or water (containing 1% io NH3) and McCN as eluents.
Fractions cORtARNE tHEHESHRd %ﬁﬁ}iﬁ%’&%ﬁé@%ﬁ@ﬁaﬂe%@%ﬁ@s@té@f&% %) as a

4-amino- N -I(QVphtﬁrgphenyl) -2-cyanoethyl)-1-(7H-pyrrolo[2,3-

d]pyrimidin-4- eridine-4-carboxamide (0.096 g, 42.2 %) as a white solid. 11-1 NMR (399.9 MHz,
OMS018) £ ML Ny, § B8 O 45158 (iFh B, 1.96- DINRIH Ty SDB M), 356
3.59 (2H, m),4.38 74 B21(2h); IM7 9248 (1 us) 2695%21{, m), 4.21 (2H, q).

Intermediate 10: ethvl 4-(aminomethvD-1-(7H-pvrrolo]2.3-d]pvrimidin-4-

(@)
—N\
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

15

(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

20 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-



1s6.60 (11-1, m), 7.16 (1H, t), 7.44 (4H, m), 8.13 (1H, s), 11.65 (11-1, s), (no Visible NH2), ni/z (ESI+)
(M+H)+ = 424; HPLC tR = 1.82 min. WO 20091047563PCT/GB2008/050925 83 Example 69:
4-amino-N-W@2uIe+aiienv1)-3-(methvisulfonamido)propyl)-1-(7Hpyrrol A2 B GR3)R1NR3L -vbpiperid
ine-4-carboxamide ti__SI=0 N Il 0 HCI (4M) in 1,4-Dioxane (1.615 mL, 6.46 mmol) was added to
tert-butyl 4-(1-(4- 5¢chl oroph eny1)-3-(m ethyl sul fo@tami do)propyl carbamoy1)-1-(7H-pyrrol o
[2,3-d]pyrim i ylipiperidin-4-ylcarbamate (Intermediate 117) (26 | nig, 0.43 mmol), The resulting
suspension was stirred at 20 C for 1 hour. No reaction. TFA (linL) was then added to the reaction and
stirred for 16HoMmEICHhd) réddlibnesoladudimedneiohebsiaaddissperihentteds 8k & dige
chromatograghy, Msing. ap;RCX column. The desired product was eluted io from the column using
0.35M N1-13/1\e0H and pure fractions were evaporated to dryness to afford crude material. The

crude produdt Wadh (AP Bre PAYRVeR BLE MAe S J(BfiddeSP @bl 19 .38 cdili?Hbp silica, 19
mm diametgyy B0/ leOI3 UYNY dagreasingly pelagmixtyres of water(rensaining (AR-HPLC
Buffer]) and MeCN as eluents. Fractions containing the desired compound were evaporated to
dryness to dfforé1L isEnSidad-Nh su-hivr6petly1)-3-(methylsulfonamido)propy1)-1-(71-1-pyrrolo[2,3-
d]pyrimidinryhpip&sigingy4-carboxamide (142 mg, 65.2 Vu) as a white solid. 11-1 NMR (399.9 MHz,
DMSO-d6) 5 1.40- 1.48 (2H, m), 1.86- 1.90 (21-1, in), 1.93 - 1.97 (2H, m), 2.17 (21-1, s), 2.88 (3H, s),
2.93 -2.97 (2H, m), 3.53 -3.60 (21-1, in), 4.37 (2H, 1), 4.87 (11-1, d), 6.57 - 6.59 (1H, m), 7.00 (11-1, 1),
7.15 -7.16 (htdertediate 11AQHGH:- (Rer? Wi (ar i3t iy AbALES- (i D RiR(ES1+) (M+1-1)+
=506; HPLC tR =1.62 min. 84 Intermediate 1:
4-(tert-butoSyBXEHBHIANT LLiLL SN 0XVIMCrimidin-4- 0)piperidine-4-carboxylic acid

/\OO N)OJ\O
N H )<

\
N II}II

10
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

15 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-

20  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.

25



To a mixture of 4-[(2-methylpropan-2-yOoxycarbonylamincdpiperidine-4- 5 carboxylic acid (115.6 g) in
CH3CN-H20 (6 L) was added to NaHCO3 (181 g), followed by 4-chloro 7H-pyrrole[2,3-d]pyrimidine
(72.7 g). Theohpoawe4As heated to rellux overnight under nitrogen for 24 hEBGBENeF0803Racted with
EtOAc (IL x 4). The aqueous layer was concentrated and MeOH (1.5 L) was added. The mixture was
shaken for 30 min at 45 'V and filtered. The filtrate Wds concentrated again and dissolved in WO (300
mL). 106N HC1 was added until the pH reached 4.5 (ca. 80 mL). The mixture was liltered and the cake
was dried under vacuum to afford the crude produ<l:t WhICh Was further purrfred by S|I|ca gel

yI)oxycarbo& m{ﬂﬁﬁﬁlz;( iE‘Q@ﬁ‘IZ 4,8, 10 tetraen 2 y1)p|per|d|ne4 carboxylic
acid as palé grey soli MHz, DMSO-do) 6 1.40 (9H, s), 1.88- 1.95

(2H, m), 2.02 - 2.06 (2H, m), 3. 44 3. 51 (2H, zﬁld) 6.60 - 6.61 (1H, m), 7.16 - 7.18 (1H, m),
7.29 (1H, s), 8.14 (1H, s), 11.68 (1H, s). MS . 20 Intermediate 2:
(4-chlorophenyl)(cyclopropyhmethanonefn Cl Q Methoxylamine hydrochloride (2.004 g)
was added to (4- chlorophenyl)(cyclopropyl)methanpne (2.7 in pyridine (60 mL) at 25C. The
resulting 85 solution was stirred at 25 C for 2 s. The pyridine was removed in vactio, and the
residual solid extracted with ether. Filtration and vaporatlon of the solvent gave the crude
(4-chlorophenyl)(cyclopropyl)methanone 0-m (2.75 g, 87 %) as a yellow oil. This material
was used directly in the next step without further pu| ification. MS ink Mt 210. Intermediate 3:
(4-ehlorophenyl)(eyelopropyl)methanamine C j¢trahydrofuran complex (LW in THF, 65 6 inL)
was added to (4- 10 chIorophenyl)(cyclopropyl)methaane 0-methyl oxime (Intermediate 2) (2.75 g) in

THF (100 mL) a nrtro n T e tin tion was stir t ref 3 hours, then
cooled to O ZW" aféxéaeré]fl cﬁl olfow %%gaé(jqnﬁ(%)&«?aéé‘afﬂ &Q%In{fj fhe resulting
mixtureswa$>81tuxechdimeﬂlummcenmgm1)the(ﬂHHp))meﬂd@,éed)]mzrnmﬂmtémpprp&nmnér He product was

extracted Intgr oxXy ate &I Qrgllile la‘%"‘iﬁf?fj'é'f“ iuéfg:l miol) in water (6.25 ml), THF (25 ml) and

), 4.30 (

ethanol (25.00 ml). The resulting solution was stirred at 20 °C for 1 day. The reaction

mixture was diluted with EtOAc (20 mL) and washed with water (20 mL).The aqueous

was adjusted to pHS5 with 1M citric acid solution then extracted with EtOAc (3 x 50 mL).
10 The organic extracts were washed with saturated brine (25 mL) then dried over MgSQ,,

filtered and evaporated to afford desired product 4-((tert-butoxycarbonylamino)methyl)-1-

(7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidine-4-carboxylic acid (0.628 g, 63.1 %) as a

white foam.

IH NMR (400.13 MHz, DMSO-d6) 6 1.36 (9H, s), 1.44 - 1.51 (2H, m), 1.99 - 2.04 (2H,
15 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-

20  pyrrolo]2.3-d]pvrimidin-4-yl)piperidin-4-yl)methvylcarbamate




15filtered and evaporated to afford (4-chlorophenyO(cyclopropyl)methanamine as a clear oil (2.205 g,
93%). 111 NMR (400.13 MHz, CDC13) 0.24 -0.29 (1H, m), 0.30 - 0.13 (1H, m), 0.45 -0.50 ( IH, in),
0.58 - 0.64 WM 2(9Y/083%3- 1.09 (1H, m), 1.77 (2H, s), 3.20 (1H, d), 7.28 - 7.BRT/&B20A§/070335- 7.36
(21-1, in). 20 Intermediate 4: 2-amino-2-(4-ehlorophenybacetonitrile ClI Lithium bis(trimethylsilyl)amide
(42 7 mL) was added to 4-chlorobenzaldehyde (5 gPih THF (100 mL) at -40C under nitrogen. The
resulting solution was warmed to room 25temperature and stirred for 4 hours.
a-Hydroxyisobutyronitrile (acetone cyanohydrin, 6.50 inL) was then added, and the reaction mixture

was stirred BAIEE 022l farthe LFsistAdded de ReRaeTHRA Saturdesd NaHCO3 (50 mL), extracted
with EtOAC %%wﬂ%ﬂr}ymﬁ&wgﬁm leyALyyas died Qyey Mast4. fisiediand qvaporated. The

crude material was then purified by flash silica Chromatography, elution gradient O to 100% EtOAc in
isohexane. mbéw@tmi (akereegdingealdd (& 3 ge SOt mTlo 52-Intdnsdlorpphampis Briaayriaeetonitrile

as a colourigesal e SRR DRATHNGI0AVE SONIE SHBAQID BT 100k AR (400.13
MHz, CDCI3) 6 1.%5 ﬁ12H, s), 4.82 (1H, s), 7.30- 7.34 (2H, m), 7.39 - 7.43 (2H, m). Intermediate 5:
tert-buty] nitrogen. The resulting solution was stirred at 60 °C for 4 hours. The crude product was

44(4-chloropfenvi {5y ARoIRalids aiamauirs i HRmrRIed 28-diytimidii-yhmise idinfiearbamate
10 Cl 0-(7-Azabenzotriazol-1-y1)-N,N,N',N-tetramethyluronium hexafluorophosphate (HATU, 0.456
g) was addetitel4Taer s selyeauRg Rt h-lﬁ?ﬂqs%%[ﬂévmwmaﬁql.%y passing the

yOpiperiding:d1aaasisRAcisk (R Imariate i) A6k Bormamiara- (4nehiophenytiaggionitile
(Intermediate 4) (0.167 g) and Ar-ethyldiisopropylamine (0.523 15inL, 3.00 tntnol) in DMA (5 tnL) at
25C. The reiingf sHistoARvE- e smt@af%iarﬁ (S)-tert-butyl (4-(1-(4-

10 chlorophenyl)ethylcarbamoyl)-1-(7H-pyrrolo[2,3-d[pyrimidin-4-yl)piperidin-4-
yl)methylcarbamate (0.257 g, 83 %) as a colourless gum. This material was used directly
in the next step without further purification.
1H NMR (400.13 MHz, DMSO-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 (1H, m), 6.65 (2H, s), 7.23 -

15 7.24 (1H, m), 7.35 (4H, s), 8.10 (1H, d), 8.18 (1H, s), 11.94 (1H, s).

MS m/c MH"513.

Intermediate 14: ethvyl 4-(4-chlorophenyl)-4-(methoxvimino)butanoate

20 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

25 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.



hour. The crude product was purified by ion exchange chromatography, using an SCX column. The
desired product was eluted from the column using 7M Nfil3/MeOH and pure fractions were evaporated
to dryness tWaftopd/edrsasutyl 4-((4- PCT/GB2008/050925
chlorophenyl)(cyano)methylcarbatnoyl)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-yepiperidin-4- 20ylcarbamate
as a white solid (0.343 g, 67.3 %). MS m/e MH+ 5103 WO 20091047563PCT/GB2008/050925 87
Intermediate 6: tert-butyl
4-(2-amino-1-(4-chlorophenybethvicarbamovl)-147Hpyrrolo[2,3-(11pyrimidin-4-ylMiperidin-4-ylearbam
ate NH, Cl Raney™ nickel (0.257 g), was added to tert-butyl 4-((4-

schloropheryiiEyRANR I EYACHRARPYM I N RRIR &Rt ibmYaiy-yariperidin-4- yicarbamate
(Intermediaie . g) In ethano mL). Ammonium hydroxide (0. mL) was added. This
mixture was placed under a balloon of hydrogen and stjrred for 48 hours. The reaction mixture was
filtered through celite and the solvent evaporated to ,q%ess. The reaction mixture was evaporated to
dryness and redissolved in DCM (200 10mL), and wshed with water (125 mL). The organic layer was
dried over MgSO4, filtered and evaporated tg-afford crade product, tert-butyl 4-(2-amino-1-(4-
chIorophenypethylcarbamoyl)-1-(7H-pyrrolo dpyrimidincg-yepiperidin-4- ylcarbamate as a
colourless gum (0.514 g, 100 %). This nmfafferialwas used crude in the next step without further
purification 15 MS ink Mt 514, Infermediate 7: 1-tert-butyl 4-ethyl 4-cyanopipeddine-1.4-djcarboxylate
000 A soltaia: (ISR o P ot b e T PR 6 G Ly
420cyanopipesitiineHcé atiloxyhtmyBedgnaBaxynoinin bR (25 (ntyranedB@; Ldddr Hitgger). The

resulting solyfiof was 7SSl 7RG 2539 NNPR: RIS 5RIRENAE (63 Mhoom

temperature for 6 hours then acidified with dilute HCI and extracted with TBME (2X). The

combined extracts were washed with brine, dried over MgSO, and evaporated to give 4-(4-
chlorophenyl)-4-(methoxyimino)butanoic acid (1.520 g, 95 %) as a colourless solid.

10 1H NMR (399.902 MHz, CDCI13) 6 2.61 (2H, t), 3.01 (2H, t), 3.99 (3H, s), 7.34 (2H, d),
7.58 (2H, d).

Intermediate 16: 4-amino-4-(4-chlorophenyvlbutan-1-ol
NH

2
OH

Cl

15 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.

20  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

25 Et,0 (3X). The combined extracts were washed with water followed by brine, dried over



WO 20091047563PCT/GB2008/050925 88 171.2 mmol) was added. The resulting solution was stirred
and allowed to warm to room temperature.The reaction mixture was quenched with saturated
NaHCO3 (29®yetiiéted with DCM, and the organic layer was washed RFGB20¢815dMBrine (100
ml) then dried over MgSO4, filtered and evaporated to afford the crude material as a orange oil. This 5
material was purified by flash silica chromatography94lution gradient 10% EtOAc in isohexane. Pure
fractions were evaporated to dryness to afford 1-tert-butyl 4-ethyl 4- cyanopiperidine-1,4-dicarboxylate
(20.8 g, 51.6 %) as a yellow oil. 11-1NMR (400.13 MHz, CDC13) 6 1.33 (3H, t), 1.46 (9H, s), 1.96
-2.00 (2H, MYjgd@uang paportahjopive fommign-4-0b-chdoraptmry hbptamd-ebH . H0 203hid Pnctiate 8:

1-tert-butO eyl A@ninemeiixopiaeidingsdediicasPayiis,urBif. Rltinum(V) oxide (0.724 g,
3.19 mmol) and 1-tert-butyl 4-ethyl 4§q¥jnoplperld|ne-l,4- 20dicarboxylate (Intermediate 7) (99, 31 9

mmol) in acBdORIR APORYE) MEre SB¢dd) inbiés ad &hiddphbre dPHyEkdgem at 5ha? &Ad2tb C for 1
day. The crygdeysqd il I [ filtrate purified by ion exchange
chromatogrgghﬁgsitfﬁgﬁgﬂéxﬁéeo%r%ngf[?eﬁt?égs?rg%ﬁ[i%uct was eluted from the column using 7M
NH3/Mé&0OH ardtaéflBns were evaporated to dryness to afford 1-tert-butyl 4-ethyl 4-
25(aminomethyl)piperidine-1,4-dicarboxylate (7.59 g, 83 %) as a colourless oil. 11-1 NMR (400.13
MHz, CDC13) 6 1.27- 1.28 (3H, m), 1.30 - 1.37 (21-1, in), 1.41 (2H, S)ti 1.45 (91-1, s), 2.101&2H, d), 2.78
(2H, s), 2.9intenedipgety: fetl 1 & (-6t cidpr ophenyl)-4-hvdroxybutylcarbamovl)-1-(7H-

pvrrolo]2.3-d]pvrimidin-4-yl)piperidin-4-yvlcarbamate

10 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

15 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.

20 1H NMR (399.902 MHz, DMSO) 6 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.

25



Intermediate 9: ethyl 4-(aminomethvbpiperidine-4-carboxylate 0 Hydrogen chloride 4M in dioxanc
(33.2 ml, 132.7 mmol) was added to 1-tert-butyl 4-ethyl 4-(aminomethyl)piperidine-1,4-dicarboxylate
(Intermedia®@RMB4758%.5 mmol) in 5dioxane (35m1). The resulting solut®ETWER28081309a5 20 C for 3
hours. The crude product was purified by ion exchange chromatography, using an SCX column. The
desired product was eluted from the column using 74 NH3/MeOH and pure fractions were evaporated
to dryness to afford ethyl 4-(aminomethyl)piperidine-4-carboxylate (3.34 g, 67.6 %) as a yellow liquid.
i011-1 NMR (400 13 MHz CDClB) 61.23 - 1 30 (3H m) 1 26 - 1 37 (21 1, |n) 2 12 (2H d), 2.65
_272(2|_| i 3 b % I et lcarhs -1-(7H-

N-Ethyldiisopropy amine (3. ml, minol) was added o e hyI
(aminomethyl)piperidine-4- carboxylate (Interﬁﬁ diate @) (3.39, 17.7 mmol) and
4-chloro7H-pyn-olo[2,3-d]pyrimidine (2.72 9,.17.7 ol (35m1l). The resulting solution was

@ asﬁ) I d\spy ion exchange 20 chromatography,
using an SCX column. The desired praductwas eluted from the column using 7M NI-13/MeOH and
pure fractions were evaporated to dryness to afford ethyl 4- WO 20091047563PCT/GB2008/050925
90 (aminomethyl)-1-(7H-pyrrolo[2,3-d]pyrimidin-4- yem -4-carboxylate (5.08 g, 95 %) as a beige
solid. =

NOR

O-(7-Azabenzotriazol-1-yl)-N,N,N',N'-tetramethyluronium hexafluorophosphate (148 mg,

5 0.39 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) (134 mg, 0.37 mmol) and N-ethyldiisopropylamine (0.077 mL, 0.44
mmol) in NMP (3 mL). The mixture was treated with 2-amino-2-(4-chlorophenyl)ethanol
(70 mg, 0.41 mmol) (CAS™ no. 179811-64-4, see US2006/0004045 for preparation). The

10 dark solution was stirred for 16 hours at room temperature. The mixture was partitioned
between ethyl acetate and aqueous sodium bicarbonate solution. The organic layer was
washed twice with water and then brine. The organic solution was dried over magnesium
sulfate, filtered and evaporated. The residue was purified by flash silica chromatography
on silica using gradient elution (1% methanol / DCM to 15% methanol / DCM). Product

15 containing fractions were combined to give tert-butyl 4-(1-(4-chlorophenyl)-2-
hydroxyethylcarbamoyl)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidin-4-ylcarbamate (152
mg, 80 %) as colourless solid.
"H NMR (399.9 MHz, DMSO-ds) § 1.42 (9H, s), 1.93 - 2.12 (4H, m), 3.45 - 3.63 (4H, m),
4.22 -4.33 (2H, m), 4.75 - 4.88 (2H, m), 6.59 - 6.61 (1H, m), 7.14 - 7.24 (2H, m), 7.33

20 (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.



1H NMR (400.13 MHz, DMSO-d6) 6 1.22 in), 2.67 (2H, d), 3.23 -3.30 (2H, m), 4.15 (3H, t), 1.44 (21-1,
q), 4.39 -1.51 - 4.44 (2H, m), 2.04 (2H, m), 6.59 - 2.07 (2H, (11-1,t), 7.16 - 7.17 (1H, m), 8.12 (1H, s),
11.67 (1H, yNBiE B4+ 304. Intermediate 11: ethyl PCT/GB2008/050925
4-((tert-butontarbonvliamino)methyl)-1-(7H-pyrrolo12,3- dlpyrimidin-4-ybpiperidine-4-carboxylate 00 10
Di-tert-butyl dicarbonate (470 mg, 2.15 nunol) was &éded to ethyl
4-(aminomethyl)-1-(7Hpyrrolo[2,3-dipyrimidin-4-yDpiperidine-4-carboxylate (Intermediate 10) (653mg,
2.15 mmol) and trlethylamlnc (0. 300 mI 2. 15 mmol) |n DCM (10m1). The resulting suspension was
stirred at artBAREMEsAgbe | p a 2! LN ELL ed with 15 DCM (50 mL), and
washed se%w@iyemﬁlﬁyﬁ‘g%g emL) and saturated brlne (50 mL) The organic layer was dried over
MgSO4, filtered and evaporaie e crude product was purified by flash silica chromatography,
elution gradient 20 to 100% EtOAc in isohex ne P e fractions were evaporated to dryness to afford
ethyl 4-((tertbutoxycarbonylamino)methyl)- ol 0 [2,3-d]pyrim idin-4-yl)piperi dine-4-
20carboxylatc (468 mg, 53.9 %) as a colo Iessooil whigh soliffified on standing. 1H NMR (400.13
MHz, DMSO-d6) 1.22 (3H,t), 1.36- 1.38 (9H, m), 1.42}- 1.492H m), 2.05 (2H, d), 3.13 (2H, d), 3.20
(2H, 1), 4.09 - 4.14 (2H, m), 4.45 (2H, d), 6.5¢ 4(1H ), 7.16 (1H, d), 8.13 (1H, d), 11.65
(1H, s). MS mle MH+ 404.

q 0 4
IR A = ]

cl

Iodomethane (1.038 mL, 16.68 mmol) was added in one portion to (S)-3-(tert-

5 butoxycarbonylamino)-3-(4-chlorophenyl)propanoic acid (1g, 3.34 mmol) and potassium
carbonate (0.922 g, 6.67 mmol) in DMF (15 mL). The resulting suspension was stirred at
80 °C for 24 hours. The reaction mixture was concentrated and diluted with EtOAc (50
mL) with water (50 mL). The organic layer was dried over MgSOs, filtered and evaporated
to afford (S)-methyl 3-(tert-butoxycarbonylamino)-3-(4-chlorophenyl)propanoate (1.340 g,

10 128 %) as a orange solid. 1H NMR (399.9 MHz, DMSO-d6) 6 1.36 (9H, s), 2.71 - 2.74
(1H, m), 2.74 - 2.80 (1H, m), 3.57 (3H, s), 4.91 (1H, d), 7.33 (2H, d), 7.39 (2H, d), 7.49
(1H, d). m/z (ESI-) (M-H)- = 312; HPLC tR = 2.57 min.

Intermediate 20: (S)-methvl 3-amino-3-(4-chlorophenvDpropanoate (hvdrochloride)

15 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-

20 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.



91 Intermediate 12: 4-((tert-butoxvcarbonylamino)methyl)-1-(7H-pwrolo12,3-
dlovrimidin-4-0)piperidine-4-carboxylic acid 00 HONO H X Lithium hydroxide monohydrate (0.556 g,
13 26 minolMOaadeddEshso ethyl PCT/GB2008/050925
4-((tertbutoxycarbonylamino)methyl)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-yepiperidine-4- carboxylate
(Intermediate 11) (1.07g, 2.65 mmol) in water (6.25 %1l), THE (25 ml) and ethanol (25.00 m1). The
resulting solution was stirred at 20 C br 1 day. The reaction mixture was diluted with EtOAc (20 inL)
and washed with Water (20 mL) The aqueous Was adjusted to pl 1. 5 Wlth M CI'[I’IC aC|d solution then
extracted ‘ X ! R YAHE

then dried
4-((tert-butoxycarbonylamino)methyT)-1- pyrimidin-Z-yTpiperndine-4-carboxylic acid
(0.628 g, 63.1 %) as a white foam. 1H NMR (4¢0.13 MHz, DMSO-d6) S 1.36 (9H, s), 1.44 - 1.51 (2H,
ni), 1.99 -2.04 (2H, 15in), 3.14 (2H, d), 3.25 (2H,'s), 4.43 -4.46 (2H, in), 6.64 (1H, s), 6.84 (1H, t), 7.21
(1H, s), 8.16 (11-1, s), 11.82 (11-1, s) MS m# MI—_F+ 378. Int%@?diate 13: (S)- tert-butyl

(441-(4-chlorophenvbethvicarbamovl)- N

pyrrolo12,3-d]pyrimidin-4- vbplperldln-zi-yll vethylcafb \%Z HATU (0.251 g, 0 66 mmol) was
added in one portion to
4-((tertbutoxycarbonylamino)methyl)-1-(7H-pyrrolo[2,3-tpyrimidin-4-yepiperidine-4- carboxylic acid
(Intermediate 12) (0.225 g, 0.6 mmol), (S)-l-(4-ch|oro§h yflethanamine (0.093 g, 0.60 mmol) and

D1PEA (0.314 mL, 1.80 mmol) in DMA (10 mL) at 25 under 3nitrogen. The resulting solution was

stirred at 60 C for 4 hours. The crude product was purift jon exchange chromatography, using an

SCX column. The desired product was "
O-(7-azabenzotriazol-1-yl)-N,N,N',N'-tetramethyluronium hexafluoro-phosphate (1.157 g,

5 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

10 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

15 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

20  (1H, s), 11.98 (1H, s). m/z (ESI+) (M+H)+ = 557; HPLC tR = 2.12min.



eluted from the column using methanol. Residual HATU was retnoved by passing the methanol
solution through a silica-supported carbonate column. The crude product thus obtained was
evaporated YoQi?ge&s $63afford (S)-tert-butyl (4-(1-(4- 10chl oroph enypeth€HBAMSGWEPRI 7H-pyn-ol
o [2,3-d]pyrim din-4-y] )piperi din -4- yOmethylcarbatnate (0.257 g, 83 %) as a colourless gum. This
material was used directly in the next step without f@her purification. 1H NMR (400.13 MHz,
DMSO-d6) S 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 (1H 2m) 6. 65 (2H s) 7. 23 157.24 (11-1, in), 7.35 (4H, s), 8.10 (11-1, d), 8.18

(11-1,s), 1 emmTB hvdroxvpropvlcarbamovl) 1-
4-(4-ehlorophgn eﬁld%%l qc%gmggenyl) -4-oxobutanoic acid (2.0 g,

9.41 mmol), me .76 mmol) and sodium carbonate (0.472 ml,
11.29 mmol) in ethanol (30 ml) were stirred and ated at 80 C for 4 hours. The resulting mixture was
allowed to cool to room temperature and flltered he filtrate Was concentrated by evaporation then
purified by flash silica chromatography, e xg wigh I isohexane. Pure fractions were
25evaporated to dryness to afford ethyl 4 org ethoxyimino)butanoate (1.790 g, 70.6
%) as a colourless oil. 1H NMR (399. , CD€&1 Ag , 1), 2.53 (2H, 1), 3.01 (2H, t), 3.98
(3H, s), 4.11 (2H, (1), 7.33 (2H, d), 7.58 (2H d) MS nmle MH+ 270. 93 Intermediate 15:
4-(4-chlorophenvl)-4-(methoxvimino)butanoic acid ,0 ON CI Lithium hydroxide (0.632 g, 26.40 mmol)
was added in one portion at 20 C to a solution 50f eth
4-(4-chlorophenyl)-4-(methoxyimino)butanoate (Inte edl te 34) (1.78 g, 6.60 mmol) in THF (30 ml)
and water (20 ml). The resulting solution was stirred a temperature for 6 hours then acidified
with dilute HC1 and extracted with TBME (2X). The combined'extracts were washed with brine, dried

over MgSO#iand a2y aied 10 givendi {4y chddteaheoyd)sé-(nsthexyimino)byianoie acid (1.520 g, 95
%)asa Colggr(lg\;%asr l(l)(rjlylammo) 1-(7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidine-4-carboxamido)-3-
(4-chlorophenyl)propanoate (Intermediate 21) (1.27g, 2.28 mmol) in THF (70 mL) cooled
to 0°C under nitrogen. The resulting solution was stirred at 20 °C for 1 hour. The reaction
mixture was quenched with sodium hydroxide (2M) (2mL) and water (1mL). The solution
was filtered and was diluted with EtOAc (200 mL), and washed sequentially with water
10 (100 mL), water (100 mL), and saturated brine (100 mL). The organic layer was dried over
MgSO., filtered and evaporated to afford (S)-tert-butyl 4-(1-(4-chlorophenyl)-3-
hydroxypropylcarbamoyl)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidin-4-ylcarbamate
(1.04g, 86%) as a white solid. M/z (ESI+) (M+H)+ = 529; HPLC tR = 2.00 min.

15 Intermediate 23: 2-(tert-butoxyvcarbonvlamino)-2-(4-chlorophenvlethvl

ok

/\\

O O

methanesulfonate

Cl
Methanesulfonyl chloride (1.451 mL, 18.74 mmol) was added to tert-butyl 1-(4-
chlorophenyl)-2-hydroxyethylcarbamate (4.63 g, 17.04 mmol) and N,N-
20  diisopropylethylamine (6.23 mL, 35.78 mmol) in DCM (40 mL) cooled to 0°C over a
period of 5 minutes under nitrogen. The resulting solution was stirred at 20 °C for 2 hours.

The reaction mixture was diluted with DCM (100 mL) and washed sequentially with water



101H NMR (399.902 MHz, CDC13) 62.61 (2H, t), 3.01 (2H, t), 3.99 (3H, s), 7.34 (2H, d), 7.58 (2H, d).
Intermediate 16: 4-amino-4-(4-chlorophenyl)butan-1-61 NH2 OH CI
154-(4-ChlovopRetwymirEImethoxyimino)butanoie acid (Intermediate 15) (6.R€TGBBVOYUFIRII) in
tetrahydrofuran (8 ml) was cooled, under an atmosphere of N>, in an ice-methanol bath then treated
dropwise with borane-tetrahydrofuran complex (1.090in THF) (26 nil, 26.00 mmol) over a period 0120
minutes. The resulting soution was allowed to warm to room temperature, stirred for 1 hour then
heated at reflux for a further 6 hours. 20 After cooling in ice-water the mixture was treated with water

(6 ml) dropWi98 Wih: stiherigesvies rodnmiasict e onepOwidtergdiand Riaper s d g terdoom
temperature,and sfifige: fane aﬂuﬁ%P@JQE?V@xgp&@f@a%ma@H Rl RRSRNNRPRE [BSidke was then

cooled in ice-water and 50% NaOH(ag.) (6 ml) added dropwise with stirring. The fesulting mixture was

stired and Behentdt 90 W4t o irdhdh Baridirey radicremmnernied thdneneradetiRith225Et20
(83X). The c .
CT/G%08W509%W§ @ng%mlf@ie%ﬂﬁf&ﬁx&%%ﬁﬂ@@z%g %93 o) as

20091047563 2594 04 and evaporated to give
4-aminé-4-@vehisrapite dvh ik 3B M Owa)éals%%&éuﬂe%sl%%% dildhitdvas used

ithout furt if ( 6 m:) br. s),
357367 (1 ), 58 D00 (. 153 AL 8. 1130 (1 ) WS Ml ML 300, nermediae

17: tert-buty 2 min.

4:11 goehlorophewﬂé-@rhxthpiewmm@ﬁﬁemé (iR eIR R el iRy rinidini-ipiperdin-4-ylcarbam
A reaction was prepared as follows. 2-Amino-2-(4-chlorophenyl)acetic acid (12 g, 64.65

10 mmol) was stirred in THF (200 mL) and sodium borohydride (5.82 g, 153.87 mmol) was
added in portions to the stirred mixture under nitrogen. A solution of iodine (16.41 g, 64.65
mmol) in THF (20 mL) was added dropwise maintaining the temperature below 15°C using
an ice bath. The resulting mixture was warmed to room temperature and stirred at reflux
overnight. The reaction was quenched by the addition of methanol (40 mL). A portion of

15 this solution was removed (50 mL) and partitioned between ethyl acetate and water. The
organic layer was concentrated under reduced pressure. The residue was purified by MPLC
on silica using gradient elution (0 to 10% methanol / DCM). The desired product, 2-amino-
2-(4-chlorophenyl)ethanol (1.318 g, 11.88 %), was thus isolated as a colourless solid.
1H NMR (399.9 MHz, CDCI3) 6 2.00 (3H, br, s), 3.48 - 3.58 (1H, m), 3.68 - 3.76 (1H, m),

20 4.02-4.08 (1H, m), 7.23 - 7.39 (4H, m). m/z (ESI-) (M-H)- = 284,286 ; HPLC tR =2.20
min.

