
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 ola disease or medical condition mediated through protein kinasc B (PKB, also known 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
processes lor the manulacture of said compounds and to methods of treatment of diseases mediated
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 autophosphorylation. This autophosphorylation event 15allows the 85 kDa regulatory
subunit of-PI3K (p85) to interact with the receptor either directly or via an adaptor protein, for example
growth factor receptor-bound protein 2 (GRB2), and thereby activate the 110 kDa catalytic subunit of
PI3K (p110). Upon activation, p110 catalyses the phosphorylation or
phosphatidylinosito1-4,5-bisphosphate (P1P2) to produce phosphatidylinosito1-3,4,5-triphosphate
(P1P3), a second messenger zo molecule that recruits both phosphatidylinositol-dependent kinasc 1
(PDK1) and PKB to the plasma membrane where PDK1 phosphorylates and activates PKB.       There
are three known isoforms of PKB (PKBa/AKT1, PKBP/AKT2 and PKByAKT3), derived from three
distinct genes. Activation of PKBa is associated with cell signalling events that mediate cell
proliferation and survival, whereas activation of 25PKBO 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, lor example cyclic-AMP
response element binding protein (CREB). PKB can also contribute to cell survival by inactivation 30of
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  WO
2009/047563PCT/GB2008/050925 2 leading to activation of the mammalian target of rapamycin
(mTOR) and via glycogen synthase kinasc-3 (GSK3).       PKB-mediated stimulation of cell proliferation
and protection from apoptosis therelbre favour tumourigenesis and genetic disturbances or
components within the PI3K pathway are commonly found in cancer. For example, mutation or
amplification of the genes encoding the p110 isoforms of PI3K are found in breast cancers, bowel
cancer, ovarian cancer, head and neck and cervical squamous cancers, gastric and lung cancers,
angioplastic oligodendrogliomas, amaplastic astrocytomas, glioblastoma multi forme and
medulloblastomas. Similarly, mutation amplification and/or overexpression of the genes to encoding
the PKB isoforms are found in pancreatic, breast and ovarian tumours. Furthermore, the gene
encoding for PTEN (a phosphatase which has a reverse role to P13K, catalysing the conversion of
P1P3 to P1P2) is inactivated in many tumour types, including ovarian, colorectal, breast, glioma,
melanoma, lung, leukaemias and lymphomas; this results in activation of PKWAKT. In view or 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 etal., 



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 or 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 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 Phartnacol. Sci. 22, 240-246). Recent regulatory guidelines
(CPMPTICH1539/00) recommend that an in vitro assay investigating the effects of test compounds at
the hERG channel could be one element or a pre-clinical 30strategy 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 Hocking activity remains an important consideration in the development
of any new drug.  3        A number of compounds have been described that target the PI3K pathway.
For example W02006/046023 and W02006/046024 (Astex Therapeutics Limited) describe purine,
purinone and deazapurinone compounds that inhibit or modulate the activity of protein kinasc B (PKB)
and protein kinasc A (PICA). However, there still exists the need for further improved agents having
superior potency against PKB and/or advantageous physical properties (Mr 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 PIKE inhibitors.       The applicants have surprisingly bound 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 ofthe invention, there is therefore provided a compound ofFommla (I), or a
pharmaceutically acceptable salt thereof: RioNH,II  2 (0-12)n 15 (1) wherein: Y represents CH or N;
Z1-Z2 represents a group selected from C(R6)=CH, N=CH and C(R6)=N; where 20R6 represents
hydrogen, fluoro, chloro, bromo, cyano, methyl, ethyl, di fluoromethyl, trilluoromethyl or cyclopropyl; n
is 0, 1 or 2; R1 represents Cpalkyl, C2_4alkenyl, C3_4alkynyl, Cpalkoxy, 



hydroxyCl_alkyl, cyano, cyanoCi_alkyl, C3_6cycloalkyl, 25 -(CH2)6NHCOCI-13, -(CH2)6NHSO2CH3,
-(CT2)pNHCONH2, -(CT2)pNHCONR2R3,  4  (CH2)pNR21122, -(CH2)pSO2NH2,
-(CH2)pS02NR2124, -(CH2)pCONH2, -(CH2)pCONR2R3 or  (CH2)p-R7: where p is 0, 1, 2 or 3; R2
represents hydrogen or Ch3alkyl; R3 represents Ch3allcyl; and R7 represents phenyl; R7 represents a
5 or 6 membered monocyclic heteroaryl ring which comprises 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_alkyl, trifluoromethyl, Ci4alkoxy, fluoro, chloro, bromo, and cyano; R4 represents
hydrogen, Iluoro, chloro, bromo, cyano or trifluoromethyl; and R5 represents hydrogen, Iluoro, chloro
or bromo. 15In one embodiment of the invention, there is provided a compound of Formula (1), or a
pharmaceutically acceptable salt thereof 2 (C1-12)" C'1 wherein: 20 Y represents CH or N; Z1-Z2
represents a group selected from CH=CH, N=CH and CH=N; n is 0, 1 or 2; and 



R1 represents Chalkyl, aminoChalkyl, hydroxyChalkyl, -(C1-12)pNHCOCH3,  (CH2),INR21124 or
C3_6cycloalkyl; where 25R2 represents hydrogen or C1_3alkyl; R3 represents C1_3alkyl; and 5 p and
q independently represent 2 or 3.       In a ftirther embodiment of the invention, there is therefore
provided a compound ofFomula (I), or a pharmaceutically acceptable salt thereof:    (1) wherein: Y
represents CH or N; Z1-Z2 represents a group selected from CH=CH, N=CH and CH=N; fe represents
CIAalkyl, aminoCiAalkyl or C3_6cycloalkyl; and 10n is 0, 1 or 2.       The term "CI-alkyl" is intended to
mean a saturated carbon chain oil 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 15branched chain version only. For example, "Ci4alkyl" includes methyl, ethyl, propyl, isopropyl
and t-butyl.       The term "C24alkenyl" 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 tert-butenyl are specific for the branched chain version only. For
example, "C2_4alkenyl" includes, but is not limited to, ethenyl, propenyl, isopropenyl, butenyl 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-butynyl are specific for the branched chain version only. For example, "C2_4alkynyl"
includes, but is not limited to, ethynyl, propynyl, isopropynyl, butynyl and tert-butynyl. The term "C14
alkoxy" is intended to mean a saturated carbon chain of 1 to 4 carbon atoms in length, which may be
straight-chained or branched, linked to oxygen. For example, "C16 alkoxy" includes, but is not limited
to, methoxy, ethoxy, propoxy and butoxy. The term "ChaalkoxyChalkyl" is intended to mean a
saturated carbon chain of 1 to 104 carbon atoms in 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, "CiAalkoxyCi_zialkyl" includes, but is not limited
to, methoxyethyl, methoxypropyl, ethoxypropyl, propoxyethyl and butoxypropyl. The term "fluoroCi
_alkyl" is intended to mean a saturated carbon chain of I to 4 15carbon 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, "fluoroChaalkyl" includes, but is not limited to, fluoromethyl, fluoroethyl,
Iluoropropyl, fluoroisopropyl, fluorobutyl, fluoroisobutyl, fluoro-tert-butyl, trifluoromethyl,
pentafluoroethyl, heptafluoropropyl and nonafluorobutyl. 20The term "aminoCiAalkyl" 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 "atninoCiAalkyl" includes atninomethyl,
aminoethyl, 2-aminopropyl , 3-aminopropyl, 1-aminoisopropyl and 4-aminobutyl. The term
"hydroxyCi_alkyl" is intended to mean a saturated carbon chain of 1 to 4 25carbon atoms in length,
which may be straight-chained or branched, comprising a hydroxyl 



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 saturated 3 to 6 membered monocyclic carbon ring. For example "C3_6cycloalkyl" includes
cyclopropyl, cyclobutyl, 30cyclopentyl and cyclohexyl.       The term "heteroaryl ring" is intended to
mean a 5 or 6 membered, totally unsaturated, aromatic 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 of a pyridine ring, but a bond is possible through the 1-nitrogen of a pyrazolc ring.
Examples of 5 or 6 membered heteroaryl rings include, but arc not limited to, pyrrole, furan, imidazole,
triazole, tetrazole, pyrazine, pyrimidine, pyridazine, pyridine, pyrazole, isoxazole, oxazole, 1,2,4
oxadiazole, isothiazole, thiazole, 1,2,4-triazole and thiophenc. 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 10selected 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 or the
Mowing definitions of Y, Z1- 15Z2, R1, R4, R5, R6, n and 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 ofFormulae (I), (IA) or (TB) as appropriate. (1) Y represents N; (2) Z'-Z2 represents CH=CH;
20(3)Z1-Z2 represents C(CI)=CH; (4) Z1-Z2 represents C(Br)=CH; (5) le represents Chalkyl; (6) RI
represents aminoCi_zialkyl; 



(7) RI represents hydroxyCi_alkyl; 25(8)R1 represents C3-6cycloalkyl; (9) fe represents
ChaalkoxyChalkyl, fluoroCi-alkyl, atninoC1-4alkyl, hydroxyClcyanoCi-aalkyl, C3_6cycloalkyl,
-(CH2)pNHCOCH3, -(CH2)1,NHSO2CH3,  (CT2)pNHCONH2, -(CT2)pNHCONR2R3, -(CH2)pNR2R3,
-(CH2)pS02NH2,  (C1-12)pCONH2, -(CH2)pCONR2fe or 30(10) RI represents -(CH2)p-R7 wherein
R7 is selected from phenyl, piperidinyl, piperazinyl, pyrrolidinyl, morpholinyl, imidazolyl, isoxazolyl,
pyrazolyl and thiazoly1 and R7 is optionally substituted by a single methyl group; 8         (11) RI
represents hydroxyethyl; (12) n is 0: (13) n is 1; (14) n is 1 or 2; (15) n is 0 or 1; (16) p is 1, 2 or 3; (17)
R4 represents chloro, bromo or cyano; (18) R4 represents chloro, bromo;         (19) R4 represents
chloro: 10(20) R4 represents bromo;         (21) R5 represents hydrogen; (22) R5 represents chloro:
(23) R6 represents hydrogen;         (24) R6 represents methyl; 15(25) R6 represents difluoromethyl;
(26) R6 represents trifluoromethyl. 



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-(1-(4-chlorophenypethyl)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-yepiperidine-4- 20carboxamide:
(S)-4-amino-N-(1-(4-chl orophenyl)ethyl)-1-(7H-pyrrol o [2,3-d]pyrimi din-4-yl)piperi
dine4-carboxamide;
4-amino-N-(1-(4-chlorophenyl)propy1)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-yppiperidine-4- carboxamide;
25(S)-4-amino-N-(1-(4-chlorophenyepropy1)-1-(71-1-pyrrolo[2,3-d]pyrimidin-4-y1)piperidine-
4-carboxamide; (R)-4-amino-N-(1-(4-chlorophenyl)propy1)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-
y1)piperidine-4-carboxamide;
4-amino-N-((4-chlorophenyl)(cyclopropyl)methyl)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-
30yl)piperidine-4-carboxamide; 4-am in o-N-(2-am in o-I-(4-ch I orophenyflethy1)-1-(7H-pyn-ol o
[2,3-d]pyrim i din-4- yOpiperidine-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-carboxamide; 4-am in o-N-( I -(4-chloropheny1)-4-hydroxybuty1)- I -(7H-pyn-ol o
[2,3-d]pynnn din-4- yOpiperidinc-4-carboxamide; (S)-4-amino-N-(1 -(4-chloropheny1)-4-hydroxybuty1)-
1 -(7H-pyrrolo [2,3 -d]pyrimidin-4- yl)piperi dine-4-carboxann de; (R)-4-amino-N -(1
-(4-chlorophcny1)-4-hydroxybuty1)- 1 -(71-I-pyrrolo [2,3-d]pyrimidin-4- yOpiperidinc-4-carboxamide;
4-amino-N-( 1 -(4-chloropheny1)-2-hydroxyethyl)- 1 -(7H-pyrrolo [2,3-d]pyrimidin-4- 10yl)piperi
dine-4-carboxann de;
(S)-4-amino-N-(1-(4-chlorophcny1)-3-hydroxypropy1)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-
yOpiperidine-4-carboxamide; N-(3-acetamido- I -(4-chl orophenyl)propy1)-4-amino- 1 -(7H-pyn-o1 o
[2,3-d]pyrimi din-4- yl)piperi dine-4-carboxann de; 154-amino-N-(1 -(4-chlorophcny1)-3
-(dimethylamino)propy1)- 1 -(7H-pyrrolo [2,3 -dipyrimidin- 4-yOpiperidine-4-carboxamide; 



(S)-4-amino-N-( I -(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
-(dimethylamino)propy1)- 1 -(71-I-pyrrolo [2,3- 20d]pyrimidin-4-yOpiperidine-4-carboxamide;
4-(aminomethyl)-N-( 1-(4-chloropheny1)-3-hydroxypropy1)- I -(7H-pyrol o [2,3-d]pyrimi
din4-yOpiperidinc-4-carboxamide; 4-amino-N-(1 -(4-chloropheny1)-3 -hydroxypropy1)- 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
-hydroxypropy1)- 1 -(7H-pyrrolo [2,3-d]pyrimidin-4- yl)piperi dine-4-carboxann de; (R)-4-amino-N-(1
-(4-chlorophcnyOcthyl)- 1 -(7H-pyrrolo [2,3 -d]pyrimidin-4-yepiperidinc- 304-carboxamide:
(R)-4-(aminomethyl)-N-( I -(4-chloropheny1)ethy1)- I -(7H-pyn-ol o [2,3-d]pyrim i din-4-
yOpiperidinc-4-carboxamide; 10 (S)-4-amino-N-(1 -(4-cyanopheny1)-3-hydroxypropy1)- 1
-(71-1-pyrrolo[2,3-d]pyrimidin-4- yOpiperidine-4-carboxamide; (S)-4-amino- I -(5 -brom o-7H-pyrrol o
[2,3 -d]pyrimidin-4-y1)-N-( I -(4-chloropheny1)-3- hydroxypropyl)piperidinc-4-carboxamide;
(S)-4-amino-N-( 1 -(4-chloropheny1)-3 -hydroxypropy1)- 1 -( 1H-pyrazolo [3 ,4-d]pyrimidin-4- yl)piperi
dine-4-carboxami de; (S)-4-amino-N-(3-hydroxy-1 -phcnylpropy1)- 1 -(7H-pyrrolo [2,3 -d]pyrimidin-4-
yOpiperidinc-4-carboxamide; (S)-4-amino-N-( 1 -(4-chloropheny1)-3 -hydroxypropy1)- 1
-(9H-purin-6-yppiperidine-4- 10carbox ami de; (S)-4-(aminomethy1)-N-(1
-(4-chloropheny1)-3-hydroxypropy1)-1 -(7H-pyrrolo [2,3- d]pyrimidin-4-yOpiperidine-4-carboxamide;
(S)-4-amino-N-( I -(4-bromopheny1)-3 -hydroxypropy1)- 1 -(7H-pyn-ol o [2,3-d]pynm i din-4- yl)piperi
dine-4-carboxami de;
154-amino-N-(1-(4-chlorophcny1)-4-(ditnethylamino)buty1)-1-(71-1-pyrrolo[2,3-d]pyrimidin-
4-yOpiperidine-4-carboxamide; 



(S)-4-amino-N-( I -(4-chloropheny1)-3 -(di ethyl am in o)propyl )- 1 -(7H-pyrrol o [2,3-
dipyrimidin-4-yOpiperidinc-4-carboxamide; (S)-4-amino-N-( 1 -(4-chloropheny1)-3 -hydroxypropy1)- 1
-(5-cyclopropy1-7H-pyrrolo [2,3 - 20d]pyrimidin-4-yOpiperidine-4-carboxamide; 4-am in o-N-(1 -(4-ch
loropheny1)-3 -(methylamino)propy1)- I -(7H-pyrrol o [2,3 -d]pyrimi yOpiperidinc-4-carboxamide;
4-amino-N-[(4-chlorophenyl)(phenyOmethylk 1 -(71-1-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
,4-d]pyrimidin-4-y1)-N-R 1 S)- 1 -(4- chl oroph eny)ethyl]piperi dine-4-carboxami de; 4-amino-N-[(1
S)-1 -(4-chlorophenyl)cthylk 1 -(5 -chloro-71-1-pyrrolo [2,3-d]pyrimidin-4-
30yl)piperidine-4-carboxamide; 4-amino- I -(3-bromo-1 H-pyrazol o [3 ,4-d]pyrimidin-4-y1)-N-K I S)- 1
-(4-ch1 oroph eny1)-3- hydroxypropylThiperidinc-4-carboxamide;  WO
20091047563PCT/GB2008/050925 11 4-amino-N-[( 1 5)-1 -(4-chloropheny1)-3-hydroxypropylk 1
-(5-chloro-7H-pyrrolo [2,3- d]pyrimidin-4-yOpiperidine-4-carboxamide; 4-amino- I -(5 -bromo-7H-pyrrol
o [2,3 -d]pyrimidin-4-y1)-N4( IS)- 1 -(4- chlorophcnyOcthyl]piperidinc-4-carboxamide; 4-amino-N-[( 1
5)-1 -(4-chloropheny1)-3-hydroxypropylk 1 -(5-methy1-7H-pyrrolo [2,3- dipyrimi din-4-yDpiperi
dine-4-carboxami de; 4-amino-N-[(1 5)-1 -(4-chlorophenypethylk 1 -(5
-methy1-7H-pyrrolo[2,3-d]pyrimidin-4- yOpiperidinc-4-carboxamide; 4-amino-N-[( 1 5)-1
-(4-chloropheny1)-3-hydroxy-3-methylbutylk 1 -(7H-pyrrolo [2,3- 10dipyrimi din-4-yDpiperi
dine-4-carboxami de; 



4-amino-N-[(1 5)-1 -(4-cyanophcnyl)cthylk 1 -(7H-pyrrolo [2,3
-dipyrimidin-4-yOpiperidinc4-carboxamide; 4-am in o-N-[( I 5)-I -(3-chloropheny1)-3-hydroxypropylk I
-(7H-pyrol o [2,3 -d]pyrimi yOpiperi dine-4-carboxami de; 154-amino-1 -(7H-pyrrolo [2,3
-d]pyrimidin-4-y1)-N- 1(1 SF 1 -[4- (trifluoromethyl)phenyl]ethyll piperidine-4-c arboxamide; 4-am in
o-N-[( I R)- I -(4-bromopheny1)ethy11- I -(7H-pyrrol o [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 o-N-[ I -(4-11uoropheny1)ethy11- I -(7H-pyrro1 o [2,3-d]pyrimi
din-4-yppiperi din e-4- carboxamidc; 4-amino-N-[(4-chlorophenyl)(cyano)methylk 1 -(7H-pyrrolo
[2,3-d]pyrimidin-4- yOpiperi dine-4-carboxami de; 254-amino-N-(1 -phcnylethyl)- 1 -(71-1-pyrrolo
[2,3-dipyrimidin-4-yOpiperidinc-4-carboxamide; 4-amino-N4 1 -(4-chlorophcny1)-4-pyrrolidin- 1
-ylbutylk 1 -(71-1-pyrrolo [2,3-d]pyrimidin-4- yOpiperidine-4-carboxamide; 4-am in o-N-[ I
-(4-ch1oropheny1)-4-morpho1in-4-ylbuty11- I -(7H-pyn-ol o [2,3-d]pyrim i din-4-
yOpiperidinc-4-carboxamide; 304-amino-N-[ 1 -(4-chloropheny1)-4-piperidin- 1 -ylbutyl]- 1 -(7H-pyrrolo
[2,3 -d]pyrimidin-4- y)piperi dine-4-carboxami de;  12 4-amino-N-[( 1S)-1
-(4-chloropheny1)-4-piperidin-1 -ylbutylk 1 -(7H-pyrrolo [2,3-
d]pyrimidin-4-yOpiperidine-4-carboxamide; 4-amino-N-ft I R)-1 -(4-ch I orophenyl )-4-piperi din-1
-ylbutylk I -(7H-pyrrol o [2,3- d]pyrimidin-4-yl)piperidine-4-carboxamide; 4-amino-N-[1 S)-1
-(4-chloropheny1)-3-(4-methylpiperazin- 1 -yppropylk 1 -(7H- pyrro1 o [2,3-d]pyrimi din-4-yl)piperi
dine-4-carboxami de; 4-amino-N-[(1S)-1-(4-chloropheny1)-3-morpholin-4-ylpropylk 1 -(7H-pyrrolo [2,3 -
dipyrimidin-4-yl)piperidine-4-carboxamide; 



4-amino-N-[( 1 S)-1-(4-chloropheny1)-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-chloropheny1)-3-piperazin- 1 -ylpropylk 1
-(71-1-pyrrolo [2,3- d]pyrimidin-4-yOpiperidine-4-carboxamide; 4-am in o-N- [( IS)- I
-(4-chloropheny1)-34 I H-imidazol- I -yl)propylk I -(7H-pyrrolo[2,3- dipyrimi din-4-yl)piperi
dine-4-carboxann de; 154-amino-N-[( 1 S)- 1 -(4-chloropheny1)-3-pyrrolidin- 1 -ylpropylk 1 -(7H-pyrrolo
[2,3 - d]pyrimidin-4-yOpiperidine-4-carboxamide; 4-am in o-N-( I -(4-ch I oropheny1)-2-sul
camoylethyl)- I -(7H-pyn-ol o [2,3-d]pyrim i din-4- yl)piperidine-4-carboxamide; 4-amino-N-( 1
-(4-chloropheny1)-2-sulfamoylethyl)-1 -(7H-pyrrolo [2,3-d]pyrimidin-4- 20yl)piperidine-4-carboxamide;
N-(2-acetann do- I -(4-ch1 oroph enypethyl)-4-am in o- I -(7H-pyrrol o [2,3 -d]pyrinn din-4-
yl)piperidine-4-carboxamide; 4-amino-N-( 1 -(4-chloropheny1)-2-(1H-imidazol-2-ypethyl)- 1
-(7H-pyrrolo [2,3- dipyrimi din-4-yl)piperi dine-4-carboxann de; 254-Amino-N-11 -(4-chlorophcny1)-2-(1
H-pyrazol- 1 -yl)cthylk 1 -(71-1-pyrrolo [2,3- dipyrimidin-4-yl)piperidine-4-carboxamide; 4-amino-N4 1
-(4-chloropheny1)-2-(3-methylisoxazol-5-ypethylk 1 -(7H-pyn-olo [2,3 - dipyrimi din-4-yl)piperi
dine-4-carboxann de; 4-amino-N-(1 -(4-chloropheny1)-2-(thiazo1-2-yl)cthyl)- 1
-(71-1-pyrrolo[2,3-dipyrimidin-4- 30yl)piperidine-4-carboxamide; 4-am in o-N-( I -(4-ch1oropheny1)-3
-(dimethyl am in o)-3-ox opropyI)- I -(7H-pyrrol o [2,3 - dipyrimidin-4-yl)piperidine-4-carboxamide;  WO
20091047563PCT/GB2008/050925 13
4-amino-N-(1-(4-chloropheny0-3-methoxypropy0-1-(7H-pyrrolo[2,3-d]pyrimidin-4-
yOpiperidine-4-carboxamide; 



4-am in o-N-(1 -(4-ch I oropheny1)-3 -sul famoylpropy1)- I -(7H-pyn-ol o [2,3-d]pyrimi
yl)piperidine-4-carboxamide;
4-amino-N-(3-amino-1-(4-chloropheny1)-3-oxopropy1)-1-(71-1-pyrrolo[2,3-d]pyrimidin-4-
yl)piperidine-4-carboxamide;
4-amino-N-(1-(4-chloropheny1)-3-ureidopropyl)-1-(71-1-pyrrolo[2,3-dipyritnidin-4-
yOpiperidine-4-carboxamide;
4-amino-N-(1-(4-chloropheny0-2-cyanoethyl)-1-(71-1-pyrrolo[2,3-d]pyrimidin-4-
10yl)piperidine-4-carboxamide; or
4-amino-N-(1-(4-chloropheny1)-3-(methylsulfonamido)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) defined above exist in optically active or racemic forms by virtue of the asymmetric carbon
atom, the invention 15includes in its definition any such optically active or racetnic 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 or the invention, the
compound of Formula (1) has the 25configuration shown in Formula (IA):  14  (1A) wherein Y, ZI, Z2,
RI, R4, R5 and n are as defined hereinbefore.           In another embodiment of- the invention, the
compound of Formula (1) has the 5configuration shown in Formula (1B):  (TB) 



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), (IA) or (1B).       In
one embodiment of the invention, there is provided a compound of Formula (IA), or a pharmaceutically
acceptable salt thereof: R 0 NH,II  2 (CH,)" CI N./  (IA)  15 Y represents CH or N; - Zrepresents a
group selected from CH=CH, N=CH and CH=N; n is 0, 1 or 2; and fe represents CiAalkyl,
aminoCiAalkyl, hydroxyCiAalkyl, -(C1-12)pNHCOCH3, -(CH2),INR2R3 or C3_6cycloallcyl; where R2
represents hydrogen or Cirialkyl; fe represents Cirialkyl; and p and q independently represent 2 or 3. 



In a thrther embodiment of the invention, there is therefore provided a compound 10ofFommla (IA) or a
pharmaceutically acceptable salt thereof:    (IA) wherein: Y represents CH or N: 15 Z1-Z2 represents a
group selected from CH=CH, N=CH and CH=N; fe represents CiAalkyl, aminoCiAalkyl or
C3_6cycloalkyl; and n is 0, 1 or 2.       In one embodiment or the invention, there is provided a
compound of Formula (I), (1A) or (IB) as defined hereinbefore, or a pharmaceutically acceptable salt
thereof, wherein 20the compound of Formula (I), (IA) or (IB) is other than (S)-4-amino-N-(1-(4-
chloropheny1)-3-hydroxypropy1)- I -(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, 25for example, an
acid-addition salt with, for example, an inorganic or organic acid, for  WO
20091047563PCT/GB2008/050925 16 example hydrochloric, hydrobromic, sulphuric, phosphoric,
trifluoroacetic, citric or maleic acid.       It will be understood that certain compounds of the present
invention may exist in solvated, for exainple hydrated, as well as unsolvated forms. It is to be
understood that the present invention encompasses all such solvated forms which are inhibitors of
PKB activity.       The compounds of the Formula (1) 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 include in vivo hydrolysable esters of a compound of the formula 10W. Various lorms
ofprodrugs are known in the art. For examples of such prodrug derivatives, see: 



a) Design of Prodrugs, edited by H. Bundgaard, (Elsevier, 1985) and Methods in Enzymology, Vol. 42,
p. 309-396, edited by K. Widder, et al. (Academic Press, 1985);          b) A Textbook ofDrug Design
and Development, edited 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 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 Formula (1), or a pharmaceutically acceptable salt thereof, as defined hereinbefore in
association with a pharmaceutically-acceptable diluent or carrier. 25The 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 30by 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).  WO
20091047563PCT/GB2008/050925 17       The compositions of the invention may be obtained by
conventional procedures using conventional pharmaceutical excipients, well known in the art. Thus,
compositions intended for oral use may contain, for example, one or more colouring, sweetening,
flavouring and/or preservative agents.       The compound of Formula (I) will normally be administered
to a warm-blooded animal at a unit dose within the range 5-5000 mg/m2 body area of the animal, i.e.
approximately 0.1-100 mg/kg, and this normally provides a therapeutically-effective dose. A unit dose
form such as a tablet or capsule will usually contain, for example 1-250 mg of active ingredient.
Preferably a daily dose in the range of 1-50 mg/kg is employed, for 10example 4-7 mg/kg twice daily.
However the daily dose will necessarily be varied depending upon the host treated, the particular route
of administration, and the severity of the illness being treated. Accordingly the practitioner who is
treating any particular patient may determine the optimum dosage. 