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

25 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%).

30 1H NMR (399.9 MHz, DMSO-d6) 6 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).



100-(7-Azabenzotriazol-1-y1)-N,N,N',N-tetramethyluronium hexafluorophosphate (166 mg, 0.44 mmol)
was added portionwise to 4-(tert-butoxycarbonylamino)-1-(7H-pyrrolo[2,3-
dipyrimidin-XvQIRoipéHanee-4-carboxylic acid (Intermediate 1) (150 mg, 0.42 PeH6iB2408/050925
amino-4-(4-chlorophenyl)butan-I-ol (Intermediate 16) (83 mg, 0.42 mmol) and Nethyldiisopropylamine
(0.087 ml, 0.50 mmol) in DMF (2.0 mL) at 20 C . ThéQO@sulting 15solution 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 drled under vacuum to afford tert-butyl

4-(1-(4-chidtesprediate zoinleyopheny])-2-cvanoethylcarbamate

pyrrolo[2,3-d]pyrimidin-4- yOplperldln -4-ylcarbamate (1;1:1@7 .4 %) as a cream solid, which was

used without further purification. 201H NMR (399.902 MHz, DMSO) S 1.40 (11H, s), 1.69 - 1.74 (2H,
m), 1.93 - 2.09 (4H, ni), 3.38 -3.43 (21-1, in), 3.51 -B31®1 (20, in); 4.19 - 4.27 (2H, m), 4.38 (Hi, br s),
4.76 (Hi, q), 6.65 (11-1, m), 6.95 (1H, s), 7.20 n), 7.33 (4H, s), 7.89 (1H, d), 11.78 (1H, s). MS
ni/e MIT 543. WO 20091047563PCT/GB200§ ) [ ;
4-(1-(4-chlorophenvl)-2-hydroxyethvicarbamo -(7I—fpyrrolo[Z,B-dItivrimidin-4-v1Mitieridin-4-ylearba
mate (To 0 0-(7-Azabenzotriazol-1-y1)-N,N,N’,N- tetramethyluronium hexafluorophosphate (148 mg,
0.39 mmol) was added in one portign to a stifred solution of.

4-(tertbutoxyCarHBIYHARS %;ﬁméwﬁ iR A-lShiRaI e R YEEHARY Aafd-

('ntermed|a&l@}dﬂ%ﬁﬂﬁﬂ@ﬁﬂlﬁﬁﬂ@hﬂﬂﬁlﬁiﬁﬂm@tﬁéﬂfmﬁaﬂﬂm(ﬁ)@ﬁg@hlrﬁo4)41ﬂ1]DMB NMP (3
mL) The mlx rea ed with. 2-atnino-2-(4-chloroph noléz?g) mg, 0.41 mmol) (CASTM no.
17981164 W 0 FOBOUORS Fb?%%%&?a‘ff%%?“‘f‘ﬁgeﬁtogﬁa 195 SHFSHT8r 16 hours at

room tempef@;tufﬁ: Wheanistiated as Rantitioned betwerrREthyl aeetatenaby] aglieauisegodium
bicarbonate solution. The 0 yer w shed twice with wa e nd the e. The organic
solution wa&"gHEH'8 Mﬁgﬁ‘i&ﬁgﬁﬂg@%f Fed & efuporated’ %Vleé %S@ (i by flash
silica chromﬁqgﬁarﬂfayt@a&hﬁa;ﬂﬁiag@mdteﬁheluﬂm@ piadmethanpliiDéNdtalddsifiathanol / DCM).
Product 15c ntainin ctlo were c rt-but 44- chlo phe 0-2-
ycronyetn RABAN DL LBy SO oy I A Bt DA SRS V65 mo, 80 06) as
colourlgss satigoldtbiid Br@l%@s Qd\AHZrcDMﬁl@r@ﬁl BALcAPo(Bphealy13-D3yahdt i Hargnad 5263 (411,

776 (1, 411814 (0 T S T SO e Skl B ORI )

2.89 (2H, m), 4.89 (1H, d), 7.38 - 7.45 (4H, m), 7.76 (1H, d). m/z (ESI+) (M-H)- =279;
HPLC tR = 2.42 min.

15 Intermediate 25: tert-butyl 3-amino-1-(4-chlorophenvl)propvlcarbamate
0]

HN O
@MNH
Cl

Lithium aluminium hydride (0.712 mL, 0.71 mmol) was added dropwise to tert-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

20  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.

25



1.99 min. 96 Intermediate 19: (S)-methyl 3-(tert-butoncarbonviamino)-3-(4- chlorophenvl)nronanoate
NH CI lodomethane (1.038 mL, 16.68 mmol) was added in one portion to
(S)-3-(tertbvasxpeerBedplamino)-3-(4-chlorophenyepropanoic acid (1g, 3.34PEieBasR0peEssium
carbonate (0.922 g, 6.67 mmol) in DMF (15 mL) The resulting suspension was stirred at 80 C for 24
hours. The reaction mixture was concentrated and dillited with EtOAc (50 mL) with water (50 mL) The
organic layer was dried over MgSO4, filtered and evaporated to afford (S)-methyl

3-(tert- butoxycarbonylammo) 3 -(4- chlorophenyl)propanoate (1 340 g, 10 128 %) as a orange solid. 1H
NMR (399.QINEHN YN : ! DY O carpamgly 3 57 (3H, s),
4.91 (1H, d), 7.33 (21-1, d), 739(2H d) 749(1H d). nez ( 1)(M -1- 1) =312; HPLC tR = 2.57 min.
Intermediate 20: (S)-methyl 3-amino-3-(4-chlorophenyb rop;@ate (hydrochloride) 15Cl Hydrochloric
acid (4.0M in 1,4 Dioxanc) (4.18 mL, 16.73 mmol) w8
3-(tert-butoxycarbonylamino)-3-(4-chlorophenyl)
DCM (20 mL.) at 20C. The resulting solution
evaporated to give (S)-methyl 3-amino-3-(4-2
%) as a white solid. 1H NMR (399.9 MHz, . . ) , m), 3.
(3H, s), 4.6Aectibbr(dydyiady (7.6Hn71.5D. @Hnﬂit)l)hﬁi add&D ddipwisg, t8 ﬁﬁt@lﬂylsa amind8S¥-) (M+H)+
= 214; HPL R 1. 7 O 200 7563 050925.97 In 21: (S)-methyl
34t SR AT megiate 235 CE0Y g 7 T ane A
dipyrimidin-diiytpipeyidingldreas jerdmidd)- 843 whioip phBaiNM g topdn aa @ °Q H e (ésaktabenzotriazol- |

YD-NNN Nﬁl}gg@w% 2 1|1’% W50 b&%ﬂ%grﬁoﬁr %%fg%’%%&l 10n m&ture was quenched with

NaHCO; (2M) (10 mL) and water (10mL) and extracted with DCM (20mL). The organic

ad@ed\in one portion to (S)-methyl
e (Intermediate 19) (1.05g, 3.35mmol) in
at 26/€ for 5 hours. The reaction mixture was

layer was dried over MgSQO,, filtered and evaporated to afford crude product. The crude
product was purified by flash silica chromatography, elution gradient 0 to 2.5% MeOH in

10 DCM. Pure fractions were evaporated to dryness to afford tert-butyl 3-acetamido-1-(4-
chlorophenyl)propylcarbamate (142 mg, 61.0 %) as a white solid. 1H NMR (399.9 MHz,
DMSO-d6) 61.36 (9H, s), 1.67- 1.82 (2H, m), 1.79 (3H, s), 2.97 (2H, q), 4.50 (1H, d), 7.32
(2H, d), 7.38 (2H, d), 7.43 - 7.45 (1H, m), 7.79 (1H, s). m/z (ESI+) (M+H)+ =327; HPLC
tR =2.03 min.

15

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
20  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.

25



53.04 mmol) was added in one portion to 4-(tert-butoxycarbonylatnino)-1-(7H-pyrrolo[2,3-
dipyritnidin-4-yl)piperidine-4-carboxylic acid (Intermediate 1) (1 g, 2.77 mmol) and N,N-
diisopropyle®§ 209 78bD06 mL, 6.09 mmol) in NMP (10 mL) at 20C. The RESUGRZPSHNMBIP was
stirred at 20 C for 5 minutes. (S)-methyl 3-amino-3-(4- chlorophenyl)propanoate (hydrochloride)
(Intermediate 20) (0.692 g, 2.77 minol) was iothen adifed to the solution and stirred at room
temperature for 3 hours. The reaction mixture was diluted with EtOAc (100 mL), and washed
sequentlally Wlth Water (2 X 50 mL) and brlne (50 mL) The organlc Iayer was dr|ed over MgSO4

“fert-bu oXycarbonylamino)- -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 (2HNS),¥.04 -2.07 (2H, m), 2.79 -2.84 (2H, m), 3.56 (3H,

O-(7-azabenzotriazol-1-yl)- N,N,N',N'-tetramethyluronium hexafluoro-phosphate (98 mg,

5 0.26 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) (62.2 mg, 0.17 mmol) and
N,N-diisopropylethylamine (0.085 mL, 0.52 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)acetamide (Intermediate 27) (39 mg, 0.17 mmol) in NMP (2mL)

10 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;

15 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
20 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



20(1H, s), 11.98 (1H, s). rniz (ES1+) (M+H)+ = 557; HPLC tR = 2.12min. WO
20091047563PCT/GB2008/050925 98 Intermediate 22: (S)-tert-butvl

4-(1-(4-chlompRe98/04736hvdroxypropvicarbamovl)-1- PCT/GB2008/050925
(7H-ovrrolo12,3-dlovrimidin-4-ylipiperidin-4-vicarbamate OH LiA1H4 (2.280 mL, 2.28 mmol) was
added dropwise to (S)-methyl 103

3-(4-(tertbutoxycarbonylamino)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-yepiperidine-4-carboxatnido)-3-
(4-chlorophenyepropanoate (Intermediate 21) (1.279, 2.28 mmol) in THF (70 mL) cooled to OC under
nitrogen. THROTENAY tadnaibrnaldSAlirrdd. al bor¥BHEe Wateomernairdisadissetyrs Was quenched with

Socium YRR PMHATIL) AR UEHES ko, sluicnavis e 0t ias died with EIOAG

(200 mL), and washed sequentially with water 10(100 mL), water (100 mL), and saturated brine (100
mL) The oréeieayas dissobitddoPeMNgedmLwid vashed ol rrhfford rhteHputyl 4-(1

-(4-chlorophgydls3aArRXRILRYE CARAMONH = (Tt Yol R SsIRi ity Yaipate
din-4-ylcarbamate (1.04g, 86%) as a white solid. M/z (ES1+) (M+H)+ = 529; HPLC tR = 2.00 min.

15Intermedfigsnis 1oy eie il Be gsrybareshoraaminaYeR (Washrsr aphetiatrdItriBeHAnd N fdkate 0 Cl

Methanesulipryl GRIORES O, 4rd BtedBAddnmaihivasaeided 1o 15U d cdde product was
chlorophenyl)-2-hydroxyethylcarbamate (4.63 g, 17.04 mmol) and N,N- 20diisopropylethylamine (6.23

mL, 35.78 My Srthadir Shepprags Rt Gletien sarbiand P9 tninutde: LdY Rivese iV Hhe

resulting solutiqn yesstipRd Ahdfbhs fRER B%géramets Het mixisavamdilgieqvith DCM (100 mL)
and washed sequentially with water WO 20091047563PCT/GB2008/050925 99 (100 mL) The organic

layer was dfaepBeNpBORaFitedbt! 879 &vapdratbastd wittdlidde product. The crude product was
purified,by fi@ﬁmli@@sobr%mtﬁq@@mgwqmgr%qit?ﬁbpztgi%,ﬁ;p cImPOM. Ryre fractigns were
on

evaporated to dryness to afford 2- (tert-butoxycarbonylamino)-2-(4-chlorophenypethyl
methanesufforiaté (@hsly 752824) 4k 5a white solid. 1H NMR (399.9 MHz, DMSO-d6) 1.39 (9H, s),

3.17 (3H, siv& 22428 169

Intermediate 30: tert-butyl 1-(4-chlorophenvl)-3-hvdroxvpropvlcarbamate

%OTNH

Di-tert-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

15

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
20 0to 4% (10:1 MeOH/conc. NH3 (o)) 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).
25 MS m/e MH™ 284, 286



(2H, m), 4.90 (IH, d), 7.40 - 7.46 (4H, m), 7.68 (IH, d). m/z (EST+) (M-H)- = 348; HPLC tR = 2.32 mm.
The tert-butyl 1-(4-chlorophenyl)-2-hydroxyethylcarbamate used in the above reaction was prepared
as follows. V@M @A7&Xchlorophenyl)acetic acid (12 g, 64.65 10 mmol) wa€tiEmRG8Y0PPRY200 mL)
and sodium borohydride (5.82 g, 153.87 mmol) was added in portions to the stirred mixture under
nitrogen. A solution of iodine (16.41 g, 64.65 mmol) iI64THF (20 mL) was added dropwise maintaining
the temperature below 15C using an ice bath. The resulting mixture was warmed to room temperature
and stirred at reflux overnlght The react|on Was quenched by the addltlon of methanol (40 mL). A
portion or 1 111ETe. \ 341 R Sl ¥ ¥ tate and water. The
organic Iayeﬁgyﬂglﬁgﬂﬁgﬂgéted under reduced pressure. The reS|due was purlfled by MPLC on silica
using gradient efution (0 to 0% methanol / DCM). The desired product, 2-amino-
2-(4-chlorophenyeethanol (1.318 g, 11.88 %), Wss thus isolated as a colourless solid. 1H NMR (399.9
MHz, CDCI3) 52.00 (3H, br, s), 3.48 - 3.58 ), 3.68 -3,76 (0H, m), 204.02 -4.08 (1H, m), 7.23 -
7.39 (4H, m). nvVz (ESI-) (M-H)- = 284,286 : C R =220 ﬁﬂn\ The remainder of the solution
was treated with triethylamine (18.02 mL% ol) and di-tert- butyl dicarbonate (14.11 g, 64.65
S

mmol) The mixture was stirred for 2 hour roofh temperature before being partitioned between ethyl
acetate and water. The 250rganic layer wa drle with magnesium sulfate, filtered, and concentrated

cetate | DONHB 500 S} FLRGIAR ) BELThe HBLHEN BIOAUSE B et 1<
chIorophenyﬁbozobydmhyeuliydle@zppfﬁlajéecé?baﬁlgeltﬁa@ememasetbu;(lselai%d B$Aaraeloyrads solid.
Viis, DMSIRY BT (ot G2 T S0 50 ) h 4D TH AR AL ool PO IR h SRR, 731
(2H, d), 7.34ti{2¢d, 4)22WOROD9b047 STRP @ RA0NBOGR I (LAQudt arenesiidie R4s tritHietydy
1-(4- Chloro%% sill2ca c r%rﬁ?aﬁ(t)g\r/llc?lrt,)ae ufaiE)% %radlent 20 to 40% EtOAc in isohexane. Pure

fractions were evaporated to dryness to afford 3-(tert-butoxycarbonylamino)-3-(4-

10 chlorophenyl)propyl methanesulfonate (0.366 g, 88 %) as a white solid.

1H NMR (399.902 MHz, CDCI3) & 1.42 (9H, s), 2.19 (2H, m), 3.01 (3H, s), 4.24 (2H, m),

4.82 (2H, m), 7.22 (2H, d), 7.33 (2H, d).

MS m/e MH" 362, 364

15 Intermediate 32: tert-butyl 1-(4-chlorophenvl)-3-(dimethyvlamino)propvlcarbamate
Cl

ﬁ/O\IO]/NH

3-(tert-Butoxycarbonylamino)-3-(4-chlorophenyl)propyl methanesulfonate (Intermediate

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
20  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.



Sodium cyanide (105 mg, 2.14 mmol) was added to 2-(tert-butoxycarbonylamino)-2-(4-
chlorophenyl)ethyl methanesulfonate (Intermediate 23) (300 mg, 0.86 mmol) in DMF (5 5mL) at 20C.
The resultingy OUr9pEAEioFs was stirred at 80 C for 3 hours. The reaction mixtB(ENGER2@843092%ed to
dryness and redissolved in water (10 mL), and washed sequentially with DCM 3X (10 mL) The organic
layer was dried over MgSO4, filtered and evaporatetiOto aflbrd crude product. The crude product was
purified by flash silica chromatography, elution gradient 0 to 25% EtOAc in isohexane. Pure fractions
were io evaporated to dryness to afford tert-butyl 1-(4-chlorophenyl)-2-cyanoethylcarbatnate (209 mg,

87 %) as a WHRdT8elians WaxpvRARI Sl (argry Isvdoabfeybegduty L4z (@rhleyophgpyl)23gg (2H, m), 4.89
(1H,d), 7. 3&1&&@%&3&6}?@ p§Pcidbinthe T2 68 9E) Mok a FaZRoliRLGIR = 2.42 min. IS

Intermediate 25: tert-butyl 3-amino-1-(4-ch urophenthpro ylearbamate Lithium aluminium hydride

(0.712 mL, O NMR6HPWA%aMtE @%msé e etbutl h S CdR SepheAg L. cparodiHiiBarbamate
(Intermediafe 24)(209 mg, D74 mMmed)sin d i (#mby) 8t 29¢ prdern nit iy Tfye resulting solution was
stirred at 20%: for Zgho rsg Thelgo reacst??)n m|>(<ture Wﬁ}s quer%he?jwm%oH I%]1M) (1 mL) and the
solutiont WaMFﬁt@VécMﬂhé Lblution was diluted with EtOAc (20 mL), and washed with water 2 x (10 mL).
The organlc layer was dried over MgSO4, filtered and evaporated to afford tert-butyl 3-amino-

as a gum. iniz (ES1+) (M+H)+ = 285: HPLC tR =

)l H.!im_io 'h-i‘!?.'.:.gu PHORANSs! AN e

, 43-tugol) in DCM (5 mL) at 20C. The
resultlng solution was stlrred at 20 C for 16 hours. Thie reaction mixture was quenched with NaHCO3
(2M) (10 mL) and water (10mL) and extracted with D&M (20mL) The organic layer was dried over

Chvomatog Ay SLELTEALA B B0 MCR TO0C AR IS RATTL B BUpdrited 10
dryness to affluidpacib)ighQliacatamaidorddopylcarbamate (Intermediate 32) (0.051 g, 0.16
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
15 dryness to afford 1-(4-chlorophenyl)-N3,N3-dimethylpropane-1,3-diamine (0.032 g, 92 %)
as a colourless oil.
1H NMR (399.902 MHz, CDCI13) 6 1.72 - 1.85 (2H, m), 2.19 - 2.32 (2H, m), 2.21 (6H, s),
3.99 (1H, 1), 7.25 - 7.31 (4H, m).
MS m/e MH" 213

20



chlorophenyl)propylcarbamate (142 mg, 61.0 %) as a white solid. 1H NMR (399.9 MHz, DMSO-d6)
61.36 (9H, s), 1.67- 1.82 (2H, m), 1.79 (31-1, s), 2.97 (2H, q), 4.50 (1H, d), 7.32 (2H, d), 7.38 (2H, d),
7.43 - 7.45 WA 2089/0a7863(1H, s).(ESI+) (M+H)+ = 327; HPLC tR = 2.03 minP(iV&BaeeH At 27
N-(3-amino-3-(4-chlorophenthpropybacetamide tert-Butyl
3-acetamido-1-(4-chlorophenyl)propylcarbamate (Int@mediate 26) (142 mg, 0.43 mmol) was added to
TFA (2 mL) at 20C. The resulting solution was stirred at 20 C 20for 40 minutes. The reaction mixture
was evaporated and purlfled by ion exchange chromatography using an SCX column. The desired

dryness to
gum. nilz ( ; .
4-(3-acetard‘|l£§£’l’_ﬂ.¢mﬂﬂorophenvl)propylcarbamovl) 1-
C7H-Pyrrolo12,3411pyrimidin-4-ybpiperidin-4-vlearbamate 0-(7-azabenzotriazol-1-y1)-

ate(98 mg, 50.26 mmol) was added in one portion to
4-(tert-butoxycarbonylamino)- I -(7H-pyrolo[2,3 rimidin-4-yOpiperidine-4-carboxylic acid
(Intermediate 1) (62.2 mg, 0.17 mmol) apdN,N-diisopropylethylamine (0.085 niL, 0.52 mmol) in NMP
(2mL) at 20C under nitrogen. The resulting softtion was stirred at 20 C for 5 minutes. N-(3-amino-3-(4-
chlorophenyl)propyl)acetamide (Intermediate 27)X3%ni \OW/VJH ol) in NMP (2mL) to was then added

S

to the reaction and stirred for 1 hour. The reaction oncentrated and diluted with EtOAc
(20 mL) and washed with water (20 mL) The organic layerQvas dried over MgSO4, filtered and
evaporated to afford tert-butyl 4-(3-
acetamido-1-(4-chIorophenyepropylcarbamoyl)-l-g rolo[2,3-dipyrimidin-4-
yOpiperidin-4-ylcarbamate (1.04g, 86%) as a white|solid. n\ z (ES1+) (M+1-1)+ = 570; 15 HPLC tR =
1.95 min. Intermediate 29: 3-amino-3-(4-chlorophenthro gn-l-ol CIOTT NTH-I,

5 O-(7-Azabenzotriazol-1-yl)-N,N,N',N'-tetramethyluronium hexafluorophosphate (0.044 g,
0.12 mmol) was added to 4-(tert-butoxycarbonylamino)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-
yl)piperidine-4-carboxylic acid (Intermediate 1) (0.040 g, 0.11 mmol) and N,N-
diisopropylethylamine (0.023 mL, 0.13 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

10 temperature and 1-(4-chlorophenyl)-N3,N3-dimethylpropane-1,3-diamine (Intermediate
33) (0.023 g, 0.11 mmol) was added as a solution in NMP (2 mL). The mixture was stirred
at 22 °C for 3 days. The mixture was diluted with methanol and purified by ion exchange
chromatography using an SCX column; the desired product was eluted from the column
using 30% (2M NHj3 in MeOH) in DCM and product-containing fractions were evaporated

15 todryness. 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.

20 1H NMR (399.902 MHz, DMSO) 6 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



Borane-tetrahydroluran complex (94.0 mL, 93.92 mmol) was added dropwise to a stirred
20suspension of 3-atnino-3-(4-chlorophenyl)propionic acid (2.50 g, 12.52 mmol) in THF (75 mL) at 0 C
over a perioW R MHiTR$tes under nitrogen. The resulting suspension was firiaBR008OFNS0 minutes
then at 22 C for 5 hours. The reaction mixture was added WO 20091047563PCT/GB2008/050925
103 portionwise to methanol (500 mL) The mixture W@% concentrated, redissolved in methanol (250
mL) and reconcentrated (this process was repeated three times). The residue was dissolved in DCM
(200 mL) and Washed Wlth IN NaOH (150 mL) The aqueous Iayer was extracted with DCM (5x 100

: S.da0: 1 slannehd ilEela2:d-vashed with

saturated ba@%&ﬁﬂ.@%&. 5@%@}{@rMQﬁ%aﬁﬂl&g@gg%iﬁ&%ﬁﬁﬁ@k@@%ﬂg@&%em' -solid. The
crude product was puriiied by flash silica chromatography, elution gradien ® (10:1 MeOH/conc.
("o) in DCM. Pure fractions were evaporated to o,r' yness to afford 3-amino-3-(4-
chlorophenyl)propan-I-ol (1.320 g, 56.8%) as @ whRjte solid. 10lH NMR (399.902 MHz, CDC13) 6 1.87
(2H, m), 2.34 (2H, br.$), 3.79 (2H, m), 4.13A1, 1)(7.24’ (2, d), X, 32 (211, d). MS ink Mt 169
Intermediate 30: tert-butyl 144-chlorophery1)-5-hyu carbamate CI OH 0 Di-tert-butyl
dicarbonate (0.705 g, 3.23 mmol) was added to 3- amigro- (4e chlorophenyl)propan-I-ol (Intermediate
29) (0.500 g, 2.69 mmol) in DCM (30 mL) at 22C. Theyesulting solution was stirred at 22 C for 2
hours. The mixture was concentrated and the residue was purified by flash silica chromatography,
elution gradient 20 0 to 4% (10:1 MeOH/conc. NH3 0,17} M. Pure fractions were evaporated to
dryness to afford tert-butyl 1-(4-chIorophenyl)-3-hydrdQ<y carbamate (0.759 g, 99 %) as a white
solid. IH NMR (399.902 MHz, CDC13) 6 1.43 (9H, s), 1.81 (IH, m), 2.04 (IH, m), 2.74 (1H, br.$), 3.69

2H, m), 4.88 (1H, hr.$), 5.04 1H 7.23 (2H, d), 7.32 (21-1, d
( ) O- f azabe%%otnazo S)N N N'(N -tetr)amethyl(uromum) hexafluoro-phosphate (84 mg,

5 0.22 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) (72.3 mg, 0.20 mmol), 3-
amino-3-(4-chloro-phenyl)-propionic acid methyl ester hydrochloride (50 mg, 0.20 mmol)
and N,N-diisopropylethylamine (0.104 mL, 0.60 mmol) in N-methyl-2-pyrrolidinone (1.5
mL) at 20°C under argon. The resulting solution was stirred for 5 h. The reaction mixture

10 was purified by preparative HPLC using a Waters X-Bridge reverse-phase column (C-18, 5
microns silica, 19 mm diameter, 100 mm length, flow rate of 40 ml / minute) 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-

15 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)+ =
20 557; HPLC tR = 3.18 min.



25 MS mie MIT 284, 286 WO 20091047563PCT/GB2008/050925 104 Intermediate 31:
3-(tert-butoxycarbonviamino)-3-(4-chlorophenvl)propvi methanesulfonate 0 0 Methanesulfonyl
chloride (0.090 2009/442%3mmol) was added dropwise to tert-butyl 1-(4- PCT/GB2008/050925
5chlorophenyl)-3-hydroxypropylcarbamate (Intermediate 30) (0.326 g, 1.14 mmol) and triethylamine
(0.191 mL, 1.37 minol) in DCM (15 inL) at 22 'C. Thé(#sulting solution was stirred at 22 C for 2 hours.
The mixture was concentrated and the residue was purified by flash silica chromatography, elution
gradient 20 to 40% EtOAc |n |sohexane Pure fractlons were evaporated to dryness to afford

white solid. 13 &HJ}{% B:‘_ﬁc e % “ )(ﬁllf'l@ilf‘bﬁnﬁél-g (2H m) 3.01 (3H s) 4.24 (2H m),

4.82 (2H, m Sintermediate 32: tert-butyl
1-(4- ehIorophenvl) -3- (drmethylamlno)propvlcar

0.21 mmol) and tetrabutylammonium iodide(Q ) ere dissolved in a solution of
into a mlcrowave tube. The reaction

DCM. 105

Sodium borohydride(1.019 g, 26.93 mmol) was added in one portion to a stirred

5 suspension of methyl 3-(4-(tert-butoxycarbonylamino)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-
yl)piperidine-4-carboxamido)-3-(4-chlorophenyl)propanoate (Intermediate 35) (1.0 g,
1.80 mmol) dissolved in EtOH (400 mL) under argon. The resulting suspension was stirred
at 20°C for 70 hours. A few drops of water were added to quench the excess of hydride and
the mixture stirred for 1 hour. The mixture was evaporated to dryness and the residue was

10 partitioned between CH,Cl, and water saturated with NaCl. The organic phase was dried
and concentrated to provide crude product as white crystals. The crude product was
purified by flash chromatography on silica gel eluting with 0 to 10% methanol in
dichloromethane. The pure fractions were evaporated to dryness to afford tert-butyl 4-(1-
(4-chlorophenyl)-3-hydroxypropylcarbamoyl)-1-(7H-pyrrolo[2,3-d ]pyrimidin-4-

15 yD)piperidin-4-ylcarbamate (286 mg, 30.1 %) as a white solid.
IH NMR (500 MHz, DMSO-d6) 6 1.41 (9H, s), 1.79 - 1.99 (6H, m), 3.31 - 3.37 (2H, m),
3.51 (2H, m), 4.21 - 4.28 (2H, m), 4.55 (1H, s), 4.90 (1H, q), 6.59 (1H, d), 7.06 (1H, s),
7.16 (1H, d), 7.31 (4H, s), 8.01 (1H, d), 8.12 (1H, s), 11.67 (1H, s). m/z (ESI+) (M-H)- =
529; HPLC tR = 2.93 min.

20



Pure fractions were evaporated to dryness to afford tert-butyl 1-(4-chlorophenyl)-3-
(dimethylamino)propylcarbamate (0.054 mg, 84 %) as a colourless oil. IH NMR (399.902 MHz,
CDC13) 6 1M0 7004/04756380 (IH, br.$), 1.94 (1H, m), 2.23 (6H, s), 2.26 (2H P6Y/GB200g1050923 %), 6.16
(1H, br.$), 7.21 (2H, d), 7.29 (21-1, d). MS ink MI-IF 313 Intermediate 33:
1-(4-ehlorophenyl)-N3,N3-dimethylpropane-1,3-dian@9e CI NH, Hydrogen chloride (4M in dioxane,
1.132 mL, 32.61 mmol) was added to tert-butyl I-(4-
10chloropheny1) -3- (d|methylammo)propylcarbamate (Intermedlate 32) (0 051 g, 0.16 mmol) in a
VrTHC(HRY Gt} BGEHY : <(L13s/a ARHR-stirred at 22 C for 4
hours. The ; nagsiHmatography,
usingan S . The desired product was eluted from the column usmg - eOH and
pure fractions were evaporated to 15drynes 3
1-(4-chlorophenyl)-N3,N3-dimethylpropane-3=3-diamine (0.032 g, 92 %) as a colourless oil. IH NMR
(399.902 MHz CDC13) 61.72 - 1.85 (2Hm, 2\19- 2.32 (2H, m), 2.21 (6H, s), 3.99 (11- 1 t), 7. 25 -

tert butyl 4 -(1- (4 ehlorophenv1)-3- o
(dimethylamino)propylearbamoy1)-1-(7H-pyrolod 2, 3hdliwgimidin-4-vbpiperidin-4- ylearbamate
50-(7-Azabenzotriazol-1-y1)-N,N,N',N1-te jlﬁe»%@orophosphate (0.044 g, 0.12 mmol)
was added to 4-(tert-butoxycarbonylarpj 7H-pytrolo]J2 3-d]pyrimidin-4- yDpiperidine-4-carboxylic
acid (Intermediate 1) (0.040 g, 0.11 mmol) and N,N- di§opropylethylamine (0.023 mL, 0.13 mmol) in
NMP (5 mL) at 22 'C. The resulting suspension was gtk 50C for 10 minutes. The mixture was
cooled to ambient l _

Triphenylphosphine (158 mg) and phthalimide (22.11 mg) were added in one

5 portion to a stirred solution of tert-butyl 4-(1-(4-chlorophenyl)-3-
hydroxypropylcarbamoyl)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidin-4-ylcarbamate
(Intermediate 36) (53 mg) dissolved in THF (10 mL) and cooled to 0 °C under argon. The
resulting solution was stirred at 0 °C for 30 minutes. Diethyl azodicarboxylate (0.093 mL)
was added dropwise at 0 °C under argon. The resulting suspension was stirred at 0 °C for

10 60 minutes and overnight at room temperature. The suspension was quenched with water.
The THF was removed in vacuo and the aqueous phase extracted with DCM. The organic
phase was dried and concentrated to provide crude product. The crude product was purified
by flash chromatography on silica gel eluting with 0 to 10% methanol in DCM. The
solvent was evaporated to dryness to afford tert-butyl 4-(1-(4-chlorophenyl)-3-(1,3-

15 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).