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, (such as (S)-4-amino-N-(1-(4-chloropheny1)-3-
hydroxypropy1)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-yOpiperidine-4-carboxamide) in 0.5%
hydroxypropylmethylcellulose (FIPMC). 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 lor the
underlying pathology. 25As 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. 30As 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  18 cancers
which may be susceptible to treatment using compounds of Formula (I) of the present invention
include, but are not limited to, ovarian cancer, cervical cancer, colorectal cancer, breast cancer,
pancreatic cancer, glioma, glioblastoma, melanoma, prostate cancer, lcukaetnia, lytnphotna,
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 mycloma,
melanoma and mesothelioma. Breast cancer, and more specifically lutninal breast cancer, may be
particularly susceptible to treatment using compounds of the present invention. 10It is envisaged that
for the methods oftreatment of cancer mentioned herein, the compound of Formula (1) will be
administered to a mammal, more particularly a human being. Similarly, for the uses of a compound of
Formula (I) for the treatment of cancer mentioned herein, it is envisaged that the compound of-Fomiula
(1) will be administered to a mammal, more particularly a human being. 15According to a another
aspect of the invention, there is therefore provided a compound of Formula (I) as defined hereinbefore,
or a pharmaceutically acceptable salt thereof, for use as a medicament.       According to a further
aspect of the invention, there is provided a compound of Formula (I) as defined hereinbefore, or a
pharmaceutically acceptable salt thereof for use 



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 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, 25gastric 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
embodiment ofthe invention, said cancer is selected from breast cancer, Non-Hodgkins lymphoma,
pancreatic cancer, hepatocellular cancer, gastric cancer, prostate cancer and lung cancer. In 30one
particular embodiment, said cancer is breast cancer, more particularly luminal breast cancer.  WO
20091047563PCT/GB2008/050925 19 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 or a disease mediated through PKB. In
one embodiment of the invention, said disease mediated through PKB is cancer. In a thrther
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,
gastric cancer, gastrointestinal strotnal tumour (GIST), glioma, thyroid cancer, bile duct cancer,
endometrial cancer, renal cancer, 10anaplastic 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 one particular embodiment, said cancer is breast
cancer, more particularly luminal breast cancer. 15According 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 thereoT for the preparation or a medicament for the treatment ofcancer. 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 or the invention, said cancer is
selected 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 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. In one embodiment of the invention, said cancer is selected from ovarian cancer, cervical
cancer, colorectal cancer, breast cancer, pancreatic cancer, gliotna, glioblastoma, melanoma, prostate
cancer, leukaemia, lymphoma, Non- WO 20091047563PCT/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 myeloid leukaemia (AML), multiple myeloma, melanoma and mesothelioma. In one
embodiment of the 5invention, 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.
According to a further aspect of the invention, there is provided a method of 10treating a human
suffering from a disease in which inhibition of PKB is beneficial, comprising the steps of administering
to a person in need thereof of a therapeutically effective amount of a compound of Formula (I) as
defined hereinbefore, or a pharmaceutically acceptable salt thereof. In one embodiment or the
invention, the disease in which inhibition ofPKB is beneficial is cancer. In a further embodiment of the
15invention, 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, gastric cancer,
gastrointestinal strotnal 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 or 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. 25The 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 or anti-tumour
agents:- 



(i) other antiproliferative/antineoplastic drugs and combinations thereof, as used in 30medical
oncology, such as alkylating agents (for example cis-platin, oxaliplatin, carboplatin, cyclophosphamide,
nitrogen mustard, melphalan, chlorambucil, busulphan, temozolamide and nitrosoureas);
antimetabolites (for example getncitabine and antifolates  WO 20091047563PCT/GB2008/050925 21
such as fluoropyrimidines like 5-fluorouracil and tegafur, raltitrexed, methotrexate, cytosine
arabinoside, and hydroxyurea); antitumour antibiotics (for example anthracyclines like adriamycin,
bleomycin, doxorubicin, daunomycin, epirubicin, idarubicin, mitomycinC, dactinomycin and
mithramycin); antimitotic agents (for example vinca alkaloids like 5vincristine, vinblastine, vindesine
and vinorelbine and taxoids like taxol and taxotere and polokinase inhibitors); and topoisomerase
inhibitors (for example epipodophyllotoxins like etoposidc and teniposidc, amsacrinc, topotccan and
camptothecin);        (ii) cytostatic agents such as antiocstrogens (for example tamoxifen, fulvestrant,
toremifene, raloxifene, droloxifene and iodoxyfene), antiandrogens (for example 10bicalutamide,
Ilutamide, nilutamide and cyproterone acetate), LHRH antagonists or LHRH agonists (for example
goserelin, lcuprorelin and buserelin), progcstogens (for example megestrol acetate), aromatase
inhibitors (for example as anastrozole, letrozole, vorazole and exemestane) and inhibitors of
5a-reductase such as finasteride;        (iii) anti-invasion agents (for example c-Src kinase family
inhibitors like 4-(6- 15chloro-2,3-methylenedioxyanilino)-7-[2-(4-methylpiperazin-1-yeethoxy]-5-
tetrahydropyran-4-yloxyquinazoline (AZD0530; International Patent Application WO 01/94341) and
N-(2-chloro-6-methylpheny1)-2-1.644-(2-hydroxyethyl)piperazin- I
2-methylpyrimidin-4-ylamino}thiazole-5-carboxamide (dasatinib, BMS-354825; J. Med. Chem., 2004,
47, 6658-6661), and metalloproteinase inhibitors like marimastat, inhibitors 20of 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 [HerceptinTivi], the anti-EGFR antibody
panitumumab, the anti-erbB I antibody cetuximab [Erbitux, C225] and any growth lactor or growth
factor receptor 25antibodies 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
epidemial growth factor family (for example EGER family tyrosine kinase inhibitors such as
N-(3-chloro-4-fluoropheny1)-7-methoxy-6-(3-morpholinopropoxy)quinazolin-4- amine (gefitinib,
ZD1839), N-(3-ethynylpheny1)-6,7-bis(2-methoxyethoxy)quinazolin-4- 30amine (erlotinib, OSI-774)
and 6-acrylamido-N-(3-chloro-4-fluoropheny1)-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- 



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, for example sorafenib (BAY 43-9006)), inhibitors of cell signalling through MEK and/or AKT
kinases, inhibitors of the hepatocyte growth factor family, c-kit inhibitors, abl kinasc inhibitors, IGF
receptor (insulin-like growth factor) kinase inhibitors; aurora 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 inhibit the effects of vascular 10endothelial growth factor, [Ibr example the anti-vascular
endothelial cell growth factor antibody bcvacizumab (Avastinum) and VEGE receptor tyrosine kinasc
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 (AZD2I71; Example 240 within WO 1500/47212),
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 cor example linomide, inhibitors of integrin
avf33 lunction and angiostatint          (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;        (vii) 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 interlcukin 2, interlcukin 4 or granulocyte-macrophage colony  23
stimulating factor, approaches to decrease T-cell anergy, approaches using transfected immune cells
such as cytokine-transfected dendritic cells, approaches using cytokine-transfected tumour cell lines
and approaches using anti-idiotypic antibodies.       A compound of the invention, or a salt thereof, may
be prepared by any process known to be applicable to the preparation of such compounds or
structurally related 



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 formation and eventual deprotection), see T.W. Greene and P.G.M. Wuts, "Protective Groups 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) or (d) (wherein the variables 15are as defined hereinbefore for compounds of Formula (1)
unless otherwise defined): (a) reaction of an acid of Formula (II) with an amine of Formula (III): VI 0
NH CH HO-*****><")"  (II) wherein PI represents a suitable protecting group, for example
tert-butoxycarbonyl; (b) reaction of a carboxamide ofFormula (IV) with a bicyclic heterocycle or
Formula (V):    wherein L1 represents a suitable leaving group, for example chlorine;  24 (c) when n is
1, hydrogenation of a compound of Formula (VI): or  (VI) 



(d) when RI represents aminomethyl, hydrogenation of- a compound ofFomula (VII): Y\1  (VII) wherein
131 represents a suitable protecting group, for exatnple tert-butoxycarbonyl; and thereafter, if
necessary: (i) converting a compound of-Formula (I) into another compound of Formula (I); (ii)
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 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 such as amide or metal- Iscatalysed coupling, or nucleophilic displacement reactions.
Specific reaction conditions lor processes (a),(c) and (d) above are as follows: Process (a) - acids of
Formula (11) and amines of Formula (111) may be reacted together in the presence of a suitable
coupling reagent, for example 0-(7-azabenzotriazol-1-y1)- N,N,N,N'-tetramethyluronium
hexafluorophosphate (HARI), and a suitable base, for  WO 20091047563PCT/GB2008/050925 25
example N,N'-diisopropylethylamine (DIPEA), in a suitable solvent, for example dimethylacetamide
(DMA), and at a suitable temperature, for example 50 to 70C, more suitably about 60C; Process (b) -
carboxamides of Formula (IV) and heterocycles of Formula (V) may be 5reacted together in the
presence of a suitable base, for example N,N1-diisopropylethylamine (D1PEA), in a suitable solvent,
for example butan-l-ol, and at a suitable temperature, for example 50 to 70C, more suitably about 60C;
Processes (c) and (d) - compounds of- Fommla (VI) or (VII) dissolved in a suitable solvent, lor example
ethanol, may be hydrogenated under an atmosphere ofhydrogen in the 10presence of a suitable
catalyst, for example RaneyTM nickel, and a suitable base, for example ammonium hydroxide. 



Compounds of- Fommla (II) may be prepared according to Scheme I: VI 0NET LI NaHCO, +Y\ , Z'
NNReflux Temp H (V111)(V) Scheme 1 ISwherein PI is a suitable protecting group, for example
tert-butoxycarbonyl, LI is a suitable leaving group, for example chlorine, and all other variables are as
defined hereinbelore. Compounds of Formula (IV) may be prepared according to Scheme 2:   (IV)
Scheme 2 wherein PI and P2 are suitable protecting groups, for example tert-butoxycarbonyl, and all
other variables are as defined herebbefore. Compounds of Formula (VI) may be prepared according to
Scheme 3: 0 RI + 



-...N,---DTPEA I R5DMA 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-butoxycarbonyl, and all other variables are as defined hereinbefore. Compounds of-Fomula (VII)
may be prepared according to Scheme 4:    HATU D1PEA DMA 50C   Scheme 4 



wherein RE 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) arc
commercially available, known in the literature, prepared by standard processes known in the art, or
may be 10prepared 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 15known in the art. Generally, with respect to the following Examples:  WO
20091047563PCT/GB2008/050925 28  (i) temperatures are given in degrees Celsius (C); operations
were carried out at room or ambient temperature, that is, at a temperature in the range of 18 to 25C;
(ii) organic solutions were dried over anhydrous magnesium sulfate or anhydrous sodium sulfate;
evaporation of solvent was carried out using a rotary evaporator under reduced pressure (600 to 4000
Pascals; 4.5 to 30mmHg) with a bath temperature of up to 60C;  (iii) chromatography means Clash
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 ilmore 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 sul foxide (DMSO-do) as solvent
unless otherwise indicated; the following abbreviations have been used: s, singlet; d, doublet; t, triplet;
q, quartet; rn, 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 C 18 5[1m, 50 x 2 mm column (or similar) eluting with either 



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- 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  29 indicate the parent mass are reported and unless otherwise stated the
value quoted is the (M+H)+ for positive ion mode and (M-H)- for negative ion mode;  (x) unless stated
otherwise compounds containing an asymmetrically 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 microwave;  (xii) preparative high performance liquid chromatography (HPLC) was
performed on a Gilson instrument using the following conditions:   Column: C18 reversed-phase silica,
for example, Waters Abridge', 5 pm silica, 19 x 100 10mm, or 30 x 100 mm, using decreasingly polar
solvent mixtures as eluent (decreasing ratio of Solvent A to Solvent B) Solvent A: Water with 1%
ammonium hydroxide Solvent B: Acetonitrile Flow rate: 28 ml / tnin or 61 ml / min 15Gradient: Tailored
to suit each compound - generally 7-10 min in length Wavelength: 254 nm Abbreviations
BocTert-butoxycarbonyl 20CASTMChemical Abstracts Service DCMdichlorotnethane
DIPEAN,N'-diisopropylethylamine 



DEAdiethylamine DMAdimethylacetamide 25 DMFdimethylfortnamide
HATU0-(7-Azabenzotriazol-1-y1)-N,N,N',N'- tetramethyluronium hexafluorophosphate LCMSliquid
chromatography mass spectroscopy LDAlithium diisopropylamide 30 MPLCmedium pressure liquid
chromatography NMPN-methylpyn-olidinone OBDoptimum bed density  WO
20091047563PCT/GB2008/050925 30 PTFEpolytetrafluoroethylene 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- 1yl)piperidine-4-carboxamide
4-(tert-Butoxycarbonylatnino)-1-(714-pyrrolo[2,3-d]pyrimidin-4-yepiperidine-4- carboxylic acid
(Intermediate 1) (362 mg), 1-(4-chlorophenyl)ethanamine (172 mg),
N(3-dimethy1aminopropy1)-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 Et0Ac (20 mL) and brine (4x 20 mL) The organics were combined, dried over
MgSO4 and evaporated in vacuo. The resultant white solid was dissolved in 1,4-dioxane (5 mL) 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 crude product 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 material was purified by preparative LCMS using decreasingly polar mixtures of water (containing
1% NI-13) and MeCN as eluents. Fractions containing the desired compound 25were evaporated to
dryness to afford 4-amino-N-(1-(4-chlorophenyl)ethyl)-1-(7H-
pyrrolo[2,3-dipyritnidin-4-y1)piperidine-4-carboxamide as a white solid (168 mg, 42%).  31 1H NMR
(d6-dmso, 400MHz) 1.33-1.49 (m, 5H), 1.84-2.04 (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), 11.62 (s, IH). MS mle M1-I+ 399. Example 2:
(S)-4-amino-N-(1-(4-chlorophenthethx1)-1-(7H-pyrrolo12,3-dlpyrimidin4-yl)piperidine-4-earboxamide
0-(7-Azabenzotriazol-1-y1)-N,N,N',Nttetramethyluronium hexafluorophosphate 10(0.418 g) was added
in one portion to 4-(tert-butoxycarbonylamino)-1-(7H-pyn-olo[2,3-
dipyrimidin-4-yOpiperidine-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 25C under nitrogen.
The resulting solution was stirred at 60C 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/Me0H 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 purl
lied by ion exchange chromatography, using an SCX column. The desired product was eluted from the
column using 7M ammonia/Me0H and pure fractions were evaporated to dryness. This material 20
was purified by preparative LCMS using decreasingly polar mixtures of water (containing I% 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-(71-1- pyrrolo[2,3-d]pyrimidin-4-yOpiperidine-4-carboxamide
as a white solid (0.281 g, 70.4 %). IH NMR (400.13 MHz, DMSO-d6) S 1.37 (3H, d), 1.42 - 1.45 (2H,
In), 1.88 - 2.01 (2H, 25 m), 2.27 (2H, s), 3.49 -3.59 (2H, m), 4.34 - 4.44 (21-I, 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.  



WO 20091047563PCT/GB2008/050925 32 Example 3:
4-amino-N-(1-(4-chlorophenthpropy1)-1-(7H-pwrolo12,3-cll  vflpiperidine-4-earboxamide
0-(7-Azabenzotri azol-1-y1)-N,N,N1,N1-tetram ethyl uron i um h ex all uorophosphate (0.209 g) was
added in one portion to 4-(tert-butoxycarbonylamino)-1-(7H-pyrrolo[2,3-
d]pyrimidin-4-yOpiperidine-4-carboxylic acid (Intermediate 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
chromatography, using an SCX column. The desired product to was eluted from the column using 7AT
ammonia/Me0H 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 7,Y ammonia/Me0H 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-chlorophenyepropy1)-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 MHz, DMSO-d6) 6 0.87 (31-I, 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 (11-1, dd), 7.18 (11-1,
dd), 7.32 - 7.37 (41-I, in), 8.31 (1H, d), 8.12 (11-1, s). MS mle MH+ 413.  33 Examples 3A and 3B:
(S)-4-amino-N-(1-(4-ehlorophenyl)propy1)-1-(7H-pwrolo12,3-
dlpyrimidin-4-ylniiperidine-4-earboxamide and (R)-4-amino-N-(1-(4-  eh] orophenybpropy1)-1
-(7H-pyrrolo 12,3-dlpyrimidin-4-yl)piperidine-4-earboxami de    5Racemic 4-amino-N-(1-(4-chl
orophenyl)propy1)-1-(7H-pyrrol o [2,3-d]pyrimi yOpiperidine-4-carboxamide (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 



io (using a 20pm Chiralpak AS (250mm x 4 6nun) column, with an eluent mixture of iso-
hexane/(Et0H/Me0H 50/50)/TEA 90/10/0.1, 1 mumin at 25C, injecting 10p1 of a lmg/mL solution in
Et0H) showed each enantiomer to be distinct from each other and enantiomerically pure (e.e. =
100%). 15Example 4: 4-amino-N4(4-ehlorophenyl)(eyelopropyl)methyl)-1-(7H-pyrrolo12,3-
dlovrimidin-4-yl)piperidine-4-earboxamide
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
(Intermediate 1) (0.181 g), (4- chlorophenyl)(cyclopropyl)methanamine (Intermediate 3) (0.091 g) and
DIPEA (0.261  34 mL) in DMA (5 mL) at 25C. 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 7Nammonia/Me0H and pure fractions were evaporated to
dryness. This crude material 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
exchange chromatography, using an SCX column. The desired product was eluted from the column
using 7N ammonia/Me0H and pure fractions were evaporated to dryness to afford the crude material
as a white solid. This material was triturated under cold methanol to give the pure product,
4-amino-N-((4- 10chlorophenyl)(cyclopropyl )methyl)-1-(7H-pyn-ol o [2,3-d]pyrim i din -4-y1 )piperidin
e-4- carboxamide as a white solid (0.167 g, 79 %). 11-1NMR (400.13 MHz, DMSO-d6) 60.27 -0.37
(2H, m), 0.48 - 0.52 (2H, m), 1.18 - 1.24 (1H, m), 1.40- 1.48 (2H, m), 1.88- 2.02 (2H, m), 2.20 (2H, s),
3.50 - 3.59 (2H, m), 4.15 (1H, t), 4.36 - 4.42 (2H, m), 6.57 - 6.58 (I H, m), 7.14 - 7.16 ( IH, m), 7.35 -
7.40 (4H, m), 158.12 (11-1, s), 8.47 (1H, d), 11.62 (1H, s). MS ink MI-1+ 425. Example 5:
4-amino-N-(2-amino-1-(4-ehlorophenvbethyl)-147H-pwrolo12,3-
dlpyrimidin-4-171)piperidine-4-earboxamide  NH, 



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
(Intermediate 6) (0.514 g) in DCM (100 mL) at 25C. The resulting solution was stirred at 25 C 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 7M NH3/Me0H and pure fractions were evaporated
to dryness. The crude product  WO 20091047563PCT/GB2008/050925 35 was purified by preparative
HPLC (Waters XBridge Prep C18 OBD column, 5}.I silica, 19 nun diameter, 100 nun length), using
decreasingly polar mixtures of water (containing 1% NH3) and MeCN as eluents. Fractions containing
the desired compound were evaporated to dryness. This material was then further purified by flash
silica chromatography, elution gradient 0 to 10% methanolic ammonia (71V) in DCM. Pure fractions
were evaporated to dryness to afford 4-am ino-N-(2-am in o-1-(4-chlorophenyfiethyl)-1-(7H-pyn-ol o
[2,3- dipyrimidin-4-yOpiperidine-4-carboxamide as a colourless gum (0.047 g, 11.4 %). 11-1 NMR
(400.13 MHz, DMSO-do) 6 1.41 - 1.51 (21-1, in), 1.86- 1.94 (2H, in), 1.97 -2.05 (2H, m), 2.77 - 2.86
(2H, m), 3.18 (2H, s), 3.51 -359 (2H, m), 4.35 -4.44 (2H, m), 4.70 10(1H, t), 6.58 (1H, d), 7.15 OH, d),
7.30 - 7.32 (2H, m), 7.35 -7.37 (2H, in), 8.12 (1H, s), 8.41 (1H, s), 11.62 (11-1, s). MS ink MI-1+ 414.
Example 6: (S)-4-(aminometh11)-N-(1-(4-chlorophenvbethyl)-1-(7H-pyrrolo12,3-
15dlpyrimidin-4-171)piperidine-4-carboxamide  0    Trilluoroacetic acid (2 niL, 25.96 mmol) was added
to (S)-tert-butyl (44144- chlorophenypethylcarbamoy1)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidin-4-
yOmethylcarbamate (Intermediate 13) (0.257 g, 0.5 mmol) in DCM (20 mL) at 25C. The 20resulting
solution was stirred at 25C 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/Me01-1 and pure fractions were evaporated to dryness. The crude product was purified
by flash silica chromatography, elution gradient 0 to 10% 7N ammonia/Me0H in DCM. Pure fractions
were evaporated to dryness to afford (S)-4-
25(aminomethyl)-N-(1-(4-chlorophenyfiethyl)-1-(71-1-pyrrolo[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 - 1.50 (4H, m), 2.05 -2.14 (2H, m), 2.69 (2H, s), 3.37 -3.47 (2H, m), 4.20 -4.25 (2H,
m), 4.96 - 5.04 (1H, t), 6.55 (1H, d), 7.15 (IH, d), 7.37 (4H, s), 8.11 (1H, s), 8.49 (1H, d), 11.61 (1H, s).
MS mle MH+ 413. Example 7: 4-amino-N-(1-(4-chlorophenv1)-4-hydroxybutv1)-1-(7H-pyrrolo12,3-
dipyrimidin-4-yl)piperidine-4-earboxamide  HO N N"- m N Trilluoroacetic acid (2 nil, 25.96 mmol) was
added to tert-butyl 4-( I -(4-chloropheny1)-4- hydroxybutyl carbamoy1)-1-(7H-pyrrol o [2,3-d]pyrimi
din-4-yl)piperi din-4-ylcarbam ate (Intermediate 17) (140 mg, 0.26 mop at 20 C and the resulting
solution stirred for 1 hour. The solution was then diluted with methanol, applied to a lOg SCX column
and eluted with methanol followed by 2N NH3/Me0H. Fractions containing product were combined,
concentrated by evaporation and purified by preparative 1-1PLC (Waters Is )(Bridge Prep C18 OBD
column, 5um silica, 19 mm diameter, 100 nun 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-
chloropheny1)-4-hydroxybutyl)-1-(71-1-pyrrolo[2,3-dipyrimidin-4-y1)piperidine-4- carboxamide (58.0
mg, 50.8 %) as a colourless solid. 20IH NMR (399.902 MHz, DMSO) S 1.28 - 1.51  (4H, m), 1.69- 1.80
(2H, m), 1.90 - 2.03 (2H, m), 3.37 - 3.41 (21-1, in), 3.50- 3.58 (2H, in), 4.37 -4.43 (3H, m), 4.71 -4.76
(11-1, in), 6.59 (11-1, in), 7.16 (1H, in), 7.36 (4H, m), 8.13 (11-1, s), 8.33 (1H, d), 11.64 (11-1, s). MS
ink MI-1+ 443.  37 



Examples 7A and 7B:
(S)-4-amino-N-(1-(4-ehlorophenv1)-4-hydroxybutv1)-1-(7Hpyrrolo12,3-dlpyrimidin-4-vbpiperidine-4-car
boxamide and (R)-4-amino-N-(1-(4- chloropheny1)-4-hydroxybuty1)-1-(7H-pwrolo[2,3-dl pyrimidi
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)piperidine-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 evaporated to dryness. The crude solid was then purified by ion exchange chromatography, using
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% 7/V
ammonia / Me0H in DCM) and pure fractions evaporated to dryness to afford
4-amino-N-(1-(4-chloropheny1)-4-hydroxybuty1)-1-(7H-
15pyrrolo[2,3-d]pyrimidin-4-yOpiperidine-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. 1H NMR (400.13 MHz, DMSO) 3 1.38-1.42 (2H, m), 1.46-1.49 (2H, d),
1.74 (2H, s), 1.92- 202.03 (2H, m), 2.19 (2H, s), 3.55-3.58 (2H, d), 4.38 (IH, s), 4.41 (2H, s), 4.75-4.76
(IH, d), 6.59 (11-1, s), 7.17 (1H, s), 7.36 (4H, s), 8.15 (1H, s), 8.32-8.34 (11-1, d), 11.65 (11-1, s,
exchange); MS m/e MI-I+ 443; HPLC tR = 1.66 min.  38 Example 8:
4-amino-N-(1-(4-chlorophenv1)-2-hydroxyethx1)-1-(7H-pwrolo12,3- di
pyrimidin-4-yl)piperidine-4-earboxamide  HO I10. tert-Butyl
4-(1-(4-chloropheny1)-2-hydroxyethylcarbamoy1)-1-(71-1-pyrrolo[2,3-
d]pyrimidin-4-yOpiperidin-4-ylcarbamate (Intermediate 18) (137 mg, 0.27 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 a SCX column. The residue was loaded onto the column in methanol and
washed with methanol. The 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-chloropheny1)-2-hydroxyethyl)-1-(7H-pyrrolo[2,3-
dipyritnidin-4-yOpiperidine-4-carboxamide (111 mg, quant.) as a colourless crystalline solid. NMR
(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), 6.58 (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-
dlpyrimidin-4-yl)piperidine-4-earboxamide (E9)  on    HG] (4M in Dioxane) (3.00 mL, 12.00 mmol) was
added to (S)-tert-butyl 4-(1-(4-
5chloropheny1)-3-hydroxypropylcarbamoy1)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-yepiperidin-
4-ylcarbamate (Intermediate 22) (1.27 g, 2.40 mmol) in dichloromethane (20 mL) The resulting
suspension was stirred at 20 C ter 16 hours. The reaction mixture was liltered through a PTFE filtercup
and the crude solid was purified by preparative HPLC (Waters XTerra C18 column, 5pm silica, 19 min
diameter, 100 mm length), using decreasingly io 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
N1-13/Me0H and pure fractions were evaporated to dryness to afford
(S)-4-amino-N-(1-(4-chloropheny1)-3-
hydroxypropy1)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidine-4-carboxamide (0.200 g, 1519.4 %) as a
white solid. 1H NMR (399.9 MHz, DMSO-d6) 6 1.45 (2H, d), 1.86 (1H, d), 1.90 - 1.93 (1H, m), 2.19
(21-1, s), 3.38 (21-1, q), 3.51 -3.58 (21-1, m), 4.35 -4.38 (2H, m), 4.53 (1H, 0, 4.88 (1H, d), 6.58 (1H,
t), 7.16 (1H, t), 7.32 - 7.38 (4H, m), 8.12 (1H, s), 8.43 (IH, d), 11.63 (IH, s), m/z (EST+) (M+H)+ = 429;
HPLC tR = 1.46 min.  40 



Example 9 alternative route 1: (S)-4-amino-N-(1-(4-chlorophenv1)-3-hvdroxypropv1)-
1-(7H-pyrrolo12,3411pyrimidin-4-ybpiperidine-4-carboxamide     N-Ethyldiisopropylamine (1.676 ml,
962 mmol) was added to (S)-4-amino-N-(1-(4-
5chloropheny1)-3-hydroxypropyl)piperidine-4-carboxamide (Intermediate 49) (1g, 3.21 mmol) and
4-chloro-7H-pyrro1o[2,3-d]pyrimidine (0.493 g, 3.21 mmol) in butan- I -01 (15 in!). The resulting
solution was stirred at 60C for 18 hours. The reaction mixture was diluted with Et0Ac (50 mL), and
washed sequentially with water (25 mL) and saturated brine (25 mL). The organic layer was dried over
MgSO4, filtered and evaporated to afford 10crude product. The crude product was purified by flash
silica chromatography, elution gradient 0 to 6% Me0H with ammonia in DCM. Pure fractions were
evaporated to dryness to afford (S)-4-amino-N-( I -(4-chloropheny1)-3-hydroxypropy1)- I -(7H-pyrrol o
[2,3- dipyrimidin-4-yl)piperidine-4-carboxamide (842mg) as a white foam. (S)-4-amino-N-(1-
(4-chloropheny1)-3-hydroxypropy1)-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 Ibr 18 hours to afford
(S)-4-amino-N-(1-(4-chloropheny1)-3-hydroxypropy1)-1-(7Hpyrrolo[2,3-d]pyrimidin-4-yOpiperidine-4-ca
rboxamide (0.585 g, 42.5 %) as a white solid. nilz (ES+) (M+H)+ = 429; HPLC tR= 1.60 min. 20I H
NMR (400.13 MHz, DMSO-d6) 6 1.39 - 1.47 (2H, m), 1.80 - 2.02 (4H, m), 2.17 (2H, s), 3.35 - 3.40 (2H,
in), 3.50 -3.59 (2H, in), 4.34 -4.41 (21-1, 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 (IH, s)  WO
20091047563PCT/GB2008/050925 41 Example 9 alternative route 2:
(S)-4-amino-N-(1-(4-chlorophenv1)-3-hydroxvpropv1)-
1-(7H-pyrrolo12,3-dlpyrimidin-4-yl)piperidine-4-carboxamide  110
(S)-3-Atnino-3-(4-chlorophenyl)propan-1-ol (Intermediate 47) (2.055 g, 11.07 mmol) was 5 added in
one portion to 4-(tert-butoxycarbonylatnino)-1-(7H-pyrrolo[2,3-d]pyrimidin-4- yOpiperidine-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 20C for 24 hours. The reaction
mixture was evaporated to dryness then diluted with Et0Ac (300 mL), and washed sequentially with
water (50 niL) and 



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% Me0H with ammonia in DCM. Pure fractions were evaporated to dryness and triturated with
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 15 (Intermediate 22) (4.82 g, 82 %) as a white solid.
(S)-tert-butyl 4-(1-(4-chloropheny1)-3-
hydroxypropylcarbamoy0-1-(7H-pyrrolo[2,3-d]pyrimidin-4-yOpiperidin-4-ylcarbamate (Intermediate 22)
(4.82 g, 82 %) was suspended in dioxane (40.0 nil) 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/Me0H and pure fractions were evaporated to dryness. The
crude product was purl lied by preparative HPLC (Waters XBridge Prep C18 OBD column, Spin 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 25dryness to alTord
(S)-4-amino-N-(1-(4-chl oropheny1)-3-hydroxypropy1)-I-(7H-pyn-ol o [2,3-
dipyritnidin-4-y0piperidine-4-carboxamide (1.200 g, 25.3 %) as a white solid.  WO
20091047563PCT/GB2008/050925 42 nilz (ES+) (M+H)+ = 429; HPLC tR= 1.67 min. 1H NMR
matches previous.    Example 10:
N-(3-acetamido-1-(4-ehlorophenvl)propy1)-4-amino-1(7H-pwrolo12,3-
5dlpyrimidin-4-1711piperidine-4-earboxamide  Hydrogen chloride (4M) in 1,4-Dioxane (0.430 niL, 1.72
mmol) was added to tert-butyl 4- (3-ac etami do-1-(4-chlorophenyl )propyl carbamoy1)-1-(7H-pyrrol o
[2,3-d]pyrimi din-4- yOpiperidin-4-ylcarbainate (Intermediate 28) (98 mg, 0.17 nunol) in DCM (4mL) at
20C. ioThe 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 XTcrra C18
column, 5p silica, 19 mm diameter, 100111111 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- 15chlorophenyl)propy1)-4-amino-1-(7H-pyrrolo
[2,3-d]pyrim idin-4-yl)piperi dine-4- carboxamide (15.00 mg, 18.5 %) as a white dry film. NMR (399.9
MHz, DMSO-d6) 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 (IH, t), 7.34 - 7.39
(41-1, in), 7.80 (1H, t), 8.13 (1H, s), 8.39 (1H, s), 11.64 (1H, s) No visible NH2. raiz 20 (ESI+) (M+H)+
= 470: HPLC tR = 1.56 min.  43 