20 MS m/e MH" 658.



iotemperature and 1-(4-chloropheny1)-N3,N3-dimethylpropane-1,3-diamine (Intermediate 33) (0.023 g,
0.11 mmol) was added as a solution in NMP (2 mL). The mixture was stirred at 22 "C for 3 days. The
mixture wasviwd/Witssnethanol and purified by ion exchange chromatogPGHGBRIMRI0aIPBC X
column: the desired product was eluted from the column using 30% (2M NH3 in MeOH) in DCM and
product-containing fractions were evaporated 15to drifhess. The crude product was purified by flash
silica chromatography, elution gradient 2 to 6% (10:1 WM/conc. NH3(",0) in DCM. Pure fractions were
evaporated to dryness to afford tert-butyl 4-0-(4-chloropheny1)-3-(dimethylamino)propylcarbarnoyl)-1-
Ll : iR Atk e vihpan deaxhamxevih i 7P611-1 NMR
(399.902 Mbiz, DIMISQ) A ddinMvicADanmPd (5H, m), 2.14 (6H, s), 2.16 (2H, m),
3.54 (2H, m), 4. , m), 4. , : , ad), 7.09 (1H, br.$), 7.17 OH, dd), 7.33 (4H, s
(roof effect)), 8.14 OH, s), 8.45 (1 H, d), 11.65/6H, S). MS mle M1-1+556 107 Intermediate 35: methyl

2 4 . a

eI - AV DB A M AHA fy S £

1-y1)-N,N,Nr,Nr-tetram ethyl uroni um

hexafl uoro-phosph ate (84 mg, 5 0.22 ‘r asnidded mfg% rtion to
4-(tert-butoxycarbonylamino)-1-(7H-pyralo[2/3- dIpy @ -&yOpiperidine-4-carboxylic acid
(Intermediate 1) (72.3 mg, 0.20 mmol ) 3- amino-3-(4-Chlefo-phenyl)-propionic acid methyl ester

N-methy1-2-pyn-olidinone (1.5 mL) at 20C under ar sulting solution was stirred for 5 h. The
reaction mixture io was purified by preparative HPLC aters X-Bridge reverse-phase column
(C-18, 5 microns silica, 19 mm diameter, 100 mm IengtH, flow rate 0140 ml /minute) with decreasingly

polar mixtures of Wilgr (SROAIION 2% AGTANYT cegnRie) s apeianiyle a5 e e

fractions containing esired compound were evaporated to dryness to

3-(4-(tert-butaxycacb by ennd) 3t (7Hdpyxrosof 2dRIdi R Ayidipylcarbamoyl)-1-(7H-pyrrolo[ 2,3-

et A T Aot SRR R EPRASRRE S PR AL EE o1 o
3.54 (3H, syele2rgesl Theiranlting SuEPERSNEYRS (liFed RteB( k)2 618 (orlmlas. THS (1H, d),
;-%3 (4H, Q)G Fas MleePedaddbladpddid b3 SR SEPTE MW 2933 BlLE R = 3.18

reverse-phase column (C-18, 5 microns silica, 19 mm diameter, 100 mm length) and

hydrochloride (50 mg, 0 20 mmol) and N,N-diisopropylethylamine (0.104 mL, 0.60 mmol) in
ff | e
|E§?X/

10 decreasingly polar mixtures of water (containing 0.2% ammonium carbonate) and
acetonitrile as eluent. Pure fractions were evaporated to dryness to afford tert-butyl 4-(3-
amino-1-(4-chlorophenyl)propylcarbamoyl)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidin-
4-ylcarbamate as a white powder (5.00 mg, 44.5 %).

"H NMR (500 MHz, CDCl; + CD;0D) § 1.43 (9H, s), 1.93 (2H, s), 2.19 (4H, m), 2.74

15 (2H, s) 3.57 (4H, m), 4.39 (2H, t), 5.01 (1H, t), 6.53 (1H, d), 7.07 (1H, d), 7.28 (4H, q),
8.19 (1H, s).

MS m/c MH" 528.

Intermediate 39: (R)-methvl 3-(tert-butoxvcarbonylamino)-3-(4-

20 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



WO 20091047563PCT/GB2008/050925 108 Intermediate 36: tert-butyl
4-(1-(4-ehlorophenvl)-3-hydroxypropylearbamovl)-1-(7Hpyrrolo[2,3-dItivrimidin-4-vbpiperidin-4-ylearb
amate OH W8adigmBbhydride(1.019 g, 26.93 nunol) was added in one PEMiGHB008/GIA2d
5suspension of methyl 3-(4-(tert-butoxycarbonylam in 0)-1-(7H-pyrrol o[2,3-d]pyrimi din-4-
yOpiperidine-4-earboxamido)-3-(4-chlorophenyl)prophhoate (Intermediate 35) (1.0 g, 1.80 mmol)
dissolved in EtOH (400 mL)under argon. The resulting suspension was stirred at 20C for 70 hours. A
few drops of water were added to quench the excess of hydride and the mixture stirred for 1 hour. The

mixture was&faperardd raphriadaMid thevekidlie wad s pasrRisean peveereE HAO LS 4ol water
saturated withhNafg!- The I9ABICRRRSE Was died At eanacniialad i niayide e e pragiuct as white

crystals. The crude product was purified by flash chromatography on silica gel eluting with 0 to 10%

methanol inditHlcrd Mbthdhe orgrnisuiy sFartivAg slerceliprPatédtescd ybesarp Rt daaiBidtyl 4-(1-
(4-chloroph sdroyell = 14~ Imidia- o

15y|)piperid%%?gﬁbgr(ﬁﬁg%%%é? ; 1@%&5&%@%@% H?%kg%t(@) N BMSO k) 6 1.41
(9H, 5)51.795- 2100850 e), 3.31 - 3.37 (2H, m), 3.51 (21-1, m), 4.21 -4.28 (2H, in), 4.55 (1H, s), 4.90

(1H, q), 6-5914(%&1(/1?\)%3799@ A sS4k A OB bl 63). 8.94 (il ), BAL- (.30l 131, 4,67 (1H,
5).(ESI+) (M-H)- = 529; HPLC tR = 2.93 min. 20 WO 20091047563PCT/GB2008/050925 109

Intermediaté-37 (3t Pudy? b {({H (A AiddophehBEB-1) 3l didxoi<tndBlimn2-7-49 (1H, d).

vbpropylearggmimili(73-pniplod 2p8-ditivtimigin-4-vbpiperidin-4-ylearbamate Triphenylphosphine
(158 mg) and phthalimide (22.11 mg) were added in one

10 Intermediate 40: (R)-methvl 3-amino-3-(4-chlorophenvl)propanoate (hvdrochloride)

NH, 0O

- 0]
I
Cl

Hydrochloric acid (4.0M in dioxane) (7.89 mL, 31.55 mmol) was added in one
portion to (R)-methyl 3-(tert-butoxycarbonylamino)-3-(4-chlorophenyl)propanoate
(Intermediate 39) (990 mg, 3.16 mmol) in DCM (20 mL) at 20°C. The resulting solution

15 was stirred at 20 °C for 3 hours. The reaction mixture was evaporated to afford (R)-methyl
3-amino-3-(4-chlorophenyl)propanoate (hydrochloride) (777 mg, 98 %) as a yellow solid.
"H NMR (399.9 MHz, DMSO-d6) § 2.99 - 3.05 (1H, m), 3.18 - 3.23 (1H, m), 3.58 (3H, d),
4.62 -4.65 (1H, m), 7.49 - 7.53 (2H, m), 7.57 - 7.61 (2H, m), 8.72 (3H, s).
MS m/e MH" 214; HPLC tR = 1.71 min.

20

Intermediate 41: (R)-methvl 3-(4-(tert-butoxvcarbonvlamino)-1-(7H-pvrrolo]2.3-

d]pvrimidin-4-vD)piperidine-4-carboxamido)-3-(4-chlorophenvl)propanoate

(@]
N\
(@]
(@]
Y
a NN
(@]
N

N\\

H




5portion to a stirred solution of tert-butyl 4-(1-(4-chloropheny1)-3-
hydroxypropylcarbamoy1)-1-(7H-pyrrol o [2,3-d]pyrim din-4-y] )piperi din-4-y] carbamate (Intermediate
36) (53 mg)Wi32eMad 56 |-1F (10 mL) and cooled to O C under argon. The PESUGEBZ) ST was
stirred at 0 C for 30 minutes. Diethyl azodicarboxylate (0.093 mL) was added dropwise at 0 C under
argon. The resulting suspension was stirred at 0 C Ibtdo 60 minutes and overnight at room
temperature. The suspension was quenched with water. The TI-IF was removed in vacuo and the
aqueous phase extracted with DCM. The organic phase was dried and concentrated to provide crude

product. The crud®prbdaetsnaatpileld By NasMNohfoleteteistaphyosusnicexalreratimysiitate to 10%
methanol in &M o The salyeis was £YRBGHIRE S8 eSS IR AMRIL IS LY lamino)- 1-(7H-
4-(1-(4-chloropheny1)-3-(1,3- . o
15dioxoisoiRUBRH R plipiReskiBmdyripaudipedyeeshspeyicnsididndesmediaie dlithn £ y1é8rbamate as
a white ol (o 00 nBu L2740 1t MR (RRBIAAIBMEQAOLEMET (PRL SRR Bhity. 200
(2H, m), 3.58 (41-1, in), 4.23 (2H, m), 4.84 %H, ), 6.60 (1H, d), 7.00 (1H, m), 7.16 (1H, t), 7.27 (2H,
d), 7.33 (2HY#H strepl @30 nfy, ferrpmintesy, B rmediy] Syamingz3c{ f1cklorophorsy ortrralsss. 110
Intermediate, 38 &P (Intermediate 40) (0.346 g, 1.38 mmol) was then added to the solution
4-(3-amino-1- 4-(_:hlorophenthpropwcarbamovl)-l-%?prrrolo_[ ,3-dlovrimidin-4-vbpiperidin-4-vicarbam
ate NT-1) apMyiiastha ReoRblspsie {oen3hyuifasTAgdetrtyn Birtute VoL BAS
54-(1-(4-chiaraprheny dBuhdreliQQIRUNAN R Ay h REP PHICRTDR AL sbr Ay PviaolRlR 350
frlk%erldlnAl/Icarbamate Intermediate 37) (14 $) in ethanol (1 0 mL) under argon.

d]pyrimidin-4-yO _ (
The resultiriﬁﬁs/b RN ip ARy stined Hse onr i atitcTel andRyeprerdethiRtawaditered and was

purifieq,by prepasatime lHREE oG AMGIBFRIXIBHAUR KRR HROABREAIPMN dfatikB, 2 4MieRPDS silica,
19 mm diameter, 100 mm length) and io decreasingly polar mixtures of water (containing 0.2%

ammonium CattoMisid}ind i1 82 ignsert PrrePrated s dusestiapdPadddigsiieéss to afford

tert-butyl 4-(3-(tert-butoxycarbonylamino)-1-(7H-pyrrolo[2,3-d] yrimidin-4-yl)piperidine-4-
amino-1-(4-chlorophen eé)rop earbamoyl)-l-(?l-l-p rrolo 2,3-dlp rimidin-4-y1)piperidin4-ylcarbamat
easa whitéisswémf% rfies Merepbenyhproperadip 9 #5enid?, ‘e 1avhie ) 6 1.43 (9H, s),
1.93 (2H, sYr2NRIEAH000), W74, BRI -a5 BT 48 hrnk) 413 CHo® (50 i1 b 0D -6.53 (3H, &), 7.07
(1H, d), 7.28 §411 q), 8.19 (1H, s). MS ink MHFE 528,

15 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-

20  (7H-pvrrolo]2.3-d]pvrimidin-4-y)piperidin-4-vlcarbamate

OH
O
e
cl N X
(@]
N

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)
25 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



Intermediate 39: (R)-methyl 3-(tert-butoxycarbonylamino)-3-(4- 20 chlorophenvi)propanoate 1IC) CI
lodomethane (0.987 mL, 15.85 mmol) was added in one portion to boc-(R)-3-
amino-3-(4-¥orenpheingd )-propionic acid (950 mg, 3.17 mmol) and potassRET/EEBYHAAMI23L1 (876
mg, 6.34 mmol) in DMF (15 mL) The resulting suspension was stirred at 80 C for 24 hours. The
reaction mixture was concentrated and diluted with EtGAc (25 mL) with water (25 mL). The organic
layer was dried over MgSO4, filtered and evaporated to afford (R)-methyl
3-(tert-butoxycarbonylamino)-3-(4-chlorophenyl)propanoate (990 mg, 100 %) 5as a orange solid.
11-1NMR (3TFSOMMX DN Sa-a6)r9rated todrysyseagd-rodryqimad i) DLV (W8mfyHand)washed(311, s),

4.91 (1H, d}yifr3ganel- POl M- éﬁﬁmﬁc“lg}(&'%éﬁ‘hr?eé%&éﬂﬂ@édﬁ,%ﬁ@?e&’@n&&%}a@raﬂ%l& tR =

2.57 min 10 Intermediate 40: (R) methyl 3-amino-3(4-chlorophenybpropanoate (hydrochloride) NIL. O
Cl  Hydredardrieudeiarerton idlkiexadepiadsot ves BurHeddwdip sl wdddeomasasgdrion to

(R)-methyl ér&%ﬁgﬁﬁ?&ﬁ@r ROy MIBOHSH DeNPrankenyl RFaRRIRaIe L RIHMALIAIR39) (990 mg,
3.16 mmol) in DCM (20 mL) at 20C. The resulting solution 15 was stirred at 20 C for 3 hours. The

reactiofl migiHRe éﬂ)@p\(fra(t&ff%tdﬁt% Aet)Hiethiproniiennb-3-hrknmrBishaismpraehbhte

hydrochl | ; o :3.05 (1H,
ﬁn 3/ ?:0108 Ogt%%i ﬁﬁg g&ﬁ%@iﬁ/@, jhin ANME K399 iz '\4$@3d@ a%7§6§<1>1§2H |§1 572

65 (1H,in), 7.49 - 7.53 (2
(3H, s). MS i T 92 M Soldﬁi%lurﬁo lrﬂér&?ﬁ%dﬁé{é 89 (h?%r(%%&rwn) 1.94 (2H d),

3-(4-(tert- b%%y@{b@w@@m %)('éhttpy@r@k)ﬁ 31m), 4.25 (2H, 1), 4.52 (1H, s), 4.91 (1H, d), 6.60
dipyrimidin eridine-4-carboxamido)-3-(4-chloro hen)J(bpropanoate WO
D eeosh bbb g (¢ I o s SYRIPANES - 08 am, m .14

10 (1H,s), 11.67 (1H, s).
MS m/e MH™ 529; HPLC tR = 2.01 min.

Intermediate 43: 1-(tert-butoxycarbonvl)-4-cvanopiperidine-4-carboxvlic acid

il N
Z
HO

N

X

15 An aqueous solution of lithium hydroxide (2M, 39.0 mL, 77.92 mmol) was added
to a stirred solution of 1-tert-butyl 4-ethyl 4-cyanopiperidine-1,4-dicarboxylate
(Intermediate 7) (5.5 g, 19.48 mmol), in THF (78 mL) at 25°C. The resulting mixture was
stirred at 25 °C for 3 hours and monitored by TLC. The reaction mixture was diluted with
diethyl ether (150 mL), and washed with water (100 mL). The aqueous layers were

20 combined and then acidified with citric acid (1N, 200 mL). The product was extracted into
DCM. The organic layer was dried over magnesium sulfate, filtered and evaporated to
afford 1-(tert-butoxycarbonyl)-4-cyanopiperidine-4-carboxylic acid (4.50 g, 91 %). This
material was used in the next steps without further purification.
"H NMR (400 MHz, CDCI3) § 1.40 (9H, s), 1.87 — 1.97 (2H, m), 2.04 (2H, d), 3.08 (2H, 1),

25 4.05 (2H, s), 8.23 (1H, s).



0-(7-azabenzotriazol-1-y1)-N,N,NcN'-tetramethyluronium hexafluoro-phosphate (0.579 g, 1.52 mmol)
was added in one portion to
4-(tert-butoyeartiyrideeino)-1-(7Hpyrrolo[2,3-dipyrimidin-4-yl)piperidine-4 REAFIRIMBAEHG2S
(Intermediate 1) (0.5 g, 1.38 mmol) and D1PEA (0.503 mL, 3.04 mmol) in NMP (5 mL) at 20C. The
resulting solution 5was stirred at 20 C for 5 minutesl {R)-methyl 3-amino-3-(4-chlorophenyl)propanoate
(hydrochloride) (Intermediate 40) (0.346 g, 1.38 mmol) was then added to the solution and stirred at
room temperature for 3 hours. The reaction mixture was diluted with EtOAc (100 tnL), and washed
sequentiallyiéghnesiatq 4 (R)-Nrél-(4chls iy Dethi) anopiperdinaid-earboxamidecd over
MgSO4, filtered and evaporated to afford crude 1()grodugt. The crude product was pun i lied by flash
silica chromatography, elution gradient 0 to 5% Me®QH inDC re fractions were evaporated to
dryness to afford (R)-methyl 3- N
(4-(tert-butoxycarbonylamino)-1-(7H-pyn-o Jpyrimigin-4{yOpiperidine-4-
carboxamido)-3-(4-ch|orophenyl)propanShte (0.800 g, 10 as a white solid. NMR (399.9 MHz,
DMSO-d6) S 1.40 (9H, s), 1.94- 1.98 (2H, m), 2.00 -2.0! (2, ni), 152.83 (1H, d), 2.85 -2.87 (2H, m),
355 (3H, 5), 3.60 (3 g Rl A AAN AN SR AL LR IHARD. 735 (4H,
q), 8.09 - 8.14 (2H, m), 11.65 (1H, s). MS ni/é MHE 557; HPLC tR = 2.29min.  Intermediate 42:
(R)-tert-butill 22 -g43cHiorople iye) addeddiosyp rspiiarb d syt hutoxycarbonyl)-4-

20(7R-ovIr Qoo ol IHEIA Bst iR rRARURANREIR) @763 oH¥MGh 3 Mka 2 40 mmol) was

added dropwisc to (R)-methyl _
3-(4-(tertbutbkgreatonlainanng 1 P14s ralo[ 3, 80dTpyaibhiaih A Eip &idiherks- OB sxaeliti)- 3-

(4'Ch'OfOPhﬁ'ﬂxl&%ﬂpﬂfl%t@z@‘@q{ﬁa%fﬂﬁ%ééﬁ.(i‘ﬂé’ﬂ%’sﬂitiné@d]H{?&h)msT 4 £49,mbI2Rsopled to 0C

under nitrogen. The resulting solution was stirred at 20C for 3 hours. The reaction mixture was
quenched VHighTvakEe feagionaméxHag rarssaneitt aMoromneshandpgissolved in DCM (150 mL),

20091047563P G 14 B200R/ORARZR i SNEARHIQU MU S NBS 6 YAPLRied B HRYDESH@nd redissolved
in DCM (100 mL) and washed with water (100 mL) The organic layer was dried over MgSO4, filtered

and evédporsgBHashsrstierhydrpesaGatbaraccrLfbprddlibe wegs e dned pypclesh Qvfea
chromatograpy&luHnigradent ¢kl Ma RGN theipye dIREtPRS WalS semRingdand

obtained was concentrated, then purified by flash silica chromatography, elution gradient 0

to 100% EtOAc in isohexane. Pure fractions were evaporated to afford (R)-tert-butyl 4-(1-
(4-chlorophenyl)ethylcarbamoyl)-4-cyanopiperidine-1-carboxylate (1.100 g, 94 %) as a

15 colourless gum which solidified on drying under high vacuum. This material was then
redissolved in DCM (20.00 mL), and trifluoroacetic acid (2.311 mL, 30.00 mmol) was
added. The solution was stirred at room temperature for 3 hours, after 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

20  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.

25



5evaporated to give (R)-tert-butyl 4-(1-(4-chloropheny1)-3-hydroxypropylcarbamoy1)-1-
(7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidin-4-ylcarbamate (160 mg, 21.63 %) as a solid. 1H NMR (399.9
MHz, DMSOY@08904873631.41 (9H, s), 1.86- 1.92 (2H, in), 1.94 (2H, d), 2.00PCHGBIGBB8002H, s), 3.53
-3.55 (2H, in), 4.25 (2H, t), 4.52 (11-1, s), 4.91 (1H, d), 6.60 -6.62 (1H, m), 7.01 (1H, s), 7.16 - 7.18
(1H, m), 7.33 (4H, m), 7.98 - 8.00 (1H, m), 8.14 10(IH5s), 11.67 (IH, s). MS mle M1-1+ 529; HPLC tR
= 2.01 min Intermediate 43: 1-(tert-butoxycarbonyl)-4-cvanopiperidine-4-carboxylic acid 15An
agueous solution of I|th|um hydrOX|de (2M 39 0 mL 77 92 mtnol) Was added to a stirred solution of
1-tert-buty| IRESHEAC, R 2 : L42-mmol), in THF
(78 mL) at %ﬁﬁzrﬁ'ﬁ?d'iﬁs**@@ﬁ %ﬁ&fﬁe"ﬁa&%ﬂ?ﬂlﬁhg C for 3 hours and monitored by TLC. The
reaction mixture was diluted with diethyl ether nL), and washed with water (100 tnL) The
aqueous layers were 20combined and then aC|d|f| citric acid (1N, 200 mL) The product was

extracted into DCM. The organic layer was S lum sulfate, filtered and evaporated to
afford 1-(tert-butoxycarbonyl)-4-cyanopipe

used in the next steps without further pati 6n. 111 I8 400 MHz, CDC13) 6 1.40 (9H, s), 1.87-
1.97 (2H, m), 2.04 (2H, d), 3.08 (2H, t), 114
0-(7-azabenzotriazol-1-y1)-N,N,N,N-tetramethyluroniutr rophosphate (1.255 g, 3.30 mmol)

was added in one portion to 1-(tert-butoxycarbony1)-4- feyamopiperidine-4-carboxylic acid
(Intermediate 43) (0.763 g, 3 mmol), (R)-1-(4- chlorophenypethgnamine (0.462 mL, 3.00 mmol) and
DIPEA (1.572 mL, 9.00 mmol) in DMA (20 mL) at 25C under nitrogen. The resulting solution was
stirred at 600 REAhd Qs né Adaemon! vt iddakhi SRapSrdiéd-ehlargnbaayAlsthydbifssolved in DCM

(150 mL), apdh\pshasiiraueaisivanit YhfGuRays 'UlH fEI9 (RD k). WK (A8 1LY -
deazapurine (379 mg, 2.47 mmol) in DMA (50 mL) at 25°C. The resulting solution was
stirred at 90°C for 3 hours. The crude product was purified by ion exchange
chromatography, using an SCX column. The desired product was eluted from the column
using 7N ammonia/MeOH and pure fractions were evaporated to dryness to afford (R)-N-

10 (1-(4-chlorophenyl)ethyl)-4-cyano-1-(7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidine-4-
carboxamide (46.2 %) as an orange solid. This was used in the next step without further
purification.

"H NMR (400 MHz, DMSO) & 1.38 (3H, d), 1.94 —2.09 (3H, m), 2.19 (3H, t), 4.72 (2H,

d), 4.92 (1H, dd), 6.61 — 6.72 (1H, m), 7.23 (1H, dd), 7.30 — 7.41 (4H, m), 8.18 (1H, s),
15 8.77(1H, d), 11.77 (1H, s).

MS m/e MH" 409.

Intermediate 46: (S)-4-(1-amino-3-hvdroxvpropvllbenzonitrile

OH

/©/\ NH2
Z

N

20 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



io saturated sodium hydrogen carbonate (100 mL) The organic layer was dried over magnesium
sulfate, filtered and evaporated to afford crude product. The crude product thus obtained was
concentrateW, QB8 HUTFeSd by flash silica chromatography, elution gradient G GBIMSBIONRS in
isohexane. Pure fractions were evaporated to afford (R)-tert-butyl 4-(1-
(4-chlorophenyeethylcarbamoyl)-4-cyanopiperidinetlécarboxylate (1.100 g, 94 %) as a 15colourless
gum which solidified on drying under high vacuum. This material was then redissolved in DCM (20.00
mL), and trilluoroacetic acid (2.311 mL, 30.00 mmol) was added. The solution was stirred at room

temperaturé 03 Helibe Mgrithieretisasryaghpdovtie seias isdrifiens by onlaxériahgecEivemaiography,
using an SG SelmA-T RS e AORNGLNESBMIEE TIRT ARG GRKAIR NG AN IBPANAIMEOH and

pure fractions were 20evaporated to dryness to afford _ o
(R)-N-(1-(4¢hfarefysrnatrpiny cbyibaipdiaainbla 8 kaMbeBidd ponpmmig isDEVadweolourless
gum. This raterialWwas Slixecihy i@ryﬂgsg%ta%mﬁgzj@_@ fustheypurification. MS m/e MHfr 292. 25
115 Intermediate 45: (R)-N-(1-(4-chlorophenybethvl)-4-0/ano-1-(7H-pwrolo12,3-
dlovrimidin-avgrpspainrabareapisita Mided 211 BiBEA @ aoelmilesiotlmmol) was added to
(R)-N-(1-(4-¢hiorarhapyethybA-asyanerineridings4 sarhgxamides(Mtesmeginte A4) (720mg, 2.47
mmol) and 6-chloro-7- deazapurine (379 mg, 2.47 minol) in DMA (50 mL) at 25C. The resulting
solution wa8tifréd G e 603 h%@é.(%e@rude product was purified by ion exchange
chromatogrgphy,/Hsing-anBCX column. The desired product was eluted from the column using
7Nammonia/MeOH and pure fractions were evaporated to dryness to afford (R)-N-
'0(1-(4-chlorophenypethyl)-4-cyano-1-(7H-pyrrolo[2,3-dipyrimidin-4-yOpiperidine-4- carboxamide (46.2
%) as an oraRgeRRlfAtd 915 YOS URRThEL hA RAXSSIBRINBHS prtibeppurification.  1H NMR (400
MHz, DMS 1. H, d), 1.94 - 2. H, n), 2.19 (3H, 1), 4.72 (2H, d), 4.92 (1H, dd), 6.61 -6.72
(1H, in), 7.23 (1H, dd), 7.30 - 7.41 (4H, in), 8.18 (1H, s), 158.77 (1H, d), 11.77 (11-1, s). MS m/e
M1-1+ 409. Intermediate 46: (S)-4-(1-amino-3-hydroxyprepvl)benzonitrile )H 20Sodium borohydride
(1.039 mL, 29.48 minol) was added portionwisc to (S)-niethyl 3-amino-3-(4-cyanophenyl)propanoate
pendid 015 minutes. The resulting solution was
quenched with saturated NaHCO3 (50 mL),

stirred at 20C for 24 hours. The reaction mix%fr
extracted with EtOAc (3

Borane-tetrahydrofuran complex (376 mL, 375.69 mmol) was added dropwise to a
stirred suspension of (S)-3-amino-3-(4-chlorophenyl)propanoic acid (10 g, 50.09 mmol) in
THF (500 mL) at 0 °C over a period of 45 minutes under nitrogen. The resulting
15 suspension was stirred at 0 °C for 30 minutes then at 22 °C for 5 hours. The reaction
mixture was added portionwise to methanol (500 mL). The solution was stirred at room
temperature for three days. The mixture was concentrated, redissolved in methanol (250
mL) and reconcentrated (this process was repeated three times). The residue was dissolved
in DCM (75 mL) and washed with 1IN NaOH (50 mL). The aqueous layer was extracted
20 with DCM (3x 100 mL) and the extracts combined with the organic layer. The combined
organics were washed with saturated brine (50 mL), dried over 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
25 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/e MH" 186.



WO 20091047563PCT/GB2008/050925 116 x 100 mL), the organic layer was washed with saturated
brine (75 mL), dried over MgSO4, filtered and evaporated to afford crude product. The crude product
was purifiedW) HSNEIfieh chromatography, elution gradient 0 to 8% MeOH RUTHGERDRIPIAMT DCM.
Pure fractions were evaporated to dryness to afford (S)-4-(1-amino-3- hydroxypropyl)benzonitrile
(0.368 g, 19.13 %) as a colourless oil. Iff NMR (400.11 MHz, CDC13) 6 1.84- 1.93 (2H, m), 3.77 - 3.80
(2H, m), 4.22 -4.25 (IH, m), 7.43 (2H, m), 7.63 - 7.66 (211, m). MS mle MH+ 177. 10Intermediate 47:
(S)-3-amino-3-(4- ehlorophenyl)propan 1- ol OH Cl Borane tetrahydrofuran complex (376 mL,
375.69 mmARLOVARCH ) Y : e 2110 eiroPReI¥Inropanoic
acid (10 g, 34,09 Do Téal-ﬁa@g 1 qu(ﬁnglogg; d@&' of 45 minutes under nitrogen. The
resulting 1ISSuspension was stirred a or 30 minutes then at 22 'V for 5 hours. The reaction mixture
was added portionwise to methanol (500 mL). The(Sblution was stirred at room temperature for three
days. The mixture was concentrated, redissolvedfiJn wethanol (250 mL) and reconcentrated (this
process was repeated three times). The reS|duewas |ssglved Q%M (75 mL) and washed with 1N

1

NaOH (50 mL) The aqueous layer was ( 00 mL) and the extracts combined
with the organic layer. The combined ordanigs were ashd(ywth aturated brine (50 mL), dried over
MgSO4 and concentrated to afford cfide product. The~grdde product was purified by flash silica
chromatography, elution gradient 2 to 6% MeOH/ammajia in DCM. Pure fractions were evaporated to
dryness to alTord (S)-3-amino-3-(4-chlorophenyl)profan-ispl (5.76 g, 61.9 %) as a white 25solid.
NMR (400.13 MHz, CDC13) 1.84 -1.93 (2H, m), 3.76 -}/&(ZH, m), 4.13 (1H, t), 7.23 - 7.25 (2H, m),
7.30- 7.34 (2H, m). MS mle M1-1+ 186.

(S)-3-amino-3-(4-chlorophenyl)propan-1-ol (Intermediate 47) (1.09 g, 5.87 mmol)

5 was added in one portion to 1-(tert-butoxycarbonyl)-4-(tert-
butoxycarbonylamino)piperidine-4-carboxylic acid (Intermediate 70) (2.022 g, 5.87
mmol) and DIPEA (3.08 mL, 17.61 mmol) in DMA (20 mL). O-(7-azabenzotriazol-1-yl)-
N,N,N’,N’-tetramethyluronium hexafluorophosphate (2.456 g, 6.46 mmol) was added and
the resulting solution was stirred at 20°C for 24 hours. The reaction mixture was

10 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 MgSOs,
filtered and evaporated then triturated with diethyl ether to afford crude (S)-tert-butyl 4-
(tert-butoxycarbonylamino)-4-(1-(4-chlorophenyl)-3-hydroxypropylcarbamoyl)piperidine-
I-carboxylate (4.66 g, 155 %) as a white solid.