Example 11: 4-amino-N-(1-(4-chlorophenvI)-3-(dimethylamino)propv1)-1-(7Hpyrrolo
[2,3-dlpyrimidin-4-vbpiperidine-4-carboxamide   Hydrogen chloride (4M in 1,4-dioxanc, 1.01 inL, 405
minol) was added to tert-butyl 4-(1-
(4-chloropheny1)-3-(dimethylamino)propylcarbamoy1)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-
yl)piperidin-4-ylcarbamate (Intermediate 34) (0.045 g, 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 residue was purified by ion exchange chromatography, using an SCX column. The
desired product was eluted from the column iousing 2M NI-l3/Me0H and pure fractions were
evaporated to dryness to afford 4-amino-N-
(1-(4-chloropheny1)-3-(dimethylamino)propyl)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-
yOpiperidine-4-carboxamide (0.034 g, 92 %) as a colourless gum. 1H NMR (399.902 MHz, CDC13) 6
1.57 (2H, m), 1.66 (2H, br.$), 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 (IH, dt), 6.52 (1H, 15d), 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 ink MI-1+ 456  WO 20091047563PCT/GB2008/050925 44 Examples
11A and 11B: (S)-4-amino-N-(1-(4-chlorophens1)-3-
(dimethylamino)prom11-147H-pyrrolo[2,3-dlpyrimidin-4-vbpiperidine-4-  earboxamide and
(R)-4-amino-N-(144-ehlorophem1)-3-(dimethylamino)propy1)-1-
(7H-pwrolo12,3-dipyrimidin-4-thpiperidine-4-earboxamide  ClCI  \N Racemic
4-atnino-N-(1-(4-chloropheny1)-3-(dimethylamino)propy1)-1-(7H-
pyrrolo[2,3-d]pyrimidin-4-yOpiperidine-4-carboxamide (Example 11) (231 mg, 0.51 mmol) was chirally
separated on a Chiralpak AD-H SFC (250mm x 20mm) column, using supercritical (laid
chromatography, elution solvent 7:3 CO2/(Et0H + 0.1% DEA). The 10appropriate fractions for the first
eluted isomer were evaporated and the residue triturated with diethyl ether to give
4-amino-N-(1-(4-chloropheny1)-3-(dimethylamino)propy1)-1-
(7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidine-4-carboxamide (59 mg, 25%) as a white solid. 1H NMR
(399.902 MHz, DMSO)  1.43 (2H, ddd), 1.83 (2H, dt), 1.86 -2.01 (2H, m), 152.11 (6H, s), 2.14 (2H, t),
3.56 (2H, ddd), 4.39 (2H, ddd), 4.83 (1H, dt), 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). MS mle 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-(I -(4-chloropheny1)-3-
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, DMSO) 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 20091047563PCT/GB2008/050925 45 Example 12:
4-(aminomethyl)-N-(144-ehlorophenv1)-3-hydroxypropyl)-1-(7Hpyrrolo[2,3-dltivrimidin-4-vbpiperidine-4
-carboxamide     0-(7-Azabenzotriazol-1-ye-N,N,N',N'-tetramethyluronium hexafluorophosphate (106
mg, 50.28 mmol) was added to 4-((tert-butoxycarbonylamino)methyl)-1-(7H-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 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-Amino3-(4-chlorophenyepropan-1-ol (Intermediate 29) (49.5 mg, 0.27 mmol) was added as a to
solution in NMP (2 mL) and the tnixturc was stirred at 22 C for 16 hours. 4M HC1 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 pun i lied by ion exchange chromatography, using an SCX column. The desired
product was eluted from the column using 30% (2M NH3 in Me0H) 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, 5,1 silica, 19 mm diameter, 100 mm length), using
decreasingly polar mixtures of water (containing 1% NH3) and McCN as eluents. Fractions containing
the desired compound were evaporated to dryness to afford 4-(aminomethyl)-N-(1-(4- 



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, 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 (IH, s), 8.44 (I H, d), 11.63 (IH, s). MS mle WI+ 556  46 Example 13:
4-amino-N-(1-(4-ehlorophenv1)-3-hydroxypropy1)-1-(7H-pwrolo12,3-
dlpyrimidin-4-ybpiperidine-4-earboxamide  OH    TFA (0 7 mL) was added to a suspension of tert-butyl
4-(1-(4-chlorophenyI)-3- 5hydroxypropyl carbamoy1)-1-(7H-pyrrol o [2,3-d]pyrim din-4-y] )piperi
din-4-y] carbamate (Intermediate 36) (175 mg, 0.33 mmol) in dichloromethane (7 mL) under argon.
The resulting solution was stirred at 20C 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 10decreasingly polar tnixtures of water
(containing 0.2% atmnonium carbonate) and acetonitrile as eluent. The pure fractions were
evaporated to dryness to afford 4-amino-N(1-(4-chl orophenyl )-3-hydroxypropyl )-1-(7H-pyn-ol o
[2,3-d]pyrimi din-4-yl)piperi carboxatnide (99 mg, 69.8 %) as a white powder. 1H 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 (IH, 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 (ES1+) (M+H)+ = 429; HPLC tR = 1.58 min.  47 Example 14:
4-amino-N-(3-amino-1-(4-chlorophenvl)propv1)-1-(7H-pwrolo12,3-
dlpvrimidin-4-ybpiperidine-4-earboxamide   



Trifluoroacetic acid (0 05 nil_.) was added to a stirred suspension of tert-butyl 4-(3- 5am in
o-1-(4-chlorophenyl)propyl carbamoy1)-1-(7H-pyn-ol o [2,3-d]pyrimi din-4-y] )piperidin- 4-ylcarbamate
(Intermediate 38) (7.0 mg) in DCM (1 tnL) under argon at 25C. The resulting suspension was 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)propy1)-1-
(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 (1H, m) 2.41 (2H, m), 2.69 (2H, m), 2.85 (1H,
ni), 3.61 (2H, t), 4.63 (2H, t), 5.02 (IH, q), 6.82 (1H, s), 7.36 (1H, t), 7.41 (2H, d), 7.49 (21-1, d), 7.93
(3H, s br), 8.32 (11-1, s), 8.59 (3H, s br), 8.96 (1H, d). MS mle MH+ 428. 15 Example 15:
(R)-4-amino-N-(1-(4-chloropheny1)-3-hydroxypropv1)-1-(7Hpwrolo12,3-dliwrimidin-4-vlbiperidine-4-car
boxamide  OH  HC1 (4M in dioxane) (0.378 mL, 1.51 mmol) was added to (R)-tert-butyl 20chl oroph
eny1)-3-hydroxypropyl carbamoy1)-1-(7H-pyrrol o[2,3-d]pyrimi din-4-yl)piperi din- 4-ylcarbamate
(Intermediate 42) (0.160 g, 0.30 mmol) in DCM (3 mL) The resulting  48 suspension was stirred at 20
C for 3 hours. The reaction mixture was evaporated. The crude product was purified by preparative
HPLC (Waters XTerra C18 column, 5pm silica, 19 mm diameter, 100 mm length), using decreasingly
polar mixtures or water (containing 1% ammonia) and MeCN as cluents. Fractions containing the
desired compound were 5 evaporated to dryness to afford
(R)-4-amino-N-(1-(4-chloropheny1)-3-hydroxypropy1)-1-
(7H-pyrrolo[2,3-d]pyrimidin-4-y1)piperidine-4-carboxamide (0.051 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 - 1.93 (1H, m), 2.10 (2H, m), 3.37 (11-I, t),
3.55 (21-I, d), 4.40 (2H, d), 4.53 (2H, m), 4.88 (1H, d), 6.58 (1H, t), 107.16 (IH, t), 7.32 - 7.38 (4H, m),
8.14 OH, d), 8.43 (IH, d), 11.63 (IH, s) no visible NH2. 



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         0-(7-azabenzotriazol-1-y1)-N,N,NcN'-tetramethyluronium hexafluorophosphate (0.418 g,
1.10 mmol) was added in one portion to
4-(tert-butoxycarbonylamino)-1-(7Hpyrrolo[2,3-dipyrimidin-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 60C 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 7N ammoniaiMe0H 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
ammoniaiMe0H and pure fractions were evaporated to dryness. The crude product was purified by
preparative LCMS using  49 decreasingly polar mixtures of water (containing 1% ammonia) and MeCN
as eluents. Fractions containing the desired compound were evaporated to dryness to afford (R)-4-
amino-N-(1-(4-chlorophenyflethyl)-1-(7H-pyn-olo[2,3-d]pyrimidin-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 -
2.02 (2H, m), 2.19 (2H, s), 3.49 - 3.58 (2H, in), 4.34 - 4.43 (2H, m), 4.83 -4.91 (IH, m), 6.56 - 6.59 (1H,
m), 7.14 - 7.16 (1H, m), 7.32 - 7.38 (41-1, in), 8.12 (1H, s), 8.30 (1H, d), 11.62 (1H, s). MS ink MHF
399. 10 Example 17: (R)-4-(aminomethyl)-N-(1-(4-ehlorophenxbethvb-1-(7H-pwrolo12,3-
dlpyrimidin-4-171)piperidine-4-carboxamide   Raney(r) nickel (293 mg, 1.71 mmol) was added to a
solution of (R)-N-(1-(4- 15chlorophenypethyl)-4-cyano-1-(7H-pyrrolo[2,3-d]pyrimidin-4-yepiperidine-4-
carboxamide (Intermediate 45) (466 mg, 1.14 mmol), in ethanol (30 mL) Ammonium hydroxide (10 mt.)
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 20flash silica chromatography, elution gradient 0 to 10%
7N-ammonia/Me0H in DCM. Pure 



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. NMR (400 MHz, DMSO) 6 1.38 (3H, d), 1.41 - 1.51 (2H, ni), 1.61 (2H, s), 2.09 (2H, 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), 11.66 (1H, s). MS ink MHF 413.  WO
20091047563PCT/GB2008/050925 50 Example 18:
(S)-4-amino-N-(1-(4-eyanophenv1)-3-hydroxypropy1)-1-(7H-pwrolol 2,3-dl
pyrimidin-4-yl)piperidine-4-earboxamide  HO (S)-4-(1-atnino-3-hydroxypropyl)benzonitrile
(Intermediate 46) (195 mg, 1.11 5nunol) was added in one portion to
4-(tert-butoxycarbonylamino)-1-(7H-pyrrolo[2,3- dipyrimidin-4-yl)piperidine-4-carboxylic acid
(Intermediate 1) (400 mg, 1.11 mmol) and D1PEA (0.580 mL, 3.32 mmol) in DMA (5 tnL)
0-(7-azabenzotriazol-1-y1)-N,N,N',N'- tetramethyluronium hexafluorophosphate (463 mg, 1.22 nunol)
was added and the resulting solution was stirred at 20 C lor 24 hours. The reaction mixture was
evaporated to dryness then diluted with Et0Ac (300 mL), and washed sequentially with water (50 mL)
and saturated brine (50 mL) The organic layer was dried over MgSO4, filtered and evaporated to
afford crude product. The crude product was purified by flash silica chromatography, elution gradient 2
to 6% Me0H with ammonia in DCM. Pure fractions were evaporated to dryness to afford (S)-tert-butyl
4-(1-(4-cyanopheny1)-3-
15hydroxypropylcarbamoy1)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-yepiperidin-4-ylcarbamate (267 mg,
46.4%) as a white solid. (S)-tert-butyl 4-(1-(4-cyanophenyI)-3- hydroxypropylcarbamoy1)-1-(7H-pyrrol
o [2,3-d]pyrim din-4-y] )piperi din-4-y] carbamate (267 mg, 0.51 mtnol) was suspended in dioxane (5
00 tnL) and 4M hydrogen chloride in dioxane (0.769 mL, 22.14 mmol) added. The reaction was stirred
at ambient temperature 20lor 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/Me0H and pure fractions were evaporated to dryness. The product was then purified by
preparative HPLC (Waters XBridge Prep C18 OBD column, 51.1 silica, 21 nun diameter, 100 mm
length), using decreasingly polar mixtures or water (containing 1% 25 ammonia) and McCN as
eluents. Fractions containing the desired compound were evaporated to dryness to afford
(S)-4-amino-N-(1-(4-cyanophenyI)-3-hydroxypropy1)-1-  WO 20091047563PCT/GB2008/050925 



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 (2H, m), 4.34 -4.40 (21-1, m), 4.58 (1H, t), 4.94 (1H, s), 6.57 (1H, d), 7.15 (1H, d), 7.50 (2H,
d), 7.76 - 7.79 (2H, d), 8.12 (1H, s), 8.52 (1H, s), 11.61 (1H, s). MS m/e MHE 420. Example 19:
(S)-4-amino-1-(5-bromo-7H-pwrolo12,3-dlpyrimidin-4-v1)-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-chloropheny1)- 3-hydroxypropyl)piperidine-4-carboxamide (Intermediate
49) (400 mg, 1.28 mmol) and 5-bromo-4-chloro-71-1-pyrrolo[2,3-d]pyrimidine (Intermediate 50) (298
mg, 1.28 mmol) in butan-1-ol (6 mL) The resulting solution was stirred at 60C for 18 hours. The
reaction 15mixture was diluted with Et0Ac (50 mL), and washed sequentially with water (25 mL) and
saturated brine (25 mL) The organic layer was dried over MgSO4, filtered and evaporated to afford
crude product. The crude product was purified by flash silica chromatography, elution gradient 0 to 6%
Me0H with ammonia in DCM. The product was then purified by preparative HPLC (Waters XBridge
Prep C18 OBD column, 5p silica, 19 mm diameter, 20100 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-pyn-olo[2,3-
dipyritnidin-4-y1)-N-(1-(4-chloropheny1)-3-hydroxypropyl)piperidine-4-carboxamide (70.0 mg, 10.8 %)
as a white solid.  52  1HNMR (400.13 MHz, DMSO-d6) 6 1.41 - 1.50 (2H, m), 1.81 - 1.92 (2H, m), 2.04
- 2.20 (4H, m), 3.37 - 3.44 (4H, m), 3.91 (2H, t), 4.54 (1H, t), 4.90 (1H, m), 7.33 - 7.38 (4H, m), 7.50
(IH, s), 8.25 (IH, s), 8.47 (IH, d), 12.18 (IH, s). MS mle M1-1+ 510. Example 20:
(S)-4-amino-N-(1-(4-ehloropheny1)-3-hydroxypropy1)-1-(1Hpyrazolo[3,4-d]pyrimidin-4-y1)piperidine-4-
earboxamide            DIPEA (0.419 mL, 2 41 mmol) was added to (S)-4-amino-N-(1-(4-chloropheny1)-
3-hydroxypropyl)piperidine-4-carboxamide (Intermediate 49) (250 mg, 0.80 mmol) and
4-chloro-IH-pyrazolo[3,4-d]pyrimidine (124 mg, 0.80 mmol) in butan-l-ol (5 mL). The resulting solution
was stirred at 60 C for 6 hours. The reaction mixture was diluted with Et0Ac (50 mL), and washed
sequentially with water (25 mL) and saturated brine (25 mL) The organic layer was dried over MgSO4,
filtered and evaporated to afford crude product. 15The crude product was purified by flash silica
chromatography, elution gradient 0 to 6% Me0H with ammonia in DCM. Pure fractions were
evaporated to dryness and triturated with diethyl ether to afford
(S)-4-amino-N-(1-(4-ch1oropheny1)-3-hydroxypropy1)-1-(1H- 



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), 4.88 (1H, m), 7.32 - 7.38 (4H, m), 8.22 (IH, d), 8.29 (IH, s), 8.45 (1H, d), 13.52 (1H, s). MS
mle MH+ 430.  WO 20091047563PCT/GB2008/050925 53 Example 21:
(S)-4-amino-N-(3-hydroxv-1-phenylpropv1)-1-(7H-pyrrolo12,3-
dlpyrimidin-4-yl)piperidine-4-earboxamide  HO (S)-3-Amino-3-phenylpropan-l-o1 hydrochloride (260
mg, 1.38 mmol) was added 5in one portion to
4-(tert-butoxycarbonylatnino)-1-(7H-pyrrolo[2,3-d]pyrimidin-4- yOpiperidine-4-carboxylic acid
(Intermediate 21) (500 mg, 1.38 mmol) and DIPEA (0.967 mL, 5.53 mmol) in DMA (5 mL).
0-(7-azabenzotriazol-1-y1)-N,N,N',N'- tetramethyluronium hexafluorophosphate (579 mg, 1.52 mmol)
was added and the resulting solution was stirred at 20 C for 24 hours. The reaction mixture was
evaporated to to dryness then diluted with Et0Ac (300 mL), and washed sequentially with water (50
mL) and saturated brine (50 mL). The organic layer was dried over MgSO4, liltered and evaporated to
afford crude product. The crude product was purified by flash silica chromatography, elution gradient 2
to 6% Me0H with ammonia in DCM. Fractions were evaporated to afford (S)-tert-butyl
4-(3-hydroxy-1-phenylpropylcarbamoy1)-1-(71-1-
15pyrro1o[2,3-dipyrimidin-4-yOpiperidin-4-ylcarbamate (334 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 stirred at ambient temperature for 2 hours. The
crude product was purified by ion exchange chromatography, using an SCX column. The desired
product was cluted from the column using 3.5N 20 ammonia/Me0H and pure fractions were
evaporated to dryness. The resulting gum was triturated with Et0Ac to give a solid which was collected
by filtration and dried under vacuum to give (S)-4-amino-N-(3-hydroxy-I-ph enylpropy1)-1-(7H-pyrrol o
[2,3- dipyritnidin-4-y0piperidine-4-carboxamide (93 mg, 17.0 %) as an off white solid. II-1 NMR (400.13
MHz, DMSO-d6) 6 1.44 (21i1, t), 1.82 - 2.03 (41-1, m), 3.37 (2H, t), 3.50 -  54 MS ink MI-I+ 395.
Example 22: (S)-4-amino-N-(1-(4-ehloropheny1)-3-hydroxypropy1)-149H-purin-6-
thpiperidine-4-carboxamide  



DIPEA (0.335 niL, 1.92 mmol) was added to (S)-4-amino-N-(1-(4-chloropheny1)-
3-hydroxypropyl)piperidine-4-carboxamide (Intermediate 49) (200 nig, 0.64 mmol) and
6-chloro-9H-purine (99 mg, 0.64 minol) in butan-l-ol (4 mL) The resulting solution was stirred at 60C
for 18 hours. The reaction mixture was diluted with Et0Ac (50 mL), and iowashed sequentially with
water (25 niL) and saturated brine (25 niL). The organic layer was dried over MgSO4, filtered and
evaporated to afford crude product. The crude product was purified by flash silica chromatography,
elution gradient 0 to 6% Me0H with ammonia in DCM. Pure fractions were evaporated to dryness to
afford (S)-4-amino-N-(1- (4-chloropheny1)-3-hydroxypropy1)-1-(9H-p urin-6-yl)piperi dine-4-carboxami
de ( I 4 I fig, 1551.1 %) as a white solid. 1HNMR (400.13 MHz, DMSO-d6) 6 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, ni),
8.08 (1H, s), 8.17 - 8.22 (1H, s), 8.42 (1H, d), 13.02 (1H, s). MS mle MH+ 430. 20  WO
20091047563PCT/GB2008/050925 55 Example 23:
(S)-4-(aminomethyl)-N-(1-(4-chlorophenv1)-3-hydroxypropv1)-1-(7Hpyrrolo
[2,3-dltivrimidin-4-vbpiperidine-4-earboxamide  OH    (S)-3-Atnino-3-(4-chlorophenyl)propan-1-01
(Intermediate 47) (247 mg, 1.33 5 mmol) was added in one portion to
4-((tert-butoxycarbonylamino)methyl)-1-(7H- pyrrolo[2,3-dipyrimidin-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'-tetramethyluronium hexafluorophosphate (557 mg, 1.47 mmol)
was added and the resulting solution was stirred at 20C for 2 hours then 20C for 18 hours. The 



10reaction mixture was diluted with Et0Ac (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 product. The crude product was purified by flash silica chromatography, elution gradient 2 to 6%
Me0H with ammonia in DCM. Pure fractions were evaporated to dryness to afford (S)-tert-butyl
(4-(1-(4-chloropheny1)-3- 15hydroxypropylcarbamoy1)-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 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
3.57\T ammonia/Me0H and pure fractions were evaporated to dryness. The crude product was purified
by preparative HPLC (Waters XBridge Prep C18 OBD column, 51.tm silica, 19 mm diameter, 100 nun
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-chloropheny1)-3-hydroxypropyl)-1-(7H-pyrrolo[2,3-dipyritnidin-4-
yOpiperidine-4-carboxamide (192 mg, 32.5 %) as a white dry film.  WO
20091047563PCT/GB2008/050925 56 IHNMR (400.13 MHz, 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, 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 ink MHF 443. Example 24:
(S)-4-amino-N-(144-bromophenv1)-3-hydroxypropy1)-147H-pyrrolo12,3-
dlpyrimidin-4-171)piperidine-4-earboxamide  HO to(S)-3-Amino-3-(4-bromophenyl)propan-1-01
(Intermediate 51) (191 mg, 0.83 mmol) was added in one portion to
4-(tert-butoxycarbonylamino)-1-(7H-pyrrolo[2,3- dipyritnidin-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 and the 15resulting solution was stirred at 20C for 24 hours. The reaction mixture was
evaporated to dryness then diluted with Et0Ac (300 mL), and washed sequentially with water (50 mL)
and saturated brine (50 mL) The organic layer was dried over MgSO4, filtered and evaporated to
afford crude product. The crude product was purified by flash silica chromatography, elution gradient 2
to 6% Me0H with ammonia in DCM. Fractions were 20evaporated to afford (S)-tert-butyl
4-(1-(4-bromopheny1)-3-hydroxypropylcarbamoy1)-1-
(7H-pyrrolo[2,3-d]pyrimidin-4-yppiperidin-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
dioxanc (0.577 mL, 16.6 mtnol) added. The reaction was stirred at ambient temperature for 2 hours.
The crude product was purified by ion exchange 25chromatography, using an SCX column. The
desired product was eluted from the column using 3.5Nammonia/Me0H and pure fractions were
evaporated to dryness. The product  WO 20091047563PCT/GB2008/050925 57 was then purified by
preparative HPLC (Waters XBridge Prep C18 OBD column, 5um silica, 19 mm diameter, 100 mm
length), using decreasingly polar mixtures of water (containing 1% ammonia) and MeCN as el uents.
Fractions containing the desired compound were evaporated to dryness to afford
(S)-4-amino-N-(1-(4-bromopheny1)-3-
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 - 1.46 (21-1, m), 1.79 - 2.01 (4H, m), 2.15 (21-1,
s), 3.37 (21-1, q), 3.51 -3.58 (2H, m), 4.37 (21-1, t), 4.52 (11-1, t), 4.86 (11-1, 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 MS m/e MH+ 473. Example 25:
4-amino-N-(1-(4-chlorophenv1)-4-(dimethylamino)buty1)-1-(7Hpyrrolo[2,3-dltivrimidin-4-vbpiperidine-4-
carboxamide     151-(4-Chloropheny1)-N4,N4-dimethylbutane-1,4-diamine (Intermediate 57) (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 acid (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 solution was stirred at 50 C for 2 hours. The reaction mixture was diluted with Et0Ac (25 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 product. The crude product was purified by flash
silica chromatography, elution gradient 5 to 10% Me0H with ammonia in isohexane. Pure fractions
were evaporated to dryness to 25alTord tert-butyl
4-(1-(4-chloropheny1)-4-(dimethylamino)butylcarbamoy1)-1-(7H-  58
pyrrolo[2,3-d]pyrimidin-4-yOpiperidin-4-ylcarbamate (423 mg, 51.0 %) as a colourless gum. tert-Butyl
4-(1-(4-chloropheny0-4-(dimethylamino)butylcarbamoy1)-1-(7Hpyrrolo[2,3-d]pyrimidin-4-yl)piperidin-4-
ylcarbamate (423 nig, 0.74 mmol) was dissolved in DCM (5.00 inL) and TFA (1 inL) 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 3.57\T ammonia/Me0H and pure fractions were evaporated to dryness to afford crude product
which was triturated with diethyl ether to afford 4-amino-N-(1-(4-chloropheny1)-4-
(dimethylamino)buty0-1-(7H-pyrrolo[2,3-d]pyrimidin-4-yOpiperidine-4-carboxamide (245 10mg, 35.8
%) as a white solid. 1H NMR (400.13 MHz, DMSO-d6) 6 1.26 - 1.33 (2H, in), 1.38- 1.47 (2H, in), 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, in),
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 (IH, d), 11.62
(1H, s). 15 MS mle MH+ 470. Example 26:
(S)-4-amino-N-(1-(4-ehlorophenv1)-3-(diethylamino)propv1)-1-(7Hpyrrolo[2,3-dipyrimidin-4-ybpiperidin
e-4-earboxamide    



20(S)-I-(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-butoxycarbonylamino)-1-(7Hpyrrolo[2,3-d]pyrimidin-4-y0piperidine-4-carboxylic acid
(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-tetramethyluronium 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 reaction mixture was diluted with Et0Ac (25 mL), and washed sequentially with water
(20 mL) and saturated brine (20 mL). The organic layer was dried over MgSO4, filtered and
evaporated to alTord crude product. The crude product was purified by flash silica chromatography,
elution gradient 5 to 10% Me0H with ammonia in DCM. Pure fractions were evaporated to dryness to
afford (S)-tert-butyl 4-(1-(4-chloropheny1 )-3-(di ethyl amino)propyl carbamoy1)- I -(7H-pyn-ol o [2,3-
dipyritnidin-4-yOpiperidin-4-ylcarbamate (189 mg, 65.5 %) as a colourless gum. (S)-tertbutyl
4-(1-(4-chloropheny1)-3-(diethylamino)propylcarbatnoy1)-1-(7H-pyrrolo[2,3-
d]pyrimidin-4-yOpiperidin-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 7N ammonia/Me0H 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-ch1oropheny1)-3-(diethy1amino)propy1)-1 -
15(7H-pyrrolo[2,3-d]pyrimidin-4-yepiperidine-4-carboxamide (70.0 mg, 29.3 %) as a white foam. 114
NMR (400.13 MHz, DMSO-d6) 6 0.94 (6H, d), 1.42 - 1.49 (2H, In), 1.86 - 2.01 (4H, in), 2.43 (2H, m),
3.51 -3.59 (21-1, in), 4.37 - 4.43 (2H, in), 4.84 (1H, t), 6.58 (1H, d), 7.15 -7.16 (1H, d), 7.32 - 7.38 (41-I,
m), 8.12 (1H, s), 8.59 (1H, s), 11.63 (1H, s). 20 MS ink MI-1+ 484. Example 27:
(S)-4-amino-N-(1-(4-ehlorophenv1)-3-hydroxypropy1)-1-(5-evelopropyl7H-pyrr olo 12.3-cu I
pyrimidin-4-vl)uiperidine-4-carboxamide  60 d]pyrimidin-4-yOpiperidin-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/Me0H 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 cluents.
Fractions containing the desired compound were evaporated to dryness to afford
(S)-4-amino-N-(1-(4-chlorophenyI)-3-
10hydroxypropy1)-1-(5-cyclopropy1-7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidine-4- carboxamide (25.0
mg, 7.2 %) as a white solid. IHNMR (400.13 MHz, DMSO-d6) 6 0.66 - 0.70 (2H, m), 0.86 - 0.91 (2H,
m), 1.41 - 1.50 (2H, In), 1.81 -2.13 (5H, m), 3.35 - 3.43 (4H, m), 3.99 - 4.07 (2H, m), 4.54 (IH, t), 4.90
(IH, d), 6.90 (1H, s), 7.32 - 7.38 (4H, m), 8.18 (IH, s), 8.47 (1H, d), 11.46 (IH, s). 



15 MS mie Mf1+ 470. Example 28:
4-amino-N-(1-(4-chlorophenv1)-3-(methylamino)propv11-1-(7Hpyrrolo[2,3-dipyrimidin-4-yl)piperidine-4
-carboxamide  CI  20Hydrogen chloride (4M in dioxanc, 0.461 mL, 1.84 mmol) was added to 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) in a 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 SCX column. The desired product was eluted from the column using 30% (2M NH3 in Me0H)
in DCM and pure fractions were evaporated to dryness to alTord 4-am in o-N-(1-(4-ch
loropheny1)-3-(methylamin o)propy1)- I -(7H-pyrrol o [2,3- dipyritnidin-4-yOpiperidine-4-carboxamide
(7 mg, 86 %) as a colourless gum. 1H NMR (399.902 MHz, DMSO) 6 1.44 (2H, m), 1.83 (2H, dt), 1.87
- 2.01 (2H, m), 2.15 (2H, m), 2.25 (2H, br.$), 2.42 (2H, m), 3.56 (2H, ni), 4.38 (2H, in), 4.84 (IF, br.$),
6.58 (1H, d), 7.16 (1H, d), 7.32 - 7.38 (4H, in), 8.13 (1H, s), 8.57 (1H, s), 11.63 (1H, s). MS mle MH+
442.4. 10The 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
Name Structure NMR / MS 



29 4-amino-N-[(4- chlorophenyl)(p henyl)methy11- 1-(71-1- pyrrolo[2,3- d]pyrimidin-4- yl)piperidine-4-
carboxamide  Zr c=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), 7.42 - 7.25 (9H, m), 7.17 - 7.15 OH, m), 6.60 -6.58 (1H, m), 6.07 (1H, s), 4.45 -4.39 (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-N42- amino-1-(4- chlorophenyI)-2- oxoethy1]-1-
(7H-pyrrolo[2,3- d]pyrimidin-4- yl)piperidine-4- carboxamide  _Fr RD / X4 z=./ 0 __/ IH NMR (399.902
MHz, DMSO) 6 11.65 (1H, s), 8.92 (1H, s), 8.13 (1H, s), 7.80 (1H, s), 7.45 - 7.39 (4H, m), 7.29 (1H, s),
7.17 - 7.15 (1H, in), 6.58 - 6.57 (1H, m), 5.30 (1H, s), 4.48 -4.38 (2H, ni), 3.55 - 3.46 (2H, m), 2.43 (2H,
s), 2.03 - 1.94 (1H, m), 1.90- 1.82 (1H, m), 1.49- 1.39 (2H, m) tniz (ES1+) (M+H)+ = 428; HPLC tR =
1.45 min.  



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 I. Table
B  No. Compound Name Structure     NMR / MS 31 4-amino-1-(3- bromo- I H- pyrazolo[3,4-
d]pyrimidin-4-yI)-N[(I S)-I-(4- chlorophenyBethyl] piperidine-4- carboxamide  1 o N NH, N ii 



MS: mlz (ESI+) (M+H)+ = 480; HPLC tR = 1.34 min.   Cl a                  



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 (4H, m), 3.36 - 3.48 (2H, m), 3.90 - 4.03 (21-I, m), 4.82 -4.96 (1H, in), 7.31 -7.41 (4H, 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.    





33 4-amino-1-(3- bromo-1H- pyrazolo[3,4- d]pyrimidin-4-y1)-N- [(1S)-1-(4- chlorophenyI)-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 - 2.14 (2H, ni), 3.38 (2H, m), 3.55 - 3.62 (21-1, m), 4.17 - 4.23 (2H, m), 4.54 (1H, t), 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 



4-amino-N-[(1S)-1- (4-ch1oropheny1)-3- hydroxypropy1]-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), 2.01 - 2.15 (2H, ni), 3.39 - 3.46 (4H, ni), 3.93 - 3.99 (2H, m), 4.59 (1H, t), 4.90 (1H, 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-y1)-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-I, m), 3.85 -3.99 (21-I, 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 (IH, d), 12.11 - 12.28 (1H, m). MS: mlz (ESI+) (M+H)+ = 479; 1-1PLC1 tR = 2.08 min.