15 1H NMR (400.13 MHz, DMSO-ds) 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-

oy

o NH,
Q\H
cl

20  carboxamide

Tz



117 Intermediate 48: (S)-tert-butyl 4-(tert-butoncarbonylamino)-4-(1-(4-chlorophenvl)-
3-hydroxypropvicarbamovi)piperidine-1-carboxviate OH CICI
(S)-3-aminovad(2eeNdisphenyl)propan-1-ol (Intermediate 47) (1.09 g, 5 87 PGIBGERM8H05A8d in one
portion to 1-(tert-butoxycarbony1)-4-(tert- butoxycarbonylamino)piperidine-4-carboxylic acid
(Intermediate 70) (2.022 g, 5.87 mmol) and DIPEA (B.88 mL, 17.61 mmol) in DMA (20 mL)
0-(7-azabenzotriazol-1-yeN,N,N',N'-tetramethyluronium hexafluorophosphate (2.456 g, 646 mmol) was
added and the resulting solution was stirred at 20C lor 24 hours. The reaction mixture was to

evaporated to dryrddsd een higtids ivhiE®axapsdd tnl2) ndnd 8 S maa e sie rgdng Wil wsgter (50 mL)
and saturateg Pring {rOMb R BFRME18Y AL Mas gried prenigR04, filtered and evaporated then
I

triturated with diethyl ether t0 afford crude (S)-tert-butyl 4- ) _
(tert-butoxyeudporRErRIAeAhamopd e tneidBife i bemy e Aiespedintad®d (Dis ettdmaelt stboxylate
(4.66 9, 155616) a3 white SQligk SHNMBRAOR v 3Mi 2 PMSOUR) L3 8He SkadiBh - 1.92 (6H,
m), 3.06 (2H, s), 3.36 (2H, t), 3.54 - 3.65 (2H, In), 4.52 (1H, t), 4.89 (1H, q), 6.89 (IH, s), 7.29 - 7.34
(4H, m§ M asnixlarwrRdissghved ihretharphaadpurified by ion exchange chromatography, using an
(S)-4-aminaspiy Lefsahlorapen ) Ay oxyERRPIRSFidiRe 4R Gafkosanide WO
20091047563PCT/GB2008/050925 118  Hydrogen chloride 4M in dioxane (11.72 niL, 46 87 mmol)
was added ¥"uie e AP RS OB RIASTRRBNRIEL Lo Ar¥ARSFpIRERYH (3)-4-amino-N-
hydroxypropylcacaasasyiipgridiners éisrenediale ABNEg %96 BmMin siaxanc (30 mL)
The resultinpg g({)aiution was Ig?rreclﬁgt ZO%é??grﬂ;;h%urs. The reaction 1(5(§1r%1(|xture %as di}sﬂgolved in
methanol afRlPUIFRSE¥Rion exchange chromatography, using an SCX column. The desired product
was elyfed frpmnhe colbmMsinasMVSOLasMoa/Med b anghpure Srackana wers, eveporaged to
dryness to afford S%—4-amino-N- (1-(4-ch|or0£g1en>él -S-ﬁ%-ldroxypropyl)piperidinc-4-carboxamide
(1.970 g, 1688613300 rees i  TorviR3 0613 (2" bMS0-d6) 6 1.20 - 1.28 (2H, m), 1.75 -
1.91 (4H, M6 MEB3(2H, m), 3.30 (2H, m), 4.87 (11-1, s), 7.30 - 7.37 (41-1, m).

Intermediate 50: 5-bromo-4-chloro-7H-pyrrolo]2.3-d]pvrimidine
Cl Br

N\\
L Ay

15 H

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

20 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,

25



MS m/eMIf 312. Intermediate 50: 5-bromo-4-ehloro-7H-pyrrolo12,3-dipyrimidine Cl
N-Bromosuccinimide (6.84 g, 38.42 mmol) was added portionwise to
4-chloro-7HpHINRBRyrimidine (5 g, 32.56 mmol) in DCM, dry (125 mLBGK/2Bsierpitrogen.
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 givél& purple solid 20 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-71-1-pyrrolo[2,3-d]pyrimidine (5.23 g, 69.1
%) as a crek itl? MR (®chaming-3-(hinomophenyBpropansl-glg3 (1H, s), 12.95 (IH, s) MS mle
MH+ 234. 25 WO 20091047563PCT/GB2008/050925 119%intermediate 51:
(S)-3-amino-3-(4-bromophenyl)propan-1-ol Br Borane-tetrahydroluran complex (71.7 mL, 71.70
mmol) was added dropwise to a stirred suspension of (§)-3-amino-3-(4-bromophenyl)propanoic acid
(3.5 g, 14.34 mmol) in TI-IF (80 mL) at OC over a g~af 30 minutes under nitrogen. The resulting

suspension was stirred at 0C for 30 minutes the 22C for 5 hours. The reaction mixture was added
portionwisc to methanol (250 tnL) The solutigrvas=tirred at room temperature for 24 hours. The
mixture was concentrated, redissolved in methanol (250 mL) and reconcentrated (this process was

repeated three timB8yahisabtialivag sseplcedih D 1o 10 5meY ars asdsdel RSN NROH (50
mL). The aguaeHsIaySiaLeIYRSIeM WIS IEM IR sp OB kb piib ihasxirasts cambingdonith the

organic layer. The combined organics were washed with saturated brine (50 mL), dried over MgSat

and coricentfetd tbrakbtt Criarshrobeiéedrie LR ATy WHE BERifERF BSSEAuh igsion

chromatograplytigkdignogagient 20ea% MeDh/araenia Hy iR NihErR iRcHarmmeraserrpearated to
dryness to 15afford ,(S)-3-amino-3é4-bromo henyl)propan-1-ol (2.160 g, 65.5 %) as a colourless gum.

111 NMR (268128 g20 Erstpneh (2 3¥omi od e isOIion vasstrges @iooRy tempeiatifedor 2ty - 7.20 (2H,
m), 7.45 - 7TibQr2ih&hiM@was\bit il taieprdiale e (250 mL) and

4-(4-chlorophenyl)-4-(methonimino)butanoate ,ol . . . .
recoricentrated (this process was repeated three times). The residue was dissolved in DCM

10 (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

15 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.

20  Intermediate 52: ethyl 4-(4-chlorophenyl)-4-(methoxyimino)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

25 before being filtered. The filtrate was concentrated by evaporation and purified by flash



4-(4-Chloropheny1)-4-oxobutanoic acid (10 g, 47 03 mtnol), methoxylatnine hydrochloride (4.91 g,
58.79 mmol) and sodium carbonate (5.98 g, 56 44 mmol) in ethanol WO

200910475680 QPIOB2688/050925 120 silica chromatography (eluent 20-5008/E8#PA08/689Aexane).
Pure fractions were evaporated to dryness to afford ethyl
4-(4-chlorophenyl)-4-(methoxyimino)butanoate (12.38g. 97 %) as an orange transparent liquid. 1H
NMR (400.13 MHz, DMSO) 1.13-1.17 (3H, t), 2.26-2.50 (2H, t), 2.50-2.52 (1H, qu), 2.94-2.98 (2H, 1),
3.94 (3H, s), 4.00-4.05 (2H, q), 7.47-7.49 (2H, d), 7.66-7.69 (2H, d). Intermediate 53:
4-(4-chloropHisiayehrampRErmaviteie b dnbie S&d s Alorherprhidinpymaigae Weshohydrate (9.59 g,
228.57 mm - QP -(M€ f@a%gg termediate
52) (12.33 g@@g{}%(%ﬁf@ﬂ%?%ﬁ%ﬁﬁbﬁé%%dﬂ%ﬁ}%@ (gllggy(rj’lngﬁ)é%%eit anol B([}%%ﬁ%n(?_?ﬁl%&go%%sulting solution
was stirred G222 Gags TheEwet s PRIV RIS diluted with EtOAC (200 mL) and washed with
water (200 r@m@egrﬁwwm\%m@ﬁt@q EQIPi‘ﬁ]mtht)','\d.%[@.ﬁﬁ@ﬁ?i_}{@%@% extiagigd with

EtOAc (3 x 150 inL) The organic extracts were washed with saturated brine 15 (25 mL) then dried over
MgSO4, filtérdt Al eFpdrated (hmort RediuPrbdlet 4449 (2H, d), 7.66-7.69 (2H, d).
chloropheny1)-4-(methoxyimino)butanoic acid (7.63 g, 69.1 %) as a light yellow solid. 1H 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 katermediase 53> d-(d:shioxaphenyd)-4-anrathoxyiminelhutanoic agi

Lithium hydroxide monohydrate (9.59 g, 228.57 mmol) was added to ethyl 4-(4-
10 chlorophenyl)-4-(methoxyimino)butanoate (Intermediate 52) (12.33 g, 45.71 mmol) in
water (25.4 mL), THF (102 mL) and ethanol (102 mL). The resulting solution was stirred
at 20°C for 1 day. The reaction mixture was diluted with EtOAc (200 mL) and washed
with water (200 mL). The aqueous 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
15 (25 mL) then dried over MgSQO,, 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.
20

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
25 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



Cl 4-(4-Chloropheny1)-4-(methoxyimino)butanoic acid (Intermediate 53) (6.43 g, 26.61 mmol) in
tetrahydroluran (30 mL) was cooled, under an atmosphere ofnitrogen, in 25an ice-methanol bath.
Borane-tctraiQAWar eomplex (1.0M in THF) (93 mL, 93.12 minol) was a8@&d-¢29p8ese%aver 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 121 6 hours.1After cooling in ice-water the mixture was treated
with water (20 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 coolediRqEESWEF 60RI1BEIH MAOHAIEAH (ROF L) wtfdEer b P airh(3rind drevissulting
mixture was, 3 e And.0eAiedAh9RE falchhos w&naggm%%%mww%ﬁ? and extracted

three times with Et70." The combined extracts were washed with water followed by brine, dried over

MgS04 andediRgiararanddivedier hausshedoprcyapeiraaaiahylirintehpydibent slifgresidue

chromatogragiyn (Gl e P AN AMME RIS PH D CAN AN R HRLHORS GYRRARIRE to afford
4-amino-4-(4-chlorophenyl)butan-1-ol (3.88 10g, 73.0 %) as a colourless, transparent gum. 1H NMR

(400.13 MHEye rossuiime oxiuigqas senred gnd hpptad) a9 et beyry) thery gocdedd g 1ppmy), 7.33-7.38
(4H, m). Intermediate-omdieizarivd idéahirophanyloAdronyntylearlanaige IHed with

Di-tert-butyl dicarbonate (1.588 mL, 6 91 mmol) was added in one portion to 4-
amino-4-(4-BAleTSpewsh butarine. dsiedimesridarit: 22d ¢ 3Ry 2B 10ARBE in Deenress meduat 25C

under nitrogeqn, tﬁ@&ﬁﬁﬁﬁ@ﬁ‘gysﬁﬂdﬁ%ﬂi\%@&ﬁgfﬁﬁgﬁta ieoAPeLatdre7 fPh BRI Thegsulting
mixture was evaporated to dryness and the crude oil was triturated 20 with isohexane to give a solid

yr !
which was &tidbreabiuitizticiranevanedisAde rifard dravingie(fephisgphenylbutan-1-0l (3.88

1-(4-chlprophenyily:4-Rydeerutdcahamate (u800 9, 87 %) as a white solid. 111 NMR (400.13 MHz,
CDC13) 1.40 (9H, s), 1.48- 1.66 (2H, m), 1.78 - 1.8§d%Hé gnéj),(3.63 -3.68 (2H, m), 4.61 (1H, s), 4.84 (I
te 56:

H, s), 7.21 (BHVMR £496. 15 MHe .’2@;7)1_.4’12@%% 2H, m), 3.34-3.38 (21, t), 3.76-
4-(tert-butoxyparbanyjamino)-4s(@ahiasophenvi)butyl methanesulfonate

Intermediate 55: tert-butyl 1-(4-chlorophenvl)-4-hvdroxvbutylcarbamate

OH

NH

Cl O)\
X

Di-tert-butyl dicarbonate (1.588 mL, 6.91 mmol) was added in one portion to 4-
amino-4-(4-chlorophenyl)butan-1-ol (Intermediate 54) (1.38 g, 6.91 mmol) in DCM (20

15

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

20  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).

25



Methanesulfonyl chloride (0.511 mL, 6 60 mmol) was added dropwise to tert-butyl
51-(4-chlorophenyl)-4-hydroxybutylcarbamate (Intermediate 55) (1.80 g, 6.00 mmol) and triethylamine
(1.004 mL, wWReseS3 DCM (30 0 mL) at 25C over a period of 15 minutédCireBraRiage2s. The
resulting solution was stirred at room temperature for 30 minutes. The resulting mixture was
evaporated to dryness and the residue was suspended in DCM, liltered and the filtrate purified by
Clash silica chromatography, elution gradient io 20 to 100% EtOAc in isohexane. Pure fractions were
evaporated to dryness to afford 4 (tert- butoxycarbonylamlno) -4-(4- chlorophenyObutyI
methanesufRicAIR¢R1Z OF 2 . MPUNDHC13) S 1.41 (9H, s),
1.67 - 1.87 fﬁdh!ﬂl)es%l%)n@@ S), 4 23 (2H, 1), 4.62 (1H, s), 4 75 (111 s), 7.20 (211, d), 7.30 -7.33 (2H,
d). 15 MS ink M¥Na 400. Tniermediate 57: 1-(4-chloropheny1)-N4,N4-dimethylbutane-1,4-diamine ClI
Dimethylamine (84 mg, 1.85 mmol) and 4-(tert- butoxycar(bghy@tnlno) 4-(4- 20 chlorophenyl)butyl
methanesulfonate (Intermediate 50 (700 mg, 185 mmol) we?e dissolved in TI-IF (10 mL) and sealed
into a microwave tube. The reaction was heated to WO 20091047563PCT/GB2008/050925 123 120C
for 40 minutes in the microwave reactor and cooled to ropm temperature. The reaction mixture was
concentrated and then dissolved in DCM (10 00 mL) TFA (2 mL). The reaction was stirred at 20C
for 2 hours. The crude product was purified by igQ_exchange chromatography, using an SCX column.
The desired product was eluted from the 5 col singh3I5N ammonia/MeOH and pure fractions were
evaporated to dryness to afford 1-(4-chloro oR ,JBJ{dlmethbeutane 1,4-diamine (366 mg, 87
%) as a yellow gum. 1H NMR (400.13 MHz, CDC13) é’o 707979 (1H, in), 0.82 - 0.91 (1H, in), 0.93 -
1.09 (2H, m), 1.21 (6H, s), 1.64 (2H, t), 3.23 (1H, t), 6.58 (4H, m). 10 MS m/e MH+ 227.

Intermediate 58: (?\)[ -tert-butv| 1-(4-chlorophenvl)-3- hydroxypropwcarbamat
ethanesulfonyl chloride (0.511 mL, 6.60 mimol) was added dropwise to tert-butyl

5 1-(4-chlorophenyl)-4-hydroxybutylcarbamate (Intermediate 55) (1.80 g, 6.00 mmol) and
triethylamine (1.004 mL, 7.20 mmol) in DCM (30.0 mL) at 25°C over a period of 15
minutes under nitrogen. The resulting solution was stirred at room temperature for 30
minutes. The resulting mixture was evaporated to dryness and the residue was suspended
in DCM, filtered and the filtrate purified by flash silica chromatography, elution gradient

10 20 to 100% EtOAc in isohexane. Pure fractions were evaporated to dryness to afford 4-
(tert-butoxycarbonylamino)-4-(4-chlorophenyl)butyl methanesulfonate (2.270 g, 100 %) as
a white solid.
"H NMR (400.13 MHz, CDCI3) § 1.41 (9H, s), 1.67 - 1.87 (4H, m), 2.99 (3H, s), 4.23 (2H,
t), 4.62 (1H, s), 4.75 (1H, s), 7.20 (2H, d), 7.30 - 7.33 (2H, d).

15 MS m/e M+Na" 400.

Intermediate 57: 1-(4-chlorophenvl)-N4.N4-dimethvlbutane-1.4-diamine

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



OH ,-) Di-tert-butyl dicarbonate (8.04 mL, 35 01 mmol) was added in one portion to (S)-3-
15amino-3-(4-chlorophenyl)propan-I-ol (Intermediate 47) (6.5 g, 35.01 mmol) DCM (200 mL) at 25C
under nitrog®®. ZDAYAESaking solution was stirred at room temperature for 2R0IHGEB0TAEIEEUItIng
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 vad@3m to give (S)-tert-butyl
1-(4-chloropheny1)-3-hydroxypropylcarbamate (9.20 g, 92 20%) as a white solid. NMR (399.9 MHz,
CDC13) 6 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 (IH, s),
5.04 (1H, d).2P %] for 92 priputes)ithpmipray {perapplonrndrileoiad e o demp sy nhBeliate 59:

(S)'3‘(te”‘%%%EH%Y%HE‘Qb&éﬂfﬁ%ﬁrﬁw%ﬁ'lHEQ&%H‘EI@?@ﬁPFWPﬁ@EﬁL) Metprgsulfonyl

chloride (2.74 mL, 35 41 mtnol) was added dropwise to (S)-tert- buty _ _
1-(4-ch|orom@aﬁﬂemya@@wwﬂﬁéér%%‘gﬁé%r%%@di?ib@ sexappoguawiy pabeddntidtethylamine
(5.38 mL, 38:63.uPeh A MAHRL foink A ARECVSLARENRARE IR PIDMR S Wwadan NI agaNhEhe

resulting solution was stirred at room temperature for 30 minutes. The resulting mixture was

evaporated @) §RhesssAd AenresiadMp R hantBer e I AGPNS CACHHIAERG Sy &R idn gradient 40

to 100% EtQfysin isehexians, HoHYH MUrRAUGNS UG IBLeMARPTAGE eSS 0 &0 fhs a yellow
(S)-3-(tert-butoxycarbonylamino)-3-(4- chlorophenyl)propyf methanesulfonate (10.03 g, 86 %) as a

white solid. 24'NMR (399.9 MHz, CDC13) 5 1.36 - 1.48 (9H, m), 2.20 (2H, s), 3.01 (3H, s), 4.19 -4.29
(2H, m), 4.8} RIS 462I3-MZ3 @bt B) 7 320~ 1030 (2H, &), MSmigdvi+Na 386015 - 1.00

(2H, m), 1.21 (6H, s), 1.64 (2H, t), 3.23 (1H, 1), 6.58 - 6.66 (4H, m).
10 MS m/e MH" 227.

Intermediate 58: (S)-tert-butyl 1-(4-chlorophenvl)-3-hvdroxypropvlcarbamate
OH

p

K

Di-tert-butyl dicarbonate (8.04 mL, 35.01 mmol) was added in one portion to (S)-3-
15 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

20 %) 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.

25



Intermediate 60: (S)-1-(4-chloropheny1)-N3,N3-diethylpropane-1,3-diamine L) Cl Diethylamine (0.426
mL, 4.12 mmol) and (S)-3-(tert-butoxycarbonylamino)-3-(4- chlorophenyl)propyl methanesullonate
(Intermedia® GBI IMY, 1.37 mmol) were 20 dissolved in THF (10 mL) aPdI¥eBRIASE93Smicrowave
tube. The reaction was heated to 120C for 50 minutes in the microwave reactor and cooled to room
temperature. The reaction mixture was concentrated 2hd diluted with DCM (5 mL). TFA (1 mL) was
added WO 20091047563PCT/GB2008/050925 125 and the reaction was stirred at 20C for 1 hour.
The crude product Was purlfled by ion exchange chromatography usmg an SCX column. The desired
kg p 6 § 2 ] : HxYdvere evaporated
to dryness %éﬁg;@@&lﬁechlorophenyl) N3,N3- dlethylpropane 1, 3 d|am|ne (119 mg, 36.0 %) as a
yellow oil. TT-INMR (400.13 MHz, CDC13) 6 1.00 (6H, t), 1.75 - 1.82 (2H, m), 2.40 - 2.54 (6H, ni),
3.97 (1H, t), 7.27- 7.31 (4H, in). MS mle M11+ 241. 10Inter(rﬁ1ed|ate 61:
5-bromo-4-ehloro-7-towl-7H-pyrrolo12,3-d]pyrimidine O/S\O
5-Bromo-4-chloro-7H-pyrrolo[2,3-d]pyrimidine (Interm?bte 50) (2 g, 8.60 mmol) and p-toluenesulfonyl
chloride (1.640 g, 8.60 mmol) was taken up in acetone (12 niL) and stirred under nitrogen and cooled
to between -5C and 5C. To this solution was 15aaded®R OM NaOH solution (5.50 niL, 10.99 mmol)
while maintaining the intern& temperature at le hn 5C. The reaction was allowed to warm to room
temperature and stirred for lhour. The whitecs0li ered off and washed well with acetone to
afford 5-bromo-4-chloro-7-tosy1-7H-pyrrolo[2,3-d]pyrimidin&(3.28 g, 99 %) as a pale cream solid.
201H NMR (400.13 MHz, DMSO-d6) 62.38 (31-1, s), 7.48 - 7.50 (2H, in), 8.06 - 8.08 (2H, in), 8.41
(1H, s), 8.84 (1H, 3)ecthanesulfonyl chloride (2.74 mL, 35.41 mmol) was added dropwise to (S)-tert-

5 butyl 1-(4-chlorophenyl)-3-hydroxypropylcarbamate (Intermediate 58) (9.2 g, 32.19
mmol) and triethylamine (5.38 mL, 38.63 mmol) in DCM (161 mL) at 25°C over a period
of 15 minutes under nitrogen. The resulting solution was stirred at room temperature for 30
minutes. The resulting mixture was evaporated to dryness and the residue was purified by
flash silica chromatography, elution gradient 40 to 100% EtOAc in isohexane. Pure

10 fractions were evaporated to dryness to afford (S)-3-(tert-butoxycarbonylamino)-3-(4-
chlorophenyl)propyl methanesulfonate (10.03 g, 86 %) as a white solid.
"H NMR (399.9 MHz, CDCI3) § 1.36 - 1.48 (9H, m), 2.20 (2H, s), 3.01 (3H, s), 4.19 - 4.29
(2H, m), 4.81 (2H, s), 7.21 - 7.23 (2H, d), 7.32 - 7.35 (2H, d).
MS m/e M+Na" 386.

15

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
20  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



MS m/e M1-1+ 387. 126 Intermediate 62: methyl 1-(5-bromo-7-tosy1-7H-pyrrolol 2,3-di
pyrimidin-4-v1)-4-(tertbutoncarbonylamino)piperidine-4-carboxylate Triethylamine (3.55 mL, 25.45
mmol) was adelee)edB-mobmo-4-chloro-7-tosyl1-7H- 5pyrrolo[2,3-d]pyrimidineCIvEamesdiane261) (3.28 g,
8.48 mmol) and methyl 4-(tert- butoxycarbonylainino)piperidine-4-carboxylate (W02008075109) (3.07
g, 11.88 ininol) in DMA (50 mL) at 20C. The resultint2Suspension was stirred at 70C for 2 hours. The
reaction mixture was concentrated and diluted with EtOAc (200 mL), and washed sequentially with
water (75 mL) and saturated brine (75 mL). The organic layer was dried ioover MgSO4, filtered and

evaporatedddddherdastitfeyosliicedh e @luderpkdeuet Wescpilsfie bicfiagh Rmtzed o ifBtography,
elution gradiep AR AHEIRARHY. SAREANS: R WA FAS RS JUSTeyRRAtR IS 0 desm mafiord

methyl _ _ _
1-(5-bromoSPiEsp IR srrmoaigiMeitinnadymya frasianstoeye sHIpAALIA e pipesidihe-4-carboxyl
ate (3.60 9,64 ¥ ﬁ}%@%}h%ﬁ%@y15%%;&%&@%9&&&%,Za-EPiMﬁQe-fz/@i @xﬁﬁ%d%ﬁ&%-% (2H, s),
2.38 (3H, s), 3.33-3.37 (2H, m), 3.59'(3H, s), 3.84(2H, d), 7.41 (IH, s), 7.46 (2H, d), 8.00 (I H, s), 8.03
(2H, d);8.45Hay 8il- MS ink MHF 610. WO 20091047563PCT/GB2008/050925 127 Intermediate 63:
methyl 4-(tel¢trWﬁ@@b@m,ir@)érﬁacv@@%mvﬁ-ﬁ@ml@'ﬂmm%@&uisx {gnidiny4-yIMiperid
in e-4-carboxylate O H O letf O-g- N

3.97 (IH, t), 7.27 - 7.31 (4H, m).

MS m/e MH" 241.

10 Intermediate 61: 5-bromo-4-chloro-7-tosyl-7H-pvrrolo]2.3-d|pvrimidine

5-Bromo-4-chloro-7H-pyrrolo[2,3-d]pyrimidine (Intermediate 50) (2 g, 8.60
mmol) and p-toluenesulfonyl chloride (1.640 g, 8.60 mmol) was taken up in acetone (12
mL) and stirred under nitrogen and cooled to between -5°C and 5°C. To this solution was
15 added 2.0M NaOH solution (5.50 mL, 10.99 mmol) while maintaining the internal
temperature at less than 5°C. The reaction was allowed to warm to room temperature and
stirred for 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.
20  'HNMR (400.13 MHz, DMSO-d¢) § 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/c MH" 387.



Methyl 1-(5-bromo-7-tosy1-7H-pyrrolo[2,3-d]pyrimidin-4-y1)-4-(tert-
butoxycarbonylamino)piperidine-4-carboxylate (Intermediate 62) (1.1 g, 1 81 nunol), potassium
phosphate tW§a2#%04328 g, 6.33 mmol), tricyclohexyl phosphine (0.101 g, BGEGRIHNHB/ xRS
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 minute$2tien palladium(ll) acetate (0.041 g, 0.18 mmol)
was added. The mixture was heated to 75C for 106 hours and then allowed to cool and stir at room
temperature overnight. The reactlon mlxture was dlluted with EtOAc (75 mL) and washed sequentlally
with water (Brtermediad i biebs (tRK

evaporatedgq t@ﬁggdﬁgﬁ%ﬁm@ﬁiﬁwq QH}%%HW@S purlfled by flash srllca chromatography,
elution gradien 0 0 C In ISOhexane. Pure fractions were evaporated to dryness 15to afford
methyl 4-(tert-butoxycarbonylamino)-1-(5-cyclo op)%-% sy1l-7H-pyrrolo[2,3-
d]pyrimidin-4-yOpiperidine-4-carboxylate (0744 M%) As a cream solid. NMR (400.13 MHz,
CDCI3) 6 0.72 - 0.76 (2H, m), 0.99 - 1.04 (2H, 3 ?SFF%), 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 +m), 3.74 (3H, s), 3.98 -4.03 (2H, m), 4.76 (11-1,
s), 7.12 (1H, s), 7.28 (2H, m), 8.03 - 8.05 20(2H,
20091047563PCT/GB2008/050925 128 Interm
4-(tert-butoxycarbonylamino)-1-(5-cyclopropyl- Y‘dt“\w 2,3- dIpyrimidin-4-0)piperidine-4-carboxylic
acid 2M sodium hydroxide solution (5 00 mL) Wwas d to methyl
4-(tertbutoxycarbonylamino)-1-(5-cyclopropyl1-7- tosyl@7 rrolo[2,3-d]pyrimidin-4-
yl)piperidine-4-carboxylate (Intermediate 63) (780 mg, 1. ol) in THF (10 mL) at 20C. The
resulting solution was stirred at 40C for 24 hours. The re mixture was diluted with EtOAc (50 mL)
and the aqueous layer was coIIected and acidified to pH4 witih2M HC1 solution. The aqueous layer

was extracted WIthI,DQ[Pl/l 2 >§n50 d? 'gﬁ}fmé 10Ia IS co %)hend an ash zrﬁaturated
brine (50 mL). The orega IC ayee Was ove 8’5}8 ere eova%org (c)lr?oa 3rd crude

product 4- (tpythﬂtdﬁy&alﬂbgnmatmadlnle@&neyﬁkm@)(B zaigpgmdurmamapwmmm 4-gtepiperidine-4-

oot S 15 SR AL YNBSS BORAR
(2H, m), 6. TINTAK50) il 18t 20°22 Thidraw)ltB® fushely spn s bi{dkt] 8) 702028 PHhosys MBan/e MHE 402.

reaction mixture was concentrated and diluted with EtOAc (200 mL), and washed

, 8.48°(11-1, s). MS m/e MHE 570. WO

'CJ

sequentially with water (75 mL) and saturated brine (75 mL). The organic layer was dried
10 over MgSO,, filtered and evaporated to afford crude product. The crude product was
purified by flash silica chromatography, elution gradient 30 to 70% EtOAc in isohexane.
Pure fractions were evaporated to dryness to afford methyl 1-(5-bromo-7-tosyl-7H-
pyrrolo[2,3-d]pyrimidin-4-yl)-4-(tert-butoxycarbonylamino)piperidine-4-carboxylate (3.60
g, 69.7 %) as a white solid.
15 'H NMR (400.13 MHz, DMSO-de) & 1.38 (9H, s), 2.03 (2H, s), 2.38 (3H, s), 3.33 - 3.37
(2H, m), 3.59 (3H, s), 3.84 (2H, d), 7.41 (1H, s), 7.46 (2H, d), 8.00 (1H, s), 8.03 (2H, d),
8.40 (1H, s).
MS m/c MH" 610.

20



WO 20091047563PCT/GB2008/050925 129 Intermediate 65: (S)-tert- butyl
4-(1-(4-chloropheny1)-3-hvdroxypropvicarbamovl)-1-
(5-eveloproNQ-208p40y7r6fo 12, 3-dIpvrimidin-4-vbpiperidin-4-ylearbamate OHGTGB2008/050925
(S)-3-amino-3-(4-chlorophenyppropan-I-ol (173 mg, 0.93 mmol) was added in one portion to
4-(tert-butoxycarbonylatnino)-1-(5-cyclopropyl-7H-pgyTolo[2,3-dipyritnidin-4- yOpiperidine-4-carboxylic
acid (Intermediate 64) (375 mg, 0.93 mmol) and DIPEA (0.489 niL, 2.80 mmol) in DMA (5 niL).
0-(7-azabenzotriazol-1-y1)-N,N,N',N'- tetramethyluronium hexafluorophosphate (391 mg, 1.03 mmol)

afford crude product. The crude product was p ifiecll\{]by fash silica chromatography, elution gradient 2
to 6% MeOH with ammonia in DCM. Fractiong evaporated to afford (S)-tert-butyl
4-(1-(4-chloropheny1)-3-hydroxypropylcarbamgyl)-1 - O
15(5-cyclopropyl-7H-pyrrolo[2,3-d]pyrimidin-4-yepi ridi%carbamate (420 mg, 79 %) as a yellow
gum. lI-INMR (400.13 MHz, DMSO-d6) 6 0.66 - 0.Y0 (2H¢M), 0.86 - 0.91 (2H, m), 1.40 (9H, s), 1.81
-2.06 (7H, m), 3.33 - 3.40 (4H, ni), 3.90 - 3.94 (AHN)4A53 (IH, t), 4.91 -4.93 (IH, m), 6.92 (1H, s),
7.30 - 7.38 (4H, m), 7.96 (11-1, d), 8.20 (1H, s), ;1.4| (12-1, s). 20MS nile MI-IF 569.

Methylaminc gas was bubbled into a solution of 3xtert-bytgxycarbonylamino)-3-
(4-chlorophenyepropyl methanesulfonate (Intermediatg;@ (70 mg, 0 19 mmol) in THF (5 mL) at 22C
over a period of 5 minutes. The mixture was sealed into a/m 'owave tube. The reaction was heated to
I25C for 30 minutes in the microwave reactor and cooled\ Abient temperature. The mixture was
evaporated and the residue was purified by flash silica chromgtography, elution gradient 4 to 8% (10:1
MeOH/conc. NH3 (alp) in DCM. Pure fractions were evaporated to dryness to afford tert-butyl
1-(4-chloropheny 14310 (MmathybamaLTodRia Pyt nae 1 32pnan i fd) As-a-aeleurless oil.  NMR
(399.902 MHz, CDC13) 6 1.41 (9H, s),.1.80 (1H, br.m), 1.93 (1H,.br.mé2.40 (3H, s), 2.59 (2H, m),
4.73 (1M, bPEL U Raby gpige pipgridipe-dycarbexyhic BnterandiainaD obd & 18 inabdiate 67:
1-(4-chlorophervinNshestawpranana-L 3 diamine Ghidh, tricy ElyEER@Eshe aride (4 1, lpselioxanc,
0.50 mL, 2.00 mmol) was added to tat-butyl 1-(4-ch|orogheny1 -3-(methylamino)propylcarbamate

(IntermediafaB®) 856 AYGLPPPHRAEINA XD HIRS & B Ly gidatemRABIteue @22 'c. The

resulting  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
10 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
15 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
20 (2H, m), 8.46 (1H, s).
MS m/c MH" 570.



20solution was stirred at 22C 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 usiny@rAN4I03BWIeOH and pure fractions were evaporated to dryneBE€TE:R1008/050925
1-(4-chloropheny1)-N3-methylpropane-1,3-diamine (30 mg, 90 %) as a colourless oil. 25111 NMR
(399.902 MHz, CDC13) 6 1.81 (2H, dt), 2.40 (3H, s)1Z858 (2H, m), 4.01 (1H, t), 7.25 - 7.31 (4H, m).
WO 20091047563PCT/GB2008/050925 131 MS nile M111+199.3. Intermediate 68: tert-butyl 4-0
-(4-ehloropheny1)-3- (methylamlno)propvlearbamovnl (7H- pyrrololZ 3- dlpyrlmldln -4- yl)plperldln -4-vica
rbamate Clntermedia: 1) : P idelRetphate (44

mg, 0.12 mglﬁ%mﬁﬁlﬁg_q?g_ }t@éﬁﬁihpﬂt%}‘ﬁﬁ%@@ﬂ@mm@ 1- (7H pyrrolo[2 3-
dipyrimidin-Z-yT)piperidine-4-carboxylic acid (Intermediate 1) (40 mg, 0 11 mmol) and
N,N-diisopropylethylamine (0.023 niL, 0 13 mm@l) in;NMB L) at 22C. The resulting 10suspension
was stirred at 50C for 10 minutes. The mixtur Rogled th ambient temperature and
1-(4-chIorophenyl)-N3-methylpropane-1,3-3% mejntermediate 67) (22 mg, 0.11 mmol) was added
as a solution in NMP (2 mL) and the mixture stitged at 22C,for 3 days. The reaction mixture was diluted
with EtOAc (50 mL) and washed with water (50 mL). Theyaqueous layer was passed through an SCX
column. The column was 15 eluted with water anol to remove impurities followed by 30% (2M
NH3 in methanol) in DCM to elute the product. he priate fractions were evaporated to dryness
to afford tert-butyl 4-(1-(4-chlorophenyl)-3- (methyﬁ mlrﬁ))propylcarbamoyl) -1-
(7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidin-4-ylcarbamate (10.00 nig, 17 %) as a white solid. 20 MS ink
Mt 542.5. 132 Int@Mhedivendo dropadesotvlivomi sy inalftersaddsd tarmetylahist)piperidine-1,4-

diCarbo:?(ylaf)%toxycarbonylamino)- 1-(5-cyclopropyl-7-tosyl-7H-pyrrolo[2,3-d]pyrimidin-4-
yl)piperidine-4-carboxylate (Intermediate 63) (780 mg, 1.37 mmol) in THF (10 mL) at

20°C. The resulting solution was stirred at 40°C for 24 hours. The reaction mixture was

diluted with EtOAc (50 mL) and the aqueous layer was collected and acidified to pH4 with

2M HCI solution. The aqueous layer was extracted with DCM (2 x 50 mL) and the organic
10 layers combined and washed with saturated brine (50 mL). The organic layer was dried

over MgSQ,, filtered and evaporated to afford crude product 4-(tert-

butoxycarbonylamino)-1-(5-cyclopropyl-7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidine-4-

carboxylic acid (375 mg, 68.2 %) as a cream solid.

"H NMR (400.13 MHz, DMSO-de) & 0.66 - 0.73 (2H, m), 0.88 - 1.00 (2H, m), 1.40 (9H, s),
15 1.94-2.09 (5H, m), 3.41 - 3.53 (2H, m), 3.92 - 4.01 (2H, m), 6.92 (1H, d), 7.18 - 7.22 (1H,

m), 8.21 (1H, s), 11.51 (1H, s), 12.29 (1H, s).

MS m/e MH" 402.



Methyl 4-(tert-butoxycarbonylamino)piperidine-4-carboxylate (W02008075109) (10 g, 38.71 mmol) was
dissolved in DCM (194 mL) To this was added di-tert-butyl dicarbonate (10.67 mL, 46.46 mmol)
portionwise Witgdothet Z@dition the reaction was stirred at 25C for 1 hour. THRCAVGB09pIH02I Was
washed with saturated sodium bicarbonate (3x50 mL) and the organic layers dried over MgSO4 before
being evaporated to dryness to afford 1-tert-butyl 4-t28thyl 4-(tert-butoxycarbonylamino)piperidine-1,4-
10dicarboxylate (13.6 g, 98 %) as a white solid. 1H NMR (400.13 MHz, DMSO) 3 1.39 (9H, s), 1.40
(9H, s), 1.70-1.77 (21-1, td) 1.88-1. 92 (2H, d), 3.05 (2H, broad), 3.61 (3H, s), 3.62-3.65 (21-1, m),

7.33 (broa vind-(1- (4-chlorophenvl) 3-hvdroxvpropyvlcarbamovl)- 1-
1-(tert-buto jami Lithium
hydroxide monohydrate (8. y
4-(tert- butoxycarbonylamlno)plperld|ne 1,4-dicarbgxylate (Intermediate 69) (13.88 g, 38.72 mmol) in
water (21.51 mL), THF (86 mL) and methanol (8 Ia The 20result|ng solution was stirred at 20C for
1 day. The reaction mixture was diluted with EtGAc (76 mly and washed with water (75 mL) The
aqueous was adjusted to pH5 with 1M ci . g%f:ted with EtOAc (3x200 mL) The
organic extracts were washed with satu mL}, then dried over MgSO4, filtered and
evaporated to 133 afford desired pro N
1-(tert-butoxycarbony1)-4-(tert-butoxycarbonylamino)piperiding/4=_carboxylic acid (10.36 g, 78 %) as a
fine white solid. Iff NMR (400.13 MHz, DMSO) 5 1.396Mhs3{.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 -1 (exhange), 12.36 (exchange).
Intermediate 71: tert-butyl 4-(tert- butoxycarbonylamlno -O4§ chlorophenyl)-4-
hydroxybutylearbamoyDpiperidine-1-earboxylate HO
0-(7-azabenzotriaz8)-8-y il (¢ Niltetratrmeybyimemitito heaf mgr b sphaltewe 5@k d) il 8127 mmol)
was added in one poytion 1q 1-(tert- tox icarbon é,telrt- 1-7H- lol2 3. idin-d-
butoxycarbgnﬁam%o%p)fl%en éx e4-carbox m(%é/ ntarmediate 775} Pfgi 0, 132%]%%18bd,m
4-amino-4- M@mm%ymmwat(ddmmmwyg 2, 8.93mui@hentd DRERAA6.56 mL, 37.6
mtnol) in D ?@%@L % qul%l mgm 1&1 I sg)l %%lé 9&9"5%8 sprr %@N?QECBFW 3 hours and
evaporated to dryness. ﬁe crugé reactio r%x?ure as 1 cﬁ ISSO ve in }i% fOAc and then basi
lied with satateawdiNdHOO8(15gatiuyrepticsmhate (391 mg, 1.03 mmol) was added and the

resulting solution was stirred at 20°C for 24 hours. The reaction mixture was evaporated to

10 dryness then diluted with EtOAc (75 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-chlorophenyl)-3-hydroxypropylcarbamoyl)-1-

15 (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).
20  MS m/e MH' 569.



organic fraction dried over MgSO4, 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 evWdapareadd7torfford tert-butyl PCT/GB2008/050925
4-(tertbutoxycarbonylamino)-4-(1-(4-chlorophenyl)-4-hydroxybutylcarbamoyl) piperi dine-1 -
20carboxylatc (5.06 g, 77 %) as an off-white solid. IBRINMR (400.13 MHz, DMSO) 3 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 (11- 1 q), 6.79 (3xchange broad), 7.29-7.34 (4H, m),
7.80-7.82 (dntermegdiagg ytvil d)-3mgthylampy
20091047563PCT/G82008/050925 134 lat

THF (18.82 mL) and 4M hydrogen chloride H56 46 mmol) in dioxane was added with stirring.
The resulting solution was stirred at ambient {em ature overnight. The crude mixture was purified by
SCX chromatography (cluent 20% 7N ammonia ; MeOH in DCM). Pure fractions were evaporated to
dryness to afford Mﬁhﬁi@mimes ‘(@Scbﬂlkbhi%éﬁy_’@)S!Plh?dncﬁdfybtﬁt?ﬂhhp@ﬁdwéb@mé@bdnahﬁde (1.04 g,
85%). as a GolgHIes j.fn %Qéﬁ%eégl Qdﬁemm)ﬁﬁ%@%gzﬁ ﬁ%&gl i 4d9y$-51 (2H,
scpd), 1.70-1.76 (2 75-1.89 (2H, m), 2.65-2.72 (2H, m), 2.74-2.837(2H, dq), 3. 7 3.39 (2H, m),
4.39 (eXchdﬁg@Lbﬂé%SQ W\WP@I@FH 0§))? MBRUEBSIIRHN K UTC3BY ssglqgﬂnt@)a S1RB08 2T

15(exchan Qﬁbg) YR {@léc%n_v%?sanéétp ko tR5od-£Q %%ﬁ%ﬁﬁ%@l?&b%&@f&étor and

2-amino-144-chlorophenyflethylcarbamate 0 Cl 20 A solution of
2-(tert-butoggetadbngiabiinbicmparatitsrophe nyiyatrs Mercenaperstitbird shgirstivediaer2s)i®B5 mg,

1,53 mmol)in R s SERion A AR 196,199 i AR MICON. a0 e e was

heated at 80"C for 1 hour. The mixture’was cooled and allowed to stir at room temperaqfure overnight.

The solutioRwhb parfivaeiPpe e sapipisklat dirdstartforhiebrynld tedehlosepiristied-twice
with water thendfigfino)propylcarbamate (52 mg, 90 %) as a colourless oil.

"H NMR (399.902 MHz, CDCI3) § 1.41 (9H, s), 1.80 (1H, br.m), 1.93 (1H, br.m), 2.40
(3H, s), 2.59 (2H, m), 4.73 (1H, br.s), 5.94 (1H, br.s), 7.21 (2H, d), 7.29 (2H, d).
MS m/e MH299.5.

hydroxybutylcarbamoyOplperld|ne 1- carbox?glate (Int rmedlate 71) (1.98 g, 3 76 mtnol) was stirred in

15 Intermediate 67: 1-(4-chlorophenvyl)-N3-methvlpropane-1.3-diamine
Cl

H
NG

NH,

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

20 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.

5 'HNMR (399.902 MHz, CDCI3) & 1.81 (2H, dt), 2.40 (3H, s), 2.58 (2H, m), 4.01 (1H, 1),
7.25 -7.31 (4H, m).



135 with magnesium sulfate, filtered and concentrated until the final volume was approximately 5 mL
Ethanol (20 mL) and 10% palladium on carbon (75 mg, 0.07 mmol) were added. The resulting
suspension Wa#iwpd@ehder an atmosphere or hydrogen at ambient pressREd/&RAMeHpeN2iture for 1
hour. The mixture was filtered and the filtrate was concentrated under reduced pressure to give
tert-butyl 2-amino-1-(4- chlorophenypethylcarbamaté3ds a gum (410 mg, 99 %). MS mle MH+ = 271
Intermediate 74: tert-butyl 1-(4-chloruphenyl)-2-(methylsulfunamidu)ethylearbamate 0 O NH C tol A
solution of tert-butyl 2-amino-1-(4-chlorophenyl)ethylcarbamate (Intermediate 73) (220 mg, 0.81 mmol)
and N-ethyMliSaproHarii®e} (0.281 mL, 1 63 nunol) in THF (5 mL) was treated with methanesullbnyl
chloride (0.075 mL, 0.98 mmol). The resulting solution was stirred at ambient temperature for 2 hours.
The tnixture was partltloned between DCM 15and sodlum blcarbonate solutlon The organlc Iayer was

elution (10% py - /4 - mqt | @ﬁ’&ﬁl’@ M)‘_bgkllleag‘e5|red product tert- butyl 1-(4-

chlorophenyT)-Z-{methylsulfonatnido)ethylcarbamate, was thus 1Solated as a colourless solid (154 mg,

tﬂ 92 (3H, s), 3.38 - 3.52 (2H, m), 4.68 -4.84 (2H,
. : S ink (M-11)- = 347 Intermediate 75:
N-(2-Amino-2-(4-chlorophenybethyl)methanesuligaamide NH, 25 CA 0/11

54.3 %). 20NMR (399.9 MHz, CDCE) S 1.43 (9H, s

O-(7-azabenzotriazol-1-yl)-N,N,N',N'-tetramethyluronium hexafluorophosphate (44
mg, 0.12 mmol) was added to 4-(tert-butoxycarbonylamino)-1-(7H-pyrrolo[2,3-
d]pyrimidin-4-yl)piperidine-4-carboxylic acid (Intermediate 1) (40 mg, 0.11 mmol) and
N,N-diisopropylethylamine (0.023 mL, 0.13 mmol) in NMP (5 mL) at 22°C. The resulting

10 suspension was stirred at 50°C for 10 minutes. The mixture was cooled to ambient
temperature and 1-(4-chlorophenyl)-N3-methylpropane-1,3-diamine (Intermediate 67)
(22 mg, 0.11 mmol) was added as a solution in NMP (2 mL) and the mixture stirred at
22°C for 3 days. The reaction mixture was diluted with EtOAc (50 mL) and washed with
water (50 mL). The aqueous layer was passed through an SCX column. The column was

15 cluted with water and methanol to remove impurities followed by 30% (2M NHj; 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.

20 MSm/e MH"542.5.



0 136 tert-butyl 1-(4-chlorophenyl)-2-(methylsulfonamido)ethylcarbamate (Intermediate 74) (151 mg,
0.43 mmol) was treated with trifluoroacetic acid (2 mL) The solution was stirred for 1 hour at room
temperaturéVPIREMNININS was concentrated under reduced pressure. The RGAEGHB29A865W92S purified
by ion exchange chromatography, using an SCX column. The 5 residue was loaded onto the column in
methanol and washed with methanol. The desired pid2uct was eluted from the column using 2M
ammonia in methanol and pure fractions were evaporated to dryness to afford N-(2-amino-2-(4-

’ Afe o A 411 Y toxpCa AT DETPAIYE ,S), 7.29
(2H, d), 736i@'§b}@%}%§: mle (M-11.)- = 247 Intermediate 76: tert-butyl 441-(4-chlorophenyl)-2-
(methylsulfonamido)ethylcarbamoy1)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidin154-ylcarbamate
0-(7-Azabenzotriazol-1-y1)-N,N,N',N1-tetramet
was added in one portion to a stirred soluti 0
4-(tertbutoxycarbonylamino)-1-(7H-pyn-olo[2,3- inzgl)piperidine-4-carboxy|ic acid
20(Intermediate 1) (79 mg, 0.22 mmol) and N-etkyldiisopropylamine (0.046 mL, 0.26 mmol) in NMP (3
mL) The mixture was treated with N-(2-amino-2-(4N chal%rglphenyl)ethyl)methanesulfonamide

lurgpium hexafluorophosphate (88 mg, 0.23 mmol)

(Intermediate 75) (60 mg, 0.24 mmol). The solyg} irred for 65 hours at room temperature. The
mixture was partitioned between ethyl acetate and watef. The organic layer was washed twice with

water. The WO 20461047503RGT/RAARHASANA AL rsanic 5Ll o CtoRD s under
e

reduced pressure. The residue was purifi flash column chromatography on silica using gradient

olution (16Ut AR gl IDEmA b asobrrRkFes o PO b raHbCT SohiaM G e BhE ok dombined to

give tert-bukAmhd{A-chicsophen e ineihyisulianamidalethyicarrameyibk Lebtckrmgolof2,3-
d]pyrimidin-4-yfipiperidin-4-ylcarbamate (103 mg, 79%) as colourless solid. NMR (399.9 MHz,

DMSO-d6) $ifeA (@R Gsfob oo The Qpds gioduat wpsavgshes sgtiotusaied sasliumd7 (211, m), 4.96

(1H, q), 6.60iEMBoaMEIXSIRLYAR) iife Wogaki fa{ikldiRl dv3r NAHSR)b&EI: bhideDv ik, S),
11.65 (1H, s) MS ink MHE = 592 10 Intermediate 77:

2-(tert-butoHeARF I 2L rredisRd ph b etniHeteuRowilamino)piperidine-1,4-

10 dicarboxylate (13.6 g, 98 %) as a white solid.
"H NMR (400.13 MHz, DMSO) § 1.39 (9H, s), 1.40 (9H, s), 1.70-1.77 (2H, td), 1.88-1.92
(2H, d), 3.05 (2H, broad), 3.61 (3H, s), 3.62-3.65 (2H, m), 7.33 (broad, exchange).

Intermediate 70: 1-(tert-butoxycarbonvl)-4-(tert-butoxvcarbonylamino)piperidine-4-

ey
I\

15 carboxvlic acid

X

Lithium hydroxide monohydrate (8.13 g, 193.62 mmol) was added to 1-tert-butyl

O O

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

20  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



A solution of 2-(tert-butoxycarbonylamino)-2-(4-chlorophenyfiethyl methanesullonate (Intermediate 23)
(600 mg, 1.72 mmol) in DMF (10 mL) was treated with potassium 15thioacetate (392 mg, 3.43 mmol)
and the mixWite20@gHeased at 50 C for 1 hour. The mixture was cooled an®@Qa(GBANSPHRFeen ethyl
acetate and water. The organic layer was washed twice with water then dried with magnesium sulfate,
filtered and concentrated to dryness. The residue w&33purified by flash column chromatography on
silica using gradient elution (10% ethyl acetate / isohexane to 20% ethyl acetate / isohexane). The

desired 20product, 2-(tert- butoxycarbonylammalql' 2-(4-chlorophenypethyl ethanethioate (509 mg, 90
was thus isaffeed desized epsiehystiineusonacaanmR 430 tebnipry cabondys mapigdg)e 435 (3H,

), 3.15 - 3 ZHBHITIATIII DI RO (hislofi24 (2H. 0. 731 (2H, &) MS mie
(M-H- CH3CO) 86 138 Intermedlate 78: tert-butyl

1-(4-chloropHeNYAR- 24061 3rdEdroRAIEMICR AN t6)0 Hwﬁhlé}obé&dnmw(é@(m}w@ 634 mmol)
was added I t} 2 r [ Q8 ) itr reaction flask
was cooled |th nglcg%n %%h %(%&%%%% 8('[56@ % xz'/ﬁglaér a’ﬁf%lg% ? oro-é%};nypethyl

ethanethioate (Intermediate 77) (506 mg, 1. 53 mmol) was added portlonW|se The mixture warmed

during the aﬂdgllﬁneaﬁdevnﬁs t%tlft”f)@ > partitioned
between ethyrace and wa i agnesium
sulfate, filtehade0xyh :

iochlorophenyl)- 2 (chIorosuIfonyeethylcarbamat@{@GOZ , guant.) was thus obtained as a colourless

solid. NMR (399.9 MHz, CDC13) S 1.44 (9H, s), 2)77 (1H]3), 4.06 (1H, dd), 4.36 (1H, br, s), 5.15 -
5.23 (111, m), 5.29 - 5.37 (1H, in), 7.29 (2H, d), 7.38 (2H d}’{%@termediate 79: tert-butyl
1-(4-chloruphenyl)-2-sulfamoylethylearbamate ClI Aghm nla mL, 31.50 mmol) was added to a
suspension of tert-butyl 1-(4- chlorophenyl)-2<(®{t6ro hylcarbamate (Intermediate 78) (0.542
g, 1.53 mmol) in acetonitrile (10 mL). The mikturgl wad'st{rred}for 16 hours at room temperature. 20The
mixture was partitioned between ethyl acefate and water the organic layer was washed with brine.
The organic solution was dried with magnesium sulfate, filigred, and concentrated under reduced
pressure. The residue was purified by flash column chrothat raphy on silica using gradient elution
(10% ethyl acetate / DCM to 30% ethyl acetate / DCM). Theggired product, tert-butyl
1-(4-chlorophenyl)-2-

O-(7-azabenzotriazol-1-yl)-N,N,N’,N’-tetramethyluronium hexafluorophosphate

10 (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

15 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-

20  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.

25



139 sulfamoylethylcarbamate (0.351 g, 68.5 %), was thus isolated as a colourless solid. [I-1 NMR
(399.9 MHz, DMSO0-d6) 6 1.36 (9H, s), 3.21 -3.28 (1H, m), 3.47 - 3.56 (1H, m), 5.02 (IH, br, s), 6.88
(2H, s), 7.35MO004)047563 (2H, d), 7.49 - 7.60 (1H, m) MS nee (M-1-1-)- = 333VGB2HIBHMBIBO:
2-amino-2-(4-ehlorophenybethanesulfonamide NH, 0 11 \NH 02 CI Tert-butyl
1-(4-chloropheny1)-2-sulfamoylethylcarbamate (Intefrddediate 79) (325 mg, 0.97 mmol) was treated
with trifluoroacetic acid (8 mL) The resulting solution was stirred io for 15 minutes at room
temperature The mlxture Was concentrated under reduced pressure and the resrdue was purified by
:17dal Liat i : XARTYII ling-hethanol and the
desired prog%(ygaﬁlﬁiuted using ammonia in methanol (2M) and pure fractlons were evaporated to
dryness to aiford Z-amino-2-(4- chlorophenypethanesullonamide (221 mg, 97%) as a near colourless
solid. 151H NMR (399.9 MHz, DMSO-d6) 63.13 K (2H, m), 4.39 (1H, dd), 7.35 - 7.48 (41-1, in) MS
mle (M-H-)- =233 Intermediate 81: Tert-butyl 44/ (4-ehlorophenyl)-2-sulfamoylethylearbamoy1)-1-

Cl

Tert-butyl4-(tert-butoxycarbonylamino)-4-(1-(4-chlorophenyl)-4-

5 hydroxybutylcarbamoyl)piperidine-1-carboxylate (Intermediate 71) (1.98 g, 3.76 mmol)
was stirred in THF (18.82 mL) and 4M hydrogen chloride (14.11 mL, 56.46 mmol) in
dioxane was added with stirring. The resulting solution was stirred at ambient temperature
overnight. The crude mixture was purified by SCX chromatography (eluent 20% 7N
ammonia / MeOH in DCM). Pure fractions were evaporated to dryness to afford 4-amino-

10 N-(I1-(4-chlorophenyl)-4-hydroxybutyl)piperidine-4-carboxamide (1.04 g, 85%), as a
colourless, transparent gum.
"H NMR (400.13 MHz) & 1.16-1.27 (2H, dd), 1.29-1.51 (2H, sepd), 1.70-1.76 (2H, q),
1.75-1.89 (2H, m), 2.65-2.72 (2H, m), 2.74-2.83 (2H, dq), 3.37-3.39 (2H, m), 4.39
(exchange, broad) 4.70-4.76 (1H, q), 7.32-7.35 (2H, d), 7.36-7.39 (2H, d), 8.25-8.27
15 (exchange, d)
MS m/e MH" = 326; HPLC tg = 1.70 min.

Intermediate 73: tert-butvl 2-amino-1-(4-chlorophenvl)ethvlcarbamate

KA

NH

Cl
20 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



140 0-(7-Azabenzotriazol-1-ye-N,N,N',N'-tetramethyluronium hexafluorophosphate (128 mg, 0.34
mmol) was added in one portion to a stirred solution of
4-(tertbutoxeaeopiansiho)-1-(7H-pyn-olo[2,3-d]pyrimidin-4-yl)piperidine-4R€AVIGa0118/ eioRpS
(Intermediate 1) (115 mg, 0.32 mmol) and N-ethyldiisopropylamine (0.066 mL, 0.38 5 mmol) in NMP
(2.5 mL) The mixture was treated with 2-amino-2-(41&hlorophenyl)ethanesullonamide (Intermediate
80) (75 mg, 0.32 mmol). The solution was stirred for 1 hour at room temperature. The tnixturc was
treated with water (5 mL) and the resulting colourless precipitate was isolated by filtration, washed with
water and tHath aeegoeithre 18l itk tiderpd gdiconqentriedopi e ipabyrbrsyethylcarbamoy1)-1-(7H-
10pyrr010[%%—ﬂ§9a(ﬂm "4y BIRGHIIN A KIEGRRMBE (hA4dNGm 8 2Rh3% eolopdegp$olid- 1H NMR
(399.9 MHz, DMSO-d6) 6 1.40 (9H, s), 1.90 -'2.10 (4H, in), 3.35 -3.39 (1H, m), 3.51 -3.59 (11-I, m),
3.62-3.71 {lzrmlm\yeam@dw-z“éh@zﬁ?tgﬁ%%@pes.sw&fﬁﬁ, fHyrosl soderHangyingogphereiok) 7.09 - 7.18 (2H,
ni), 7.30 - 7 4:368dn WaBiSn pheSduf A0 Peratd SR A houk DS iRE MR AfBed and the

5 filtrate was concentrated under reduced pressure to give tert-butyl 2-amino-1-(4-
chlorophenyl)ethylcarbamate as a gum (410 mg, 99 %).
MS m/e MH™ = 271

Intermediate 74: tert-butyl 1-(4-chlorophenvl)-2-(methvlsulfonamido)ethylcarbamate

1 Cl

A solution of tert-butyl 2-amino-1-(4-chlorophenyl)ethylcarbamate (Intermediate 73)
(220 mg, 0.81 mmol) and N-ethyldiisopropylamine (0.281 mL, 1.63 mmol) in THF (5 mL)
was treated with methanesulfonyl chloride (0.075 mL, 0.98 mmol). The resulting solution
was stirred at ambient temperature for 2 hours. The mixture was partitioned between DCM
15 and sodium bicarbonate solution. The organic layer was concentrated and the residue was
purified by flash column chromatography on silica using gradient elution (10% ethyl
acetate / DCM to 30% ethyl acetate / DCM). The desired product, tert-butyl 1-(4-
chlorophenyl)-2-(methylsulfonamido)ethylcarbamate, was thus isolated as a colourless
solid (154 mg, 54.3 %).
20 'HNMR (399.9 MHz, CDCl3) § 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

55 Cl



Intermediate 82: tert-butyl 2-acetamido-1-(4-ehlorophenvbethylearbamate ,k 0 OANII CI A solution of
tert-butyl 2-amino-1-(4-chlorophenyl)ethylcarbamate (Intermediate 73) 20(0.208 g, 0.77 mmol) and
N-ethyldiisopt@ parAzs$0.266 mL, 1.54 mmol) in THF (5 niL) was treated RGFGB2AIS/AMNAride
(0.102 niL, 1.08 mmol). The resulting solution was stirred at ambient temperature for 2 hours. The
mixture was partitioned between DCM and sodium Bigarbonate solution. The organic layer was
concentrated and the residue was purified by flash column chromatography on silica using gradient
elution (10% ethyl 25acetate / DCM to 40% ethyl acetate DCM). The desired product, tert-butyl

2-acetamidér thutsenidfbphlenspleamyAtaroasiares wfasmid osthrydesrbpaw e (M tssmesdage Hiolourless
solid. 141 %WM@,@%@-& Wi fekded it ¢ HotdadeBR 431d:(Dnd f - Slufabh fls &ifdkd1H, br,

s), 4.97 -5.56 (1H, m), 5.89 (1H, br, s), 7.22 (2H, d), 7.32 (2H, d) MS m/e MH+ = 313 5 Intermediate
83: N-(2-amiiol 2qur ek KOs Henfsatkyisad bearia R pyagconegntrated under reduced pressure. The

crude product was purified by ion exchange chromatography, using an SCX column. The
5 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-amino-2-(4-

chlorophenyl)ethyl)ymethanesulfonamide (93 mg, 86 %) as a colourless crystalline solid.

"H NMR (399.9 MHz, CDCl3) & 2.89 (3H, s), 3.17 (1H, dd), 3.33 (1H, dd), 4.12 (1H, dd),
10 4.74 (1H, br, s), 7.29 (2H, d), 7.34 (2H, d)

MS m/e (M-H)- = 247

Intermediate 76: tert-butvl 4-(1-(4-chlorophenyl)-2-

(methvlsulfonamido)ethvlcarbamovl)-1-(7H-pyrrolo]2.3-d]pvrimidin-4-vl)piperidin-

15 4-vlcarbamate

Cl

N\

S
<N 0

O
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
20  (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



Tert-butyl 2-acetamido-1-(4-chlorophenypethylcarbainate (Intermediate 82) (148 mg, 0.47 mmol) was
treated with trifluoroacetic acid (2 mL) The solution was stirred for 1 hours at room temperature. The
mixture wasweoneetierated under reduced pressure. The io crude product wRSPGHEMBIG (2P exchange
chromatography, using an SCX column. The residue was loaded onto the column in methanol and
washed with methanol. The desired product was eluit8d from the column using 2M ammonia in
methanol and pure fractions were evaporated to dryness to afford
N-(2-amino-2-(4-chlorophenyflethyl)acetamide (98 mg, 97 %) as a pale yellow crystalline solid.
151HNMR @9 Misti@pERje s aioHurfesicduordpiasssyca B rasduq pras piyiBeddy 3,52 (1H,
). 4.05 4 L6k SR of Sicalodh (4IDMRIRG Mool plegaiate 84:
tert-butyl 4-512-acetam|do-1-(4-ch oruphenybethylcarbamoy1)-1-(7H20 _

pyrrolo[2,3-8h5yrmstrnal-g RSiper dredui camsaimiageragion e pooa oanbssH CTeaB 20081650925 142
0-(7-Azabe@F.femaﬁg!r-apuéasmu%&%}%ﬁ&%@g&&mbmwof%@pﬁ%@[@9.mg, 0.23 mmol)

was added in one portion to a stirred solution o _
4-(tertbUtoxtarseidiarirop peerdinptnyleteparsaiy iy Adnen 4 yp biscatme sasclisbxylic acid
(Intermediate NGO @) § %@tDRJI)S@%NSemM"?ﬁ?%?@)ﬂ@'{@ﬁ?kﬁ@ 946 ;L3824 3 mynad)do NMP (3
niL) The mixture was treated with N-(2-amino-2-(4- chlorophenypethypacetamide (Intermediate 83) (52
nig, 0.2 mAaE) e SOTLGH ok Sl B Bloire o Hbomh frafacifes TRe ixidrblids

partitioned hgtween gihw)ageiaig @ang) watar (Hne proasiq layerywas washed twice with water. The
organic solution was caoncentrated under re(guce pressure. The residue was purified by flash column

10chromatdyraprs ¥Wilsiica{sing gradient elution (1% methanol / DCM to 15% methanol / DCM).
Produg}, containing fractions were combined to give tert-butyl 4-(2-acetamido-1-(4-
chlorophenypethylcarbamoy1)-1-(7H-pyrrolo[2,3-d idin-4- ylc e (100 mg, 81
%) as coloudgEmaediate i pachor 8)-&- o chlgopbeny hethyl ethanedgoate; pr ),
3.36 -3.43 15(1H, m), 3.50 - 3.68 (211, m), 4.18 - 428 (2H, in), 4.85 -4.93 (1H, m), 6.58 -6.61 (111, in),
7.14- 7.23 (2H, m), 7.30 - 7.37 (4H, m), 7.84/d1(ﬁ<,ﬁhs), 8.12 - 8.17 (2H, m), 11.65 (1H, br, MS mle
M11+ = 556 20Intermediate 85: 2-methyl-1-trityf21H-Midazole ePh3 T\T-k

T

A solution of 2-(tert-butoxycarbonylamino)-2-(4-chlorophenyl)ethyl methanesulfonate

p MAST T

Cl

(Intermediate 23) (600 mg, 1.72 mmol) in DMF (10 mL) was treated with potassium

15 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

20  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

25



Triethylamine (11.54 mL, 82 82 mmol) was added dropwise to 2-methy1-1H-imidazole (4.0 g, 48.72
mmol) and chlorotriphenylmethane (14.94g. 53.59 mmol) in acetonitrile (120 niL) at room temperature
over a perioWOR2WMHTR$tes under nitrogen. The resulting 25suspension waBGKiG82088//S0ARS
temperature for 18 hours. Water (120 mL) and i-hexane (12 niL) were added and the slurry stirred for
30 minutes before filtering.The filtered solid was wa$B&d with water (3x15 niL) and dried under
vacuum to afford 2-methyl-I-trityl-IHimidazole (15.41 g, 97 %) as a cream solid which was used without
further purification. 1H NMR (399.902 MHz CDCl3) 6 1.65 (3H, s) 6.70 (1H d) 6. 90 (lH d), 7.11 -
7.16 30(6H Intgrmediate 28; t Aach ‘ Afon ] -

Intermediate 86: 1-(4- ehlorophenyl) -2-(1 trlty! -1H- |m|dazol -2- ybethanol Cl OH 5ButyII|th|um (1.6Min

l.‘s

hexanes) (4.24 inL, 6 78 minol) was added dr to 2-inethy1-1- trityl-1H-imidazole (Intermediate
85) (2.0 g, 6.16 mmol) in THF (30 mL) coolked t 8 er@ period of 20 minutes under nitrogen. The
resulting dark red solution was stirred at -78 C for 30 mute‘SE then a solution of 4-Chlorobenzaldehyde
(0.867 g, 6.16 minol) in THF (10 mL) added dr6pwis heréaction was allowed to warm slowly to 0C
io then quenched with saturated NI-14C1 (50 nd extraifed with TBME (2X). The combined
extracts were washed with brine, dried ovérMg , concentrated by evaporatlon then purified by

flash silica atogra Iu 20 t 30% |n |so ns were
evaporatedﬁ:) ﬁ;/ness%é FE) rll}#osird ﬁ(@ (%Iéer{(;ipﬂlélﬁ% Wf SOaC{Q? 0ff—lslml azo { fP@f %?r?o ?ﬁ%lo g, 63.1
%) as a colacidgetsalig. 1ﬂ—h¢éMﬁit(ﬂ@9lmﬁmﬂ%@m&@h%%wzwab)lﬁé B8k dnG8c(hiih mo), 5.99 (1H,

), 6.66 (L. 036 7.02(OH, ) £,26(Z1:1, O 137574008 VR AERLE (M = 465

HPLC t min. Interme
2-(1-(4-ehlqimpeamydiaPe (17061 gmidazokidlyvethybdedipdaiioe~y RO TRa«iomeure warmed

during the addition and was stirred for 10 minutes at room temperature. The mixture was

partitioned between ethyl acetate and water. The organic layer was washed with brine,
dried with magnesium sulfate, filtered and concentrated to dryness. tert-butyl 1-(4-

10 chlorophenyl)-2-(chlorosulfonyl)ethylcarbamate (602 mg, quant.) was thus obtained as a
colourless solid.
'"H NMR (399.9 MHz, CDCls) & 1.44 (9H, s), 2.77 (1H, s), 4.06 (1H, dd), 4.36 (1H, br, s),
5.15-5.23 (1H, m), 5.29 - 5.37 (1H, m), 7.29 (2H, d), 7.38 (2H, d)

15 Intermediate 79: tert-butyl 1-(4-chlorophenyl)-2-sulfamovlethylcarbamate

KA,

I
S\(\)\NH2
Cl

Ammonia (1.5 mL, 31.50 mmol) was added to a suspension of tert-butyl 1-(4-
chlorophenyl)-2-(chlorosulfonyl)ethylcarbamate (Intermediate 78) (0.542 g, 1.53
mmol) in acetonitrile (10 mL). The mixture was stirred for 16 hours at room temperature.