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 Z71/ 0 2y ( -A 4Z  ct  1H NMR (399.9 MHz, DMSO-d6) 5
1.41 - 1.49 (2H, in), 1.79 - 2.13 (6H, ni), 2.34 (3H,  s), 3.38 - 3.42 (2H, m), 3.73 (2H, t), 4.59 (1H,  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- chlorophenypethylk 1-(5-methyl-7Hpyn-olo[2,3-
d]pyrimidin-4- yl)piperidine-4- carboxamide 



a  r  o NI I, - \ N H 0 1H NMR (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), 8.18 (1H, s), 8.34 (1H, d), 11.45 (1H, s). MS: nth (ES1+) (M+H)+ = 4 I 3; HPLC tR = 1.41 min.



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 



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 MHz, DMSO-d6) 5 1.10 (s, 3H), 1.12 (s, 3H), 1.54- 1.63 (in, 2H), 1.66- 1.71 (iii, 1H), 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 (d, 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/ 



N % 0 N NH - \ N H IH NMR (400. I 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), 8.13 (1H, s),           . 



65  carboxamide  8.47 (IH, d), 11.64 (1H, s) MS nile MH+ 390 40 4-amino-N-[(1S)-1-
(3-ch1oropheny1)-3- hydroxypropy1]-1- (7H-pyrrolo[2,3- d]pyrimidin-4- yl)piperidine-4- earboxamide
1H NMR (400.13 MHz, DMSO-d6)  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, In), 4.54 (I H, 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 (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) phenyllethyl{
piperidine-4- carboxamide  IH NMR (400.13 MHz, DMSO-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 (11-1, d), 7.54
(2H, d), 7.67 (2H, d), 8.13 (IH, s), 8.46 (1H, d), 11.64 (1H, s) 



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 for Example 8. The compounds of the invention listed in Table D below were made from the
appropriate starting materials using a process analogous to that described in Example 16.  66 Table D
No. Compound Name Structure NMR / MS 



42 4-amino-N-[(1R)-1-  1H NMR (400.13 MHz,  (4-  DMSO-d6)  1.37 (3H,    d), 1.39 - 1.47 (2H, m),
bromophenypethylk  1.85 -2.02 (2H, m), 2.18  1-(7H-pyrrolo[2,3-  (2H, s), 3.50 - 3.58 (2H,   



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,    



d), 11.62 (IH, s)    MH+ = 443    RT = 1.69 min 43 4-amino-N4 I -(4-  IH NMR (400 MHz,
chloropheny1)-2-  DMSO)  1.21 - 1.42 (2H, m), 1.72- 1.94 (2H,  phenylethy1]-1-(7H-  m), 2.98 - 3.10
(2H, m),  



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
yl)piperidine-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 (1H, d), 11.63   



(1H, s)    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,   



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 -    6.58 ( IH, in), 7.10 - 7.15 



(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 



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, in), 4.30 - 4.44 (2H, in), 6.16 (1H, s), 6.57 - 6.63 (IH, m), 7.13 -7.19 (IH, m), 7.46 - 7.55
(4H, m), 8.13 (1H, s), 11.64 (1H, s) MH+ = 410 RI = 1 79 min 46 4-amino-N-(1-
phenylethyl)-1-(7Hpyn-olo[2,3- d]pyrimidin-4- yl)piperidine-4- carboxamide i\z H_, z 4 \ 2 .p z. .  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, in), 8.12 (1H, s), 8.28 (IH, d), 11.62 (IH, s) 



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. Compound Name Structure NMR / MS 47 4-amino-N41-(4- chloropheny1)-4- pyrrolidin-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), 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), 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
20091047563PCT/GB2008/050925 68   



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), 1.44- 1.51 (1H, m), 1.57- 1.76 (4H, m), 2.10 - 2.17 (2H, m), 2.26 - 2.35 (6H, in), 3.47 - 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- chloropheny1)-4-
piperidin-1-ylbutylk I-(7H-pyrrol o [2,3- d]pyrimidin-4- yl)piperidine-4- carboxamide lz \ _( 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 (2H, m), 2.16 -2.24 (7H, m), 3.50 - 3.58 (2H, m), 4.34 - 4.40 (2H, in), 4.73 (1H, m), 6.57 (IH,
d), 7.15 (IH, d), 7.31 - 7.37 (4H, In), 8.12 (1H, s), 8.29 (iH, d), 11.62 (1H, s) MS mile MH+ 510 



Example 49A and 49B: 4-amino-N-R1S1-1-(4-ehlorophenv1)-4-Piperidin-1-vlbutv11-1-
(711-pwrolo12,3-di pyrimidin-4-v1)piperidi ne-4-earboxami de and 4-amino-N-[(1R)-1-
(4-ehlorophenv1)-4-piperidin-1-vlbutv11-1-(7H-pwrolo12,3-d] pyrimidin-4-
5vl)piperidine-4-earboxamide   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 (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), 8.12 (1H, s), 8.29 (1H, s), 11.63 (1H, s) MS m/e MH+ 510 11-1 NMR (500.13 MHz,
DMSO-d6) 6 1.31 - 1.41 (41-1, m), 1.44- 1.48 (7H, in), 1.68 - 1.71 (2H, m), 1.90- 1.98 (21-1, 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), 8.12 (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. 15Table F  No. Compound Name Structure NMR / MS 50
4-amino-N-[(1S)-1- rTh nZint \ -Z 7 Z,71 CT; 1H NMR (400.13 MHz,  



(4-ch1oropheny1)-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)propy11-1-(71-1-  (2H, t), 2.31 -2.34 (7H,    m), 3.54- 3.57 (2H, m),  pyrrolo[2,3-  



4.38 (2H, m), 4.82 (1H,  d]pyrim i din -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)    MS ink MH+ 511 



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, m), 2.20 (2H, t), 2.27 - 2.37 (4H, in), 3.51 -3.63 (6H, m), 4.35 -4.41 (2H, m), 4.85 ( IH, 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-chloropheny1)-3- piperidin-1- ylpropy1]-1-(7Hpyrrolo[2,3- d]pyrimidin-4-
yl)piperidine-4- carboxamidc ic= )c/ _ Z \ 7 0Z/i ..... Ill 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, m), 6.57 (1H, d), 7.14 - 7.16 (1H, d), 7.30 - 7.37 (4H, m), 8.12 (1H, s), 8.64 - 8.66 (1H, d),
11.62 (1H, s) MS m/e MH+ 496 



53* 4-amirw-N-R1S)-1- (4-chlorophcny1)-3- piperazin-1- ylpropy1]-1-(7Hpyn-olo[2,3- d]pyrimidin-4-
yl)piperidine-4- carboxamide ci H 1111r NII, \ N II IH NMR (400.13 MHz, DMSO-d6) 6 1.40 - 1.47 (2H,
m), 1.82 - 1.99 (4H, m), 2.11 -2.25 (6H, m), 2.67 -2.69 (4H, m), 3.54 - 3.57 (2H, tn), 4.35 - 4.41 (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-[(IS)- I - (4-chloropheny1)-3- (1H-imidazol-1-
yepropy1]-1-(7Hpyn-olo[2,3- d]pyrimidin-4- yl)piperidine-4- carboxamide  IH NMR (400. I 3 MHz,
DMSO-d6)  1.41 - 1.53 (2H, m), 1.86 -2.04 (2H, in), 2.13 -2.25 (4H, in), 3.52 - 3.61 (2H, m), 3.96 - 4.00
(2H, ni), 4.34 - 4.42 (2H, In), 4.69 (I H, m), 6.58 (1H, d), 6.89 (1H, s), 7.15 (21-I, t), 7.31 (2H, d), 7.36 -
7.38 (2H, d), 7.56 (1H, s), 8.12 (11-1, s), 8.44 (11-1, d), 11.62 (IH, s) MS ink MH+ 479  



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. I 3 MHz, DMSO-d6) 6 1.42 - 1.58 (2H, ni),
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 (21-1, 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 /7 0.Z --- \\ RIC4Z: ....   * Made by the same 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 dimethoxybenzyl groups. Example 56:
4-amino-N-(1-(4-ehlorophenv1)-2-sulfamovlethvb-1-(7H-pyrrolo12,3-
dipyrimidin-4-yl)piperidine-4-earboxamide   



72 Tert-butyl
4-(1-(4-chloropheny1)-2-(methylsulfonamido)ethylcarbamoy1)-1-(7Hpyrrolo[2,3-d]pyrimidin-4-yOpiperi
din-4-ylcarbamate (Intermediate 76) (100 mg, 0.17 mmol) was treated with trilluoroacetic acid (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 exchange chromatography, using an SCX column.
The residue was loaded onto the column in methanol and washed with methanol. The desired product
was eluted from the column using 2M ammonia in methanol and pure fractions were evaporated to
dryness to afford 4-atnino-N-(1-(4-chloropheny1)-2-
(methylsulfonamido)ethyl)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-yOpiperidine-4-carboxamide 10(79 fig, 95
%) as a colourless solid. 1H NMR (399.9 MHz, DMSO-d6) 6 1.38 - 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, s), 8.46 (1H, br, s), 11.64 (I H, s) MS ni/e MH+ =
492 15 Example 57: 4-amino-N-(1-(4-ehlorophenv1)-2-sulfammilethvb-1-(7H-pyrrolo12,3- di
pyrimidin-4-xl)piperidine-4-earboxamide   HnN s 0 '0 N   Tert-butyl 4-( I -(4-chloropheny1)-2-sul camoyl
ethyl carbam oyl )-1-(7H-pyrrol o [2,3- 20dipyritnidin-4-yOpiperidin-4-ylcarbamate (Intermediate 81)
(153 mg, 0.26 mtnol) 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 25evaporated to dryness to
afford 4-amino-N-(1-(4-chloropheny1)-2-sulfamoylethyl)-1-(7H-  73
pyrrolo[2,3-d]pyrimidin-4-yOpiperidine-4-carboxamide (125 mg, 99 %) as a colourless solid. 



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 (1H, m), 7.39 (4H, s), 8.13 (1H, s), 8.68 (1H, br, s), 11.63 (1H, s) MS mle M11+ = 478
Example 58: N-(2-aeetamido-1-(4-ehlorophenvbethyl)-4-amino-1-(7H-pnrolo12,3-
10dipyrimidin-4-yl)piperidine-4-earboxamide  CI    Tert-butyl
4-(2-acetamido-1-(4-chlorophenypethylcarbamoy1)-1-(7H-pyrrolo[2,3-
d]pyrimidin-4-yDpiperidin-4-y1carbamate (Intermediate 84) (97 mg, 0.17 mmol) was treated with
trifluoroacetic acid (2 mL) The solution was stirred for 1 hours at room Is 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-chlorophenypethyl)-4-amino-1-(7H-pyrrolo[2,3-
20d]pyrimidin-4-yl)piperidine-4-carboxamide (80 mg, quant.) as a cream dry lilm. 1HNMR (399.9 MHz,
DMSO-d6) 6 1.43 (2H, t), 1.79 (311, s), 1.83 -2.04 (2H, m), 2.20  74 8.42 - 8.50 (1H, m), 11.63 (1H, s)
MSnVeMt= 456 Example 59:
4-amino-N-(1-(4-ehloropheny1)-2-(1H-imidazol-2-vbethyl)-1-(7Hpwrolo123-dipvrimidin-4-vl)uiperidine-
4-carboxamide  / NH Cl Trifluoroacetic acid (5 mL, 64 90 mmol) was added to tert-butyl
4-(1-(4-chloropheny1)-2-
(1-trity1-1H-imidazol-2-yDethylcarbamoy1)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-y1)piperidin4-ylcarbamate
(Intermediate 89) (310 mg, 0 38 mmol) at room temperature and the ioresulting 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 lOg SCX column which was then eluted
with Me0H followed by 2N NH; (in Me0H). 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 



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-
yflpiperidine-4-carboxamide (130 mg, 72.8 %) as a cream solid. 1H 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 (IH, (4), 6.57
(1H, d), 6.85 (2H, s), 7.16 (IH, d), 207.25 (2H, d), 7.31 (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-ehlorophenv1)-2-(1H-pyrazol-1-thethyll-1-(7Hpyrrolo[2,3-dltivrimidin-4-vbpiperidine-4-
carboxamide  TFA (0 7 mL) was added to a suspension of tert-butyl 4-(1-(4-chloropheny0-2-(1H-
5pyrazol -1-yflethyl carbamoy1)-1-(7H-pyn-ol o [2,3-d]pyrim i din -4-y1 )piperi din -4-y1 carbamate (180
mg, 0.32 tntnol) in dichloromethane (Intermediate 93) (7 tnL) 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-I8, 5 microns
silica, 19 mm diameter, 100 mm length) to 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-N41-(4- chloropheny1)-2-(1H-pyrazol-1-y1 )ethyl ]-1-(7H-pyrrol o [2,3-d]pyrimi din-4-yl)piperi
dine-4- carboxatnide as a white powder. 1H NMR (500 MHz, DMSO-d6) 6 1.33 (2H, m), 1.83 (2H, m),
2.14 (2H, s), 3.53 (2H, m), 154.28 (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 (IH, s), 8.81 (IH, br d), 11.64 (IH, s);
miz (ES1+) (M+H)+ = 465.  76 Example 61:
4-amino-N-11-(4-ehlorophenv1)-2-(3-methylisoxazol-5-thethyd-1-(7Hpyrrolo[2,3-dltivrimidin-4-vbpiperi
dine-4-carboxamide
4-Amino-N41-(4-chloropheny1)-2-(3-methylisoxazol-5-ypethy11-1-(71-1-pyrrolo[2,3-
,d]pyrimidin-4-yOpiperidine-4-carboxamide was made from the appropriate starting 



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, m), 5.15 (1H, d), 6.06 (1H, s), 6.56 (1H, d), 7.16 (1H, 0, 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-ehloronhenv1)-2-(thiazol-2-vbethyl)-1-(7H-pyrrolo12,3-
dlpyrimidin-4-ybpiperidine-4-earboxamide  / r IsTFA (2 0 mL) was added to a suspension of tert-butyl
4-(1-(4-chloropheny1)-2-(thiazol-2-
yOethylcarbamoy1)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-yppiperidin-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  WO 20091047563PCT/GB2008/050925 77 Waters X-Bridge
reverse-phase column (C-18, 5 microns silica, 19 mm diameter, 100 mm length) and decreasingly
polar mixtures of water (containing 0.2% ammonium carbonate) and acetonitrile as eluent. The
fractions were evaporated to dryness to afford
4-amino-N-(1-(4-chloropheny1)-2-(thiazol-2-yBethyl)-1-(71-1-pyrrolo[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), 7.54 (1H, d), 7.70 (1H, d), 8.11 (1H, s), 8.75 (1H, br d), 11.70 (1H, br s); nilz (ESI+) (M+H)+
= 482 10 Example 63:
4-amino-N-(1-(4-ehlorophenv1)-3-(dimethylamino)-3-oxopropy1)-1-(7Hpyrrolo12,3-dipyrimidin-4-thpipe
ridine-4-carboxamide  TFA (1 0 mL) was added to a suspension of tert-butyl 4-(1-(4-chloropheny1)-3-
(dim ethyl amino)-3-oxopropyl carbamoy1)-1-(7H-pyrrol o [2,3-d]pyrimi din-4-yl)piperi din-4-
ylcarbamate (Intermediate 98) (770mg, 024 minol) in dichloromethane (10 inL) under argon. The
resulting solution was stirred at room temperature for one night. The solvents were removed in vacuo
and the reaction mixture was pun i lied 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-chloropheny1)-3-(dimethylamino)-3-oxopropy1
)-1-(7H-pyn-o1 o [2,3-clipyrimi din-4- yOpiperidine-4-carboxamide (74.0 mg, 64.8 %) as a white
powder.  78 1H NMR (500 MHz, DMSO-d6) 6 1.43 (2H, m), 1.94 (2H, m), 2.75 (3H, s), 2.8 (2H, m),
2.89 (3H, s), 3.52 (2H, m), 4.40 (2H, m), 5.15 (1H, d), 6.58 (1H, d), 7.16 (1H, t), 7.35 (4H, s), 8.12 OH,
s), 8.76 (IH, br d), 11.66 (IH, br s); 



rniz (ES1+) (M+1-1)+ = 470 Example 64:
4-amino-N-(1-(4-ehlorophenv1)-3-methoxymonv1)-1-(7H-pyrrolo12,3-
dipyrimidin-4-yl)piperidine-4-earboxamide  `0  Hydrogen chloride (4M in 1,4-dioxanc, 1.151 mL, 4.60
mmol) was added to tert-butyl 4-
10(1-(4-chloropheny1)-3-methoxypropylcarbamoy1)-1-(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
evaporated and the residue was purified by ion exchange chromatography, using an SCX colunut The
desired product was eluted from the column 15using 2M NH3/Me0H; pure fractions were evaporated
to dryness and the residue was triturated with diethyl ether to afford
4-amino-N-(1-(4-chloropheny1)-3-methoxypropyl)-1-
(7H-pyrrolo[2,3-d]pyrimidin-4-yppiperidine-4-carboxamide (39.0 mg, 96 %) as a white solid.   11-1
NMR (399.902 MHz, DMSO) 6 1.44 (2H, m), 1.88 -2.02 (5H, in), 2.46 (2H, s), 3.21 20(3H, s), 3.28 (2H,
t), 3.55 (2H, in), 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); nilz (ESI+) (M+H)+ = 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  Hydrogen chloride (4M in dioxanc, 0.676 mL, 2.70
mmol) was added to tert-butyl 4-(1-(4-
schloropheny1)-3-sulfamoylpropylcarbamoy0-1-(7H-pyrrolo[2,3-d]pyrimidin-4-
yOpiperidin-4-ylcarbamate (Intermediate 105)(l6 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 NH3 in Me0H) in DCM and pure
fractions were evaporated to dryness to afford
4-amino-N-(1-(4-ehloropheny1)-3-sulfatnoylpropy1)-1-(7H-pyrrolo[2,3-d]pyrimidin4-yfipiperidine-4-carb
oxamide (12.00 mg, 90 %) as a colourless gum. 



I H NMR (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, s), 7.16 (1H, dd), 7.38 - 7.43 (41-1, m), 8.13 (1H, s), 8.46 (1H, s), 11.64 (1H, s): miz (ESI+)
(M+H)+ = 492.4, 494.3 ; HPLC tR = 1.60 min.  WO 20091047563PCT/GB2008/050925 80 Example
66:
4-amino-N-(3-amino-1-(4-chlorophenv1)-3-oxopropy1)-1-(7Hpyrrolo[2,3-dlpyrimidin-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)-3-oxopropylcarbamoy1)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-yOpiperidin-4- ylcarbamate
(Intermediate 108) (99 mg, 0.18 mmol) in DCM (4 mL) at 20C. The resulting solution was stirred at 20
C for 3 hours. The reaction mixture was liltered through a PTFE cup and the collected solid was
purified by preparative 1-1PLC (Waters XTerra C18 column, 5p silica, 30 nun diameter, 100 mm
length), using decreasingly polar 10mixtures of water (containing I% NH3) and MeCN as eluents.
Fractions containing the desired compound were evaporated to dryness to afford
4-amino-N-(3-amino-1-(4-
chloropheny1)-3-oxopropy1)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-yepiperidine-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), 153.54 - 3.56 (21-1, m), 4.36 - 4.40 (2H, in), 5.12 (1H, d), 6.58 (1H, d), 6.81 (11-1, 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). nih
(ES1+) (M+1-1)+ = 442; HPLC tR = 1.47 min. 20  WO 20091047563PCT/GB2008/050925 81 



Example 67: 4-amino-N-(1-(4-ehlorophenv1)-3-ureidopropy1)-1-(7H-pwrolo12,3-
dlpyrimidin-4-yl)piperidine-4-earboxamide  TFA (3 mL) was added to tert-butyl
4-(1-(4-chloropheny1)-3-ureidopropylcarbamoy1)-1-
(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 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 NE3/Me0H 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, 5g silica, 19 mm diameter, 100111111 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-am in o-N-(1-(4-chloropheny1)-3-ureidopropy1)-1-(7H-pyn-ol o [2,3-
dipyritnidin-4-yfipiperidine-4-carboxamide (14.00 mg, 5.60 %) 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, t),
3.55 (21-1, d), 4.37 (2H, d), 4.78 (1H, d), 5.40 (21-1, 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 OH, d), 11.63 (1H, s); nilz (ESI+) (M+H)+ = 471: HPLC
tR = 1.50 min. 20  WO 20091047563PCT/GB2008/050925 82 Example 68:
4-amino-N-(1-(4-ehlorophenv1)-2-eyanoethyl)-1-(7H-pyrrolo12,3- di
pyrimidin-4-yl)piperidine-4-earboxamide  0 CI ii HC1 (4M) in 1,4-dioxane (2.011 mL, 8 04 mmol) was
added to tert-butyl 4-(1-(4- 5chl oroph eny1)-2-cyan ethyl carbamoy1)-1-(7H-pyn-ol o [2,3-d]pyrim
din-4-y] )piperi din -4- ylcarbamate (Intermediate 114) (0.281 g, 0.54 nunol) in DCM (8 mL) at 20C.
The resulting solution was stirred at 20C for 18 hours. The reaction was vacuumed to dryness and was
purified by preparative HPLC (Waters XTerra C18 column, .5p silica, 19 mm diameter, 100 mm
length), using decreasingly polar mixtures or water (containing 1% io NH3) and McCN as eluents.
Fractions containing the desired compound were evaporated to dryness to afford
4-amino-N-(1-(4-chloropheny1)-2-cyanoethyl)-1-(7H-pyrrolo[2,3-
d]pyrimidin-4-yl)piperidine-4-carboxamide (0.096 g, 42.2 %) as a white solid. 11-1 NMR (399.9 MHz,
DMSO-d6) 5 1.42 - 1.46 (2H, m), 1.52 (21-1, 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 (11-1, s), 6.59 - 



Is6.60 (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-(1-(4-chlorophenv1)-3-(methvlsulfonamido)propy1)-1-(7Hpyrrolo[2,3-dlpyrimidin-4-vbpiperid
ine-4-carboxamide  ti__SI=0 N II 0 HCI (4M) in 1,4-Dioxane (1.615 mL, 6.46 mmol) was added to
tert-butyl 4-(1-(4- 5chl oroph eny1)-3-(m ethyl sul fon ami do)propyl carbamoy1)-1-(7H-pyrrol o
[2,3-d]pyrim i ylipiperidin-4-ylcarbamate (Intermediate 117) (26 I 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 16 hours. The reaction was vacuumed to dryness and was purified by ion exchange
chromatography, using an SCX column. The desired product was eluted io from the column using
0.35M N1-13/1\4e0H and pure fractions were evaporated to dryness to afford crude material. The
crude product was purified by preparative HPLC (Waters )(Bridge Prep (18 OBD column, .5p silica, 19
mm diameter, 100 nim 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- isamino-N-(1-(4-chloropheny1)-3-(methylsulfonamido)propy1)-1-(71-1-pyrrolo[2,3-
d]pyrimidin-4-yl)piperidine-4-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, t), 4.87 (11-1, d), 6.57 - 6.59 (1H, m), 7.00 (11-1, t),
7.15 -7.16 (1H, m), 7.35 -7.40 (4H, m), 208.13 (IH, s), 8.38 (IH, d), 11.63 (IH, s), rniz (ES1+) (M+1-1)+
= 506; HPLC tR = 1.62 min.  84 Intermediate 1:
4-(tert-butoxycarbonylamino)-1-(7H-pyrrolo12,3-dlpyrimidin-4- 0)piperidine-4-carboxylic acid   



To a mixture of 4-[(2-methylpropan-2-y0oxycarbonylamincdpiperidine-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). The mixture was heated to rellux overnight under nitrogen for 24 hrs and then extracted with
Et0Ac (IL x 4). The aqueous layer was concentrated and Me0H (1.5 L) was added. The mixture was
shaken for 30 min at 45 'V and filtered. The filtrate was 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 product, which was further purified by silica gel
chromatography (eluting with MeOH: DCM=1:3) to yield 4-[(2-methylpropan-2-
yl)oxycarbonylamino1-1-(3,5,7-triazabicyclo[4.3.0]nona-2,4,8,10-tetraen-2-y1)piperidine4-carboxylic
acid as pale grey solid (105g, 63%). Is1H NMR (400.13 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, 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 mle M1-1+ 362. 20 Intermediate 2:
(4-chlorophenyl)(cyclopropyhmethanone 0-methyl oxime Cl       Methoxylamine hydrochloride (2.004 g)
was added to (4- chlorophenyl)(cyclopropyl)methanone (2.71 g) in pyridine (60 mL) at 25C. The
resulting  85 solution was stirred at 25 C for 24 hours. The pyridine was removed in vactio, and the
residual solid extracted with ether. Filtration and evaporation of the solvent gave the crude
(4-chlorophenyl)(cyclopropyl)methanone 0-methyl oxime (2.75 g, 87 %) as a yellow oil. This material
was used directly in the next step without further purification. MS ink Mt 210. Intermediate 3:
(4-ehlorophenyl)(eyelopropyl)methanamine Cl Boranc tetrahydrofuran complex (LW in THF, 65 6 inL)
was added to (4- 10 chlorophenyl)(cyclopropyl)methanone 0-methyl oxime (Intermediate 2) (2.75 g) in
THF (100 mL) at 25C under nitrogen. The resulting solution was stirred at reflux for 3 hours, then
cooled to 0C. Water was carefiilly 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, 



15filtered and evaporated to afford (4-chloropheny0(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 (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
(21-1, in). 20 Intermediate 4: 2-amino-2-(4-ehlorophenybacetonitrile Cl Lithium bis(trimethylsilyl)amide
(42 7 mL) was added to 4-chlorobenzaldehyde (5 g) in 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 at 25C for a further 12 hours, then quenched with saturated NaHCO3 (50 mL), extracted
with Et0Ac (3 x 100 mL), the  86 organic layer was dried over MgSO4, filtered and evaporated. The
crude material was then purified by flash silica chromatography, elution gradient 0 to 100% Et0Ac in
isohexane. Pure fractions were evaporated to dryness to alTord 2-amino-2-(4-chlorophenyflacetonitrile
as a colourless oil, which solidified on standing to give a white solid (3.40 g, 57.4 %). 1H NMR (400.13
MHz, CDCI3) 6 1.85 (2H, s), 4.82 (1H, s), 7.30- 7.34 (2H, m), 7.39 - 7.43 (2H, m). Intermediate 5:
tert-butvl
44(4-chlorophenvi)(cvano)methvicarbamovi)-1-(7Hpnrolo12,3-dlovrimidin-4-vbpiperidin-4-ylearbamate
10 Cl   0-(7-Azabenzotriazo1-1-y1)-N,N,N',N-tetramethyluronium hexafluorophosphate (HATU, 0.456
g) was added to 4-(tert-butoxycarbonylamino)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-
yOpiperidine-4-carboxylic acid (Intermediate 1) (0.361 g), 2-amino-2-(4- chlorophenyllacetonitrile
(Intermediate 4) (0.167 g) and Ar-ethyldiisopropylamine (0.523 15inL, 3.00 tntnol) in DMA (5 tnL) at
25C. 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 Nfil3/Me0H and pure fractions were evaporated
to dryness to afford tert-butyl 4-((4-
chlorophenyl)(cyano)methylcarbatnoy1)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-yepiperidin-4- 20ylcarbamate
as a white solid (0.343 g, 67.3 %). MS m/e MH+ 510.  WO 20091047563PCT/GB2008/050925 87
Intermediate 6: tert-butyl
4-(2-amino-1-(4-chlorophenybethvIcarbamov1)-147Hpyrrolo[2,3-(11pyrimidin-4-ylMiperidin-4-ylearbam
ate  NH, Cl Raney"' nickel (0.257 g), was added to tert-butyl 4-((4-
schlorophenyl)(cyano)methylcarbamoy1)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-yppiperidin-4- ylcarbamate
(Intermediate 5) (0.510 g) in ethanol (30 mL). Ammonium hydroxide (0.039 mL) was added. This
mixture was placed under a balloon of hydrogen and stirred for 48 hours. The reaction mixture was
filtered through celite and the solvent evaporated to dryness. The reaction mixture was evaporated to
dryness and redissolved in DCM (200 10mL), and washed with water (125 mL). The organic layer was
dried over MgSO4, filtered and evaporated to afford crude product, tert-butyl 4-(2-amino-1-(4-
chlorophenypethylcarbamoy1)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-yepiperidin-4- ylcarbamate as a
colourless gum (0.514 g, 100 %). This material was used crude in the next step without further
purification. 15 MS ink Mt 514. Intermediate 7: 1-tert-butyl 4-ethyl 4-cyanopiperidine-1,4-dicarboxylate
0 00   A solution of LDA (107 ml, 214.01 mmol) was added to a stirred solution of tert-butyl
420cyanopiperidine-l-carboxylate (30 g, 143 mmol) in THF (250m1) at -78C, under nitrogen. The
resulting solution was stirred at -78 C for 30 minutes. Ethyl chloroformate (16.37 ml, 



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 (250 ml), extracted with DCM, and the organic layer was washed with saturated brine (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 chromatography, elution gradient 10% Et0Ac 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, m), 2.04 - 2.08 (2H, m), 3.12 (2H, s), 4.09 - 4.14 (2H, m), 4.29 (2H, q). 10 Intermediate 8:
1-tert-butO 4-ethyl 4-(aminomethybpiperidine-1,4-dicarboxylate    0 0  Platinum(IV) oxide (0.724 g,
3.19 mmol) and 1-tert-butyl 4-ethyl 4-cyanopiperidine-1,4- 20dicarboxylate (Intermediate 7) (9g, 31 9
mmol) in acetic acid (100m1) were stirred under an atmosphere of hydrogen at 5 bar and 25 C for 1
day. The crude product was liltered 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/Me0H 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. 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), 1.45 (91-I, s), 2.10 (2H, d), 2.78
(2H, s), 2.91 -2.97 (2H, m), 3.89 (2H, s), 4.21 (2H, q).  89 



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
(Intermediate 8) (7.6 g, 26.5 mmol) in 5dioxane (35m1). The resulting solution was stirred at 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 7M NH3/Me0H and pure fractions were evaporated
to dryness to afford ethyl 4-(aminomethyl)piperidine-4-carboxylate (3.34 g, 67.6 %) as a yellow liquid.
io11-1 NMR (400.13 MHz, CDC13) 6 1.23 - 1.30 (3H, m), 1.26 - 1.37 (21-1, in), 2.12 (2H, d), 2.65
-2.72 (2H, m), 2.77 (2H, s), 2.94 - 2.99 (2H, m), 4.21 (2H, q). Intermediate 10: ethyl
4-(aminomethyl)-147H-pyrrolo12,3-dipyrimidin-4- thpiperidine-4-carboxylate 15
N-Ethyldiisopropylamine (3.70 ml, 21 26 minol) was added to ethyl 4-
(aminomethyl)piperidine-4-carboxylate (Intermediate 9) (3.3g, 17.7 mmol) and
4-chloro7H-pyn-olo[2,3-d]pyrimidine (2.72 g, 17.72 mmol) in DMA (35m1). The resulting solution was
stirred at 60C for 18 hours. The crude product was pun i lied by ion exchange 20 chromatography,
using an SCX column. The desired product was eluted from the column using 7M NI-13/Me0H 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-yepiperidine-4-carboxylate (5.08 g, 95 %) as a beige
solid.  



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, s) MS m/e M14+ 304. Intermediate 11: ethyl
4-((tert-butontarbonvlamino)methyl)-1-(7H-pyrrolo12,3- dlpyrimidin-4-ybpiperidine-4-carboxylate  00 10
Di-tert-butyl dicarbonate (470 mg, 2.15 nunol) was added to ethyl
4-(aminomethyl)-1-(7Hpyrrolo[2,3-dipyrimidin-4-yDpiperidine-4-carboxylate (Intermediate 10) (653mg,
2.15 mmol) and triethylaminc (0.300 ml, 2.15 mmol) in DCM (10m1). 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
MgSO4, filtered and evaporated. The crude product was purified by flash silica chromatography,
elution gradient 20 to 100% Et0Ac in isohexane. Pure fractions were evaporated to dryness to afford
ethyl 4-((tertbutoxycarbonylamino)methyl)-1-(7H-pyrrol o [2,3-d]pyrim idin-4-yl)piperi dine-4-
20carboxylatc (468 mg, 53.9 %) as a colourless oil which solidified on standing. 1H NMR (400.13
MHz, DMSO-d6)  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 mle MH+ 404. 



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 minol) was added to ethyl
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 ml), 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 Et0Ac (20 inL)
and washed with water (20 mL) The aqueous was adjusted to p1-1.5 with 1M citric acid solution then
extracted with Et0Ac (3 x 50 mL) 10The organic extracts were washed with saturated brine (25 mL)
then dried over MgSO4, 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.   1H NMR (400.13 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/e MH+ 376.     Intermediate 13: (S)- tert-butyl
(441-(4-chlorophenvbethvicarbamov1)-1-(7H20
pyrrolo12,3-d]pyrimidin-4-vbpiperidin-4-ylimethylcarbamate    92 HATU (0.251 g, 0 66 mmol) was
added in one portion to
4-((tertbutoxycarbonylamino)methyl)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-yepiperidine-4- carboxylic acid
(Intermediate 12) (0.225 g, 0.6 mmol), (S)-1-(4-chlorophenyflethanamine (0.093 g, 0.60 mmol) and
D1PEA (0.314 mL, 1.80 mmol) in DMA (10 mL) at 25C under 5nitrogen. 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 methanol. Residual HATU was retnoved by passing the methanol
solution through a silica-supported carbonate column. The crude product thus obtained was
evaporated to dryness to afford (S)-tert-butyl (4-(1-(4- 10chl oroph enypethylc arbamoy1)-1-(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 further purification.    IH 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, m), 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), 11.94 (11-1, s). MS ink Mt 513. Intermediate 14: ethyl
4-(4-ehloropheny1)-4-(methoxyimino)butanoate CI 204-(4-Chloropheny1)-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 l'"1/0 TBME in isohexane. Pure fractions were
25evaporated to dryness to afford ethyl 4-(4-chloropheny1)-4-(methoxyimino)butanoate (1.790 g, 70.6
%) as a colourless oil. 1H NMR (399.902 MHz, CDC13) 6 1.23 (3H, t), 2.53 (2H, t), 3.01 (2H, t), 3.98
(3H, s), 4.11 (2H, (1), 7.33 (2H, d), 7.58 (2H, d). MS mle MH+ 270.  93 Intermediate 15:
4-(4-chlorophenv1)-4-(methoxvimino)butanoic acid ,0 OH CI Lithium hydroxide (0.632 g, 26.40 mmol)
was added in one portion at 20 C to a solution 5of ethyl
4-(4-chloropheny1)-4-(methoxyimino)butanoate (Intermediate 14) (1.78 g, 6.60 mmol) in THF (30 ml)
and water (20 ml). The resulting solution was stirred at room temperature for 6 hours then acidified
with dilute HC1 and extracted with TBME (2X). The combined extracts were washed with brine, dried
over MgSO4 and evaporated to give 4-(4- chloropheny1)-4-(methoxyimino)butanoie acid (1.520 g, 95
%) as a colourless solid. 



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-Chloropheny1)-4-(methoxyimino)butanoie 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 nil, 26.00 mmol) over a period o120
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% Na0H(aq.) (6 ml) added dropwise with stirring. The resulting mixture was
stirred and heated at 90 'V for 4 hours then cooled to room temperature and extracted with 25Et20
(3X). The combined extracts were washed with water followed by brine, dried over  WO
20091047563PCT/GB2008/050925 94 MgSO4 and evaporated to give
4-amino-4-(4-chlorophenyl)butan-1-01 (1.100 g, 21.2 %) as a colourless, viscous oil which was used
without further purification.  1H NMR (399.902 MHz, CDC13) 6 1.58 - 1.84 (4H, m), 2.39 (3H, br. s),
3.57 - 3.67 (2H, in), 3.88 -3.91 (1H, m), 7.23 (21-1, d), 7.30 (2H, d). MS nile MI-1+ 200. Intermediate
17: tert-butyl
441-(4-ehlorophenv1)-4-hydronbutylcarbamov1)-1-(7Hpyrrolo12,3-dipyrimidin-4-thpiperidin-4-ylcarbam
ate  HO    



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-4-yl)piperidine-4-carboxylic acid (Intermediate 1) (150 mg, 0.42 mmol), 4-
amino-4-(4-chlorophenyl)butan-l-ol (Intermediate 16) (83 mg, 0.42 mmol) and Nethyldiisopropylamine
(0.087 ml, 0.50 mmol) in DMF (2.0 mL) at 20 C . The resulting 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 dried under vacuum to afford tert-butyl
4-(1-(4-chloropheny1)-4-hydroxybutylearbamoy1)-1-(71-1-
pyrrolo[2,3-d]pyrimidin-4-yOpiperidin-4-ylcarbamate (152 mg, 67.4 %) 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 -3.61 (2H, in), 4.19 - 4.27 (2H, m), 4.38 (Hi, br s),
4.76 (Hi, q), 6.65 (11-I, m), 6.95 (1H, s), 7.20 (11-1, m), 7.33 (4H, s), 7.89 (1H, d), 11.78 (1H, s). MS
ni/e MIT 543.  WO 20091047563PCT/GB2008/050925 95 Intermediate 18 : tert-butyl
4-(1-(4-chlorophenv1)-2-hydroxyethvIcarbamov1)-1-(7Hpyrrolo[2,3-dltivrimidin-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 portion to a stirred solution of
4-(tertbutoxycarbonylamino)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-yppiperidine-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-atnino-2-(4-chlorophenyeethanol (70 mg, 0.41 mmol) (CASTM 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 (I% methanol / DCM to 15% methanol / DCM).
Product 15containing fractions were combined to give tert-butyl 4-(144-chloropheny0-2-
hydroxyethylcarbamoy1)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-yppiperidin-4-ylcarbamate (152 mg, 80 %) as
colourless solid. 1H NMR (399.9 MHz, DMSO-d6) 6 1.42 (9H, s), 1.93 -2.12 (4H, m), 3.45 -3.63 (41-I,
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 (11-1, s), 11.65 (1H, br, s) mlz (ESI+) (M+H)+ = 515; HPLC tR = 



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-(tertbutoxycarbonylamino)-3-(4-chlorophenyepropanoic 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 Et0Ac (50 mL) with water (50 mL) The
organic layer was dried over MgSO4, 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 (11-1, m), 3.57 (3H, s),
4.91 (1H, d), 7.33 (21-1, d), 7.39 (2H, d), 7.49 (1H, d). nez (ES1-) (M-1-1)- = 312; HPLC tR = 2.57 min.
Intermediate 20: (S)-methyl 3-amino-3-(4-chlorophenybpropanoate (hydrochloride) 15Cl Hydrochloric
acid (4.0M in 1,4 Dioxanc) (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 20C. The resulting solution was stirred at 20C for 5 hours. The reaction mixture was
evaporated to give (S)-methyl 3-amino-3-(4- 2 0chlorophenyl)propanoate (hydrochloride) (0.850 g, 102
%) as a white solid. 1H NMR (399.9 MHz, DMSO-d6)  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, In), 8.66 (3H, s). m/z (ESI+) (M+H)+
= 214; HPLC tR = 1.71 min.  WO 20091047563PCT/GB2008/050925 97 Intermediate 21: (S)-methyl
3-(4-(tert-butonearbonylamino)-1-(7H-pyrrolol 2,3-
dlpyrimidin-4-yl)piperidine-4-earbaxamido)-3-(4-chlorophenybpropanoate  0 Fl 0-(7-azabenzotriazol- I
-y1)-N,N,N,Nr-tetramethyluronium hexafluoro-phosphate (1.157 g, 



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-
diisopropylethylamine (1.006 mL, 6.09 mmol) in NMP (10 mL) at 20C. 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 minol) was iothen added to the solution and stirred at room
temperature for 3 hours. The reaction mixture was diluted with Et0Ac (100 mL), and washed
sequentially with water (2 x 50 mL) and brine (50 mL). The organic layer was dried over MgSO4,
filtered and evaporated to afford crude product. The crude product was purified by flash silica
chromatography, elution gradient 0 to 5% Me0H in DCM. Pure fractions were evaporated to dryness to
15 afford (S)-methyl 3-(4-(tert-butoxycarbonylamino)- I -(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 CH, 0, 7.35 (4H, (1), 8.14 (IH, d), 8.21 



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-chlorophenv1)-3-hvdroxypropvIcarbamov1)-1-
(7H-ovrrolo12,3-dlovrimidin-4-ylipiperidin-4-vicarbamate  OH LiA1H4 (2.280 mL, 2.28 mmol) was
added dropwise to (S)-methyl
3-(4-(tertbutoxycarbonylamino)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-yepiperidine-4-carboxatnido)-3-
(4-chlorophenyepropanoate (Intermediate 21) (1.27g, 2.28 mmol) in THF (70 mL) cooled to 0C 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 ( I mL). The solution was filtered and was diluted with Et0Ac
(200 mL), and washed sequentially with water 10(100 mL), water (100 mL), and saturated brine (100
mL) The organic layer was dried over MgSO4, liltered and evaporated to afford (S)-tert-butyl 4-(1
-(4-chloropheny1)-3- hydroxypropyl carbamoy1)-1-(7H-pyrrol o [2,3-d]pyrim din-4-y] )piperi
din-4-ylcarbamate (1.04g, 86%) as a white solid. M/z (ES1+) (M+H)+ = 529; HPLC tR = 2.00 min.
15Intermediate 23: 2-(tert-butoxycarbonvlamino)-2-(4-chlorophenvbethyl methanesulfonate  0 Cl
Methanesulfonyl chloride (1.451 mL, 18.74 mmol) was added to tert-butyl 1-(4-
chloropheny1)-2-hydroxyethylcarbamate (4.63 g, 17.04 mmol) and N,N- 20diisopropylethylamine (6.23
mL, 35.78 mmol) in DCM (40 mL) cooled to 0C 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  WO 20091047563PCT/GB2008/050925 99 (100 mL) The organic
layer was dried over MgSO4, filtered and evaporated to afford crude product. The crude product was
purified by flash silica chromatography, elution gradient 0 to 10% Et0Ac in DCM. Pure fractions were
evaporated to dryness to afford 2- (tert-butoxycarbonylamino)-2-(4-chlorophenypethyl
methanesulfonate (3.12 g, 52.3 %) as 5a white solid. 1H NMR (399.9 MHz, DMSO-d6)  1.39 (9H, s),
3.17 (3H, s), 4.22 -4.28 



(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-chlorophenyI)-2-hydroxyethylcarbamate used in the above 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 15C 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 or 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-chlorophenyeethanol (1.318 g, 11.88 %), was thus isolated as a colourless solid. 1H NMR (399.9
MHz, CDCI3) 52.00 (3H, br, s), 3.48 - 3.58 (1H, m), 3.68 -3.76 (1H, m), 204.02 -4.08 (1H, m), 7.23 -
7.39 (4H, m). nVz (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 25organic 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-
chloropheny1)-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%). 301H NMR (399.9
MHz, DMSO-d6) 5 1.37 (9H, s), 3.41 - 3.52 (2H, m), 4.42 -4.58 (1H, m), 4.79 (IH, t), 7.23 (IH, d), 7.31
(2H, d), 7.37 (2H, d).  WO 20091047563PCT/GB2008/050925 100 Intermediate 24: tert-butyl
1-(4-chlorophenv1)-2-cyanoethvIcarbamate 0   



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 resulting suspension was stirred at 80 C for 3 hours. The reaction mixture was evaporated 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 evaporated to aflbrd crude product. The crude product was
purified by flash silica chromatography, elution gradient 0 to 25% Et0Ac in isohexane. Pure fractions
were io evaporated to dryness to afford tert-butyl 1-(4-chloropheny1)-2-cyanoethylcarbatnate (209 mg,
87 %) as a white solid. 1H NMR (399.9 MHz, DMSO-d6) 61.38 - 1.42 (9H, s), 2.82 - 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. IS
Intermediate 25: tert-butyl 3-amino-1-(4-chlurophenthpropylearbamate  Lithium aluminium hydride
(0.712 mL, 0.71 mmol) was added dropwise to tert-butyl 1-(4- chloropheny1)-2-cyanoethylcarbamate
(Intermediate 24) (200 mg, 0.71 mmol) in THF (4mL) at 20C 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 Et0Ac (20 mL), and washed with water 2 x (10 mL).
The organic layer was dried over MgSO4, filtered and evaporated to afford tert-butyl 3-amino-
1-(4-chlorophenyepropylcarbamate (203 mg, 100 %) as a gum. iniz (ES1+) (M+H)+ = 285: HPLC tR =
2.33 min.  WO 20091047563PCT/GB2008/050925 101 Intermediate 26: tert-butvl
3-acetamido-1-(4-chlorophenybpropylcarbamate  Cl   Acetic anhydride (0.084 mL, 0 89 mmol) was
added dropxvise to tert-butyl 3-amino-1-(4- chlorophenyl)propylcarbamate (Intermediate 25) (203 mg,
0.71 mmol) and N,N- diisopropylethylamine (0.248 mL, 1.43 mmol) in DCM (5 mL) at 20C. The
resulting solution was stirred at 20 C for 16 hours. The reaction mixture was quenched with NaHCO3
(2M) (10 mL) and water (10mL) and extracted with DCM (20mL) The organic layer was dried over
MgSO4, filtered and evaporated to afford crude product. The crude product was purified by flash silica
chromatography, elution gradient 0 to 2.5% MeOH in 10DCM. 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 (31-1, 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).(ESI+) (M+H)+ = 327; HPLC tR = 2.03 min. Intermediate 27:
N-(3-amino-3-(4-chlorophenthpropybacetamide tert-Butyl
3-acetamido-1-(4-chlorophenyl)propylcarbamate (Intermediate 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 purified by ion exchange chromatography using an SCX column. The desired
product was eluted from the column using 7M NH3/Me0H and pure fractions were evaporated to
dryness to afford N-(3-amino3-(4-chlorophenyl)propyl)acetamide (39.0 mg, 39.6 %) as a colourless
gum. nilz (ESI+) (M+H)+ = 227; HPLC tR = 1.32 min.  102 Intermediate 28: tert-butyl
4-(3-acetamido-1-(4-chlorophenvl)propylcarbamov1)-1-
C7H-Pyrrolo12,3411pyrimidin-4-ybpiperidin-4-vlearbamate  0-(7-azabenzotriazol-1-y1)-
N,N,N,Nt-tetramethyluronium hexafluoro-phosphate (98 mg, 50.26 mmol) was added in one portion to
4-(tert-butoxycarbonylamino)- I -(7H-pyrrolo[2,3- dipyrimidin-4-yOpiperidine-4-carboxylic acid
(Intermediate 1) (62.2 mg, 0.17 mmol) and N,N-diisopropylethylamine (0.085 niL, 0.52 mmol) in NMP
(2mL) at 20C under nitrogen. The resulting solution was stirred at 20 C for 5 minutes. N-(3-amino-3-(4-
chlorophenyl)propyl)acetamide (Intermediate 27) (39 nig, 0.17 mmol) in NMP (2mL) to was then added
to the reaction and stirred for 1 hour. The reaction mixture was concentrated and diluted with Et0Ac
(20 mL) and washed with water (20 mL) The organic layer was dried over MgSO4, filtered and
evaporated to afford tert-butyl 4-(3-
acetamido-1-(4-chlorophenyepropylcarbamoy1)-1-(71-1-pyrrolo[2,3-dipyrimidin-4-
yOpiperidin-4-ylcarbamate (1.04g, 86%) as a white solid. tn,/z (ES1+) (M+1-1)+ = 570; 15 HPLC tR =
1.95 min. Intermediate 29: 3-amino-3-(4-chlorophenthpropan-1-ol Cl OTT NT-I, 



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 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  WO 20091047563PCT/GB2008/050925
103 portionwise to methanol (500 mL) The mixture was concentrated, redissolved in methanol (250
mL) and reconcentrated (this process was repeated three times). The residue was dissolved in DCM
(200 mL) and washed with IN NaOH (150 mL). The aqueous layer was extracted with DCM (5x 100
mL) and the extracts combined with the 5organic layer. The combined organics were washed with
saturated brine (2x 150 mL), dried over MgSO4 and concentrated to allord a white semi-solid. The
crude product was purified by flash silica chromatography, elution gradient 5 to 7% (10:1 Me0H/conc.
("o) in DCM. Pure fractions were evaporated to dryness to afford 3-amino-3-(4-
chlorophenyl)propan-l-ol (1.320 g, 56.8%) as a white solid. 10IH NMR (399.902 MHz, CDC13) 6 1.87
(2H, m), 2.34 (2H, br.$), 3.79 (2H, m), 4.13 (IH, t), 7.24 (2H, d), 7.32 (211, d). MS ink Mt 169
Intermediate 30: tert-butyl 144-chloropheny1)-3-hydroxypropylcarbamate CI OH 0 Di-tert-butyl
dicarbonate (0.705 g, 3.23 mmol) was added to 3-amino-3-(4- chlorophenyl)propan-l-ol (Intermediate
29) (0.500 g, 2.69 mmol) in DCM (30 mL) at 22C. The resulting solution was stirred at 22 C for 2
hours. The mixture was concentrated and the residue was purified by flash silica chromatography,
elution gradient 20 0 to 4% (10:1 Me0H/conc. NH3 0,1)) in DCM. Pure fractions were evaporated to
dryness to afford tert-butyl 1-(4-chloropheny1)-3-hydroxypropylcarbamate (0.759 g, 99 %) as a white
solid. IH NMR (399.902 MHz, CDC13) 6 1.43 (9H, s), 1.81 (IH, m), 2.04 (IH, m), 2.74 (1H, br.$), 3.69
(2H, m), 4.88 (1H, br.$), 5.04 (1H, d), 7.23 (2H, d), 7.32 (21-1, d). 



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 (0.097 mL, 1 25 mmol) was added dropwise to tert-butyl 1-(4-
5chloropheny1)-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. 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 to 40% Et0Ac in isohexane. Pure fractions were evaporated to dryness to afford
3-(tert-butoxycarbonylamino)-3-(4- 10chlorophenyl)propyl methanesulfonate (0.366 g, 88 %) as a
white solid.  1H NMR (399.902 MHz, CDC13) 6 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 mle Mif 362, 364 IsIntermediate 32: tert-butyl
1-(4-ehlorophenv1)-3-(dimethylamino)propvIcarbamate
3-(tert-Butoxycarbonylamino)-3-(4-chloropheny0propyl 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 inL, 10.31 minol) 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 Me0H/conc. NH3 (N)) in
DCM.  105 



Pure fractions were evaporated to dryness to afford tert-butyl 1-(4-chlorophenyI)-3-
(dimethylamino)propylcarbamate (0.054 mg, 84 %) as a colourless oil. IH NMR (399.902 MHz,
CDC13) 6 1.40 (9H, s), 1.80 (IH, br.$), 1.94 (1H, m), 2.23 (6H, s), 2.26 (2H, in), 4.71 (1H, br.$), 6.16
(1H, br.$), 7.21 (2H, d), 7.29 (21-1, d). MS ink MI-IF 313 Intermediate 33:
1-(4-ehlorophenyI)-N3,N3-dimethylpropane-1,3-diamine CI NH, Hydrogen chloride (4M in dioxane,
1.132 mL, 32.61 mmol) was added to tert-butyl I-(4-
10chloropheny1)-3-(dimethylamino)propylcarbamate (Intermediate 32) (0.051 g, 0.16 mmol) in a
mixture of DCM (5 tnL) 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 N1-13/Me0H and
pure fractions were evaporated to 15dryness to afford
1-(4-chloropheny1)-N3,N3-dimethylpropane-1,3-diamine (0.032 g, 92 %) as a colourless oil. IH NMR
(399.902 MHz, CDC13) 6 1.72 - 1.85 (2H, m), 2.19- 2.32 (2H, m), 2.21 (6H, s), 3.99 (11-1, t), 7.25 -
7.31 (41-1, in). MS ink Mt 213 20  WO 20091047563PCT/GB2008/050925 106 Intermediate 34:
tert-butyl 4-(1-(4-ehlorophenv1)-3-
(dimethylamino)propylearbamoy1)-1-(7H-pyrrolo12,3-dliwrimidin-4-vbpiperidin-4- ylearbamate
50-(7-Azabenzotriazol-1-y1)-N,N,N',N1-tetramethyluronium hexafluorophosphate (0.044 g, 0.12 mmol)
was added to 4-(tert-butoxycarbonylarnino)-1-(7H-pyrrolo[2,3-d]pyrimidin-4- yDpiperidine-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 50C for 10 minutes. The mixture was
cooled to ambient 



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 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 NH3 in Me0H) in DCM and
product-containing fractions were evaporated 15to dryness. 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)propylcarbarnoy1)-1-
(7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidin-4-ylcarbamate (0.047 g, 76 %) as a white solid. 2011-1 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 (21-1, m), 4.86 (1H, dt), 6.61 (1H, dd), 7.09 (1H, br.$), 7.17 OH, dd), 7.33 (4H, s
(roof effect)), 8.14 OH, s), 8.45 (I H, d), 11.65 OH, s). MS mle M1-1+556  107 Intermediate 35: methyl
3-(4-(tert-butonearbonvlamino)-1-(7H-pyrrolo12,3- di pyrimidin-4-yl)piperidine-4-carboxamid
o)-3-(4-chlorophenyhmonanoate  0  0-(7-azabenzotri azol -1-y1)-N,N,Nr,Nr-tetram ethyl uroni um
hexafl uoro-phosph ate (84 mg, 5 0.22 mmol) was added in one portion to
4-(tert-butoxycarbonylamino)-1-(7H-pyrrolo[2,3- dlpyrimidin-4-yOpiperidine-4-carboxylic acid
(Intermediate I) (72.3 mg, 0.20 mmol), 3- amino-3-(4-chloro-pheny1)-propionic acid methyl ester
hydrochloride (50 mg, 0 20 mmol) and N,N-diisopropylethylamine (0.104 mL, 0.60 mmol) in
N-methy1-2-pyn-olidinone (1.5 mL) at 20C under argon. The resulting solution was stirred for 5 h. The
reaction mixture io 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 o140 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-butoxycarbonylarnino)-1-(7H-pyrrolo[2,3-d]pyrimidin-
154-yppiperidine-4-carboxamido)-3-(4-chlorophenyl)propanoate (71.0 mg, 63.8 %) as a white
crystalline solid. 1H 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)+ = 20557; HPLC tR = 3.18
min.  



WO 20091047563PCT/GB2008/050925 108 Intermediate 36: tert-butyl
4-(1-(4-ehlorophenv1)-3-hydroxypropylearbamov1)-1-(7Hpyrrolo[2,3-dltivrimidin-4-vbpiperidin-4-ylearb
amate  OH    Sodium borohydride(1.019 g, 26.93 nunol) was added in one portion to a stirred
5suspension of methyl 3-(4-(tert-butoxycarbonylam in o)-1-(7H-pyrrol o[2,3-d]pyrimi din-4-
yOpiperidine-4-earboxamido)-3-(4-chlorophenyl)propanoate (Intermediate 35) (1.0 g, 1.80 mmol)
dissolved in Et0H (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 evaporated to dryness and the residue was io partitioned between CH2C15 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-chloropheny1)-3-hydroxypropylcarbamoy1)-1-(71-1-pyrrolo[2,3-d]pyrimidin-4-
15yl)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 (21-1, m), 4.21 -4.28 (2H, in), 4.55 (1H, s), 4.90
(1H, q), 6.59 (1H, d), 7.06 (11-1, s), 7.16 (1H, d), 7.31 (4H, s), 8.01 (1H, d), 8.12 (11-1, s), 11.67 (1H,
s).(ESI+) (M-H)- = 529; HPLC tR = 2.93 min. 20  WO 20091047563PCT/GB2008/050925 109
Intermediate 37: tert-butyl 4-(1-(4-chlorophem1)-3-(1,3-dioxoisoindolin-2-
vbpropylearbammil)-1-(7H-pnrolo12,3-dltivrimidin-4-vbpiperidin-4-ylearbamate Triphenylphosphine
(158 mg) and phthalimide (22.11 mg) were added in one 



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) dissolved in TI-IF (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 Ibr io 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 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-chloropheny1)-3-(1,3-
15dioxoisoindolin-2-yl)propylcarbamoy1)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-yepiperidin-4- ylcarbamate as
a white solid (14.00 mg, 21.23 %). 1H NMR (500 MHz, DMSO-do) 6 1.37 (9H, s), 2.01 (4H, in), 2.09
(2H, m), 3.58 (41-1, in), 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 OH, s), 11.67 (1H, s). 20 MS m/e MH+ 658.  110
Intermediate 38: tert-butvl
4-(3-amino-1-(4-chlorophenthpropvicarbamov1)-1-(7Hpyrrolo[2,3-dlovrimidin-4-vbpiperidin-4-vicarbam
ate  NT-1)    Hydrazine monohydrate (10.32 pL) was added to a stirred suspension of tert-butyl
54-(1-(4-chloropheny1)-3-(i,3-dioxoisoindolin-2-y1)propylcarbamoy1)-1-(7H-pyrrolo[2,3-
d]pyrimidin-4-yOpiperidin-4-ylcarbamate (Intermediate 37) (14 mg) in ethanol (1 0 mL) under argon.
The resulting suspension was stirred at room temperature for 3 days. The mixture was filtered and was
purified by preparative HPLC using a Waters X-Bridge reverse-phase column (C-18, 5 microns silica,
19 mm diameter, 100 mm length) and io 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-chlorophenyepropylearbamoy1)-1-(71-1-pyrrolo[2,3-d]pyrimidin-4-y1)piperidin4-ylcarbamat
e as a white powder (5.00 mg, 44.5 %).        11-1NMR (500 MHz, CDC13 + CD3OD ) 6 1.43 (9H, s),
1.93 (2H, s), 2.19 (4H, m), 2.74 15(2H, s) 3.57 (4H, in), 4.39 (2H, t), 5.01 (1H, t), 6.53 (1H, d), 7.07
(1H, d), 7.28 (411, q), 8.19 (1H, s). MS ink MHF 528. 