20 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-



Di-tert-butyl azodicarboxylate (0.808 g, 3.51 mmol) was added portionwise to 1-(4-
chloropheny1)-2-(1-trityl-1H-imidazol-2-yfiethanol (Intermediate 86) (1.36 g, 2.92 minol), phthalimide
(0.473 g, 3.20aMl4amed triphenylphosphine (0.921 g, 3.51 mop in WO  PCT/GB2008/050925
20091047563PCT/GB2008/050925 144 THE (25 mL) at room temperature over a period of 15 minutes
. The resulting solution was stirred at room temperturgfor 60 minutes then concentrated by
evaporation and purified by flash silica chromatography, elution gradient 20 to 40% EtOAc in
isohexane. Pure fractions were evaporated to dryness to afford 2-(1-(4-chlorophenyl)-2-(1-trity1-1H-

5imidazol-2syHameyiibir ehaaata(Bidhb 51698 Johozunihas Bdated At aSpbRIHCH/PO{ERISI+) (M+H)+ =
594; HPLC R {80359 W1igrmsiais- 88 sl (dqoiaraphesy 1s 24 ity 1ilymidazol-g1hgihanamine

C'l NH, 102-(1-(4-chloropheny1)-2-(1-trity1-11-i- |tn|dazol 2-ypeth plsomdollne 1,3-dione
(Intermediatedd ) H. 78 §); 6.89 @H}éD) and I@Hvé‘éﬂe“ﬂ;{@ﬂté)(d ?(9¢ 60415 Fiol) in methanol (30
mL) were rellgxgd-fay3hoursy skhe resulting clear solution was left to co& to room temperature
overnight then filtered. The filtrate was applied to a 20g SCX cartridge and eluted with methanol
followedl by 2N NI-13(MeOH). Product-containing fractions were 15combined and concentrated by
evaporatioryfheruifiecsy flashisdisa shingisneaphvaintianiadiaat 2 to 5% MeOH in DCM. Pure
fractions were evaporated to dryness to afford
1-(4-chloropheny1)-2-(1-trity1l-1H-imidazol-2-ypetha
IH NMR (399.902 MHz, CDC13) 62.16 (2H, d
7.08 - 7.13 (7H, m), 7.29 - 7.32 (10H, m); nilz

Cl

Ifhiné)(o 942 g, 67.8 %) as a colourless solid.
] 6 {4 (1H, d), 6.90 (2H, d), 206.99 (1H, d),
)(M+H)@ 464: HPLC tR = 3.13 min.

=Th

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

10 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.

15 'HNMR (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-

20  (7H-pvrrolo]2.3-d]pvrimidin-4-y)piperidin-4-vlcarbamate

cl
H,N_ o
% / H
o) II}I NVO%
i\
0
N
N~ s \



145 Intermediate 89: tert-butvl 4-(1-(4-chlorophenth-2-(1-tritvi-1H-imidazol-2-
vbethylearbamml)-1-(7H-pnrolo12,3-(11pyrimidin-4-vbpiperidin-4-ylearbamate Ph, CI
0-(7-AzabenyOted2d14715631)-N,N,N,Nr-tetramethyluronium hexalluorophosp R&E GBE&RRFO3LE44 mmol)
was added portionwise to 4-(tert-butoxycarbonylamino)-1-(7H-pyn-olo[2,3-
dipyritnidin-4-yOpiperidine-4-carboxylic acid (Intermééhate 1) (150 mg, 0 42 tntnol), 1-
(4-chlorophenyl)-2-(1-trityl-1H-imidazol-2-ypethanamine (Intermediate 88) (193 mg, 0.42 mmol) and

N-ethyldiisopropylamine (0.087 mL, 0.50 mmol) in DMF (2.0 mL) at room temperature. The resulting
solution wa&dfirrderhereaiatsin beratlis& fn N Hetirngien ysepiepcheaiivorarbespbatsL() 28 gige a pale

vellow ppt. §13g RisGHIAIR Wk SrHe RN aUARNaSDRAYIByaigRand dried under vacuum to
afford tert-butyl 4-(1-(4- chloropheny1)-2-0 -trity1l-1H-imidazol-2-yDethylcarbamoyl)- 1
' %ﬁ‘m‘]@&i‘d&i which was

-(7H-pyrrol a1 ygasYAmiHRLIA)A i pEriipla) bars knyereidap -y ipg whnerst L4

used withoyy RethRERIFIPREON bl HNFRL(339) 304 Nz, iR it th 008k #020:3%29 (6H, n-),
3.56 - 3.61 (2H, M), 4.35 -4.42 (211, in), 5.33 (LH, S), 6.50 (1H, d), .78 (11-1. in), 6.93 (2H, d), 6.97 -

7.01 (71-1, imynpll ;A MEYE2.7 pE- )7 Hs ooty as. byated Witk -omme12-(4- pr s), 10.22 (11-1, br s).

nilz (ESI+) %Wh&?%@tﬂdf&@ﬁfn@d%qm&ﬁgdﬁwmq@%%9032 mmol). The solution was
1-(4-Chlorophenvl)-241H-pvrazol-1-vbethanone CI 146 A solution of pyrazole (3.40 g, 49.98 mmol)

and 2-bromdiredrgrbdosiciienmienrerant. Fosmpenaivss veaisd BMEFO i mkagndithed at room
temperature JpgL A0 04D HRYS ATV eihrE VRS madadanddheiriasiRitate wasiitered, washed

with diethyl ether and dried in vacuo overnight to give the crude product, 8.842 g of %ure white
crystals. C&?@é‘?ﬁ’fﬁt@d%w&dﬁ@'&ﬁ%Mé‘é&%?@@h%x»a%'%@é’&%é%@é@ﬁéﬁm }4H8 g of the

crude I?JOd%&MIZ[QEBfﬁ]ﬁ\?ii\lﬁﬁd]}m-ﬁﬁﬁﬂ@ﬁdﬂﬁ&-%ﬁﬁ%fﬁ&té@l@%@%%%'é‘ toeyalavssrystals were
filtered, washed with a little water and dried in vacuo to afford 144- chloro hengl)éziél(l?ifyre)lzol-
- , M),

hypethanon&l MR §39% BM e MR b d) L A0d Al yiaibR0 - 2.10 (4H, m), 3.3
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, s), 7.09 - 7.18 (2H, m), 7.30 - 7.43 (4H, m), 8.13 (1H, s), 8.19 (1H, d),
11.65 (1H, s)
15 MSm/e MH =578

Intermediate 82: tert-butvl 2-acetamido-1-(4-chlorophenvl)ethylcarbamate
O

N

M
oY

A solution of tert-butyl 2-amino-1-(4-chlorophenyl)ethylcarbamate (Intermediate 73)

20 (0.208 g, 0.77 mmol) and N-ethyldiisopropylamine (0.266 mL, 1.54 mmol) in THF (5
mL) was treated with acetic anhydride (0.102 mL, 1.08 mmol). The resulting solution was
stirred at ambient temperature for 2 hours. The mixture was partitioned between DCM and
sodium bicarbonate solution. The organic layer was concentrated and the residue was
purified by flash column chromatography on silica using gradient elution (10% ethyl

25 acetate / DCM to 40% ethyl acetate / DCM). The desired product, tert-butyl 2-acetamido-
1-(4-chlorophenyl)ethylcarbamate (0.151 g, 62.7 %), was thus isolated as a colourless
solid.



solid. Reextraction of the washings gave further product. This was purified by flash 10chromatography
on silica gel eluting with 0 to 10% ethyl acetate in dichloromethane. The solvent was evaporated to
dryness to aMorabas@-elaforophenyl)-2-(1H-pyrazol-1- ypethanone (2.78 g, ROTEGBHWRNSEIBY %) as a
colorless crystalline solid. NMR & MS = EN00228-12-01 m/z (ESI+) (M+H)+ = 221. 1511-1 NMR (500
MHz, DMSO-d6) 6 5.83 (2H, s), 6.61 (1H, dd), 7.48 [(4H, d), 7.66 (2H, d), 7.73 (1H, d), 8.04 (2H, d)
Intermediate 91: (Z) and (E)-1-(4-chloropheny1)-2-OH-pyrazol-1-ybethanone 0- methyl oxime 20
Methoxylamlne hydrochloride (0.668 g, 8.00 mmol), was added to a stirred solution of 1-

(4-chlorophdhyNYIE (AR M| @Q@bi%héhé%t@rrﬁ@&ﬁ@%’)(ﬁﬂ@s‘é & faklonaf rbbrhH.
temperature,urder @raans TheresyIgng geftign éyaﬁﬁl(ﬁﬂ gz gy yﬁng rature overnight. The
r

pyridine was evaporated in vacuo and the residual solid was |turated W|t 25a saturated aqueous
solution of S48itiHs MHragehicarbonate (50-100 ml). The solid was filtered, washed with water and
dried to afford (Z) and (E)-1-(4-chloropheny1)-2-OHpyrazol-1-yeethanone 0-methyl oxime (1.080 g, 87
%) as a dark yeIIow SO|Id NMR & MS EN00228 18 01 m/z (ESI+) (M+H)+ =250. WO

: i 'Sk 2 pthy AHANE3 99 (3H, s), 5.44 (2H, 9),

6.19 (1H, dd), 7.36 (1H d) 7.42 (2H, d), 7.65 (2H d 1271 L (1H, d)
b

Tert-butyl 2-acetamido-1-(4-chlorophenyl)ethylcarbamate (Intermediate 82) (148 mg,

Cl

0.47 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
10 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-amino-2-(4-chlorophenyl)ethyl)acetamide (98
mg, 97 %) as a pale yellow crystalline solid.
15 'HNMR (399.9 MHz, CDCl3) § 1.61 (2H, br, ), 1.97 (3H, s), 3.28 - 3.37 (1H, m), 3.44 -
3.52 (1H, m), 4.05 - 4.11 (1H, m), 5.78 (1H, br, s), 7.28 - 7.36 (4H, m)
MS m/e MH" =213

Intermediate 84: tert-butvl 4-(2-acetamido-1-(4-chlorophenvl)ethvlcarbamovl-1-(7H-

20  pyrrolo]2.3-d]pyvrimidin-4-yl)piperidin-4-yvlcarbamate




Intermediate 92: 1-(4-chlorophenyl)-2-(1H-pyrazol-1-vHethanamine Borane tetrahydrofuran complex
(15.00 mL, 15 00 mmol) was added to a stirred solution of (Z) and
(E)-1-(4-chldyOpten9473583(1H-pyrazol-1-y1)ethanone 0-methyl oxime (InterEetiaR2@3)j0f09239 g, 3
mmol) dissolved in THF (30 mL) at room temperature under argon. The resulting solution was stirred
under reflux for 3 hours. The mixture was cooled io i#2ne ice,/water bath and water (25 ml) was
carefully added followed by 20%NaOH (25 nil). The resulting biphasic mixture was relluxed overnight
with vigorous magnetic stirring and allowed to cool. Diethyl ether was added and the layers were

separeated OftieeRaieotaipee by haNHEMNexIrdeteangiiy dremynehsspdvramiesp @ niitered and

evaporated o giye, {16 GradeIRadHCt(7Almg 35%) FhisuRs YseH-Alierty in the Ibflowing reaction. 15
NMR = EN00228-27-01 111. NMR (500 MHz, CDC13) 64.23 (1H, dd), 4.42 (1H, dd), 4.61 (1H, dd),

6.54 (1H, daytxygarbpnydynrmi-lo{ Hapyrrelol2.Brddpy rrsslinf yd)pinesidtertiedboxyBetasisty |
4'(1'(4'Ch|0(ﬂﬂ@ﬁﬂ¥a}i¥é(i-ﬁ3@/ﬁ§g§§§anﬁﬂol) and N-ethyldiisopropylamine (0.046 mL, 0.27
0l2,3-dlp

thethylcarbamoy1)-1-(7H-pyrrol yrimidin-4-v1)piperidin-4-ylcarbamate WO
20091054756313“@‘”V@éﬁ@b@/@@@bi@qua&%@gm%gqrﬁ%ﬁﬁl%g'%ded in one portion to
4-(tert-buto M&%?ga AR (T H Y (TRl iR d5y dyponeriding Arrarasmic ag
(Intermedia%tse 1) .?85?59,%gcfnmolc)gyg-(Eﬁ%ﬁ%mﬁe@%%-(%Ig‘-?pyra_zol-l-%ggtﬁlgr{liarbnir?g ¢
(Intermediatéteed {or 50 gl,ll@.stﬁ?@faneammmfdﬁsp@fp%ﬁg}r&mwﬁ@mw giyreen odhmol) in
N-methy 1-2;aykolifinQae  Srldak) A1 £ IR I RAPRHREMIERAE) REIOR T N Eastging salifipn was

stirred overnight. The reaction mixture was purified by preparative HPLC using a Waters X-Bridge
reverse-phd&d CoRfsHEted anderiiedurrddiesswid Hin igrdyeters 10! st herdlh selwiate of 40 mi/

minute), ang pleRarBRPNyRMAN IBRNIRS ShWRHR CIEOMAI NN hBRRAMDONIYE Saskpnaieband

acetonitrile as eluent. The fractions containing the desired 10compound were evaporated to dryness to
afford tert-@@@*(ﬁ.@@%f&%ﬁéﬂ%ﬂaﬁm were combined to give tert-butyl 4-(2-acetamido-1-(4-

pyrazol-1-yertbydprebamanlit-dtdolipronisdelpyrinidydnyiinieyighhérideadatnate (0.216 g, 76
%) as a white crystalline solid. miz (ESI+ ilf\%/HH)-'_ = 565. NMR = EN00228-28-01 1511-I NMR (500
MHz, DMSOLIEPBEEE (Hme) 81l 79) @sotayriess 298f in), 2.00 (1H, in), 3.53 (1H, m), 3.52 (1H, m),

3.94 (1H, My AR 1kh9w) MBS I6NTs Od;)% 1461tdHdd), BROEHH s ft), 98 14K 16, 6idB 8ear3(34, d), 7.16
(1H, d), 7.25 (1H, s), 7,29 (4H, s), 7.43 (1H, d), 7,53 (1H,sg 8.12 (1H, ), 8.35 (1H, d), 11.67 (1H, 5)
20 Intefmedidte Bk 120132 BrMRhéhA -4t Ao b et ehdmingl: m). 6.58 - 6.6 T (1H, m),

7.14 - 7.23 (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

20  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

25 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
30 (6H,m), 7.29 - 7.35 (9H, m);



A 2.5M solution oIN-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 -70X0 PHRdE84iing pale yellow slurry was stirred at - 2570 C for 2 8CHdeB24080f0P3Henzonitrile
(2.75 g, 20.00 mmol) in TI-IF (35 00 mL) was added dropwise to the suspension, which was stirred at
-70 C for 90 minutes alter the end of the addition. THd¥eaction mixture was allowed to warm to room
temperature under stirring and darkened. The crude was concentrated to dryness and diluted with
ethyl acetate WO 20091047563PCT/GB2008/050925 149 then washed with water, dried over
magnesiumigiElhake) AN Ebrce A atEl T &RcTudi8Sodiduct was purified by flash chromatography on
silica gel eluting with 10 to 100% ethyl acetate in dichloromethane. The solvent was evaporated to
dryness to afford (Z) 1 (4 chlorophenyl) 2 -(thiazol-2- yeethenamlne (1.466 g, 31.0 %) as a pale yeIIow
solid. NMR latgraned: . (Astuiy 1 phimidazobidvlietiangli; CDC13) 6 5.72
(1H, s), 6.54 (2H, m), 6.99 (11-1, d), 7.38 (d, 2H), Z{E\ZI-bId,g 7.68 (1H, d) 10Intermed|ate 95:

N

1-(4-Chlorophenyl)-2-(thiazol-2-yflethanamine ClI solution or hydrochloric acid in MeOH at room
temprature, was added dropwise to (Z)-1-(4-chloropkeéryl)-2-(thiazol-2-yeethenamine (Intermediate
94) (1.45 g, 6.13 mmol) and traces of bromocresol green dissolved in MeOH (45 mL) until the solution
turned from 15dark blue to orange. Sodium cya pbo ydride (0.481 g, 7.66 mmol) was added in one
portion to the stirred solution and orange cotorWwss aintaffiéd by adding dropwisc the 2N solution of
hydrochloric acid in methanol at room temprature. After |h stirring, solvent was removed under
vacuum, thé&utyidichwas thkdh imh'ﬁxmlwa(érmhlma’sﬁdjnmkﬁd wasudded Byopddingol fewttiydds of the

2N solution X chloric methan ase shed wi h |ethyl ether
twice then pﬁ%’gﬁ acriIl ugs[%ed ?o&iﬁ I‘éaél negsgjzi%%qg(?ggﬁs o) Qon 0 @um d0 foxide and the basic
agueous ph’é%’@wwemmmédﬁmhrdr&ﬂwltetcﬁmrnmmnTﬂdawmhﬂmgldaﬂeseWemmmm with brine
dried over a nesjugy, s and congentrated ta afford

1-(4-chlorop Iécllm()? {Zﬁth%%};- -;lélent (Eanglmlne Lg]fdl S%OCO%)"%‘? %négig?fgs%eéﬂﬁgfg ﬁn\ﬁ&@
EN00228-4iudd])HnNIVMIR (ymmmmﬂgmmm¢ 6Pht @cRidommy,a3 Akoiddd, tdoyaBie8 (dvh, tad) °¢.22 (1H,

B, 7. 32 (21 &-leg)que% h(ez({_l chtil)l sét%%‘a@‘(l_&\lglhal %50 i'}an(} extracted with TBME (2X). The

combined extracts were washed with brine, dried over MgSQO., concentrated by

O

evaporation then purified by flash silica chromatography, elution gradient 20 to 30%

EtOAc in isohexane. Pure fractions were evaporated to dryness to afford 1-(4-

chlorophenyl)-2-(1-trityl-1H-imidazol-2-yl)ethanol (1.810 g, 63.1 %) as a colourless solid.
15 1HNMR (399.902 MHz, DMSO) 6 2.05 (2H, d), 4.59 - 4.63 (1H, m), 5.99 (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 tR = 3.54 min.

Intermediate 87: 2-(1-(4-chlorophenvl)-2-(1-trityl-1H-imidazol-2-vl)ethvlisoindoline-

(\N /CPh3
N/

20  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



WO 20091047563PCT/GB2008/050925 150 Intermediate 96: Tert-butyl
4-(1-(4-chlorophenvl)-2-(thiazol-2-vbethvicarbamov1)-1-

C7H-ovrroloY9, 2008¢4idin-4-0)piperidin-4-vicarbamate HATU (0.418 g, IAOIt6®N8Hae9atded in
one portion to 4-(tert-butoxycarbonylamino)-1- (7H-pyrrolo[2,3-d]pyrimidin-4-yppiperidine-4-carboxylic
acid (Intermediate 1) (0.361 g, 1.0 mmol), 1-(4-chlorehenyl)-2-(thiazol-2-yDethanamine (Intermediate
95) (0.318 g, 1.00 mmol) and N,N-diisopropylethylamine (0.348 mL, 2 00 tntnol) in N-methy1-2-
pyrrolidinone (5.0 mL) at room temperature under argon. The resulting solution was stirred overnight.
Et20 was addBu(@ prbeipitentHenpeiyrs Quet, ansaadwds! filteragcsabhr r o tBlasetullpMAtASEL20 and
dried in Vacé’cﬁtl&lqltvﬁﬁ?ﬁtfgﬂ%rture for 60 minutes then concentrated by evaporation and purified
4-(1-(4-chlorophenyl)-2-(thiazo12-ypethylearbatnoy1)-1-(7H- yrro?z)[z, 3-d]pyrimidin-4-yepiperidin-4-yl
carbamate mﬁswwmmm@m <lptigmozadiorg 2 o AQ7NRRAS B0 IvMRex M Sor6) 6 1.23
(9F ), 1740l kAR (Bl R QR WhARE10 @LchiGRRBANBH ISR (LH, m), 4.00
(1H, m), 4.19 (1H, m), 5.29 (1H, dt), 6.57 (1H, d), 7.17 (1H, d), 7.30 (21-1, d), 7.37 (2H, d), 7.54 (1H),
d), 7.69 (1HMHYagol-3 plpetsyDsaindalingn] .8-dopeigl 4§ 2.1 @8°(@1s §)celpupess ioapy+H)+ = 582 20
WO 20091Q47263PG TAeR2Q08/05092p E5{rIntergagdigte 97: lithium
3-(4-(tert-butontarbonylamino)-1-(7H-pyrrolol 2,3-dl pvrimidin-4-yl)piperidine-4-earboxamid
0)-3-(4-chlorophenyl) pro panoate CIOLi Lithium hydroxide (1.436 mL, 2.87 mmol) 2N in water was
added to a gifteh SUEREBRION QAN EYhenyl)-2-(1-trityl-1H-imidazol-2-yl)ethanamine
3-(4-(tert-butoxycarbonylamino)-I1-(7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidine-
4-carboxamido)-3-(4-chlorophenyl)propanoate (Inte @{ja@f’%) (400 mg, 0.72 mmol) in THE (40 mL)
at room temperature. The resulting suspension quickly Went into solution and was then stirred at RT
overnight. The following morning a white precipitatelﬂad rmed. This was filtered and dried in vacuo
to give lithium 3-(4-(tert-

cl NH

10 2-(1-(4-chlorophenyl)-2-(1-trityl-1H-imidazol-2-yl)ethyl)isoindoline-1,3-dione
(Intermediate 87) (1.78 g, 3.00 mmol) and hydrazine hydrate (0.204 mL, 4.19 mmol) in
methanol (30 mL) were refluxed for 3 hours. The resulting clear solution was left to cool to
room temperature overnight then filtered. The filtrate was applied to a 20g SCX cartridge
and eluted with methanol followed by 2N NH3(MeOH). Product-containing fractions were

15 combined and concentrated by evaporation then purified by flash silica chromatography,
elution gradient 2 to 5% MeOH in DCM. Pure fractions were evaporated to dryness to
afford 1-(4-chlorophenyl)-2-(1-trityl-1H-imidazol-2-yl)ethanamine (0.942 g, 67.8 %) as a
colourless solid.

IH NMR (399.902 MHz, CDCI13) 6 2.16 (2H, d), 4.01 (1H, t), 6.74 (1H, d), 6.90 (2H, d),

20  6.99(1H, d), 7.08 - 7.13 (7H, m), 7.29 - 7.32 (10H, m);

m/z (ESI+) (M+H)+ = 464; HPLC tR = 3.13 min.



10butoxycarbonylamino)-1-(7H-pyn-olo[2,3-d]pyrimidin-4-yl)piperidine-4-carboxamido)-3-
(4-chlorophenyl)propanoate (396 mg, 100 N. NMR & MS = EN00228-39-01 1H NMR (500 MHz,
DMSO-d6) 8V0.20000M75%p, 1.89 (2H, m), 2.06 (2H, m), 2.27 (2H, m), 3.30 (2PCHGR2MMEINFIMRIden by
H20), 4.33 (2H, m), 4.83 (IH, m), 6.57 (IH, s), 7.14 (1H, 15s), 7.22 (2H, d), 7.32 (21-1, d), 7.58 (1H, m),
8.10 (11-1, s), 10.02 (1H, s); nilz (ESI-) (M-Li)- = 5414%O 20091047563PCT/GB2008/050925 152
Intermediate 98: tert-butyl 4-(1-(4-chlorophenvl)-3-(dimethylamino)-3- ww pro

pvicarbamovl)-1- (7H ovrr91912 3-dlovrimidin-4-0)piperidin-4-vicarbamate HATU (152 mg, 0.40
mmol) was BHgEmediate iy (4-chlorophenyl)-2-(1- trltvl 1H-imidazol-2-

3-(4-(tertbu ili
(4-chlorophenyT)propanoate (In ermediate
mg, 0.59 mmol) and N,N-diisopropylethyla
(3.0 mL) at room temperature under argon. {}
added to precipitate the crude io product which fo med as a gum. This was rinsed with EbO and dried
to give the crude gum (770 mg) which w. xed-An su seqyent reactions without further purilication.

mg, 0.36 mmol), dimethylamine hydrochloride (48.0
e q.’é‘@ mL, 1. 09 mmol) |n N- methyl -2- pyn- -olidinone

; Hpjfe@ﬂkfmate\ IsSodium hydride (35.0
mg, 0 87 mmol) was added to tert-butyl 1-(4-chlorophgny1y- 3 hydroxypropylcarbamate (Intermediate
30) (200 mg, 0.70 mmol) in THF (10 mL) at OC underlitrggen. The mixture was stirred at OC for 15
minutes. Methyl iodide (0.044 mL, 0.70 mmol) was addqd dropwise, and the resulting suspension was
stirred at 22 C for 4 hours. The reaction was quench { S04 solution (IM, 0.5 mL) and water

(15 mL). lN/ N
H
O-(7-Azabenzotriazol-1-yl)-N,N,N',N'-tetramethyluronium hexafluorophosphate (166 mg,
5 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), 1-
(4-chlorophenyl)-2-(1-trityl-1H-imidazol-2-yl)ethanamine (Intermediate 88) (193 mg,
0.42 mmol) and N-ethyldiisopropylamine (0.087 mL, 0.50 mmol) in DMF (2.0 mL) at
room temperature. The resulting solution was stirred at room temperature for 3 hours then
10 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)-2-(1-trityl-1H-imidazol-2-yl)ethylcarbamoyl)-1-(7H-pyrrolo[2,3-
d]pyrimidin-4-yl)piperidin-4-ylcarbamate (320 mg, 95 %) as a cream solid, which was
used without further purification.
15 1H NMR (399.902 MHz, CDCI13) 6 1.40 (9H, s), 2.05 - 2.29 (6H, m), 3.56 - 3.61 (2H, m),
4.35-4.42 (2H, m), 5.33 (1H, s), 6.50 (1H, d), 6.78 (1H, m), 6.93 (2H, d), 6.97 - 7.01 (7H,
m), 7.13 (2H, d), 7.26 - 7.35 (10H, m), 8.27 (1H, s), 9.25 (1H, brs), 10.22 (1H, br s).
m/z (ESI+) (M+H)+ = 807; HPLC tR = 2.28 min.

20  Intermediate 90: 1-(4-Chlorophenyl)-2-(1H-pvyrazol-1-yDethanone

a
\/N

N

Cl



20 The mixture was extracted with diethyl ether (3x 20 mL); the combined extracts were washed with
saturated brine (20 mL), dried over MgSO4, filtered and evaporated to give crude product. The crude
product wasxzéiederséfash silica chromatography, elution WO 2009104 7B6B/6BTGBBOB8/050925
153 gradient 20 to 60% EtOAc in isohexane. Pure fractions were evaporated to dryness to afford
tert-butyl 1-(4-chloropheny1)-3-methoxypropylcarbaidate (80 mg, 38.1 %) as a white solid. 11-1 NMR
(399.902 MHz, CDC13) 6 1.40 (9H, s), 1.91 (1H, s), 2.01 (1H, s), 3.30 (3H, s), 3.32 (2H, m), 4.79 (1H,
br.$), 5.45 (1H, br.$), 7.20 (21-1, d), 7.29 (2H, d); (ESI+) (M+H)+ = 300, 302 (M+H+), 244.3, 246.3
(M+H+ -C4A8rIutipn of iy eazolog Frifh 21 b aaied 2002 braumbrehiloserceinineensnhictas-1-amine

14112 10 Hyslrpgem aNosided tME (76 10%ane. QR ichPpaaies.AGISR Jont sk uty! 1-

(4-chlorophenyl)-3-methoxypropylcarbamate (Intermediate 99) (80 mg, 0.27 mmol) in a mixture of

DCM (5 mLYa&id Riethahsher vyis)addod arl tha@recipitivig) seidtistctay sthedavahabethybeb¢iours. The
mixture was,copReatEted ANG e pasidus was-RYfe g By ien é@@%@%&@ﬁﬂf@% giaphy, using an
g

SCX column. The desired product was eluted from the column usin H3/MeOH and pure fractions

were evapdrad i HeGBIs ey saarePia B GoRbIAY Sldad ook rbptien Amine &1 tieng, 88 %)

as a colourlgsofrddd MR (9% WhteMirge (RGELANL BOred BF4E HhiMtd 3h(3HnSlydig4 (1H, m),
3.43 (IH, In), 4.09 (1H, g#gz? -7.31 (4H, m); 20 rniz (ES1+) (M+H)+ = 200.2, 202.3 (M+H+) ; HPLC

tR = 1.70 nfifystibyvpte fiethdavadedenthadiite cyatat b sisHaRv B aeifethiSkb lofearbamov)-1-
17H-tivrrol1 @R« 3HByyinidin4-yriraridiniéayiceeamates \0d 84 mmol, 46.6 %) as a pale yellow
solid. Reextraction of the washings gave further product. This was purified by flash
10 chromatography on silica gel eluting with 0 to 10% ethyl acetate in dichloromethane. The
solvent was evaporated to dryness to afford 1-(4-chlorophenyl)-2-(1H-pyrazol-1-
yl)ethanone (2.78 g, 12.60 mmol, 25.7 %) as a colorless crystalline solid.
NMR & MS = EN00228-12-01
m/z (ESI+) (M+H)+ = 221.
15 1H NMR (500 MHz, DMSO-d6) 6 5.83 (2H, s), 6.61 (1H, dd), 7.48 (1H, d), 7.66 (2H, d),
7.73 (1H, d), 8.04 (2H, d)

Intermediate 91: (Z) and (E)-1-(4-chlorophenvl)-2-(1H-pvrazol-1-yl)ethanone O-

methyl oxime

~
20 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
25 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.