Intermediate 39: (R)-methyl 3-(tert-butoxycarbonylamino)-3-(4- 20 chlorophenvi)propanoate  IIC) Cl
lodomethane (0.987 mL, 15.85 mmol) was added in one portion to boc-(R)-3-
amino-3-(4-chloro-pheny1)-propionic acid (950 mg, 3.17 mmol) and potassium carbonate  111 (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 Et0Ac (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 (399.9 MHz, DMSO-d6) S 1.36 (9H, s), 2.67- 2.70 (1H, ni), 2.71 -2.80 (IH, m), 3.57 (311, s),
4.91 (1H, d), 7.32 - 7.34 (2H, m), 7.38 - 7.40 (2H, in), 7.49 (1H, d). MS mle M1-1+ 312; HPLC tR =
2.57 min 10 Intermediate 40: (R)-methyl 3-amino-3(4-chlorophenybpropanoate (hydrochloride) NIL. 0
CI       Hydrochloric acid (4.0M in dioxanc) (7.89 mL, 31 55 minol) 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 20C. 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. 1HNMR (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, in), 7.49 - 7.53 (2H, m), 7.57 - 7.61 (2H, in), 8.72
(3H, s). MS mle MH+ 214; HPLC tR = 1.71 min 20 Intermediate 41: (R)-methyl
3-(4-(tert-butoxycarbonylamino)-1-(7H-pyrrolo12,3-
dipyrimidin-4-ybpiperidine-4-carboxamido)-3-(4-chlorophenybpropanoate    WO
20091047563PCT/GB2008/050925 112 



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-butoxycarbonylamino)-1-(7Hpyrrolo[2,3-dipyrimidin-4-yl)piperidine-4-carboxylic acid
(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 minutes. (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 Et0Ac (100 tnL), and washed
sequentially with water (50 mL), water (50 mL), and water (50 mL) The organic layer was dried over
MgSO4, filtered and evaporated to afford crude 1()product. The crude product was pun i lied by flash
silica chromatography, elution gradient 0 to 5% MeOH in DCM. Pure fractions were evaporated to
dryness to afford (R)-methyl 3-
(4-(tert-butoxycarbonylamino)-1-(7H-pyn-olo[2,3-d]pyrimidin-4-yOpiperidine-4-
carboxamido)-3-(4-chlorophenyl)propanoate (0.800 g, 100 %) 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! (2H, ni), 152.83 (1H, d), 2.85 -2.87 (2H, m),
3.55 (3H, s), 3.60 (2H, s), 4.21 (2H, s), 5.23 (1H, d), 6.60 -6.61 (1H, m), 7.16 - 7.18 (1H, m), 7.35 (4H,
q), 8.09 - 8.14 (2H, m), 11.65 (1H, s). MS ni/e MHE 557; HPLC tR = 2.29min.     Intermediate 42:
(R)-tert-butvl 4-(1-(4-chloropheny1)-3-hvdroxypropvlcarbamov1)-1-
20(7R-ovrrolo12,3-dluvrimidin-4-yl)piperidin-4-ylearbamate  Oh        LiAlth (1.398 mL, 1 40 mmol) was
added dropwisc to (R)-methyl
3-(4-(tertbutoxycarbonylamino)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-yepiperidine-4-carboxatnido)-3-
(4-chlorophenyl)propanoate (Intermediate 41) (779 mg, 1.40 nunol) in THF (40 mL) 25cooled to 0C
under nitrogen. The resulting solution was stirred at 20C for 3 hours. The reaction mixture was
quenched with water (1 tnL) and neutralised with 2M HC1. The  WO
20091047563PCT/GB2008/050925 113 reaction mixture was evaporated to dryness and redissolved
in DCM (100 mL) and washed with water (100 mL) 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 0 to 10% Me0H in DCM. The pure fractions were combined and 



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, DMSO-d6) 6 1.37- 1.41 (9H, s), 1.86- 1.92 (2H, in), 1.94 (2H, d), 2.00 (2H, d), 3.38 (2H, 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(IH, s), 11.67 (IH, s). MS mle M1-1+ 529; HPLC tR
= 2.01 min Intermediate 43: 1-(tert-butoxycarbony1)-4-cvanopiperidine-4-carboxylic acid    15An
aqueous solution of lithium hydroxide (2M, 39.0 mL, 77 92 mtnol) 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 25C. The resulting mixture was stirred at 25 C for 3 hours and monitored by TLC. The
reaction mixture was diluted with diethyl ether (150 tnL), and washed with water (100 tnL) The
aqueous layers were 20combined 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-butoxycarbony1)-4-cyanopiperidine-4-carboxylic acid (4.50 g, 91 %). This material was
used in the next steps without further purification. 111 NMR (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-tetramethyluroniutn hexafluorophosphate (1.255 g, 3.30 mmol)
was added in one portion to 1-(tert-butoxycarbony1)-4- 5cyanopiperidine-4-carboxylic acid
(Intermediate 43) (0.763 g, 3 mmol), (R)-1-(4- chlorophenypethanamine (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 60C for 4 hours. The reaction mixture was evaporated to dryness and redissolved in DCM
(150 mL), and washed sequentially with IM aqueous citric acid (50 mL), water (50 mL), and 



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
concentrated, then purified by flash silica chromatography, elution gradient 0 to 100% Et0Ac in
isohexane. Pure fractions were evaporated to afford (R)-tert-butyl 4-(1-
(4-chlorophenyeethylcarbamoy1)-4-cyanopiperidine-1-carboxylate (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
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 7N ammoniaiMe0H and
pure fractions were 20evaporated to dryness to afford
(R)-N-(1-(4-chlorophenyflethyl)-4-cyanopiperidine-4- carboxatnide (0.720 g, 82 %) as a colourless
gum. This material was used directly in the next step without further purification. MS m/e MHfr 292. 25
115 Intermediate 45: (R)-N-(1-(4-chlorophenybethvI)-4-0/ano-1-(7H-pwrolo12,3-
dlovrimidin-4-yl)piperidine-4-earboxamide  7,1 DIPEA (1.101 mL, 6 17 mmol) was added to
(R)-N-(1-(4-chlorophenyl)ethyl)-4- 5cyanopiperidine-4-carboxamide (Intermediate 44) (720 mg, 2.47
mmol) and 6-chloro-7- deazapurine (379 mg, 2.47 minol) in DMA (50 mL) at 25C. The resulting
solution was stirred at 90C 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
7Nammonia/Me0H 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 orange solid. This was used in the next step without further purification.       1H NMR (400
MHz, DMSO) 6 1.38 (3H, d), 1.94 - 2.09 (3H, in), 2.19 (3H, t), 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-hydroxypropvl)benzonitrile )H 20Sodium borohydride
(1.039 mL, 29.48 minol) was added portionwisc to (S)-methyl 3-amino-3-(4-cyanophenyl)propanoate
(2.23 g, 10.92 mmol) in methanol (20 mL) at 0C over a period o15 minutes. The resulting solution was
stirred at 20C for 24 hours. The reaction mixture was quenched with saturated NaHCO3 (50 mL),
extracted with Et0Ac (3 



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 purified by flash silica chromatography, elution gradient 0 to 8% Me0H with ammonia in 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 (400.13 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 CI       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 TI-1F (500 mL) at 0 "C over a period of 45 minutes under nitrogen. The
resulting ISsuspension was stirred at 0 C for 30 minutes then at 22 'V 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 1N
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
MgSO4 and concentrated to afford crude product. The crude product was purified by flash silica
chromatography, elution gradient 2 to 6% Me0H/ammonia in DCM. Pure fractions were evaporated to
dryness to alTord (S)-3-amino-3-(4-chlorophenyl)propan-l-ol (5.76 g, 61.9 %) as a white 25solid.
NMR (400.13 MHz, CDC13)  1.84 - 1.93 (2H, m), 3.76 - 3.81 (2H, m), 4.13 (1H, t), 7.23 - 7.25 (2H, m),
7.30- 7.34 (2H, m). MS mle M1-1+ 186.  



117 Intermediate 48: (S)-tert-butyl 4-(tert-butoncarbonylamino)-4-(1-(4-chlorophenv1)-
3-hydroxypropvicarbamovi)piperidine-1-carboxviate  OH ClCI
(S)-3-amino-3-(4-chlorophenyl)propan-1-ol (Intermediate 47) (1.09 g, 5 87 mmol) 5was added in one
portion to 1-(tert-butoxycarbony1)-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)
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 dryness then diluted with Et0Ac (300 tnL), and washed sequentially with water (50 mL)
and saturated brine (50 mL) The organic layer was dried over MgSO4, filtered and evaporated then
triturated with diethyl ether to afford crude (S)-tert-butyl 4-
(tert-butoxycarbonylamino)-4-(1-(4-chloropheny1)-3-hydroxypropylcarbamoyl)piperidine1-carboxylate
(4.66 g, 155%) as a white solid. Is1H NMR (400.13 MHz, DMSO-d6) 61.39 (18H, s), 1.71 - 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). MS mle M+NaT 534.     Intermediate 49:
(S)-4-amino-N-(1-(4-chlorophenv1)-3-hydroxvnronthpiperidine-4- 20 carboxamide    WO
20091047563PCT/GB2008/050925 118       Hydrogen chloride 4M in dioxane (11.72 niL, 46 87 mmol)
was added to (S)-tertbutyl 4-(tert-butoxycarbonylamino)-4-(1-(4-chlorophenyI)-3-
hydroxypropylcarbamoyl)piperidine-l-carboxylate (Intermediate 48) (3g, 5.86 mmol) in dioxanc (30 mL)
The resulting solution was stirred at 20 C for 2 hours. The reaction 5 mixture was dissolved in
methanol and purified by ion exchange chromatography, using an SCX column. The desired product
was eluted from the column using 3.57\T ammonia/Me0H and pure fractions were evaporated to
dryness to afford (S)-4-amino-N- (1-(4-chloropheny1)-3-hydroxypropyl)piperidinc-4-carboxamide
(1.970 g, 108 %) as a colourless gum. 10NMR (400.13 MHz, DMSO-d6) 6 1.20 - 1.28 (2H, m), 1.75 -
1.91 (4H, m), 2.67 - 2.83 (2H, m), 3.30 (2H, m), 4.87 (11-1, s), 7.30 - 7.37 (41-1, m). 



MS m/eMIf 312. Intermediate 50: 5-bromo-4-ehloro-7H-pyrrolo12,3-dipyrimidine CI
N-Bromosuccinimide (6.84 g, 38.42 mmol) was added portionwise to
4-chloro-7Hpyrrolo[2,3-d]pyrimidine (5 g, 32.56 mmol) in DCM, dry (125 mL) at 20C 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 Me0H 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 cream solid.    NMR (400.13 MHz, DMSO-d6) 67.94 (IH, s), 8.63 (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 (S)-3-amino-3-(4-bromophenyl)propanoic acid
(3.5 g, 14.34 mmol) in TI-IF (80 mL) at 0C over a period of 30 minutes under nitrogen. The resulting
suspension was stirred at 0C for 30 minutes then at 22C for 5 hours. The reaction mixture was added
portionwisc to methanol (250 tnL) The solution was stirred at room temperature for 24 hours. The
mixture was concentrated, redissolved in methanol (250 mL) and reconcentrated (this process was
repeated three times). The residue was dissolved in DCM 10 (75 mL) and washed with IN NaOH (50
mL). The aqueous layer was extracted with DCM (3 x 100 tnL) and the extracts combined with the
organic layer. The combined organics were washed with saturated brine (50 mL), dried over MgSat
and concentrated to afford crude product. The crude product was purified by Clash silica
chromatography, elution gradient 2 to 6% Me0H/ammonia in DCM. Pure fractions were evaporated to
dryness to 15afford (S)-3-amino-3-(4-bromophenyl)propan-1-ol (2.160 g, 65.5 %) as a colourless gum.
111 NMR (400.13 MHz, CDCI3) 6 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 mle MH+ 230. 20 Intermediate 52: ethyl
4-(4-chloropheny1)-4-(methonimino)butanoate ,oI  



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
20091047563PCT/GB2008/050925 120 silica chromatography (eluent 20-50% Et0Ac / iso-hexane).
Pure fractions were evaporated to dryness to afford ethyl
4-(4-chloropheny1)-4-(methoxyimino)butanoate (12.33g. 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, t),
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-chloropheny1)-4-(methoxvimino)butanoic acid A'A OH Cl Lithium hydroxide monohydrate (9.59 g,
228.57 mmol) was added to ethyl 4-(4- 10 chloropheny1)-4-(methoxyimino)butanoate (Intermediate
52) (12.33 g, 45.71 mop in water (25.4 mL), THF (102 mL) and ethanol (102 mL) The resulting solution
was stirred at 20C for I day. The reaction mixture was diluted with Et0Ac (200 mL) and washed with
water (200 mL). The aqueous was adjusted to pH5 with IM citric acid solution then extracted with
Et0Ac (3 x 150 inL) The organic extracts were washed with saturated brine 15 (25 mL) then dried over
MgSO4, filtered and evaporated to afford desired product 4-(4-
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 m/e MH+ 242. 20 Intermediate 54: 4-amino-4-(4-chlorophenyl)butan-1-ol Nil, OH 



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-tctrahydrofuran complex (1.0M in THF) (93 mL, 93.12 minol) was added dropwisc 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  121 6 hours. After 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 cooled in ice-water and 50% NaOH (aq.) (20 mL) added dropwisc with stirring. The resulting
mixture was stirred and heated at 90C for 4 hours then cooled to room temperature and extracted
three times with Et70. The combined extracts were washed with water followed by brine, dried over
MgSO4 and evaporated to dryness. The crude product was then purified by flash silica
chromatography (cluent 0-10% 7N ammonia in Me0H / DCM) and pure fractions evaporated to afford
4-amino-4-(4-chlorophenyl)butan-1-ol (3.88 10g, 73.0 %) as a colourless, transparent gum. 1H NMR
(400.13 MHz) 1.25-1.47 (2H, dm), 1.51-1.61 (2H, in), 3.34-3.38 (2H, t), 3.76- 3.79 (1H, t), 7.33-7.38
(4H, m). Intermediate 55: tert-butyl 144-ehloropheny1)-4-hydroxybutylearbamate  15 CI
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)(I.38 g, 6.91 mmol) in DCM (20 mL) at 25C
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-chloropheny1)-4-hydroxybutylcarbamate (1.800 g, 87 %) as a white solid. 111 NMR (400.13 MHz,
CDC13)  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 (I
H, s), 7.21 (2H, m), 7.29 - 7.31 (2H, m).  122 Intermediate 56:
4-(tert-butoxycarbonviamino)-4-(4-chlorophenvi)butyl methanesulfonate  



Methanesulfonyl chloride (0.511 mL, 6 60 mmol) was added dropwise to tert-butyl
51-(4-chloropheny1)-4-hydroxybutylcarbamate (Intermediate 55) (1.80 g, 6.00 mmol) and triethylamine
(1.004 mL, 7.20 mmol) in DCM (30 0 mL) at 25C 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, liltered and the filtrate purified by
Clash silica chromatography, elution gradient io 20 to 100% Et0Ac in isohexane. Pure fractions were
evaporated to dryness to afford 4- (tert-butoxycarbonylamino)-4-(4-chlorophenyObutyl
methanesulfonate (2.270 g, 100 %) as a white solid. 11-1 NMR (400.13 MHz, CDC13) S 1.41 (9H, s),
1.67 - 1.87 (4H, In), 2.99 (3H, s), 4.23 (2H, t), 4.62 (1H, s), 4.75 (111, s), 7.20 (211, d), 7.30 -7.33 (2H,
d). 15 MS ink M+Na 400. Intermediate 57: 1-(4-chloropheny1)-N4,N4-dimethylbutane-1,4-diamine CI
Dimethylamine (84 mg, 1.85 mmol) and 4-(tert-butoxycarbonylatnino)-4-(4- 20 chlorophenyl)butyl
methanesulfonate (Intermediate 50 (700 mg, 185 mmol) were 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 room temperature. The reaction mixture was
concentrated and then dissolved in DCM (10 00 mL) and TFA (2 mL). The reaction was stirred at 20C
for 2 hours. The crude product was purified by ion exchange chromatography, using an SCX column.
The desired product was eluted from the 5 column using 3.5N ammonia/Me0H and pure fractions were
evaporated to dryness to afford 1-(4-chloropheny1)-N4,N4-dimethylbutane-1,4-diamine (366 mg, 87
%) as a yellow gum. 1H NMR (400.13 MHz, CDC13) 60.70 -0.79 (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 -6.66 (4H, m). 10 MS m/e MH+ 227.
Intermediate 58: (S)-tert-butvl 1-(4-chlorophenv1)-3-hydroxypropvicarbamate 



OH ,-)    Di-tert-butyl dicarbonate (8.04 mL, 35 01 mmol) was added in one portion to (S)-3-
15amino-3-(4-chlorophenyl)propan-l-ol (Intermediate 47) (6.5 g, 35.01 mmol) DCM (200 mL) at 25C
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-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), 7.21 -7.24 (2H, m), 7.30 - 7.33 (2H, In). MS mle M+NaT 308.  124 Intermediate 59:
(S)-3-(tert-butoxycarbonviamino)-3-(4-chlorophenvl)propvi methanesulfonate     Methanesulfonyl
chloride (2.74 mL, 35 41 mtnol) was added dropwise to (S)-tert- butyl
1-(4-chloropheny1)-3-hydroxypropylcarbamate (Intermediate 58) (9.2 g, 32.19 mmol) and triethylamine
(5.38 mL, 38.63 mmol) in DCM (161 mL) at 25C 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% Et0Ac in isohexane. Pure 10fractions were evaporated to dryness to afford
(S)-3-(tert-butoxycarbonylamino)-3-(4- chlorophenyl)propyl methanesulfonate (10.03 g, 86 %) as a
white solid. 1H 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), 4.81 (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-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
(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 120C 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  WO 20091047563PCT/GB2008/050925 125 and the reaction was stirred at 20C 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 3.57\T ammonia/Me0H and pure fractions were evaporated
to dryness to afford (S)-1-(4-chloropheny1)-N3,N3-diethylpropane-1,3-diamine (119 mg, 36.0 %) as a
yellow oil. 11-1NMR (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. 10Intermediate 61:
5-bromo-4-ehloro-7-tow1-7H-pyrrolo12,3-d]pyrimidine
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 niL) and stirred under nitrogen and cooled
to between -5C and 5C. To this solution was 15added 2.0M NaOH solution (5.50 niL, 10.99 mmol)
while maintaining the intern& temperature at less than 5C. The reaction was allowed to warm to room
temperature and stirred for lhour. The white solid was filtered off and washed well with acetone to
afford 5-bromo-4-chloro-7-tosy1-7H-pyrrolo[2,3-d]pyrimidine (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, s). 



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 added to 5-bromo-4-chloro-7-tosy1-7H- 5pyrrolo[2,3-d]pyrimidine (Intermediate 61) (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 resulting suspension was stirred at 70C for 2 hours. The
reaction mixture was concentrated and diluted with Et0Ac (200 mL), and washed sequentially with
water (75 mL) and saturated brine (75 mL). The organic layer was dried ioover MgSO4, filtered and
evaporated to afford crude product. The elude product was purified by flash silica chromatography,
elution gradient 30 to 70% Et0Ac in isohexane. Pure fractions were evaporated to dryness to afford
methyl
1-(5-bromo-7-tosy1-7Hpyrrolo[2,3-dipyritnidin-4-y1)-4-(tert-butoxycarbonylainino)piperidine-4-carboxyl
ate (3.60 g, 69.7 %) as a white solid. Is11-1NMR (400.13 MHz, DMSO-d6) 6 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 (IH, s), 7.46 (2H, d), 8.00 (I H, s), 8.03
(2H, d), 8.40 (1H, s). MS ink MHF 610.  WO 20091047563PCT/GB2008/050925 127 Intermediate 63:
methyl 4-(tert-butoxycarbonylamino)-1-(5-cvelopropv1-7-tosv1-7Hpyrrolo[2,3-(11py rimidin-4-ylMiperid
in e-4-carboxylate 0 H 0 letf 0-(- N 



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 tribasic (1.343 g, 6.33 mmol), tricyclohexyl phosphine (0.101 g, 0.36 mmol) and
cyclopropylboronic acid (0.438 g, 4.34 mmol) were taken up in toluene (10 mL) and water (0.400 mL)
The mixture was purged with nitrogen for 30 minutes then palladium(II) acetate (0.041 g, 0.18 mmol)
was added. The mixture was heated to 75C for 106 hours and then allowed to cool and stir at room
temperature overnight. The reaction mixture was diluted with Et0Ac (75 mL), and washed sequentially
with water (50 mL) and saturated brine (50 mL) The organic layer was dried over MgSO4, filtered and
evaporated to afford crude product. The crude product was purified by flash silica chromatography,
elution gradient 10 to 30% Et0Ac in isohexane. Pure fractions were evaporated to dryness 15to afford
methyl 4-(tert-butoxycarbonylamino)-1-(5-cyclopropy1-7-tosy1-7H-pyrrolo[2,3-
d]pyrimidin-4-yOpiperidine-4-carboxylate (0.447 g, 43.4 %) as a cream solid.    NMR (400.13 MHz,
CDCI3) 6 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 (11-1,
s), 7.12 (1H, s), 7.28 (2H, m), 8.03 - 8.05 20(2H, m), 8.46 (11-I, s). MS m/e MHE 570.  WO
20091047563PCT/GB2008/050925 128 Intermediate 64:
4-(tert-butoxycarbonylamino)-1-(5-cyclopropyl-7H-pwrolol 2,3- dlpyrimidin-4-0)piperidine-4-carboxylic
acid         2M sodium hydroxide solution (5 00 mL) was added to methyl
4-(tertbutoxycarbonylamino)-1-(5-cyclopropy1-7-tosy1-7H-pyrrolo[2,3-d]pyrimidin-4-
yl)piperidine-4-carboxylate (Intermediate 63) (780 mg, 1.37 mmol) in THF (10 mL) at 20C. The
resulting solution was stirred at 40C for 24 hours. The reaction mixture was diluted with Et0Ac (50 mL)
and the aqueous layer was collected and acidified to pH4 with 2M HC1 solution. The aqueous layer
was extracted with DCM (2 x 50 mL) and the organic 10layers combined and washed with saturated
brine (50 mL). The organic layer was dried over MgSO4, filtered and evaporated to afford crude
product 4-(tertbutoxycarbonylamino)-1-(5-cyclopropy1-7H-pyrrolo[2,3-d]pyrimidin-4-yepiperidine-4-
carboxylic acid (375 mg, 68.2 %) as a cream solid.      114 NMR (400.13 MHz, DMSO-d6) 6 0.66 -
0.73 (2H, m), 0.88 - 1.00 (2H, m), 1.40 (9H, s), 151.94 - 2.09 (51-1, in), 3.41 -3.53 (2H, in), 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 MHE 402.



WO 20091047563PCT/GB2008/050925 129 Intermediate 65: (S)-tert- butyl
4-(1-(4-chloropheny1)-3-hvdroxypropvlcarbamov1)-1-
(5-evelopropv1-7H-pyrrolo12,3-dlpvrimidin-4-vbpiperidin-4-ylearbamate  OH ) 0
(S)-3-amino-3-(4-chlorophenyppropan-l-ol (173 mg, 0.93 mmol) was added in one portion to
4-(tert-butoxycarbonylatnino)-1-(5-cyclopropy1-7H-pyrrolo[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)
was added and the resulting solution was stirred at 20C for 24 hours. The reaction mixture was
evaporated to io dryness then diluted with Et0Ac (75 mL), and washed sequentially with water (50 niL)
and saturated brine (50 niL). The organic layer was dried over MgSO4, liltered and evaporated to
afford crude product. The crude product was purified by flash silica chromatography, elution gradient 2
to 6% Me0H with ammonia in DCM. Fractions were evaporated to afford (S)-tert-butyl
4-(1-(4-chloropheny1)-3-hydroxypropy1carbamoy1)-1 -
15(5-cyclopropy1-7H-pyrrolo[2,3-d]pyrimidin-4-yepiperidin-4-ylcarbamate (420 mg, 79 %) as a yellow
gum. II-INMR (400.13 MHz, DMSO-d6) 6 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, ni), 3.90 - 3.94 (2H, ni), 4.53 (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), 11.49 (11-1, s). 20MS nile MI-IF 569.
Methylaminc gas was bubbled into a solution of 3-(tert-butoxycarbonylamino)-3-
(4-chlorophenyepropyl methanesulfonate (Intermediate 31) (70 mg, 0 19 mmol) in THF (5 mL) at 22C
over a period of 5 minutes. The mixture was sealed into a microwave tube. The reaction was heated to
I25C for 30 minutes in the microwave reactor and cooled to ambient temperature. The mixture was
evaporated and the residue was purified by flash silica chromatography, elution gradient 4 to 8% (10:1
Me0H/conc. NH3 (alp) in DCM. Pure fractions were evaporated to dryness to afford tert-butyl
1-(4-chloropheny1)-3- 10(methylamino)propylcarbamate (52 mg, 90 %) as a colourless oil.    NMR
(399.902 MHz, CDC13) 6 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.$), 5.94 (1H, br.$), 7.21 (2H, d), 7.29 (2H, d). MS m/e MHE 299.5. 15Intermediate 67:
1-(4-chlorophenv1)-N3-methvipropane-1,3-diamine Cl NH,       Hydrogen chloride (4M in 1,4-dioxanc,
0.50 mL, 2.00 mmol) was added to tat-butyl 1-(4-chloropheny1)-3-(methylamino)propylcarbamate
(Intermediate 66) (50 mg, 0.17 mmol) in a mixture or DCM (5 mL) and methanol (2 mL) at 22 'C. The
resulting 



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 using 2M NI-13/Me0H and pure fractions were evaporated to dryness to afford
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), 2.58 (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-(methylamino)propvlearbamovn1-(7H-pyrrolo12,3-dipyrimidin-4-yl)piperidin-4-vica
rbamate  Cl        0-(7-azabenzotriazol-1-y1)-N,N,N,N'-tetramethyluronium hexafluorophosphate (44
mg, 0.12 mmol) was added to 4-(tert-butoxycarbonylamino)-1-(7H-pyrrolo[2,3-
dipyrimidin-4-yl)piperidine-4-carboxylic acid (Intermediate 1) (40 mg, 0 11 mmol) and
N,N-diisopropylethylamine (0.023 niL, 0 13 mmol) in NMP (5 mL) at 22C. The resulting 10suspension
was stirred at 50C for 10 minutes. The mixture was cooled to ambient temperature and
1-(4-chloropheny1)-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 22C for 3 days. The reaction mixture was diluted
with Et0Ac (50 mL) and washed with water (50 mL). The aqueous layer was passed through an SCX
column. The column was 15 eluted with water and methanol to remove impurities followed by 30% (2M
NH3 in methanol) in DCM to elute the product. The appropriate fractions were evaporated to dryness
to afford tert-butyl 4-(1-(4-chloropheny1)-3-(methylamino)propylcarbamoyI)-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 Intermediate 69: 1-tert-butvl 4-methyl 4-(tert-butoxycarbonylamino)piperidine-1,4-
dicarboxylate  



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. After the addition the reaction was stirred at 25C for 1 hour. The crude product 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-methyl 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 (broad, exchange).     Intermediate 70:
1-(tert-butoxycarbonv1)-4-(tert-butoxycarbonviamino)piperidine-4- Iscarboxylic acid           Lithium
hydroxide monohydrate (8.13 g, 193.62 mmol) was added to 1-tert-butyl 4-methyl
4-(tert-butoxycarbonylamino)piperidine-1,4-dicarboxylate (Intermediate 69) (13.88 g, 38.72 mmol) in
water (21.51 mL), THF (86 mL) and methanol (86 mL). The 20resulting solution was stirred at 20C for
1 day. The reaction mixture was diluted with Et0Ac (75 mL) and washed with water (75 mL) The
aqueous was adjusted to pH5 with 1M citric acid solution, then extracted with Et0Ac (3x200 mL) The
organic extracts were washed with saturated brine (50 mL), then dried over MgSO4, filtered and
evaporated to  133 afford desired product
1-(tert-butoxycarbony1)-4-(tert-butoxycarbonylamino)piperidine-4- carboxylic acid (10.36 g, 78 %) as a
fine white solid. Iff NMR (400.13 MHz, DMSO) 5 1.39 (9H, s), 1.40 (9H, s), 1.68-1.76 (2H, td),
1.89-1.92 (2H, d), 3.03 (2H, broad), 3.62-3.65 (2H, d), 7.16 (exchange), 12.36 (exchange).
Intermediate 71: tert-butyl 4-(tert-butoxycarbonylamino)-4-044-chloropheny1)-4-
hydroxybutylearbamoyDpiperidine-1-earboxylate HO
0-(7-azabenzotriazol-1-y1)-N,N,N',N'-tetramethyluroniutn hexafluorophosphate to(5.24 g, 13.77 mmol)
was added in one portion to 1-(tert-butoxycarbonyI)-4-(tert-
butoxycarbonylamino)piperidine-4-carboxylic acid (Intermediate 70) (4.31 g, 12.5 mmol),
4-amino-4-(4-ch1orophenyl)butan-l-ol (Intermediate 16) (2.5 g, 12.5 mmol) and D1PEA (6.56 mL, 37.6
mtnol) in DMA (62.6 mL) under nitrogen. The resulting solution was stirred at 60C for 3 hours and
evaporated to dryness. The crude reaction mixture was 15dissolved in 100 mL Et0Ac and then basi
lied with saturated NaHCO3 (150 niL) and the 



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 Me0H  DCM). Pure fractions
were then evaporated to afford tert-butyl
4-(tertbutoxycarbonylamino)-4-(1-(4-ch1oropheny1)-4-hydroxybuty1carbamoyl) piperi dine-1 -
20carboxylatc (5.06 g, 77 %) as an off-white solid. 1H NMR (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 (exchange, d). MS ink MI-1+ = 527: HPLC tR = 2.48 min.  WO
20091047563PCT/GB2008/050925 134 Intermediate 72:
4-amino-N-(1-(4-chloropheny1)-4-hydroxybutthpiperidine-4- carboxamide
Tert-buty14-(tert-butoxycarbonylamino)-4-0-(4-chloropheny1)-4-
hydroxybutylcarbamoyOpiperidine-1-carboxylate (Intermediate 71) (1.98 g, 3 76 mtnol) 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 (cluent 20% 7N ammonia ; Me0H in DCM). Pure fractions were evaporated to
dryness to afford 4-amino- 10N-(I -(4-chloropheny1)-4-hydroxybutyl)piperidine-4-carboxamide (1.04 g,
85%), as a colourless, transparent gum. 1H NMR (400.13 MHz) 5 1.16-1.27 (2H, dd), 1.29-1.51 (2H,
scpd), 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 ink Mt = 326: HPLC tR = 1.70 min. Intermediate 73: tert-butyl
2-amino-144-chlorophenyflethylcarbamate 0 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 mtnol) 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 



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 was stirred under an atmosphere or hydrogen at ambient pressure and temperature for 1
hour. The mixture was filtered and the filtrate was concentrated under reduced pressure to give
tert-butyl 2-amino-1-(4- chlorophenypethylcarbamate as a gum (410 mg, 99 %). MS mle MH+ = 271
Intermediate 74: tert-butyl 1-(4-chlorupheny1)-2-(methylsulfunamidu)ethylearbamate 0 0 NH C tol 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 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 partitioned between DCM 15and sodium bicarbonate solution. The organic layer was
concentrated and the residue was purified by flash colunm chromatography on silica using gradient
elution (10% ethyl acetate / DCM to 30% ethyl acetate / DCM). The desired product, tert-butyl 1-(4-
chloropheny1)-2-(methylsulfonatnido)ethylcarbamate, was thus isolated as a colourless solid (154 mg,
54.3 %). 20NMR (399.9 MHz, CDCE) S 1.43 (9H, s), 2.92 (3H, s), 3.38 - 3.52 (2H, m), 4.68 -4.84 (2H,
m), 5.20 - 5.28 (111, in), 7.23 (2H, d), 7.35 (211, d) MS ink (M-11)- = 347 Intermediate 75:
N-(2-Amino-2-(4-chlorophenybethyl)methanesulfonamide NH, 25 CA  0/11 



0  136 tert-butyl 1-(4-chlorophenyI)-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
temperature. The mixture was concentrated 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-
chlorophenypethyOmethanesulfonamide (93 mg, 86 %) as a colourless crystalline solid. 1HNMR
(399.9 MHz, CDCI3)  2.89 (3H, s), 3.17 (1H, dd), 3.33 (1H, dd), 4.12 (1H, dd), 104.74 (IH, br, s), 7.29
(2H, d), 7.34 (2H, d) MS mle (M-11.)- = 247   Intermediate 76: tert-butyl 441-(4-chloropheny1)-2-
(methylsulfonamido)ethylcarbamoy1)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidin154-ylcarbamate
0-(7-Azabenzotriazol-1-y1)-N,N,N',N1-tetramethyluronium hexafluorophosphate (88 mg, 0.23 mmol)
was added in one portion to a stirred solution of
4-(tertbutoxycarbonylamino)-1-(7H-pyn-olo[2,3-d]pyrimidin-4-yl)piperidine-4-carboxylic acid
20(Intermediate I) (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  WO 20091047563PCT/GB2008/050925 137 organic solution was concentrated under
reduced pressure. The residue was purified by flash column chromatography on silica using gradient
elution (1% methanol DCM to 15% methanol / DCM). Product containing fractions were combined to
give tert-butyl 4- (1-(4-chloropheny1)-2-(tnethylsulfonamido)ethylcarbamoy1)-1-(71-1-pyrrolo[2,3-
d]pyrimidin-4-yfipiperidin-4-ylcarbamate (103 mg, 79%) as colourless solid.    NMR (399.9 MHz,
DMSO-d6) 5, 1.41 (9H, s), 2.00 (4H, br, s), 2.81 (3H, s), 3.52- 3.69 (2H, m), 4.18 -4.27 (211, m), 4.96
(1H, q), 6.60 (1H, s), 6.97 (1H, br, s), 7.10 - 7.22 (211, in), 7.37 (4H, s), 8.01 (1H, d), 8.14 (1H, s),
11.65 (1H, s) MS ink MHF = 592 10 Intermediate 77:
2-(tert-butonearbonylamino)-2-(4-ehlorophenybethyl ethanethioate CI 



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 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 20product, 2-(tert-butoxycarbonylamino)-2-(4-chlorophenypethyl ethanethioate (509 mg, 90
was thus isolated as a cream crystalline solid. IHNMR (399.9 MHz, CDC13) 51.40 (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 mle
(M-H-CH3C0)- = 286  138 Intermediate 78: tert-butyl
1-(4-chlorophenv1)-2-(chlorosulfonybethvIcarbamate 0 Cl N-Chlorosuccinimide (819 mg, 6.14 mmol)
was added to a solution of 2M hydrochloric acid (0.8 mL) in acetonitrile (10 mL). The reaction flask
was cooled with an ice bath to 10C and 2-(tert-butoxycarbonylamino)-2-(4-chlorophenypethyl
ethanethioate (Intermediate 77) (506 mg, 1.53 mmol) was added portionwise. The mixture 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
iochloropheny1)-2-(chlorosulfonyeethylcarbamate (602 mg, quant.) was thus obtained as a colourless
solid.    NMR (399.9 MHz, CDC13) S 1.44 (9H, s), 2.77 (1H, s), 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) IsIntermediate 79: tert-butyl
1-(4-chlorupheny1)-2-sulfamoylethylearbamate Cl Ammonia (1.5 mL, 31.50 mmol) was added to a
suspension of tert-butyl 1-(4- chloropheny1)-2-(chlorosulfonyeethylcarbamate (Intermediate 78) (0.542
g, 1.53 mmol) in acetonitrile (10 mL). The mixture was stirred for 16 hours at room temperature. 20The
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-chloropheny1)-2- 



139 sulfamoylethylcarbamate (0.351 g, 68.5 %), was thus isolated as a colourless solid. II-1 NMR
(399.9 MHz, DMSO-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), 7.35 (2H, d), 7.41 (2H, d), 7.49 - 7.60 (1H, m) MS nee (M-1-1-)- = 333 Intermediate 80:
2-amino-2-(4-ehlorophenybethanesulfonamide NH, 0  11 \NH 02 Cl Tert-butyl
1-(4-chloropheny1)-2-sulfamoylethylcarbamate (Intermediate 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 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- chlorophenypethanesullonamide (221 mg, 97%) as a near colourless
solid. 151H NMR (399.9 MHz, DMSO-d6) 63.13 -3.25 (2H, m), 4.39 (1H, dd), 7.35 - 7.48 (41-1, in) MS
mle (M-H-)- = 233     Intermediate 81: Tert-butyl 440 (4-ehloropheny1)-2-sulfamoylethylearbamoy1)-1-
20(7H-pyrrolo12,3-clipyrimidin-4-yl)piperidin-4-vlearbamate  H2N s 610 14   



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-(tertbutoxycarbonylamino)-1-(7H-pyn-olo[2,3-d]pyrimidin-4-yl)piperidine-4-carboxylic acid
(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-(4- chlorophenyl)ethanesullbnamide (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 then acetonitrile to give tert-butyl 4-(1-(4-chloropheny1)-2-sulfamoylethylcarbamoy1)-1-(7H-
10pyrro1o[2,3-d]pyrimidin-4-yl)piperidin-4-ylcarbamate (157 nig, 85 %) as colourless solid. 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 (2H, m), 4.12 - 4.26 (2H, m), 5.30 - 5.39 (1H, m), 6.59  (IH, s), 6.82 (2H, s), 7.09 - 7.18 (2H,
ni), 7.30 - 7.43 (4H, m), 8.13 (IH, s), 8.19 (IH, d),  11.65 (IH,   15 MS mle MH+ = 578  



Intermediate 82: tert-butyl 2-acetamido-1-(4-ehlorophenvbethylearbamate ,k 0 OANII Cl 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 niL) was treated with acetic anhydride
(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 bicarbonate 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-acetamido- 1-(4-chlorophenypethylcarbamate (0.151 g, 62.7 %), was thus isolated as a colourless
solid.  141 1HNMR (399.9 MHz, CDCL) 6 1.41 (9H, s), 1.98 (3H, s), 3.46 -3.67 (2H, m), 4.74 (1H, 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-amino-2-(4-chlorophenthethybacetamide NH, H 0 Cl 



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 was concentrated under reduced pressure. The io 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-chlorophenyflethyl)acetamide (98 mg, 97 %) as a pale yellow crystalline solid.
151HNMR (399.9 MHz, CDCI3) 6 1.61 (2H, br, s), 1.97 (3H, s), 3.28 - 3.37 (1H, m), 3.44 - 3.52 (1H,
m), 4.05 -4.11  (1H, m), 5.78 (IH, br, s), 7.28 - 7.36 (4H, iii) MS mle MH+ = 213     Intermediate 84:
tert-butyl 4-(2-acetamido-1-(4-chloruphenybethylcarbamoy1)-1-(7H20
pyrrolo[2,3-dlpyrimidin-4-yl)piperidin-4-ylcarbamate    WO 20091047563PCT/GB2008/050925 142
0-(7-Azabenzotriazol-1-y1)-N,N,N',N'-tetramethy1uronium hexafluorophosphate (89 mg, 0.23 mmol)
was added in one portion to a stirred solution of
4-(tertbutoxycarbonylamino)-1-(7H-pyn-olo[2,3-d]pyrimidin-4-yl)piperidine-4-carboxylic acid
(Intermediate 1) (80 mg, 0.22 mtnol) and N-ethyldiisopropylamine (0.046 mL, 0.27 5 mmol) in NMP (3
niL) The mixture was treated with N-(2-amino-2-(4- chlorophenypethypacetamide (Intermediate 83) (52
nig, 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
organic solution was concentrated under reduced pressure. The residue was purified by flash column
10chromatography on silica using gradient elution (1% methanol / DCM to 15% methanol / DCM).
Product containing fractions were combined to give tert-butyl 4-(2-acetamido-1-(4-
chlorophenypethylcarbamoy1)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-yepiperidin-4- ylcarbamate (100 mg, 81
%) as colourless solid. 11-1NMR (399.9 MHz, DMSO-d6) 6 1.42 (9H, s), 1.78 (3H, s), 1.98 (4H, br, s),
3.36 -3.43 15(1H, m), 3.50 - 3.68 (211, m), 4.18 - 4.28 (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 (1H, br, s), 8.12 - 8.17 (2H, m), 11.65 (1H, br, MS mle
M11+ = 556 20Intermediate 85: 2-methyl-1-trity1-1H-imidazole ePh3 T\T-k 



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 period of 20 minutes under nitrogen. The resulting 25suspension was stirred at room
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 washed with water (3x15 niL) and dried under
vacuum to afford 2-methyl-l-trityl-IHimidazole (15.41 g, 97 %) as a cream solid which was used without
further purification. 1H NMR (399.902 MHz, CDC13) 6 1.65 (3H, s), 6.70 (1H, d), 6.90 (1H, d), 7.11 -
7.16 30(6H, m), 7.29 - 7.35 (91-1, m);  143 nilz (ESI+) (M+H)+ = 325: HPLC tR = 2.88 mm.
Intermediate 86: 1-(4-ehloropheny1)-2-(1-trityl-1H-imidazol-2-ybethanol Cl  OH  5Butyllithium (1.6M in
hexanes) (4.24 inL, 6 78 minol) was added dropwise to 2-inethy1-1- trity1-1H-imidazole (Intermediate
85) (2.0 g, 6.16 mmol) in THF (30 mL) cooled to - 78C over a period of 20 minutes under nitrogen. The
resulting dark red solution was stirred at -78 C for 30 minutes then a solution of 4-Chlorobenzaldehyde
(0.867 g, 6.16 minol) in THF (10 mL) added dropwisc. The reaction was allowed to warm slowly to 0C
io then quenched with saturated NI-14C1 (50 mL) and extracted with TBME (2X). The combined
extracts were washed with brine, dried over MgSO4, concentrated by evaporation then purified by
flash silica chromatography, elution gradient 20 to 30% Et0Ac in isohexane. Pure fractions were
evaporated to dryness to afford 1-(4- chloropheny1)-2-0 -trity1-1H-imidazol-2-yflethanol (1.810 g, 63.1
%) as a colourless solid. IH NMR (399.902 MHz, DMSO) 62.05 (2H, d), 4.59 - 4.63 (1H, m), 5.99 (1H,
d), 6.66 (1H, d), 6.96- 7.02 (9H, in), 7.26 (21-1, d), 7.37 -7.40 (9H, m); nilz (ESI+) (M+H)+ = 465:
HPLC tR = 3.54 min. Intermediate 87:
2-(1-(4-ehloropheny1)-2-(1-trityl-1H-imidazol-2-ybethybisoindoline- 201 3-dione  



Di-tert-butyl azodicarboxylate (0.808 g, 3.51 mmol) was added portionwise to 1-(4-
chloropheny1)-2-(1-trity1-1H-imidazol-2-yfiethanol (Intermediate 86) (1.36 g, 2.92 minol), phthalimide
(0.473 g, 3.22 minol) and triphenylphosphine (0.921 g, 3.51 mop in  WO
20091047563PCT/GB2008/050925 144 THE (25 mL) at room temperature over a period of 15 minutes
. The resulting solution was stirred at room temperture for 60 minutes then concentrated by
evaporation and purified by flash silica chromatography, elution gradient 20 to 40% Et0Ac in
isohexane. Pure fractions were evaporated to dryness to afford 2-(1-(4-chloropheny1)-2-(1-trity1-1H-
5imidazol-2-yeethypisoindoline-1,3-dione (1.78 g, 102%) as a colourless foam. ni/z (ESI+) (M+H)+ =
594; HPLC tR = 2.80 min. Intermediate 88: 1-(4-chloropheny1)-2-(1-tritv1-1H-imidazol-2-thethanamine
C'1  NH,  102-(1-(4-chloropheny1)-2-(1-trity1-11-i-itnidazol-2-ypethypisoindoline-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 relluxed for 3 hours. The 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
followed by 2N NI-13(Me0H). Product-containing fractions were 15combined and concentrated by
evaporation then purified by flash silica chromatography, elution gradient 2 to 5% Me0H in DCM. Pure
fractions were evaporated to dryness to afford
1-(4-chloropheny1)-2-(1-trity1-1H-imidazol-2-ypethanatnine (0.942 g, 67.8 %) as a colourless solid.
IH NMR (399.902 MHz, CDC13) 62.16 (2H, d), 4.01 (1H, t), 6.74 (1H, d), 6.90 (2H, d), 206.99 (1H, d),
7.08 - 7.13 (7H, m), 7.29 - 7.32 (10H, m); nilz (ESI+) (M+H)+ = 464: HPLC tR = 3.13 min.  



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, Cl
0-(7-Azabenzotriazol- I -y1)-N,N,N,Nr-tetramethyluronium hexalluorophosphate (166 nig, 50.44 mmol)
was added portionwise to 4-(tert-butoxycarbonylamino)-1-(7H-pyn-olo[2,3-
dipyritnidin-4-yOpiperidine-4-carboxylic acid (Intermediate I) (150 mg, 0 42 tntnol), 1-
(4-chloropheny1)-2-(1-trity1-1H-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 was stirred at room temperature for 3 hours then toquenched 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- chloropheny1)-2-0 -trity1-1H-imidazol-2-yDethylcarbamoy1)- I
-(7H-pyrrolo[2,3- dipyritnidin-4-yOpiperidin-4-ylcarbamate (320 mg, 95 %) as a cream solid, which was
used without thrther purification. I H NMR (399.902 MHz, CDC13) 6 1.40 (9H, s), 2.05 - 2.29 (6H, n-),
3.56 - 3.61 (2H, m), 4.35 -4.42 (21-I, in), 5.33 (1H, s), 6.50 (1H, d), 6.78 (11-1, in), 6.93 (2H, d), 6.97 -
7.01 (71-I, in), 7.13 (2H, d), 7.26 -7.35 (10H, m), 8.27 (11-1, s), 9.25 (11-1, br s), 10.22 (11-1, br s).
nilz (ESI+) (M+H)+ = 807: HPLC tR = 2.28 min. 20 Intermediate 90:
1-(4-Chlorophenv1)-241H-pvrazol-1-vbethanone  CI   146 A solution of pyrazole (3.40 g, 49.98 mmol)
and 2-bromo-4'-chloroacetophenone (11.44 g, 49 mmol) dissolved in DME (70 niL) was stirred at room
temperature under argon for 5 days. Diethyl ether was added and the precipitate was filtered, washed
with diethyl ether and dried in vacuo overnight to give the crude product, 8.842 g of pure white
crystals. Concentrated aqueous ammonia (30%: 36 ml) was added to a suspension of 8.76 g of the
crude product in 7 nil or water. The reaction was stirred for 40 min after which the yellow crystals were
filtered, washed with a little water and dried in vacuo to afford 144- chloropheny1)-2-(1H-pyrazol-
hypethanone (5.04 g, 22.84 mtnol, 46.6 %) as a pale yellow 



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 afford 1-(4-chloropheny1)-2-(1H-pyrazol-1- ypethanone (2.78 g, 12.60 mmol, 25.7 %) 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 (1H, d), 7.66 (2H, d), 7.73 (1H, d), 8.04 (2H, d)
Intermediate 91: (Z) and (E)-1-(4-chloropheny1)-2-0H-pyrazol-1-ybethanone 0- methyl oxime   20
Methoxylamine hydrochloride (0.668 g, 8.00 mmol), was added to a stirred solution of 1-
(4-chloropheny1)-2-(1H-pyrazol-1-yDethanone (Intermediate 90)(l.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 25a 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-chloropheny1)-2-0Hpyrazol-1-yeethanone 0-methyl oxime (1.080 g, 87
%) as a dark yellow solid. NMR & MS = EN00228-18-01 m/z (ESI+) (M+H)+ = 250.  WO
20091047563PCT/GB2008/050925 147 1H NMR (500 MHz, DMSO-d6) 63.99 (3H, s), 5.44 (2H, s),
6.19 (1H, dd), 7.36 (1H, d), 7.42 (2H, d), 7.65 (2H, d), 7.71 (1H, d) 



Intermediate 92: 1-(4-chloropheny1)-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-chloropheny1)-2-(1H-pyrazol-1-y1)ethanone 0-methyl oxime (Intermediate 91) (0.749 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 in ane 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. The organic layer was further extracted with diethyl ether dried over MgSO4, filtered and
evaporated to give the crude product (74Img, 55%). This was used directly in the lbflowing 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, dd), 7.14 (2H, d), 7.34 (2H, d), 7.60 (1H, d), 7.88 (1H, d) Intermediate 93: Tert-butyl
4-(1-(4-chloropheny1)-2-(1H-pyrazol-1 -  20
thethylcarbamoy1)-1-(7H-pyrrolo12,3-dlpyrimidin-4-v1)piperidin-4-ylcarbamate  WO
20091047563PCT/GB2008/050925 148 HATU (0.209 g, 0 55 mmol) was added in one portion to
4-(tert-butoxycarbonylamino)-1- (7H-pyrrolo[2,3-d]pyrimidin-4-yppiperidine-4-carboxylic acid
(Intermediate 1) (0.181 g, 0.50 mmol), 1-(4-chloropheny1)-2-(1H-pyrazol-1-yDethanamine
(Intermediate 92) (0.202 g, 0.5 mtnol) and N,N-diisopropylethylamine (0.174 mL, 1 00 mmol) in
N-methy1-2- pyrrolidinone (3.0 mL) at room temperature under argon. The resulting solution was
stirred overnight. 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, flow rate of 40 ml /
minute) and decreasingly polar mixtures of water (containing 0.2% ammonium carbonate) and
acetonitrile as eluent. The fractions containing the desired 10compound were evaporated to dryness to
afford tert-butyl 4-(1-(4-chloropheny1)-2-(1H-
pyrazol-1-yeethylcarbamoy1)-1-(71-1-pyrrolo[2,3-d]pyrimidin-4-y1)piperidin-4-ylcarbatnate (0.216 g, 76
%) as a white crystalline solid. miz (ESI+) (M+H)+ = 565. NMR = EN00228-28-01 1511-I NMR (500
MHz, DMSO-d6) 6 1.40 (9H, s), 1.72 (1H, m), 1.87 (2H, in), 2.00 (1H, in), 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-Chlortmhenv1)-2-(thiazol-2-vbethenamine 



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 -70C. The resulting pale yellow slurry was stirred at - 2570 C for 2.5 hour. 4-chlorobenzonitrile
(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. 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  WO 20091047563PCT/GB2008/050925 149 then washed with water, dried over
magnesium sulphate and concentrated. The crude product 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- chloropheny1)-2-(thiazol-2-yeethenamine (1.466 g, 31.0 %) as a pale yellow
solid. NMR & MS = EN00228-45-01 ni/z (ESI+) (M+H)+ = 237 11-1 NMR (500 MHz, CDC13) 6 5.72
(1H, s), 6.54 (2H, m), 6.99 (11-1, d), 7.38 (d, 2H), 7.55 (2H, d), 7.68 (1H, d) 10Intermediate 95:
1-(4-Chloropheny1)-2-(thiazol-2-yflethanamine Cl A 2N solution or hydrochloric acid in Me0H at room
temprature, was added dropwise to (Z)-1-(4-chloropheny1)-2-(thiazol-2-yeethenamine (Intermediate
94) (1.45 g, 6.13 mmol) and traces of bromocresol green dissolved in Me0H (45 mL) until the solution
turned from 15dark 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 dropwisc the 2N solution of
hydrochloric acid in methanol at room temprature. After lh 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 ofhydrochloric 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-chloropheny1)-2-(thiazol-2-yeethanamine (1.310 g, 90 %) as a colorless oil. 25 NMR =
EN00228-47-01 IH NMR (500 MHz, DMSO-d6) 62.10 (2H, m), 3.22 (1H, dd), 3.26 (1H, dd), 4.22 (1H,
t), 7.32 (21-1, d), 7.37 (2H, d), 7.51 (1H, d), 7.66 (11-1, d) 



WO 20091047563PCT/GB2008/050925 150 Intermediate 96: Tert-butyl
4-(1-(4-chlorophenv1)-2-(thiazol-2-vbethvicarbamov1)-1-
C7H-ovrrolo12,3-dlovrimidin-4-0)piperidin-4-vicarbamate  HATU (0.418 g, 110 tntnol) was added 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-chloropheny1)-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 added to precipitate the rude product, which was filtered, washed 10 plentifully with Et20 and
dried in vacuo to give tert-butyl
4-(1-(4-ch1oropheny1)-2-(thiazo12-ypethylearbatnoy1)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-yepiperidin-4-yl
carbamate (0.550 g, 94 %). NMR & MS = EN00228-48-01 11-1 NMR (500 MHz, DMSO-d6) 6 1.23
(9H, s), 1.74 (1H, m), 1.89 (2H, in), 2.00 (1H, In), 15 3.10 (21-I, 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 (21-1, d), 7.37 (2H, d), 7.54 (1H),
d), 7.69 (1H, d), 8.13 (1H, s), 8.33 (IH, d), 8.47 (1H, d), 11.68 (1H, s) miz (ES1+) (M+H)+ = 582 20
WO 20091047563PCT/GB2008/050925 151 Intermediate 97: lithium
3-(4-(tert-butontarbonylamino)-1-(7H-pyrrolol 2,3-dl pvrimidin-4-yl)piperidine-4-earboxamid
o)-3-(4-chlorophenyl) pro panoate  ClOLi Lithium hydroxide (1.436 mL, 2.87 mmol) 2N in water was
added to a stirred suspension 5of methyl
3-(4-(tert-butoxycarbonylamino)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidine-
4-carboxamido)-3-(4-chlorophenyl)propanoate (Intermediate 35) (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 precipitate had formed. This was filtered and dried in vacuo
to give lithium 3-(4-(tert- 



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) 6 1.41 (9H, s), 1.89 (2H, m), 2.06 (2H, m), 2.27 (2H, m), 3.30 (2H, m partially hidden by
H20), 4.33 (2H, m), 4.83 (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)- = 541  WO 20091047563PCT/GB2008/050925 152
Intermediate 98: tert-butyl 4-(1-(4-chlorophenv1)-3-(dimethylamino)-3-  ww pro
pvicarbamov1)-1-(7H-ovrr91912,3-dlovrimidin-4-0)piperidin-4-vicarbamate    HATU (152 mg, 0.40
mmol) was added in one portion to lithium
3-(4-(tertbutoxycarbonylamino)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-yepiperidine-4-carboxatnido)-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-methy1-2-pyn-olidinone
(3.0 mL) at room temperature under argon. The resulting solution was stirred overnight. Diethyl ether
added to precipitate the crude io product which formed as a gum. This was rinsed with Eb0 and dried
to give the crude gum (770 mg) which was used in subsequent reactions without further purilication.
Intermediate 99: tert-butyl 1-(4-chlorophenv1)-3-methonpropylcarbamate \  IsSodium hydride (35.0
mg, 0 87 mmol) was added to tert-butyl 1-(4-chloropheny1)-3- hydroxypropylcarbamate (Intermediate
30) (200 mg, 0.70 mmol) in THF (10 mL) at 0C under nitrogen. The mixture was stirred at 0C 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 KHSO4 solution (IM, 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 MgSO4, filtered and evaporated to give crude product. The crude
product was purified by flash silica chromatography, elution  WO 20091047563PCT/GB2008/050925
153 gradient 20 to 60% Et0Ac in isohexane. Pure fractions were evaporated to dryness to afford
tert-butyl 1-(4-chloropheny1)-3-methoxypropylcarbamate (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+ -C4H8) ; HPLC tR = 2.58 in in. Intermediate 100: 1-(4-chlormihenv1)-3-methonnronan-1-amine
14112 10 Hydrogen chloride (4M in 1,4-dioxane, 0.667 mL, 2.67 mmol) was added to tert-butyl 1-
(4-chloropheny1)-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 15exchange chromatography, using an
SCX column. The desired product was eluted from the column using 2M NH3/Me0H and pure fractions
were evaporated to dryness to afford 1- (4-chloropheny1)-3-methoxypropan-1-amine (47.0 mg, 88 %)
as a colourless oil. I H NMR (399.902 MHz, CDC13) 6 1.80 - 1.96 (2H, m), 3.31 (3H, s), 3.32 (1H, m),
3.43 ( IH, In), 4.09 (1H, t), 7.27 -7.31  (4H, m); 20 rniz (ES1+) (M+H)+ = 200.2, 202.3 (M+H+) ; HPLC
tR = 1.70 min.  154 Intermediate 101: ten-butyl 4-(1-(4-chlorophenv1)-3-methonpropylearbamov1)-1-
17H-tivrro1012,3-dlpyrimidin-4-ybpiperidin-4-vicarbamate  \c)  



0-(7-Azabenzotriazol- I -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 (Intermediate 1) (50 mg, 0.14 mmol) and Nethyldiisopropylamine (0.029 mL, 0.17 mmol) in NMP
(5 mL). The resulting solution was stirred at 50C for 10 minutes then cooled to ambient temperature.
1-(4-Chloropheny1)-3- methoxypropan-l-amine (Intermediate 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 Et0Ac (75 mL) and washed sequentially with water (6x 75 inL), and saturated
brine (50 inL) The organic layer was dried over MgSO4, filtered and evaporated to afford crude
product. The crude product was purified by flash silica chromatography, elution gradient 1 to 4 % (10:1
Me0H/conc. NH3 (aq)) in DCM. Pure fractions were evaporated to dryness to allbrd tert-butyl 4-(I
-(4-chloropheny1)-3-
methoxypropylcarbamoy1)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-yepiperidin-4-ylearbamate (52.0 mg, 69.2
%) as a white solid.    I H NMR (399.902 MHz, DMSO) S 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, in), 4.24 (2H, m), 4.89 (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 (11-1, s), 11.65 (11-1, s); nilz (ESI+) (M+H)+ = 543.4,
545.3 ; HPLC tR = 2.31 mm.  WO 20091047563PCT/GB2008/050925 155 Intermediate 102:
S-3-(tert-butoxycarbonviamino)-3-(4-chlorophenvl)propvi ethanethioate  Potassium thioacetate (43.9
mg, 0.38 mmol) was added to 3-(tert-butoxycarbonylamino)-3- (4-chlorophenyepropyl
methanesulfonate (Intermediate 31) (70 mg, 0.19 minol) in DMF (5 mL) at 22 'C. The resulting solution
was stirred at 50 C for 2 hours. The reaction mixture was diluted with Et0Ac (50 mL) and washed
sequentially with 20% saturated brine (4x 50 mL) and saturated brine (25 mL). The organic layer was
dried over MgSO4, filtered and evaporated to afford crude product. The crude product was purified by
flash iosilica chromatography, elution solvent 15% Et0Ac in isohexane. Pure fractions were evaporated
to dryness to afTord S-3-(tert-butoxycarbonylamino)-3-(4-chlorophenyl)propyl ethanethioate (61.0 mg,
92 %) as a white solid. 1H NMR (399.902 MHz, CDC13) 6 1.41 (9H, s), 1.98 (2H, dt), 2.32 (3H, s),
2.83 (2H, m), 4.67 (1H, br.$), 4.88 (1H, br.$), 7.20 (2H, d), 7.30 (2H, d): 15 ni/z (ESI+) (M+H+ -C4H8)
= 288.3, 290.3 ; HPLC tR = 2.80 min. Intermediate 103: tert-butvl
1-(4-chlorophenv1)-3-sulfamovipropvIcarbamate  N-Chlorosuccinimide (90 mg, 0.67 mmol) was added
to a mixture of- acetonitrile (3 niL) 20and 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 minol) was added dropwise as a
solution in acetonitrile (2 mL) and the resulting solution was stirred at 22 C lor 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  156 was partitioned between DCM (30 mL) and
water. The aqueous layer was extracted with DCM (30 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% Et0Ac in isohexane.
Product- 5containing fractions were evaporated to dryness to afford tert-butyl 1-(4-chloropheny1)-3-
sul famoylpropylcarbamate (40.0 mg, 68.0 %) as a white solid. 11-1 NMR (399.902 MHz, CDC13) 6
1.42 (9H, s), 2.75 -2.91 (2H, m), 3.11 - 3.17 (2H, in), 4.74 (1H, br.$), 4.93 (1H, t), 7.23 (2H, d), 7.34
(2H, d); nilz (ESI+) (M+H+ -C4H8) = 293.2, 295.2 : HPLC tR = 2.11 mm. 10 Intermediate 104:
3-amino-3-(4-chlorophenvl)pronane-1-sulfonamide CI H2 Hydrogen chloride (4M in dioxan, 1.0 niL, 4
00 mmol) was added to tert-butyl 1-(4- chloropheny1)-3-sulfamoy1propylcarbamate (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 Me0H) in DCM and pure fractions were evaporated to dryness to
afford 3-amino-3-(4-chlorophenyl)propane-1-sulfonamide (20.00 20mg, 73.8 %) as a colourless gum.
ni/z (ESI+) (M+H)+ = 249.2, 251.2 ; HPLC tR = 1.32 min.  157 Intermediate 105: tert-butvl
4-(1-(4-chloropheny1)-3-sulfamovipropvicarbamov1)-1-
17H-tivrro1012,3-(11pyrimidin-4-ylipiperidin-4-vicarbamate  CI  



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 (Intermediate 1) (28 mg, 0.08 mmol) and N,N- diisopropylethylamine (0.016 mL, 0.09 mmol) in
NMP (5 mL) at 22 'C. The resulting suspension was stirred at 50C for 10 minutes. The mixture was
cooled to ambient temperature and 3-amino-3-(4-chlorophenyl)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 was purified by ion exchange chromatography; the desired product was eluted from the
column using 2M NI-I3/Me0H and pure fractions were evaporated to dryness. The crude product was
purified by flash silica chromatography, 15elution gradient 2 to 6% (10:1 Me011/conc. NH3 (aq)) in
DCM. Pure fractions were evaporated to dryness to afford tert-butyl 4-(1-(4-chloropheny1)-3- sul lam
oylpropylcarbam oy1)- I -(7H-pyn-ol o [2,3-d]pyrim din-4-y] )piperi din-4-y] carbamate (16.00 mg, 34.9
%) as a white solid. nilz (ESI+) (M+H)+ = 592.4, 594.3 ; HPLC tR = 1.99 min. 20  WO
20091047563PCT/GB2008/050925 158 Intermediate 106: tea-butyl
3-amino-1-(4-chlorophenv1)-3-oxopropylcarbamate  Cl  NH, >(O NH 0 0
0-(7-Azabenzotriazol-1-y1)-N,N,N,Nr-tetramethyluronium hexalluoro-phosphate (466 nig, 1.23 mmol)
was added in one portion to tert-butyl-3-amino-3-(4-chlorophenyl) propanoic 5acid (245 mg, 0.82
nunol), ammonium chloride (131 mg, 2.45 mmol) and N,N- 