0-(7-Azabenzotriazol- | -y1)-N,N,N,Nr-tetramethyluronium hexafluorophosphate (55.2 mg, 50.15 mmol)
was added to 4-(tert-butoxycarbonylamino)-1-(7H-pyrrolo[2,3-d]pyrimidin-4- yOpiperidine-4-carboxylic
acid (Interma@2W%9Y48B63mg, 0.14 mmol) and Nethyldiisopropylamine (0.02BGHGEIIDB/¢vAZE) in NMP
(5 mL). The resulting solution was stirred at 50C for 10 minutes then cooled to ambient temperature.
1-(4-Chlorophenyl)-3- methoxypropan-l-amine (Intek#Tediate 100) (27.6 mg, 0 14 minol) was added as
a io solution in NMP (2 mL) The resulting mixture was stirred at 22 C for 16 hours. The reaction
mixture was diluted with EtOAc (75 mL) and washed sequentially with water (6x 75 inL), and saturated
brine (50 in LI TR B8 MEle DVEEQIHEeH 8P NS ou Sfittetel dndelbpidiatkh. tb Hiford.tude
product. The g5 £ P§ ’d#gg ’gy’riﬁgg mqf’lgﬁh silica chromatography, elution gradient 1 to 4 % (10:1
MeOH/conc. NH3 (aq)) in DCM. Pure fractions ' were evaporated to dryness to allbrd tert-butyl 4-(1
-(4-chloropheny1)-3-

sdindivigarbamate (52.0 mg, 69.2
%) as awhie sora. z S H, t), 1.92 - 2.05 (4H, m),

3.22 (3H, s), 3.29 (2H, 1), 3.55 (2H, in), 4.24 (2H, AFW.89 (11-1, dt), 6.60 (1H, dd), 7.05 (1H, 20br.),
7.16 (1H, dd), 7.33 (4H, m), 7.99 (11-1, d), 8.13 (N-Ng), 11.65 (11-1, s); nilz (ESI+) (M+H)+ = 543.4,

S-3-(tert-butoxycarbonviamino)-3-(4-chlorophen anethioate Potassium thioacetate (43.9
mg, 0.38 mmol) was added to 3-(tert-butoxycar mino)-3- (4-chlorophenyepropyl
methanesulfonate (Intermediate 31) (70 mg, 9.19 minol) in DMF (5 mL) at 22 'C. The resulting solution

was stirred gt,o0 G dohigy AR R al BSn'iEPe%“%% e \Wap %@fﬁf&d‘? Wb G2 it gshed

sequentially with 20% saturated brine (4x 50 mL) and saturated brine (25 mL). The organic layer was

dried over Mg&0andikErett @rehtojaplparédZd dffondaeldeyiethasereHe-erebzl sroisct was purified by

flash fosilicq,lgprgiaPPLY(PYAN SahveR) LR FIRAR IPATBHANS.RUATRAHRAR et gyaporated
to dryness to afTord S-3-(tert-butoxycarbony am|no)-3-(4-ch|oro§henyl)propyl ethanethioate (61.0 mg,

92 %) as a HBRE dowdesHtmRlgon oo MHed amten Bk for dqus) Thogudyrgtyas agolel, s),

2.83 (2, M)y g6 1cCHaF Bhitt88 (Hibr RO 2R e Ay AL b1 Dwd@ Y/ 2dH DMK+ -C4HB)
= 288.3, 290.3 ; HPLC tR = 2.80 min. Intermediate 103: tert-butvl

1-(4-chloropenthg-msaiiasivhng pinesia iate cRustl srednigihiv B e (20 oHy "B HSABNRGSs added

to a mixture, i ALRICAIHHE63. DhotRAARLE MRudReIAH GRS (s vtk kepsiedd® HicGrganic
S-3-(tert-Butoxycarbonylamino)-3-(4- _
layer was further extracted with diethyl ether dried over MgSO,, filtered and evaporated to

give the crude product (741mg, 55%). This was used directly in the following reaction.

15 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-

20  vDethvlcarbamovl)-1-(7H-pvrrolo]|2.3-dlpyvrimidin-4-vD)piperidin-4-vlcarbamate

~

N/

N
0
N O
[olaf
0
Cl
N
N7 N\

H




chlorophenyl)propyl ethanethioate (Intermediate 102) (58 mg, 0.17 minol) was added dropwise as a
solution in acetonitrile (2 mL) and the resulting solution was stirred at 22 C lor 1 hour. Concentrated
agueous anWeHAeEdedn (3 mL, 63.00 mmol) was added dropwise and tHRCEIIXB2A9809825 for 3
days. The mixture was evaporated and the residue 156 was partitioned between DCM (30 mL) and
water. The aqueous layer was extracted with DCM (BB mL) and the extracts combined with the organic
layer. The combined organics were liltered through a phase-separating paper and evaporated. The
residue was pun i lied by flash silica chromatography, elution gradient 30 to 80% EtOAc in isohexane.

Product- 5cBAARIHY208didhadvenobwiiordesd 8 engmestian QifbfiPteRubutyFatiaoaisreeidny1)-3-
| f | 2 68.6,0 a whi idid 1z ; 13) 6
sul tamoy p(@ﬁ%@%idﬁﬂﬁ%’)ﬁﬂmm _@%@#ﬁﬁé’%'&%%% LlelaNMiRefAYHRARE Mtz §0C13)

1.42 (9H, s), 2. ,3.11 2H, in), 4.74 (1H, br.$), 4.93 (1H, t), 7.23 (2H, d), 7.34
(2H, d); nilZ¢ESmNA+H64-chiprgphendy-2-(Hspyrappbiley birthapaming (Inter medinte §dk W

3-amino-3-(d-ghigrapNe MY R enaNeshrsHRNAMIRECI 17 ysrogen aiRsists (Miniixan, 1.0 niL, 4

00 mmol) was added to tert-butyl 1-(4- chloropheny1)-3-sulfamoylpropylcarbamate {Intermediate 103)
(38 mg? 0. 10YHiPhEIRNE BOribLREre P ENNPSTARIL ARG Fhitseih ol 1o el o hdtionjrasesdiifgdy
solution wagglifrediatge &E%%ﬁ%i%-J&epmimeogfgémﬁ%a}m@&mg%swwstﬁe residue was

purified by ion exchange chromatography, using an SCX column. The desired product was eluted from

the column BERES S0 tomhriaseH Mo Deidranspise A AcaerdidnssedaBoratdangiryness to

afford 3-aminQ3-ded-chlay %U%Miﬁé?@ﬁ@@é@fé&ﬂfﬁ lﬂ@rﬁ%&%&%@d&-&%ﬁaﬁﬁ&@b@%“eSS gum.
ni/z (ESI+) (M+H)+ = 249.2, 251.2 ; HPLC tR = 1.32 min. 157 Intermediate 105: tert-butvl

4-(1-(4-chIGFEpPREHYD) cubonaipbvidraprirtiles siyent. The fractions containing the desired
17H-tiyiro10d 2 (hiRyEiidim ey RS HeifdsicarkpIRIe byl 4-(1-(4-chlorophenyl)-2-(1H-

pyrazol-1-yl)ethylcarbamoyl)-1-(7H-pyrrolo[2,3-d ]pyrimidin-4-yl)piperidin-4-ylcarbamate
(0.216 g, 76 %) as a white crystalline solid.
m/z (ESI+) (M+H)+ = 565.
NMR = EN00228-28-01

15 1H NMR (500 MHz, DMSO-d6) 6 1.40 (9H, s), 1.72 (1H, m), 1.87 (2H, m), 2.00 (1H, m),
3.53 (1H, m), 3.52 (1H, m), 3.94 (1H, m), 4.13 (1H, m), 4.38 (1H, dd), 4.74 (1H, dd), 5.30
(1H, dt), 6.14 (1H, dd), 6.57 (1H, d), 7.16 (1H, d), 7.25 (1H, s), 7.29 (4H, s), 7.43 (1H, d),
7.53 (1H, s), 8.12 (1H, s), 8.35 (1H, d), 11.67 (1H, s)

20  Intermediate 94: (Z)-1-(4-Chlorophenvl)-2-(thiazol-2-vl)ethenamine

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 -

25 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



0-(7-Azabenzotriazol-1-y1)-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- yDpiperidine-4-carboxylic
acid (Interme@2%Y)4Z83mg, 0.08 mmol) and N,N- diisopropylethylamine (POT&BRIHIIPRIMOI) in
NMP (5 mL) at 22 'C. The resulting suspension was stirred at 50C for 10 minutes. The mixture was
cooled to ambient temperature and 3-amino-3-(4-chldfophenyl)propane-1-sulfonamide (Intermediate
104) 10(19.27 mg, 0.08 mmol) was added as a solution in NMP (2 mL). The mixture was stin-ed at 22
"C for 3 days. The mixture was diluted with methanol and loaded onto an SCX column. The crude

product washstrfishas ith ssecpradiie EaYsHiategeapmy stirhdtesirhicopsannR@sIdeitsadeom the
column using AN 3/)ERHARFIRUFE.FRRHADS e Y RRIALEELIR AYRGRs T A prpduct was

purified by flash silica chromatography, 15elution gradient 2 to 6% (10:1 MeO11/conc. NH3 (aq)) in
DCM. Pure degtiois didrorsmgibraged be shhrassvas arareraad butyyaces Qo édhdniytt)-3- sul lam

o gL e Pt e g0 o 1
%) as a white solid. nilz =592.4,594.3 ; =1.99 min.
20091@475&@@%&/@@2@@@?@3@%&%%@% Intermediate 106: tea-butyl

3-amino-1-§§lﬂgt@@gpp}m¥ -3-oxppropylcarbamate CI NH, >(ONHO0O0
0-(7-Azabenzotriazol-1-y1)-N,N,N,Nr-tetramethyluronium hexalluoro-phosphate (4

66 nig, 1.23 mmol)
was added WONMBAAIHYE York D13 arieLH. o &nith GRS LHoR St (2461 nf 6,82
nunol), ammaniymn £hiride @31 mg, 2.45 mmol) and N,N-

10 Intermediate 95: 1-(4-Chlorophenyl)-2-(thiazol-2-v)ethanamine

/N
]

Cl

A 2N solution of hydrochloric acid in MeOH at room temprature, was added dropwise to
(Z)-1-(4-chlorophenyl)-2-(thiazol-2-yl)ethenamine (Intermediate 94) (1.45 g, 6.13 mmol)
and traces of bromocresol green dissolved in MeOH (45 mL) until the solution turned from

15 dark blue to orange. Sodium cyanoborohydride (0.481 g, 7.66 mmol) was added in one
portion to the stirred solution and orange color was maintained by adding dropwise the 2N
solution of hydrochloric acid in methanol at room temprature. After 1h stirring, solvent
was removed under vacuum. the crude was taken up into water, pH was adjusted around 2
by adding a few drops of the 2N solution of hydrochloric acid in methanol. The aqueous

20  phase was washed with diethyl ether twice then pH was adjusted to 14 by adding a 6N
aqueous solution of sodium hydroxide and the basic aqueous phase was extracted with
diethyl ether twice. The organic phases were washed with brine dried over magnesium
sulphate and concentrated to afford 1-(4-chlorophenyl)-2-(thiazol-2-yl)ethanamine (1.310
g, 90 %) as a colorless oil.

25 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)



diisopropylethylamine (0.811 niL, 4.90 mmol) in DMF (4 niL) at 20C under nitrogen. The resulting
suspension was stirred at 20 C for 18 hours. The reaction mixture was evaporated to dryness and
redissolved WIR2ORO{2ZH3InL), and washed sequentially with water (25 mL) ad/6@esed e (25 mL)
The organic layer was dried over MgS0O4, 10filtered and evaporated to afford tert-butyl
3-amino-1-(4-chlorophenyl)-3- oxopropylcarbamatel (00 mg, 82%) as a white solid. nth (ES1-) (M-H)-
= 297; HPLC tR = 1.91 min. Intermediate 107: 3-amino-3(4-chlorophenybpropanamide CI NH, NIL. O
15 HC1 (4M) |n 1, 4 d|oxane (1 674 mll_ 6.69 mmol) was added to tert butyl 3- atnlno 1-(4-

: ! 4 A 12 iclis.t. NAYD-hil ) at 20C.
The resultlr@ioﬂiﬁ;g)@lﬂgg Sifgerimidi-4- Sﬂ}ﬁﬂi{iﬁl ];acrﬁq,qlggtmxture was evaporated and was
purified by ion exchange chromatographny, using an column. The desired product was eluted

[ ¢ fractions were evaporated to dryness to afford
3-amino-3-(4-chlorophenyepropanamide (466 .6%) as a white solid. 11-1 NMR (399.9 MHz,

DMSO0-d6) 5 0. 99 (2H t), 2.33 2 37 (2H |n) 3.38 (2Hl, s) / 24f( , 1), 7.35 -7.42 (4H, m), 25 miz
] € ea-butyl

N7 X

lN

HATU (0.418 g, 1.10 mmol) was added in one portion to 4-(tert-butoxycarbonylamino)-1-

0-(7-Azabenzotriazol-1-y1)-n,n,n',n'-tetramethyluronium| hexafluoro-phosphate (129 mg,
A\
|

H

5 (7TH-pyrrolo[2,3-d]pyrimidin-4-yl)piperidine-4-carboxylic acid (Intermediate 1) (0.361 g,
1.0 mmol), 1-(4-chlorophenyl)-2-(thiazol-2-yl)ethanamine (Intermediate 95) (0.318 g,
1.00 mmol) and N,N-diisopropylethylamine (0.348 mL, 2.00 mmol) in N-methyl-2-
pyrrolidinone (5.0 mL) at room temperature under argon. The resulting solution was stirred
overnight. Et,O was added to precipitate the rude product, which was filtered, washed

10 plentifully with Et,O and dried in vacuo to give tert-butyl 4-(1-(4-chlorophenyl)-2-(thiazol-
2-yl)ethylcarbamoyl)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidin-4-ylcarbamate (0.550
g, 94 %).
NMR & MS = EN00228-48-01
IH NMR (500 MHz, DMSO-d6) 6 1.23 (9H, s), 1.74 (1H, m), 1.89 (2H, m), 2.00 (1H, m),

15 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

20



50.34 mmol) was added in one portion to 4-(tert-butoxycarbonylamino)- I -(7H-pyrrolo[2,3-
d]pyrimidin-4-yl)piperidine-4-carboxylic acid (Intermediate 1) (82 mg, 0.23 mmol) and
N,N-diisoprdy®l2aps/einie (0.112 inL, 0 68 mmol) in DMF (4 mL) at 20C unbleF/GiBuY8S0PR& resulting
solution was stirred at 20 C for 5 minutes. 3-amino-3-(4- chlorophenyl)propanamide (Intermediate 107)
(45 nig, 0.23 mmol) was then added to the I()reactiorb&nd 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 MgSO4 f||tered and evaporated to afford tert- butyl 4 (3 amino- | -(4- chlorophenyl) -3-
oxopropylcaBiarseny ) Ll il SLiLk:

nilz (ESI+)

niL) at 20C under nltrogen The resultlng solutiop waf stlr{;ed at, for 2 hours The reaction mixture
A ( W@as ed ith water (20 mL) The organic layer
em}but N-[1-(4-chlorophenyl)-3-
00%) as a gum. miz (ES1+) (M+1-1)+ = 405;
<ehlorophenyl)-3-ureidopropylearbamate

was dried over MgSO4, liltered and evaparated to al
(phenoxycarbonylamino)- propyl]carbgmate (427 mgq,
HPLC tR = 2.85 min. 10Intermediate 110: tert-butyl 1-
Ammonium chloride (113 mg, 2.11 mmol) was added‘flin onie Pyrtion to tert-butyl N-[1-(4-
chlorophenyl)-3-(phenoxycarbonylamino)propyl]carb termediate 109) (427 mg, 1.05 mmol)
and triethylamine (0.882 niL, 6.33 mmol) in DMF (3 mL). The'resulting 15solution was stirred at 0.352
molar for 24 halks: o g}?ﬁd@ﬁﬁ@@'l%'ﬁiﬂ@‘ﬂﬁ%ﬁﬁm%mrﬁt%ﬂq%Qé'HE[%@(WE@ EioAQ §39p€ﬂs)o<'i‘1”d

washed with water é mL) The organic layer was dried over MgSO4 liltered and evaporated to afford
tert-butyl 1-p4TREIBIOBHANGaY-BuiE gaRTHy BN ateH eaig] 21 dodsyimid 4 od)pReridinc= 328:
HPLC (R = 1.2} #piand@dnteimeriaisphdy 113 mine: frkfeRAIRRESRY PRIDRYEUER mmol) in

THF (40 mL) at room temperature. The resulting suspension quickly went into solution

and was then stirred at RT overnight. The following morning a white precipitate had
formed. This was filtered and dried in vacuo to give lithium 3-(4-(tert-
10 butoxycarbonylamino)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidine-4-carboxamido)-3-
(4-chlorophenyl)propanoate (396 mg, 100 %).
NMR & MS = EN00228-39-01
IH NMR (500 MHz, DMSO-d6) & 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,
15 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



NT-12 CI 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 25 vacuumed to
dryness andM@e29fiéeB by ion exchange chromatography, using an SCX €61lGR200B@&%red
product was eluted from the column using 0.35M NE3/MeOH and 161 pure fractions were evaporated
to dryness to afford 1-(3-amino-3-(4- chlorophenyl)ptopyl)urea (151 mg, 62.8 %) as a yellow gum. IH
NMR (399.9 MHz, DMSO-d6) 6 1.61 (2H, q), 2.98 (2H, ni), 3.82 (IH, t), 4.05 (2H, s), 5.38 (2H, s), 5.94
(1H,s), 7.37 (4H, m), n|Iz (ESI+) (M+H)+ 228: HPLC tR = 1 25 m|n Intermedlate 112 Tert butyl

4-(1-(4-chlotisims
‘e (373 nig, 0.99
“butoxycarbonylamino)-1-

ate  100-(dg ZQEB%RJ sal

mmol) was added In one portion 1o 4- er

dipyrimidin-4-yl)piperidinc-4-carboxylic aC|d\(*|Imférmed|ate 1) (240 mg, 0 66 mmol) and
N,N-diisopropylethylamine (0.329 niL, 1.99

solution was stirred at 20 C for 5 minutes. £-(3- 3-(4; 15 chIorophcnyI)propyOurca (Intermediate
111) (151 mg, 0.66 mmol) in NMP (2mL) wa dNe the tion and stirred for 18 hours. The
reaction mixture was diluted with EtOACc ( ashe W|th water (20 mL) The organic layer was

m|n

HOC

3-amino-3-(4-chlorophenvl)propanenitrile

HATU (152 mg, 0.40 mmol) was added in one portion to lithium 3-(4-(tert-

5 butoxycarbonylamino)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidine-4-carboxamido)-3-
(4-chlorophenyl)propanoate (Intermediate 97) (200mg, 0.36 mmol), dimethylamine
hydrochloride (48.0 mg, 0.59 mmol) and N,N-diisopropylethylamine (0.190 mL, 1.09
mmol) in N-methyl-2-pyrrolidinone (3.0 mL) at room temperature under argon. The
resulting solution was stirred overnight. Diethyl ether added to precipitate the crude

10 product which formed as a gum. This was rinsed with Et,O and dried to give the crude

gum (770 mg) which was used in subsequent reactions without further purification.

Intermediate 99: tert-butyl 1-(4-chlorophenyl)-3-methoxypropvlcarbamate

\
0

Cl o><
H {
o)

15 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).
20 The mixture was extracted with diethyl ether (3x 20 mL); the combined extracts were
washed with saturated brine (20 mL), dried over MgSO,, filtered and evaporated to give

crude product. The crude product was purified by flash silica chromatography, elution



NH, HC1 (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 5(4mL) at
20C. The re®itRg99uiTti®dn was stirred at 20C for 18 hours. The reaction mBEIVERAE3@FMIrated to
afford 3-amino-3-(4-chlorophenyepropanenitrile (HCI salt) (115 mg, 99%) as a white solid.
Intermediate 114: (4-chloropheny1)-2-cyanoethylcadd@mov1)-1-(7H-pyrrolo12,3-
10dlpvrimidin-4-vbpiperidin-4-vicarbamate  0-(7-Azabenzotriazol- | )-N,N,N1,Nr-tetram ethyl uron i
um hex all uoro-phosphate (306 nig, 0.81 mmol) was added in one portion to
4-(tert-butogyedigndRIENGRY ELOAF ipysebiofans- Bisgdrmtdrnawep panaied e siysgstitoacid (194 mg,
0.54 mmoD AR daglisqareRRiAgIN (.53 Mot R Bal RAME (Rl pl2PC under
nitrogen. The resulting solution was stirred at 20C for’5 minutes. 3-amino-3-(4-chloropheny1)-
propanenitriéiihietfediate 113) (97 mg, 0 54 mmol) in NMP (3mL) was then added to the reaction
and stirred fQy mﬁugsw%@ﬁ@t@?@ﬁ}@tﬂ%w&ﬁ)c(@m(}lt@qqﬁ@ds ,'Q!tﬁ?ﬁmt!‘s DA (B9rat) and

e

washed with water (50mL) The organic layer was dried over M(%S 4, 20filtered and evaporated to

afford (3-chfo?dpREn{1)-2-6Y aHdeMilearpadlbrs)(730 (2H, d), 7.29 (2H, d);

pyrrolol2. 3 ginyirsidSrypinesi shyahanase (0,260 . AR0B6)-(E518) (MpH e S254HPLC R
= 2.19 min. 163 Intermediate 115: tert-butvl 1-(4-chlorophenv1l)-3-
(methylsulfé®&mido)mouvicarbamate  Methanesulfonyl chloride (0.082 mL, 1 05 mmol) was added
dropwise to tert-butyl 3- 5amino-1-(4-chlorophenyl)propylcarbamate (Intermediate 25) (300 mg, 1 05

mmol) and
Intermediate 100: 1-(4-chlorophenyl)-3-methoxypropan-1-amine
\
0
Cl
0 NH,

Hydrogen chloride (4M in 1,4-dioxane, 0.667 mL, 2.67 mmol) was added to tert-butyl 1-
(4-chlorophenyl)-3-methoxypropylcarbamate (Intermediate 99) (80 mg, 0.27 mmol) in a
mixture of DCM (5 mL) and methanol (2 mL) at 22 °C. The resulting solution was stirred
at 22 °C for 5 hours. The mixture was concentrated and the residue was purified by ion

15 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)-3-methoxypropan-1-amine (47.0 mg, 88 %) as a colourless oil.
1H NMR (399.902 MHz, CDCI3) & 1.80 - 1.96 (2H, m), 3.31 (3H, s), 3.32 (1H, m), 3.43
(1H, m), 4.09 (1H, t), 7.27 - 7.31 (4H, m});

20  m/z (ESI+) (M+H)+ =200.2, 202.3 (M+H+) ; HPLC tR = 1.70 min.



N,N-diisopropylethylamine (0.367 mL, 2.11 mmol) in DCM (4 mL) at 20C. The resulting solution was
stirred at 20C for 18 hours. The reaction mixture was concentrated and diluted with Et20 (25 mL) and
washed wittMO2e19(@E/%8) The organic layer was dried over MgSO4, filtereBEKGRAMPOFART to afford
crude product. The crude product was 10purified by flash silica chromatography, elution gradient O to
20% EtOAc in DCM. Pure fractions were evaporated @ dryness to afford tert-butyl
1-(4-chlorophenyl)-3- (methylsulfonamido)propylcarbamate (275 mg, 71.9 %) as a white solid. 1H
NMR (399.9 MHz, DMSO d6) 6 1 37 (94H s), 1.76 (1H m) 1. 82 1 88 (IH m) 2 87 (3H,s), 2.89

-2.91 (2H, ihnte - ) OVAFES]+) (M+H)+
= 361: HPL@{R -ﬁlbq;}&r@phenthpropvl)methanesulfonam|de
NIL, 20TFA T4 mL) was added (o tert-buty -3- (methylsulfonamido)propylcarbamate

(Intermediate 115) (275 mg, 0.76 nunol) and stirre\é%at 20C for 2 hours. The reaction was vacuumed to
dryness. The crude product was purified by ion exghange chromatography, using an SCX column. The

ider (113 mg, 56.7 %) as a colourless gum. IH
NMR (399 9 MHz, DMSO-d6) 6 1.69- 1.72 (2H iii), 12 3 %ﬂf
P

8 B 94 - 2.98 (2H, ni), 3.18 -3.19 (11-1,
m), 3.87 (1H, t), 7.35 -7.40 (4H, m), 5 nilz (ESI+) (MH LC tR = 1.43 min. Intermediate

117: tert-butyl 44044-ehlorophenyl)-3- (methylsulfona o)propylearbamovl) -1-(7H-pyrrolo |1 2,3-d |

pyrimidin-4-yl)piperidin4-vlearbamate 10 ClI
N X
l A\
N N

H

O-(7-Azabenzotriazol-1-yl)-N,N,N',N'-tetramethyluronium hexafluorophosphate (55.2 mg,

5 0.15 mmol) was added to 4-(tert-butoxycarbonylamino)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-
yl)piperidine-4-carboxylic acid (Intermediate 1) (50 mg, 0.14 mmol) and N-
ethyldiisopropylamine (0.029 mL, 0.17 mmol) in NMP (5 mL). The resulting solution was
stirred at 50 °C for 10 minutes then cooled to ambient temperature. 1-(4-Chlorophenyl)-3-
methoxypropan-1-amine (Intermediate 100) (27.6 mg, 0.14 mmol) was added as a

10 solution in NMP (2 mL). The resulting mixture was stirred at 22 °C for 16 hours. The
reaction mixture was diluted with EtOAc (75 mL) and washed sequentially with water (6x
75 mL), and saturated brine (50 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 1 to 4 % (10:1 MeOH/conc. NH3 (aq)) in DCM. Pure

15 fractions were evaporated to dryness to afford tert-butyl 4-(1-(4-chlorophenyl)-3-
methoxypropylcarbamoyl)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidin-4-ylcarbamate
(52.0 mg, 69.2 %) as a white solid.
IH NMR (399.902 MHz, DMSO) & 1.42 (9H, s), 1.90 (2H, t), 1.92 - 2.05 (4H, m), 3.22
(3H, s), 3.29 (2H, t), 3.55 (2H, m), 4.24 (2H, m), 4.89 (1H, dt), 6.60 (1H, dd), 7.05 (1H,

20  br.), 7.16 (1H, dd), 7.33 (4H, m), 7.99 (1H, d), 8.13 (1H, s), 11.65 (1H, s);
m/z (ESI+) (M+H)+ = 543.4, 545.3 ; HPLC tR = 2.31 min.



0-(7-Azabenzotriazol-1-y1)-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-
dipyrimidin-XvQIRoipéHanee-4-carboxylic acid (Intermediate 1) (155 mg, 0.43 PGB 2198/050925
N,N-diisopropylethylamine (0.213 mL, 1.29 mmol) in NMP (2mL) at 20C under nitrogen. 15The
resulting solution was stirred at 20 C for 5 minutes. Ns§3-amino-3-(4-
chlorophenyl)propyl)methanesulfonamide (Intermediate 116) (113 mg, 043 mmol) in NMP (2mL) was
then added to the reaction and stirred Ibr 18 hours. The reaction mixture was concentrated and diluted
chndinte a3 (hem trhtaxyrarhon iaminek 34 9RA¢ eR¥INMgS 04, filtered
and evaporgigaiaifaed tert-butyl 4-(1-(4- 20chl oroph eny1)-3-(m ethyl sul lon ami do)propyl
carbamoy1)-T-(7H-pyrrol o [2,3-d]pyrim i din-4- yl)piperidin-4-ylcarbamate (26 | nig, 100%). miz (ES1+)
(M+1-1)+ = 606; HPLC tR = 2.09 min. The biological effe ! of the compounds of-Fomiula (1) may be
50925 165 In Vitro MDA-MB-468 human
This assay determines the ability of test
compounds to inhibit phosphorylation of Serine-9 hesidue in Glycogen Synthase Kinase-3beta
(GSK-3f3) as a surrogate marker or cellular PKB (Aid) irt§<as assessed using Acumen Explorer

Hl HI A1 KA B A Yo D ¥

ARSI ERTY

Fluorescent Plate-Reader s technology. A MDA-MB-468 ham#én breast adenocarcinoma cell line (LGC
Promochem, Teddington, Middlesex, UK, Catalogue No. HTB-132) was routinely maintained in

Dulbecco's meefioth gl aLqmsy ey (MBI iage bR RASEI I Gaiglpgue No

11966-025) containing 10% heat-inactivated foetal calf serum (FC igma, Poole, Dorset, UK,

Catalogue Kfbeosadcanbirropyl-gieikannsel (e latarmsgdirtadd) 1802630 w3 ndidk 5% Co,

up to a conflsignicy9370c90rik. resullirk HRURBASPRONIRLIOR 88SaY (&he RBllsWelR delaghied from the
culture flask using Trypsin-EDTA (Invitrogen Limited, Catalogue No. 25300-062) and seeded into the

wells of a bRERYFaNEPHErcA SHEhTEMNSIRP cYstanb B tisersa s fdly prafe 3 e saiussdntific UK,
Loughborougel@icestarshiies Wikirbialoienieq 1¥an BPOrhareRRSIARO-R20M&E & ADNRRIY, of 5000

cells per well in 100W of complete growth media. The cells were incubated overnight at 37C with 5%

CO, to alloitisésf i8bermeated alR] srudersefuchelderendaninth e dacdmpbenhd¥ dathincubated
for 2 hours g1i34 ChwithaROGrSR2. TSRS C QIR NESYRISAR BPAENG:AHLOMM Stadkoaeiwiens in DMSO

and dosed directly to required concentration into test wells using non-contact (acoustic 20dispensing
of multiple S4RP'AHIEITIRETH PRS2y (rehbyerrsestassiig aehddibg arapksrsiRerstinnyvale,
California, UaanefEasiciiatosaptamnes eontiiwealbsiyvithout test compound.

1H NMR (399.902 MHz, CDCI3) § 1.41 (9H, s), 1.98 (2H, dt), 2.32 (3H, s), 2.83 (2H, m),
4.67 (1H, br.s), 4.88 (1H, br.s), 7.20 (2H, d), 7.30 (2H, d);
15 m/z (ESI+) (M+H+ -C4HS) = 288.3, 290.3 ; HPLC (R = 2.80 min.

Intermediate 103: tert-butyl 1-(4-chlorophenvyl)-3-sulfamovlpropvlcarbamate

Cl

N-Chlorosuccinimide (90 mg, 0.67 mmol) was added to a mixture of acetonitrile (3 mL)

20  and 2M hydrochloric acid (0.1 mL) cooled to 10 °C. S-3-(tert-Butoxycarbonylamino)-3-(4-
chlorophenyl)propyl ethanethioate (Intermediate 102) (58 mg, 0.17 mmol) was added
dropwise as a solution in acetonitrile (2 mL) and the resulting solution was stirred at 22 °C
for 1 hour. Concentrated aqueous ammonia solution (3 mL, 63.00 mmol) was added

dropwise and the mixture stirred for 3 days. The mixture was evaporated and the residue



20p1 of fixing buffer (Phosphate Buffered Saline (PBS) containing 10% formaldehyde; Sigma;
Catalogue No. F1635) was then added to each well to give a final 25well concentration 1.6%. Plates
were then iNEORAP435630 minutes at room temperature prior to the fixative6&i6d2e18/1630985 Each well
was washed once with 250111 of PBS and then 50p1 PBS added to each well. PBS was then
aspirated and cells pernieabilised and blocked by intéating each well with 50p1 of
permeabilisationiblocking buffer (PBS containing 0.5% Tween 20 (Sigma, Catalogue No. P5927) and
5% Marvel Milk Powder 30 (Andrews Pharmacy Ltd, Macclesfield, Cheshire, UK; Catalogue No.
APC100199Yy3fdantiHenechbebbeandhpé@iraloridty eiiniHeg aguepus layer was extracted with
20091047564 HGRPIQRORRSRRAREcom FRUBWING IRTBANR OF RERoCk TEs GAukA primary
anti-phospho-GSK-313 antibody (Cell Signalling Technology (New England Biolabs (UK) Ltd.), Hitchin,
Hertfordshireeg K tersehiBEie NG 1386 WidtaHME 20DCHARIcIIRY Haffer (PBS KbstaRimy B06Marvel and
0.05% TWGS?@%XE‘%E%&%@@M&?@W dREGFRMELANRE BAUPAEPQVRINIRLAECProdu&ach well

was washed'three times in 250ul of wash buffer (PBS containing 0.05%£ol sorbate 20), and cells

incubated f6PAIHBINEH FAPHLEYRISSTANREXRRH SO0 BEsSde FhEpan tertdrext et ari=?abbit Alexa
Fluor 488 agipadyyiMelaauiapdrrereaolnvitogem bimied Wratalegde No. A11008) diluted 1:750 in

blocking buffer. Plates were washed io three times in 254.1 of wash buffer and stored containing 500

h
of PBS at 48 NMPeGARPe2 MIpatddWldle ardif¥edvsinPart RdURiRnEXpIbler PldiekedBer to

quantify levelaf fypresgentsignal ttljaji@p(rﬁqe@;smgﬁy gf;phosphorylated-GSK-313. Active
compounds caused a decrease in phospho-GSK-3f3 phosphorylation relative to the maximum
(undosed) TBEIRPOTEMEERR sd )WH%MS %ﬁégzs’u?&égytﬂﬂﬁ édrhﬁé’ﬂof phosphorylated objects per
well, and enabled potency of PKB (Akt) inhibitors to be determined. IC50 calculation - IC50 is the
concentration of compound required to give 50% elfect over the or activity affected by the
compound, deRmsdiate 0 srantnosdspdochlorgphenylipropary fenamideompound) response
control data. 1050 values 20 were determined by fitting background corrected, dose response assay
data to a 4 parameter logistic curve fit equation model wj e minimum response set to zero. This
was done using an in-house developed algorithri} withi Prigin graphing software package
(OriginLab Corporation, Northampton, MA, B8A}; xamples of the invention were tested in the
above assay and their mean IC50 25values calctilated. Yhese values are shown in Table G. In vitro
AKT1 kinase assay :

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
15 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
20 mg, 73.8 %) as a colourless gum.

m/z (ESI+) (M+H)+ = 249.2, 251.2 ; HPLC (R = 1.32 min.



This assay detects inhibitors of AKT | (PKBa) kinase activity using Caliper LabChip LC3000. The
Caliper off-chip incubation mobility shift assay uses a microfluidic 30chip to measure the conversion of
a fluorescenWiapele feptide to a phosphorylated product by a respective ROR4eB2DR#S692plete
enzyme reaction is carried out in microtitre WO 20091047563PCT/GB2008/050925 167 plates and
then quenched. The resulting stopped solutions are sgtially 'sipped' through a capillary onto the chip,
where the peptide substrate and phosphorylated product are separated by electrophoresis. They are
then detected via laser- mduced fluorescence Substrate and product arc separated |nto two peaks by
the applicatiffeEME g dity: J X A4 pE v lgaib:

fluorescent signgl fey f:t e tllqam 4- leb‘bgmagé)smg the solvent was 100%
DMSO. A master plate was prepared wi Ul or TOmM Stock from our Primary Liquid Store in
guadrant 1 of a Labcyte 384 well plate. A 1 in 100 dilu ion was made from guadrant 1 into quadrant 2
by removing 0.4ul and 10adding it to 39.641 of D Subsequent | in 100 dilutions were made into
guadrant 3 from quadrant 2 and quadrlapft_{ mq ant 3. Multiple 2.5n1 droplets were
dispensed from each quadrant of the mastér p
Sunnyvale, California, USA) to generate the dose ngndle that v&%equired in the test. The dose range

most commonly used was as 15follows: 100uM, 30uMXOU , 3gM, [uM, 0.3uM, 0.1uM, 0.03uM,
0.01uM, 0.003uM, 0.00 luM, 0.0001uM. Each well was backtilled with Dimethyl Sulphoxide (DMSO) to
a total volume of 1 20n1, such that when the enzyme axr@ substrate mix was added the final DMSO
concentration was 1%. DMSO was added to max congg| wells as 120n1, minimum control wells were
treated with 120n1 of compound at a concentration tfjat inhibied the 20enzyme activity 100%.
Following addition of compound or control to the assa 6[11 peptide mix containing 3[11\4
substrate (5-FAM-GRPRTSSFAEG-CONH2; CRB) and 40 ATP in Kinase base buffer (100mM

Hepes pH KIB(DMMMﬁB@Ia]ndIBNJI\EszthmWMmMhMaﬂﬁEﬂjlﬂtéaﬁtaet'(\m énayme
(Upstate Bigtechnol Cat N 8 25 m and se. ba e huffer was
added. Al t?uﬁgers wcd?e ha ed ?Jp wi gl\}fbt a]tlei né éjg Aed Lgrt%d ?rfg%mtedn azt1 room
temperatu refhjynlﬁ@mmeuatemrtﬂmeytemmd mlmmmppEdIMMmgd@imﬁ)mnfolDaﬁd Sy buffer (100mM
Hepes pH 7 5 0.015% Brjj-35 s 1°o oatin TA, 5% SO) to each
well (N.B. p alt cCHN S E Er%lznelﬁea?#ﬁ?sgtc’r)%o% r(tfg %n (g dqatﬁﬁ)igﬁhﬁ?l) {e/éfw%re% Y re%’d}ﬂ r%alysed using
the Caliper 1mbGhsipr @308 0 Bdug) ﬁm§€oﬁerS§1mem(Cﬁhpm1kiteeSmem$3dtttf\mﬂHieﬂd Preston

Brook, Runcomm W% IAFL g e Nawina ReRarRIGg roRdiggi sk FRkrmRQuREToayn volage
10 (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,

15 elution gradient 2 to 6% (10:1 MeOH/conc. NH; (aq)) in DCM. Pure fractions were
evaporated to dryness to afford tert-butyl 4-(1-(4-chlorophenyl)-3-
sulfamoylpropylcarbamoyl)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidin-4-ylcarbamate
(16.00 mg, 34.9 %) as a white solid.

m/z (ESI+) (M+H)+ = 592.4, 594.3 ; HPLC tR = 1.99 min.

20



0.2 sec, post sample sip time of 30 sec and a final delay of 120 sec. Integration of the substrate and
product peaks was carried out using Caliper LabChip software and IC50 curves were calculated using
OriginTM soM@aned(@figfilLab Corporation, Northampton, MA, USA). ExampleEGBesiova%ion were
tested in the in vitro AKT | enzyme assay and the mean IC50 values obtained are presented in Table
G. Table G Example Number Cellular PKB Mean 1G$8 (PM) In vitro PKBu Mean ICso (P-M) 1 0.2
0.0076 2 0.13 0.0038 3 0.14 0.0067 3A, 3B 0.11, >3.10 0.0026, 0.27 4 0.23

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

5 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,

10 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
15 2

HCl (4M) in 1, 4 dioxane (1.674 mL, 6.69 mmol) was added to tert-butyl 3-amino-1-(4-

o)

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
20 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),
25 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

2

0]
7 H O

cl }}Véﬁ\\( A(

O

N

T

LAy
O-(7-Azabenzotriazol-1-yl)-n,n,n',n'-tetramethyluronium hexafluoro-phosphate (129 mg,

5 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

10 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%).

15 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




11 0.1 0.002 11A, 11B 0.11, 0.48 0.0028, 0.021 12 0.1 0.0027 13 0.09 0.0042 14 0.94 0.003 15 >3.10
0.09316 4.6 0.28 17
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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)propylyurea (151 mg, 62.8 %) as a yellow gum.
1H NMR (399.9 MHz, DMSO-d6) & 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),

s m/z (BSI+) (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,
H/&
N

0

o Jéﬁx( X

\
|/\
N
H

10 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-

15 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

20  mg,100%) as a white solid. m/z (ESI+) (M+H)+ = 571; HPLC tR = 1.88 min.
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Intermediate 113: 3-amino-3-(4-chlorophenvl)propanenitrile

NH,

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-

ok

NH
2o

Cl .\
o)

(methvlsulfonamido)propvlcarbamate

Methanesulfonyl chloride (0.082 mL, 1.05 mmol) was added dropwise to tert-butyl 3-

5 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

10 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

15 (1H, d),
m/z (ESI+) (M+H)+ =361; HPLC tR =2.25 min.

Intermediate 116: N-(3-amino-3-(4-chlorophenvl)propvlmethanesulfonamide

Cl e\

20  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),

s 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

10

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.
15 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-
20 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.

25
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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

5 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.

10 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

15 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

20  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

25 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

30 (Andrews Pharmacy Ltd, Macclesfield, Cheshire, UK; Catalogue No. APC100199)) for 1

hour at room temperature prior to staining.
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Following removal of Perm/Block buffer, 50ul of primary anti-phospho-GSK-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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plates and then quenched. The resulting stopped solutions are serially ‘sipped’ through a
capillary onto the chip, where the peptide substrate and phosphorylated product are
separated by electrophoresis. They are then detected via laser-induced fluorescence.
Substrate and product are separated into two peaks by the application of a high electric

5 field and directly detected using fluorescence. The signature of the fluorescent signal
reveals the extent of the reaction.

For Echo dosing the solvent was 100% DMSO. A master plate was prepared with
40ul of 10mM stock from our Primary Liquid Store in quadrant 1 of a Labcyte 384 well
plate. A 1 in 100 dilution was made from quadrant 1 into quadrant 2 by removing 0.4ul and

10 adding it to 39.6ul of DMSO. Subsequent 1 in 100 dilutions were made into quadrant 3
from quadrant 2 and quadrant 4 from quadrant 3.

Multiple 2.5nl droplets were dispensed from each quadrant of the master plate
using ECHO dosing technology (Labcyte Inc. Sunnyvale, California, USA) to generate the
dose range that was required in the test. The dose range most commonly used was as

15 follows: 100uM, 30uM, 10uM, 3uM, 1uM, 0.3uM, 0.1uM, 0.03uM, 0.01uM, 0.003uM,
0.001uM, 0.0001uM. Each well was backfilled with Dimethyl Sulphoxide (DMSO) to a
total volume of 120nl, such that when the enzyme and substrate mix was added the final
DMSO concentration was 1%. DMSO was added to max control wells as 120nl, minimum
control wells were treated with 120nl of compound at a concentration that inhibited the

20 enzyme activity 100%.

Following addition of compound or control to the assay plate, 6ul peptide mix
containing 3uM substrate (5-FAM-GRPRTSSFAEG-CONH2; CRB) and 40uM ATP in
Kinase base buffer (100mM Hepes pH 7.5, 0.015% Brij-35) and 6ul enzyme mix
containing 8nM AKT1/PKBa active enzyme (Upstate Biotechnology, Cat No. 14-276), 8

25 mM DTT and 20mM MgCl, in kinase base buffer was added. All buffers were made up
with 18MQ water. The plates were sealed and incubated at room temperature for 50
minutes. The reaction was stopped by the addition of 10 ul stop buffer (100mM Hepes pH
7.5, 0.015% Brij-35 solution, 0.1% coating reagent #3, 40mM EDTA, 5% DMSO) to each
well (N.B. plates can be frozen after stopping and read later). The plates were then

30 analysed using the Caliper LabChip LC3000 Drug Discovery System (Caliper Life
Sciences, 1 Wellfield, Preston Brook, Runcorn, WA7 3AZ) using the following separation

conditions; -1.8 PSI, -500 upstream voltage, -1700 downstream voltage, sample sip time of
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Table G
Cellular PKB Mean | In vitro PKBa Mean
Example Number
ICso (LM) ICso (WM)
1 0.2 0.0076
2 0.13 0.0038
3 0.14 0.0067
3A,3B 0.11,>3.10 0.0026, 0.27
4 0.23 0.005
5 0.27 0.0097
6 0.02 0.0012
7 0.14 0.0061
7A,7B 0.10,>3.10 0.0045, 0.24
8 0.3 0.0071
9 0.09 0.0032
10 0.25 0.0042
11 0.1 0.002
11A,11B 0.11,0.48 0.0028, 0.021
12 0.1 0.0027
13 0.09 0.0042
14 0.94 0.003
15 >3.10 0.093
16 4.6 0.28
17 0.24 0.012
18 1.4 0.016
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hERG Analysis

Cell culture

* = tested once only

The hERG-expressing Chinese hamster ovary K1 (CHO) cells described by

(Persson, Carlsson, Duker, & Jacobson, 2005) were grown to semi-confluence at 37 °C in a

humidified environment (5% CO,) in F-12 Ham medium containing L-glutamine, 10%

foetal calf serum (FCS) and 0.6 mg/ml hygromycin (all Sigma-Aldrich). Prior to use, the

monolayer was washed using a pre-warmed (37°C) 3 ml aliquot of Versene 1:5,000



WO 20091047563PCT/GB2008/050925 174 In vivo Experiments Pharmacodynamic analysis of PKB
substrate proteins GSK3(3 and PRAS40 in response to (S)-4-amino-N-( |
-(4-chloropEmM2009341pddoxypropyl)- | -(7H-pyn-olo(2,3-dIpvrimidin-4- yllpi PEAduRMENM 8 amide 2.5
x 106 U8B7-MG cells (ATCC number HTB-14Tm) + 50% matrigel were injected s.c. (subcutaneously)
into the flank of nude mice. When tumours reached EYolume or about 0.5 cm3 an acute dose of 150
or 300 mg/kg of (S)-4-amino-N-(1-(4-chlorophenyl)-3-
hydroxypropyl)-1-(7H-pyrrolo[2,3-d]pyritnidin-4-yOpiperidine-4-carboxamide (E9) was given p.o. (oral
gavage). Alfaisogenk Aferasedian wiclisselnsanihe Port watingHuied a0tissettéd out and snap
frozen in ligiid, BIFQAS AL RRAYSIMPYE VERIGR Wal B0y FhaIgH 1 4 0P8 Wil FmirFdy siRpuffer

containing protease and phosphatase inhibitiors using TastPrep 24" methodology (MP Biomedicals

matrix #69 Houstoy bestdhe boHerheiisitatliche exntiadipninganfst & B Bralkeesd curve using Pierce
BCA kit @%@%&ﬁt@&&’@%ﬁ@gﬁ%ﬁﬁi@g é’&ﬁ%@ﬁ%@b’%ﬂﬂ@ iraRdRERAPAP Py SOl RRase
10SOU

sandwich EL1 rce KH00421). or western blotting, equivalent amounts of protein were

resolvetl bylaviogegatiebeiadded poihadlskmndeprsatediters (mtreeningsoabapripgiieferred to

Hybond C '%éH@iﬂigé{ﬁ%U%@_Sg fB?H‘Hﬁ%@fiﬂ@Y&E@%Q &%@%&@%&%k@&&%ﬁ M‘ﬂH‘tl%' B antiserum
(pGSK313 ser9, Cell Signaling Technology #9336; total GSK3f3, BD 20Transduction Labs #610202)

and subsecRatky ritrsaapdsdisd e Oflcad ditjabateqlbrtsraptrmyes e sy Asing
Technologyi/ Rt &r Anfiamiestdesad-e el ignaling: LeehRRIRY 4/@&mimaungreactive proteins

were detected by enhanced chemiluminescence (#34076 Pierce Supersignal Dura) and bands
quantified viitteE2i A Asrdenibisdex Sungyeis). seidubiho srlbEshshrmiopariumageudtiBition ofpGSK3f3

25comparegiayehiciencond alsyiiellawingnaimatisatipedtdaialiBeE 3isiBe collkeh&hipfidEpzyme

linked Immuno Sorbent Assay), equivalent amounts of protein were added to a 96 well plate

pre-coated WithPeisitheesBRBUE epeicHicAtaTsEEMaE hilis 8y anieicCtih Bantis 58V Specific for

PPRAS40(Thich Qe thea addgdstaliowsraby aibiRR [3heledtantierabhilog.antibedntihe assay is
then quantified using stabilised 30TMB (tetramethylbenzidine) at 450nm on a plate reader. Colour
intensity is BFB%FI?‘O%%IW%%%E%W&@(W of pPRAS40 (Thr 246). The results are shown in Figure .
175 MCF-7 ialaispnosibRipgy using
(S)-4-amino-N-(1(4-chlorophenvl)-3-hydr,oxypropv%i)-1_-17H-pyrro|o2 .

3-d]pyfimidin- 4_y|ﬂﬁ5éﬁmﬁglaﬁ AarboRsiatiaR ?E@})ls evice have been described by (Schroeder,

Neagle, Trezise, & Worley, 2003). Briefly, the technology is based on a 384-well plate

(PatchPlate”) in which a recording is attempted in each well by using suction to position
and hold a cell on a small hole separating two isolated fluid chambers. Once sealing has
taken place, the solution on the underside of the PatchPlate” is changed to one containing
20 amphotericin B. This permeablises the patch of cell membrane covering the hole in each
well and, in effect, allows a perforated, whole-cell patch clamp recording to be made.

A B-test lonWorks™ HT from Essen Instrument was used. There is no capability to
warm solutions in this device hence it was operated at room temperature (~21°C), as
follows. The reservoir in the "Buffer" position was loaded with 4 ml of PBS and that in the

25 "Cells" position with the CHO-hERG cell suspension described above. A 96-well plate (V-
bottom, Greiner Bio-one) containing the compounds to be tested (at 3-fold above their final
test concentration) was placed in the “Plate 17 position and a PatchPlate™ was clamped
into the PatchPlate™ station. Each compound plate was laid-out in 12 columns to enable
ten, 8-point concentration-effect curves to be constructed; the remaining two columns on

30 the plate were taken up with vehicle (final concentration 0.33% DMSO), to define the
assay baseline, and a supra-maximal blocking concentration of cisapride (final

concentration 10 uM) to define the 100% inhibition level. The fluidics-head (F-Head) of



Severe Combined Immuno-Delicient (SCID) mice were obtained from Charles River Laboratories. The
mice were housed and maintained in specific, pathogen-free 5conditions. For in vivo implant, cells
were harve 247305 tissue culture flasks by a 2- to 5-minute treatmeMCATGBE3008(MF99RT
(Invitrogen) in EDTA solution lollowed by suspension in basic medium and three washes in phosphate
buffered saline (Invitrogen). Only single-cell suspengitihs of greater than 90% viability, as determined
by trypan blue exclusion, were used for injection. MCF-7 breast tumor cells (ATCC number
HTB-22Tm) 10(5 x 106 cells + 50% Matrigerm) were injected subcutaneously in the left flank of the

animal in a livaesFoH Tntepaddad diprantdtidn of erdwelkof teBacldibteiiéanddie anaesthetized
and implanigeifa a3 SRERb RN HUFARAR PSERaR, RENEYRE TSR MRS Re deAshed - 0.3

cm3, the mice were randomized into control and treatment groups. The treatment group received 300

mg/kg E9 sBIYbHibetiivcanishil. dohkiling 2ffla Go2. BSRIN DS BEBESS (e Sleestédeiislin water, by
oral gavage%ﬁ hi&ﬁgﬂﬁf@hﬁ@f’of%ﬁ@@)?@&t\éﬁp" '@%OJt ?ﬁd’&lﬁﬁb@ﬁ' hyoral gRyagendddnper volumes
e

(measured by caliper) were recorded at intervals for uration of the study. Mice were sacrificed by

CO, euthan?id) thea revsd vemchhoBadHitritb atmi en gt b iscmlyig Yivalieger across the
tumor and width {9 fedheiroaspRrARG pRRROCICWaN damsianusingrhe Jarmialifsngt 26 X width)

x Aiflength x width) %7/6). Growth inhibition from the start of treatment was assessed by comparison
of the differéhebthmcaihiyprintiniedsetivehabsntdrardtheyttioogtbepal BBl SE apd WafsHee in mean

tumor VO'U%@%&%@@%@&H&RQ%@@MNQ&I%'HYQ%&M isfhsrefp r%@i@@{ﬁg%{@ﬂ%@between
groups), data were log-transformed to remove any size dependency before statistical evaluation

Statistical sh§AfiEMES a8 s BaeBRGSIhY ddraniandhe ard-saisrce RIS shown in

Figure 2. HymanRosstisdintion undoHipan desaeredistionfas elipicrlisiydigss/Qaursien estimate
of human pharmacokinetic (PK) parameters important for definin% the elimination T1/2 and the shape

130and mafiittiad Gedallpmag sossrpsiiamtisrMd ke blotiES T phiibeidr Hoad HAER timated

parameters;{f}glyde Gleqrance: i MURSEBf JAR Y igmalopieAEN RGN (M §8) cARSRIRHER) rAlR GONstant
(Ka), bioavgsl}aqbility F) and dosing frequer%. Hur}li;%n dose V€g0200910§75%3PCT/GB 008/050925

176 predictiHsvaneo rBduiiessEmasharehEatisgi catekaddase hs Klved Bepedurandides to efficacy

(MCGinniFY’ﬁ@HP&%mﬂg%@@dﬂﬁﬂn% iR e- Mgt BNSTERRY {31488 AL hementOThe
(S)-4-amino-N-(1-(4-chlorophenyl)-3-hydroxypropy1)-1-(7H-pyrrolo[2,3-
d]pyrimidin Z-ypiberdidécd TamoxaialdetERp anshriveld afdhe samnourd mate doffovre liansic

clearance ({4inb), daia determnad nHuean bERAIRGYIES ERIEeHSIIPLMNO G AFARGERY

incorporation of the well-stirred model (Riley, McGinnity & Austin, Drug Metabolism & Disposition 2005

33(9) 1304-ackiavcdhinanatiffer diose shyaresbBdpie el the thesplasieenprttdiny direfitle sbtpogahpound
across rat, Q%e%%ﬁ‘h‘i%?s%itﬁg rﬂﬁl%gl:l@&ﬂé/ny compound carry-over. After approximately 3.5 mins

incubation, the E-head then moved around all 384-wells of the PatchPlate™ to obtain post-
20 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
25 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
30 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



10observed rat and dog Vss values were corrected by the lactor 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 (PABAIAEITENS was taken as the average across rat and dog. PRIEGBEW§ReNfeter was
then adjusted to bioavailability (F) by correction for hepatic extraction. The absorption rate (Ka) was
set to ensure that Tmax was | h fbr E9, a relatively 1158onservative 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).  Havirbededinkd thidhahwnplc shaghnuaebsepe Withampadiviosehcdhe xabagesitime curve,
the final stepyyas iR.aliuat-ae APFR SR IR RiesMaEARFEI Ao R AM RTINS L 2Bt AEikely to

achieve efficacy. In mouse PD studies, inhibition of pGSK (a surfrogate end-point lor anti-tumour

activity) has ot Rleetinpysobeep ikihiaushicebtraliv AsVeidede ot Sy 1sburpreatiictompound
as measureghigiha celhassantakhidnibianyantivity raetmsiac it hinding due fe Fratalielf Serum

present in the assay. Consequently, the human PK model assumed that free exposure to E9 must

exceedsthe PRIBLPKReICE e BB dig dasinielsrbariasiologiopl g Hics LI B Statopridser was

(S)'4'amin0@i&Tﬁg€&45 mé’tr&ﬁﬁ@l@%]ﬁi@hERG_ tail current reversal potential in TonWorks™ HT,
hydroxypropyl)-1-(7H-pyrrolo[2,3-d]p nm|d|n-4-yOp|perldlne-ﬁgarboxamlde E9) is predicted to
require a hi§RTBRHEE OF Wb At TGk sy tendenmd acs Rl iolney 4PV irachirn atakiig be

around 6 hQuEsedebdaljS @ET i IRMFIAUrR T GortiAbA@Nd P RAPALRNASRRQEYRIQR MY Glasn samples

taken from U87-MG tumours grown in hude mice following an acute dose of 150 or 300 mg/kg
(S)-4-atnindARIA A orsBleny1)-3-hydroxypropy1)-1-(71-1-pyrrolo[2,3-d]pyrimidin-4-yOpiperidine-4-

ca_rboxgamide (E_9)P'i‘e? A PBOHRERPHER GIigERt I RaaUUS REMGElRAHNMAUSIHIY DRI D mice
using a once daily (QD) dose of 300 mg/k )
(S)-4-aminé%(&u?at%ﬂﬁ?ér%ﬁé@»r)t@H9a¥§sz§}ﬁﬁa‘p§if)§f-fmq%wngaa 40 ms average of the

10dipyrimidéufeil)pipiidineritcahayapifeddd: T abns knd Pe-LAMBRYREH tracting this
(S)-4-amino-N-(1-(4-chlorgpheny1)-3-hydroxypropy1)-1-(7Hpyrrola [2,3-d
pyrimidin-4eisriprak of Rk SHTaR: manpe-drhy preericesitaily RidapEBredatYREFdor 2. A

pharmaceutica) QP APHERN FROIPAIF UG 3 ERTMRCLDY ALY G I HRIRG A B rrent amé)litude

pharmaceutically-acceptable salt thereof, together with a pharmaceutically acceptable diluent or

carrier’s  >150 pA; post-scan seal resistance >60 MQ. The degree of inhibition of the 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

30 derived by extrapolation of the curve.



3. A compound according to Claim 1, or a pharmaceutically acceptable salt thereof, for use as a
medicament. 4. A compound according to Claim 1, or a pharmaceutically acceptable salt thereof, for
use in the trdQrHaéTedncer. 5. A compound according to Claim 1, or a phaFre&eeeiecNacceptable
salt thereof, for use in the treatment of breast cancer. 6. Use of the compound as claimed in claim 1, or
a pharmaceutically acceptable salt thereof, for the ptéparation of a medicament for the treatment of
cancer. 179 7. Use of the compound as claimed in claim 1, or a pharmaceutically acceptable salt
thereof, for the preparation of a medicament for the treatment of breast cancer. 8. The compound:
(S)-4- amrn(ﬂhw_@mamﬁnyl) 3-hydroxypropy1)-1-(7H-pyrrolo[2,3-d
pyrimidin-4-yepinetidiofsficaRayanidees damet AaN &si0RRIPPRIKIRT HcAEERA@tion of a
compound accordlng 1o Clarm 1, or a harmaceutlcaﬂy acceptable salt thereofdwhlch comprrses
reaction of & f P

wherein legrm{&qg&%gﬂgectmg group and thereafter if necessary (i) removing the
protecting groups; and/or (i) forming a pharmaceutically acceptable salt thereof 10. The process as

claimed in claim 92Whet8inisY PdsresEntd trtmanb sy ERrBoI Protebtingriasd were THeckshpound:

(S)-tert-buty] d-dktaeiiosaplys b i MOy RIRRMCRED SIMRY Rk (s REERK Evditime of

pyrimidin-4-yepiperidin-4-ylcarbamate: OH
about 0.5 cm” an acute dose of 150 or 300 mg/kg of (S)-4-amino-N-(1-(4-chlorophenyl)-3-

hydroxypropyl)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidine-4-carboxamide (E9) was
given p.o. (oral gavage). Animals were euthanised at the specified timepoint and tumours
10 dissected out and snap frozen in liquid nitrogen.

Ex-vivo tumour lysates were prepared in 10% triton-X-100 Tris Lysis buffer
containing protease and phosphatase inhibitiors using ‘FastPrep 24” methodology (MP
Biomedicals matrix #6910-500). Protein concentrations were estimated against a BSA
standard curve using Pierce BCA kit (#23225). pGSK3p was measured by western blotting

15 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

20 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

25 compared to vehicle controls, following normalisation for total pGSK3p.

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

30  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.



12. A process for the preparation of the compound claimed in claim 1, or a pharmaceutically
acceptable salt thereof, which process comprises the reaction of (S)-4-amino-N-(1-(4-
chlorophenyY920a944d58§3ropyl)piperidine-4-carboxamide with a bicyclic heR§rb€&RI8080FMula (V):
wherein Li represents a suitable leaving group; and thereafter if necessary, forming a pharmaceutically
acceptable salt thereof 13. The process as claimed ir7&laim 12, wherein Li is chlorine. 14. The
compound: (S)-4-amino-N-(1-(4-chloropheny1)-3-hydroxypropyl)piperidine-4- carboxamide: OH eNET
2 |1 012 pluoao abewapied ksualu! letAs 2 012 c0.Co.71-.(N

MCF-7 anti-tumour study using (S)-4-amino-N-(1-(4-chlorophenyl)-3-hydroxypropyl)-1-

(7H-pvyrrolo[2.3-d]pyrimidin-4-yDpiperidine-4-carboxamide (E9)

Severe Combined Immuno-Deficient (SCID) mice were obtained from Charles
River Laboratories. The mice were housed and maintained in specific, pathogen-free
5 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™)

10 (5x 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%

15 (v/v) 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

2 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

25 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
30 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. The compound: (S)-4-amino-N-(1-(4-chlorophenyl)-3-hydroxypropyl)-1-(7H-
pyrrolo[2,3-d]pyrimidin-4-yl)piperidine-4-carboxamide:

N 5 \\
L L)
PN
Ny
or a pharmaceutically acceptable salt thereof.
2. A pharmaceutical composition comprising a compound according to Claim 1, or a

pharmaceutically-acceptable salt thereof, together with a pharmaceutically acceptable diluent

Or carrier.

3. A compound according to Claim 1, or a pharmaceutically acceptable salt thereof, for

use as a medicament.

4. A compound according to Claim 1, or a pharmaceutically acceptable salt thereof, for

use in the treatment of cancer.

5. A compound according to Claim 1, or a pharmaceutically acceptable salt thereof, for

use 1n the treatment of breast cancer.

6. Use of the compound as claimed in claim 1, or a pharmaceutically acceptable salt thereof,

for the preparation of a medicament for the treatment of cancer.
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7. Use of the compound as claimed in claim 1, or a pharmaceutically acceptable salt thereof,

for the preparation of a medicament for the treatment of breast cancer.

8. The compound: (S)-4-amino-N-(1-(4-chlorophenyl)-3-hydroxypropyl)-1-(7H-pyrrolo-

[2,3-d]pyrimidin-4-yl)piperidine-4-carboxamide, as claimed in claim 1.

0. A process for the preparation of a compound according to Claim 1, or a
pharmaceutically acceptable salt thereof, which comprises

reaction of an acid of Formula (IT) with (S)-3-amino-3-(4-chlorophenyl)propan-1-ol:

m
/

N
N
wherein P' represents a suitable protecting group;
and thereafter, if necessary:

(1) removing the protecting groups; and/or

(i1) forming a pharmaceutically acceptable salt thereof.

10. The process as claimed in claim 9, wherein P' represents a tert-butoxycarbonyl protecting

group.

11. The compound: (S)-tert-butyl 4-(1-(4-chlorophenyl)-3-hydroxypropylcarbamoyl)-1-(7H-
pyrrolo[2,3-d]pyrimidin-4-yl)piperidin-4-ylcarbamate:



180

QH
j >
‘N
H

12. A process for the preparation of the compound claimed in claim 1, or a pharmaceutically
acceptable salt thereof, which process comprises the reaction of (S)-4-amino-N-(1-(4-

chlorophenyl)-3-hydroxypropyl)piperidine-4-carboxamide with a bicyclic heterocycle of
Formula (V):

L1
“L TN )
N~ N

H

wherein L; represents a suitable leaving group; and thereafter if necessary, forming a

pharmaceutically acceptable salt thereof.

13. The process as claimed in claim 12, wherein L; is chlorine.

14. The compound: (S)-4-amino-N-(1-(4-chlorophenyl)-3-hydroxypropyl)piperidine-4-

carboxamide:

OH

z (0]

: N NH,
D
Cl

TZ
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Figure 2