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 in Et0Ac (25 mL), and washed sequentially with water (25 mL) and saturated brine (25 mL)
The organic layer was dried over MgSO4, 10filtered and evaporated to afford tert-butyl
3-amino-1-(4-chloropheny1)-3- oxopropylcarbamate (200 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. 0
15 HC1 (4M) in 1,4 dioxane (1.674 mL, 6.69 mmol) was added to tert-butyl 3-atnino-1-(4-
chloropheny1)-3-oxopropylcarbamate (Intermediate 106) (200 mg, 0.67 mmol) in DCM (20 niL) at 20C.
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 NHIMe0H and pure fractions were evaporated to dryness to afford
3-amino-3-(4-chlorophenyepropanamide (46.0 mg, 34.6%) as a white solid. 11-1 NMR (399.9 MHz,
DMSO-d6) 5 0.99 (2H, t), 2.33 -2.37 (2H, in), 3.38 (2H, s), 4.24 (1H, t), 7.35 -7.42 (4H, m), 25 miz
(ESI+) (M+H)+ = 199; HPLC tR = 1.14 min.  159 Intermediate 108: tea-butyl
4-(3-amino-1-(4-chlorophenv1)-3-oxopropylearbamov1)-
1-(7H-pyrrolo12,3-dinvrimidin-4-v1)piperidin-4-vIcarbamate  NH2
0-(7-Azabenzotriazol-1-y1)-n,n,n',n'-tetramethyluronium hexafluoro-phosphate (129 mg, 



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-diisopropylethylamine (0.112 inL, 0 68 mmol) in DMF (4 mL) at 20C under nitrogen. The 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()reaction and stirred for 3 hours. The reaction mixture was
concentrated and diluted with Et0Ac (20 mL) and washed with water (20 mL) The organic layer was
dried over MgSO4, filtered and evaporated to afford tert-butyl 4-(3-amino- I -(4-chloropheny1)-3-
oxopropylcarbamoy1)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-yOpiperidin-4-ylcarbamate (99 mg, 100%). IS
nilz (ESI+) (M+H)+ = 542: HPLC tR = 1.88 min. Intermediate 109: tert-butyl
N-[1-(4-chloropheny1)-3-(phenoxycarbonylamino)- propyllearbamate   160 Phenyl chloroformate
(0.132 niL, 1 05 mmol) was added dropwise to tert-butyl 3-amino-1- (4-chloropheny0propylcarbamate
(Intermediate 25) (300 mg, 1.05 mmol) and sodium bicarbonate (133 mg, 1.58 mmol) in dioxane (10
niL) at 20C under nitrogen. The resulting solution was stirred at 20 C for 2 hours. The reaction mixture
was concentrated 5 and diluted with Et0Ac (20 mL) and washed with water (20 mL) The organic layer
was dried over MgSO4, liltered and evaporated to alTord tert-butyl N-[1-(4-chloropheny1)-3-
(phenoxycarbonylamino)-propyl]carbamate (427 mg, 100%) as a gum. miz (ES1+) (M+1-1)+ = 405;
HPLC tR = 2.85 min. 10Intermediate 110: tert-butyl 1-(4-ehloropheny1)-3-ureidopropylearbamate
Ammonium chloride (113 mg, 2.11 mmol) was added in one portion to tert-butyl N-[1-(4-
chloropheny1)-3-(phenoxycarbonylamino)propyl]carbamate (Intermediate 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 hours. The reaction mixture was concentrated and diluted with Et0Ac (20 mL) and
washed with water (20 mL) The organic layer was dried over MgSO4, liltered and evaporated to afford
tert-butyl 1-(4-chloropheny1)-3- ureidopropylcarbamate (346 mg, 100%), mlz (ES1+) (M+H)+ = 328;
HPLC tR = 1.91 min. 20 Intermediate 111: 143-amino-3-(4-ehlorophenybpropyburea 



NT-I2 Cl Tert-butyl 1-(4-chloropheny1)-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 and was purified by ion exchange chromatography, using an SCX column. The desired
product was eluted from the column using 0.35M NE3/Me0H and  161 pure fractions were evaporated
to dryness to afford 1-(3-amino-3-(4- chlorophenyl)propyl)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), nilz (ESI+) (M+H)+ = 228: HPLC tR = 1.25 min. Intermediate 112: Tert-butyl
4-(1-(4-chloropheny1)-3-ureidopropylcarbamol)-1-(7Hpyrrolo12,3-dipyrimidin-4-A)piperidin-4-ylcarbam
ate     100-(7-Azabenzotriazol-1-y1)-n,n,ni,nr-tetramethyluronium hexalluoro-phosphate (378 nig, 0.99
mmol) was added in one portion to 4-(tert-butoxycarbonylamino)-1-(7H-pyrrolo[2,3-
dipyrimidin-4-yl)piperidinc-4-carboxylic acid (Intermediate 1) (240 mg, 0 66 mmol) and
N,N-diisopropylethylamine (0.329 niL, 1.99 mmol) in NMP (2mL) at 20C under nitrogen. The resulting
solution was stirred at 20 C for 5 minutes. 1-(3-amino-3-(4- 15 chlorophcnyl)propyOurca (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 Et0Ac (20 mL) and washed with water (20 mL) The organic layer was
dried over MgSO4, filtered and evaporated to afford tert-butyl-(4-chloropheny1)-3-
ureidopropylcarbamoy1)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidin-4-ylcarbamatc (379 20 mg,100%)
as a white solid. nVz (ESI+) (M+H)+ = 571; HPLC tR = 1.88 min.  162 Intermediate 113:
3-amino-3-(4-chlorophenvl)propanenitrile 



NH, HC1 (4M) in 1,4-dioxane (0.668 mL, 2 67 mmol) was added in one portion to tert-butyl 1-
(4-chloropheny1)-2-cyanoethylcarbamate (Intermediate 24) (150 mg, 0.53 mmol) in DCM 5(4mL) at
20C. The resulting solution was stirred at 20C for 18 hours. The reaction mixture was evaporated to
afford 3-amino-3-(4-chlorophenyepropanenitrile (HCI salt) (115 mg, 99%) as a white solid.
Intermediate 114: (4-chloropheny1)-2-cyanoethylcarbamov1)-1-(7H-pyrrolo12,3-
10dlpvrimidin-4-vbpiperidin-4-vlcarbamate     0-(7-Azabenzotriazol- I )-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-butoxycarbonylamino)- I -(7H-pyrrolo[2,3- dipyrimidin-4-yOpiperidine-4-carboxylic acid (194 mg,
0.54 mmol) and N,N- 15diisopropylethylamine (0.533 niL, 3.22 mmol) in NMP (3mL) at 20C under
nitrogen. The resulting solution was stirred at 20C for 5 minutes. 3-amino-3-(4-chloropheny1)-
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 Et0Ac (50mL) and
washed with water (50mL) The organic layer was dried over MgSO4, 20filtered and evaporated to
afford (4-chloropheny1)-2-cyanoethylcarbamoy1)-1-(7H-
pyrrolo[2,3-dipyrimidin-4-yOpiperidin-4-ylcarbamate (0.281 g, 100%). (ESI+) (M+H)+ = 524: HPLC tR
= 2.19 min.  163 Intermediate 115: tert-butvl 1-(4-chlorophenv1)-3-
(methylsulfonamido)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 



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 with water (25mL) The organic layer was dried over MgSO4, filtered and evaporated to afford
crude product. The crude product was 10purified by flash silica chromatography, elution gradient 0 to
20% Et0Ac in DCM. Pure fractions were evaporated to dryness to afford tert-butyl
1-(4-chloropheny1)-3- (methylsulfonamido)propylcarbamate (275 mg, 71.9 %) as a white solid. 1H
NMR (399.9 MHz, DMSO-d6) 6 1.37 (9H, s), 1.76 (1H, m), 1.82 - 1.88 (IH, m), 2.87     (3H, s), 2.89
-2.91 (2H, in), 4.58 (1H, d), 7.00 (1H, t), 7.32 (2H, d), 7.39 (2H, d), 7.48 15(1H, d), nilz (ESI+) (M+H)+
= 361: HPLC tR 2.25 min. Intermediate 116: N-(3-amino-3-(4-chlorophenthpropvI)methanesulfonamide
NIL, 20TFA (4 mL) was added to tert-butyl 1-(4-chloropheny1)-3- (methylsulfonamido)propylcarbamate
(Intermediate 115) (275 mg, 0.76 nunol) and stirred at 20C 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/Me0H and pure fractions were evaporated
to  WO 20091047563PCT/GB2008/050925 164 dryness to afford
N-(3-amino-3-(4-chlorophenyl)propypmethanesulfonamide (113 mg, 56.7 %) as a colourless gum. IH
NMR (399.9 MHz, DMSO-d6) 6 1.69- 1.72 (2H, iii), 2.87 (3H, s), 2.94 - 2.98 (2H, ni), 3.18 -3.19 (11-1,
m), 3.87 (1H, t), 7.35 -7.40 (4H, m), 5 nilz (ESI+) (M+H)+ = 262: HPLC tR = 1.43 min. Intermediate
117: tert-butyl 44044-ehloropheny1)-3-  (methylsulfonamido)propylearbamov1)-1-(7H-pyrrolo I 2,3-d I
pyrimidin-4-yl)piperidin4-vlearbamate  10 Cl  



0-(7-Azabenzotriazo1-1-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-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 20C under nitrogen. 15The
resulting solution was stirred at 20 C for 5 minutes. N-(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
with Et0Ac (20 mL) and washed with water (20 mL) The organic layer was dried over MgSO4, filtered
and evaporated to afford tert-butyl 4-(1-(4- 20chl oroph eny1)-3-(m ethyl sul Ion ami do)propyl
carbamoy1)-1-(7H-pyrrol o [2,3-d]pyrim i din-4- yl)piperidin-4-ylcarbamate (26 I nig, 100%). miz (ES1+)
(M+1-1)+ = 606; HPLC tR = 2.09 min. The biological effects of the compounds of-Fomiula (1) may be
tested as set out below.  WO 20091047563PCT/GB2008/050925 165 In Vitro MDA-MB-468 human
breast adenocarcinoma GSK-3 Phosphorylation Assay       This assay determines the ability of test
compounds to inhibit phosphorylation of Serine-9 residue in Glycogen Synthase Kinase-3beta
(GSK-3f3) as a surrogate marker or cellular PKB (Aid) activity, as assessed using Acumen Explorer
Fluorescent Plate-Reader s 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; lnvitrogen 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 37C with 5% CO,
up to a confluency o170-90 %.       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 15density of 5000
cells per well in 100W of complete growth media. The cells were incubated overnight at 37C with 5%
CO, to allow them to adhere.       On day 2, the cells were treated with test compounds and incubated
for 2 hours at 37C with 5% CO2. Test compounds were prepared as 10mM stock solutions in DMSO
and dosed directly to required concentration into test wells using non-contact (acoustic 20dispensing
of multiple 2.5n1 droplets directly into assay wells) ECHO dosing technology (Labcyte Inc. Sunnyvale,
California, USA). Each plate contained control wells without test compound. 



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 incubated for 30 minutes at room temperature prior to the fixative being removed. 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 incubating 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.
APC100199)) for 1 hour at room temperature prior to staining.  WO
20091047563PCT/GB2008/050925 166       Following removal of Perm/Block buffer, 50u1 of primary
anti-phospho-GSK-313 antibody (Cell Signalling Technology (New England Biolabs (Uk) Ltd.), Hitchin,
Hertfordshire, UK; Catalogue No.9336 diluted 1:400 in Blocking buffer (PBS containing 5% Marvel and
0.05% Tweentolysorbate 20) was added to each well and incubated 5overnight at 4C.       Each well
was washed three times in 250u1 of wash buffer (PBS containing 0.05% polysorbate 20), and cells
incubated for 1 hour at room temperature with 500 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 io three times in 254.1 of wash buffer and stored containing 500
of PBS at 4C until required.       Plates were analysed using an Acumen Explorer Plate-reader to
quantify level of fluorescent signal that represents quantity of phosphorylated-GSK-313. Active
compounds caused a decrease in phospho-GSK-3f3 phosphorylation relative to the maximum
(undosed) 15control for each assay, which is measured by the number of 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 range or activity affected by the
compound, between maximum (no compound) and minimum (excess level of compound) 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 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 IC50 25values calculated. These values are shown in Table G. In vitro
AKT1 kinase assay 



This assay detects inhibitors of AKT I (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 fluorescent labelled peptide to a phosphorylated product by a respective kinase. The complete
enzyme reaction is carried out in microtitre  WO 20091047563PCT/GB2008/050925 167 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 arc separated into two peaks by
the application of a high electric field and directly detected using fluorescence. The signature of the
fluorescent signal reveals the extent or the reaction.       For Echo dosing the solvent was 100%
DMSO. A master plate was prepared with 40u1 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 0.4u1 and 10adding it to 39.6u1 of DMSO. Subsequent I in 100 dilutions were made into
quadrant 3 from quadrant 2 and quadrant 4 from quadrant 3.       Multiple 2.5n1 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 15follows: 100uM, 30uM, 10uM, 3uM, luM, 0.3uM, 0.1uM, 0.03uM,
0.01uM, 0.003uM, 0.00 luM, 0.0001uM. Each well was backfilled with Dimethyl Sulphoxide (DMSO) to
a total volume of 1 20n1, such that when the enzyme and substrate mix was added the final DMSO
concentration was 1%. DMSO was added to max control wells as 120n1, minimum control wells were
treated with 120n1 of compound at a concentration that inhibited the 20enzyme activity 100%.
Following addition of compound or control to the assay plate, 6[11 peptide mix containing 3[11\4
substrate (5-FAM-GRPRTSSFAEG-CONH2; CRB) and 4ORM ATP in Kinase base buffer (100mM
Hepes pH 7.5, 0.015% Brij-35) and 6R1 enzyme mix containing 8nM AKT1/PKBa active enzyme
(Upstate Biotechnology, Cat No. 14-276), 8 25 mM DTT and 20mM MgC12 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 RI 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 Well field, Preston
Brook, Runcorn, WA? 3AZ) using the Mowing separation conditions; -1.8 PSI, -500 upstream voltage,
-1700 downstream voltage, sample sip time of  168 



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 software (OriginLab Corporation, Northampton, MA, USA). Examples of the invention were
tested in the in vitro AKT I enzyme assay and the mean IC50 values obtained are presented in Table
G. Table G  Example Number Cellular PKB Mean ICso (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 



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  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  169 19 0.26 0.011 20 0.98 0.02* 21 >3.10 0.059* 22 0.17 0.0075 23 0.08
0.0013 



24 0.06 0.0022 25 0.13 0.0029 26 0.09 0.0056 27 0.37 0.016* 28 0.47 0.0045 29 1.6 0.041 30 1.1
0.03 31 



1.1 0.024 32 0.42 0.012 33 0.24 0.014 34 0.35 0.0092 35 0.28 0.004 36 0.38 0.014 37 0.55 0.019 38
0.36 



0.0054 39 1.9 0.05 40 1.9 0.032 41 0.54 0.016 42 4.3 0.032 43 0.87 0.031 44 1.8 0.0089 45 0.77 0.23 



46 6.7 0.15 47 0.21 0.0036 48 0.16 0.0056  WO 20091047563PCT/GB20081050925 170 49 0.081
0.005 49A, 49B 0.077, 1.2 0.0033, 0.048 50 0.19 0.0043 51 



0.31 0.01 52 0.078 0.0037 53 >2.4 0.0063 54 0.18 0.0034 55 0.043 0.0039 56 1 0.016 57 0.49 0.012
58 2.9 



0.031 59 0.84 0.0063 60 0.47 0.023 61 0.85 0.023 62 0.56 0.028 63 0.68 0.042 64 0.3 0.0095 65 0.87
0.0064 



66 0.99 0.0066* 67 0.89 0.0077* 68 0.34 0.012 69 0.41 0.0069  * = tested once only hERG Analysis
Cell culture       The hERG-expressing Chinese hamster ovary IC1 (CHO) cells described by (Persson,
Carlsson, Duker, & Jacobson, 2005) were grown to semi-confluence at 37 C in a humidified
environment (5% CO2) in F-12 Ham medium containing L-glutamine, 10% foetal calf serum (FCS) and
0.6 mg/m1 hygrotnycin (all Sigma-Aldrich). Prior to use, the monolayer was washed using a
pre-warmed (37C) 3 nil aliquot of Versene 1:5,000  WO 20091047563PCT/GB2008/050925 171
(Invitrogen). After aspiration of this solution the flask was incubated at 37 C in an incubator with a
further 2 ml of Versene 1:5,000 for a period of 6 minutes. Cells were then detached from the bottom or
the flask by gentle tapping and 10 ml of Dulbecco's Phosphate-Buffered Saline containing calcium (0.9
mM) and magnesium (0.5 mM) (PBS; Invitrogen) was then added to the flask and aspirated into a 15
nil centrifuge tube prior to centrifugation (50 g, for 4 mins). The resulting supernatant was discarded
and the pellet gently re-suspended in 3 ml of PBS. A 0.5 ml aliquot of cell suspension was removed
and the number of viable cells (based on trypan blue exclusion) was determined in an automated
reader (Cedex; Innovatis) so that the cell re-suspension volume could be 



ioadjusted with PBS to give the desired final cell concentration. It is the cell concentration at this point
in the assay that is quoted when referring to this parameter. CHO-Kv1.5 cells, which were used to
adjust the voltage offset on IonWorksTM HT, were maintained and prepared for use in the same way.
Electrophysiologv  15The principles and operation of this device have been described by (Schroeder,
Neagle, Trezise, & Worley, 2003). Briefly, the technology is based on a 384-well plate (PatchPlateTM)
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 PatchPlateTM is changed to one containing 20amphotericin B. This permeablises the
patch of cell membrane covering the hole in each well and, in effect, allows a perforated, whole-cell
patch damp recording to be made.       A I3-test IonWorksTM HT from Essen Instrument was used.
There is no capability to warni solutions in this device hence it was operated at room temperature
(-21C), as lollows. The reservoir in the "BulTer" position was loaded with 4 ml or 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 1" position and a PatchfflateTM was damped into the PatchPlatelm 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-maxim& Hocking
concentration of cisapride (final concentration 10 pM) to define the 100% inhibition level. The
fluidics-head (F-Head) or  WO 20091047563PCT/GB2008/050925 172 IonWorksTM HT then added
3.5 ill of PBS to each well of the PatchPlateTM and its underside was perfused with "internal" solution
that had the following composition (in mM): K-Gluconate 100, KCI 40, MgCl2 3.2, EGTA 3 and HEPES
5 (all Sigma-Aldrich;    7.25-7.30 using 10 M KOH). After priming and de-bubbling, the
electronics-head (E-head) then moved round the PatcfrPlateTM performing a hole test (i.e. applying a
voltage pulse to determine whether the hole in each well was open). The F-head then dispensed 3.5
jt1 of the cell suspension described above into each well of the PatchPlatelm and the cells were given
200 seconds to reach and seal to the hole in each well. Following this, the E-head moved round the
PatchPlateTM to determine the seal resistance obtained in each well. 10Next, the solution on the
underside of the PatchPlateTM was changed to "access" solution that had the following composition
(in mM): KC1 140, EGTA 1, MgCl2 1 and HEPES 20 (pH 7.25-7.30 using 10 M KOH) plus 100 jtg/tn1
of atnphotericin B (Sigma-Aldrich). After allowing 9 minutes for patch perforation to take place, the
E-head moved round the PatchPlate'm 48 wells at a time to obtain pre-compound hERG current
measurements. The 15 F-head then added 3.5 pl of solution from each well of the compound plate to 4
wells on the PatchPlateTM (the final DMSO concentration was 0.33% in every well). This was
achieved by moving from the most dilute to the most concentrated well of the compound plate to
minimise the impact of any compound carry-over. After approximately 3 5 mins incubation, the E-head
then moved around all 384-wells of the PatchPlateTM to obtain post- 20compound 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 I and 4 cells. The pre- and post-compound hERG current was evoked by a
single voltage pulse 25consisting 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 linally 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 IonWorksTm HT were adjusted in one of two ways. When determining compound potency, a
depolarising voltage ramp was applied to CHOKv1.5 cells and the voltage noted at which there was an
inflection point in the current trace  WO 20091047563PCT/GB2008/050925 173 (i.e. the point at which
channel activation was seen with a ramp protocol). The voltage at which this occurred had previously
been determined using the same voltage command in convention& electrophysiology and found to be
-15 mV (data not shown); thus an offset potential could be entered into the lonWorkstm HT software
using this value as a reference point. When determining the basic electrophysiological properties of
hERG, any offset was adjusted by determining the hERG tail current reversal potential in IonWorksTivi
HT, comparing it with that found in conventional electrophysiology (-82 mV) and then making the
necessary offset adjustment in the lonWorkslm HT software. The current signal was sampled at 2.5
kHz. 10Pre- and post-scan hERG current magnitude was measured automatically from the leak
subtracted traces by the lonWorks'm HT software by taking a 40 ms average of the current during the
initial holding period at -70 mV (baseline current) and subtracting this from the peak or the tail current
response. The acceptance criteria for the currents evoked in each well were: pre-scan seal resistance
>60 MO, pre-scan hERG tail current amplitude 15>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. References  20Persson, F., Carlsson, L., Duker, G., &
Jacobson, 1. (2005). Blocking characteristics of hERG, hNav1.5, and hKvLQT1/kuninK after
administration of the novel anti-arrhythmic compound AZD7009. J Cardiovasc.Electrophysiol., 16,
329-341. Schroeder, K., Neagle, B., Trezise, D. J., & Worley, J. (2003). Ionworks HT: a new
high-throughput electrophysiology measurement platform. J Biomol Screen., 8, 50-64. 25 Results of
hERG Analysis       Example 9, (S)-4-am in o-N-(1-(4-ch I
oropheny1)-3-hydroxypropy1)-1-(7Hpyrrolo[2,3-dipyritnidin-4-yOpiperidine-4-carboxamide, was tested
up to 100 [IM according to the procedure described above and a mean hERG IC50 value of 177 [IM
was 30derived by extrapolation of the curve. 



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-( I
-(4-chlorophenv11-3-hydroxypropy1)- I -(7H-pyn-olo(2,3-dlpvrimidin-4- yllpiperidine-4-carboxamide 2.5
x 106 U87-MG cells (ATCC number HTB-14Tm) + 50% matrigel were injected s.c. (subcutaneously)
into the flank of nude mice. When tumours reached a volume or about 0.5 cm3 an acute dose of 150
or 300 mg/kg of (S)-4-amino-N-(1-(4-chloropheny1)-3-
hydroxypropyl)-1-(7H-pyrrolo[2,3-d]pyritnidin-4-yOpiperidine-4-carboxamide (E9) was given p.o. (oral
gavage). Animals were euthanised at the specified timepoint and tumours 10dissected out and snap
frozen in liquid nitrogen. Ex-vivo tumour lysates were prepared in 10% triton-X-100 Iris Lysis buffer
containing protease and phosphatase inhibitiors using TastPrep 24' methodology (MP Biomedicals
matrix #69 I 0-500). Protein concentrations were estimated against a BSA standard curve using Pierce
BCA kit (#23225). pGSK3f3 was measured by western blotting 15 and pPRAS40 by solid phase
sandwich EL1SA (Biosource KH00421).       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
(pGSK313 ser9, Cell Signaling Technology #9336; total GSK3f3, BD 20Transduction Labs #610202)
and subsequently with either horseradish peroxidase conjugated anti-rabbit 1gG (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 IT (Syngene). Plotted values show the percentage inhibition ofpGSK3f3
25compared to vehicle controls, following normalisation for total pGSK3f3.       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
pPRAS40(Thr 246) is then added followed by an HRP labelled anti-rabbit IgG antibody. The assay is
then quantified using stabilised 30TMB (tetramethylbenzidine) at 450nm on a plate reader. Colour
intensity is proportional to the concentration of pPRAS40 (Thr 246). The results are shown in Figure I.
175 MCF-7 anti-tumour study using
(S)-4-amino-N-(1(4-chlorophenv1)-3-hydroxypropv1)-1-17H-pyrrolo[2
3-d]pyrimidin-4-ylThiperidine-4-carboxamide (E9)  



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 harvested from 1225 tissue culture flasks by a 2- to 5-minute treatment with 3 x trypsin
(Invitrogen) in EDTA solution lollowed by suspension in basic medium and three washes in phosphate
buffered saline (lnvitrogen). 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-22Tm) 10(5 x 106 cells + 50% Matrigerm) 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
cm3, 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) Kleptoseim 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 lormula: (length 20 X width)
x Aiflength 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 25evaluated using a one-tailed, two-sample t 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 T1/2 and the shape
130and magnitude or 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  WO 20091047563PCT/GB2008/050925
176 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-chloropheny1)-3-hydroxypropy1)-1-(7H-pyrrolo[2,3-
d]pyrimidin-4-yOpiperidine-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, 



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 (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 I h fbr E9, a relatively 15conservative 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 20that are likely to
achieve efficacy. In mouse PD studies, inhibition of pGSK (a surrogate end-point lor anti-tumour
activity) has been observed when free plasma concentrations exceed 1-fold 1050 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 IC50 to 25ensure clinical efficacy.       Putting all of this data together,
(S)-4-amino-N-(1-(4-chloropheny1)-3-
hydroxypropyl)-1-(7H-pyrrolo[2,3-d]pyrimidin-4-yOpiperidine-4-carboxamide (E9) is predicted to
require a human dose of about 7mg/kg BID to achieve efficacy, with a hal f -- life estimated to be
around 6 hours.  177 List of Figures Figure I: GSK3I3 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-atnino-N(1-(4-chloropheny1)-3-hydroxypropy1)-1-(71-1-pyrrolo[2,3-d]pyrimidin-4-yOpiperidine-4-
carboxamide (E9), n = 5 per timepoint.    Figure 2: Results of MCF-7 antitumour study in SC1D mice
using a once daily (QD) dose of 300 mg/kg
(S)-4-amino-N-(1-(4-chlorophenyI)-3-hydroxypropy1)-1-(7H-pyrrolo[2,3-
10dipyrimidin-4-yl)piperidine-4-carboxamide (E9).  178 Claims 1. The compound:
(S)-4-amino-N-(1-(4-chloropheny1)-3-hydroxypropy1)-1-(7Hpyrrolo [2,3-d
pyrimidin-4-yepiperidine-4-carboxamide: OH Cl - or a pharmaceutically acceptable salt thereof  2. A
pharmaceutical composition comprising a compound according to Claim 1, or a
pharmaceutically-acceptable salt thereof, together with a pharmaceutically acceptable diluent or
carrier. 



3. A compound according to Claim 1, or a pharmaceutically acceptable salt thereof, for use as a
medicament.  4. A compound according to Claim 1, or a pharmaceutically acceptable salt thereof, for
use in the treatment of cancer.  5. A compound according to Claim 1, or a pharmaceutically acceptable
salt thereof, for use in the treatment of breast cancer. 6. Use of the compound as claimed in claim 1, or
a pharmaceutically acceptable salt thereof, for the preparation of a medicament for the treatment of
cancer.  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-amino-N-(1-(4-chloropheny1)-3-hydroxypropy1)-1-(7H-pyrrolo[2,3-d
pyrimidin-4-yepiperidine-4-carboxamide, as claimed in claim 1.  9. A process for the preparation of a
compound according to Claim 1, or a pharmaceutically acceptable salt thereof, which comprises
reaction of an acid of Formula (II) with (S)-3-amino-3-(4-chlorophenyepropan-1-ol: 0171 NH HO
wherein P1 represents a suitable protecting group; and thereafter, if necessary: (i) removing the
protecting groups; and/or (ii) forming a pharmaceutically acceptable salt thereof 10. The process as
claimed in claim 9, wherein P1 represents a tert-butoxycarbonyl protecting group. 11. The compound:
(S)-tert-butyl 4-(1-(4-chloropheny1)-3-hydroxypropylcarbamoy1)-1-(7Hpyrrolo [2,3-d
pyrimidin-4-yepiperidin-4-ylcarbamate:  OH  



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-
chloropheny1)-3-hydroxypropyl)piperidine-4-carboxamide with a bicyclic heterocycle of Formula (V):
wherein Li represents a suitable leaving group; and thereafter if necessary, forming a pharmaceutically
acceptable salt thereof 13. The process as claimed in claim 12, wherein Li is chlorine. 14. The
compound: (S)-4-amino-N-(1-(4-chloropheny1)-3-hydroxypropyl)piperidine-4- carboxamide: OH eNET
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0000 (w3) awnion inowni E 





178

                                                           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

N N
H

N

NH2

O

N
HCl

OH

or a pharmaceutically acceptable salt thereof.

2. A pharmaceutical composition comprising a compound according to Claim 1, or a 

pharmaceutically-acceptable salt thereof, together with a pharmaceutically acceptable diluent 

or carrier.

3. A compound according to Claim 1, or a pharmaceutically acceptable salt thereof, for 

use as a medicament.

4. A compound according to Claim 1, or a pharmaceutically acceptable salt thereof, for 

use in the treatment of cancer.

5. A compound according to Claim 1, or a pharmaceutically acceptable salt thereof, for 

use in the treatment of breast cancer.

6. Use of the compound as claimed in claim 1, or a pharmaceutically acceptable salt thereof, 

for the preparation of a medicament for the treatment of cancer.



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-amino-N-(1-(4-chlorophenyl)-3-hydroxypropyl)-1-(7H-pyrrolo-

[2,3-d]pyrimidin-4-yl)piperidine-4-carboxamide, as claimed in claim 1.

9. A process for the preparation of a compound according to Claim 1, or a 

pharmaceutically acceptable salt thereof, which comprises 

reaction of an acid of Formula (II) with (S)-3-amino-3-(4-chlorophenyl)propan-1-ol:

N

N N
H

N

NH

O

OH

P
1

(II)

wherein P1 represents a suitable protecting group;

and thereafter, if necessary:

(i) removing the protecting groups; and/or

(ii) forming a pharmaceutically acceptable salt thereof.

10. The process as claimed in claim 9, wherein P1 represents a tert-butoxycarbonyl protecting 

group.

11. The compound: (S)-tert-butyl 4-(1-(4-chlorophenyl)-3-hydroxypropylcarbamoyl)-1-(7H-

pyrrolo[2,3-d]pyrimidin-4-yl)piperidin-4-ylcarbamate:
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N

N N
H

N

N
H O

O

O

N
HCl

OH

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):

N

N N
H

L1

(V)

wherein L1 represents a suitable leaving group; and thereafter if necessary, forming a 

pharmaceutically acceptable salt thereof. 

13. The process as claimed in claim 12, wherein L1 is chlorine.

14. The compound: (S)-4-amino-N-(1-(4-chlorophenyl)-3-hydroxypropyl)piperidine-4-

carboxamide:

N
H

NH
2

O

N
H

Cl

OH






