
New pyrimidine derivatives and their use in therapy as
well as the use of pyrimidine derivatives in the
manufacture of a medicament for prevention and/or
treatment of Alzheimer's disease. TECHNICAL FIELD OF
INVENTION The present invention relates to new
compounds of formula I , as a free base or a
pharmaceutically acceptable salt, solvate or solvate
of salt thereof, to pharmaceutical formulations
containing said compounds and to the use of said
compounds in therapy. The present invention further
relates to a process for the preparation of compounds
of formula I and to new intermediates used therein.
BACKGROUND OF THE INVENTION Glycogen synthase kinase 3
(GSK3) is a serine / threonine protein kinase composed
of two isoforms (aand b), which are encoded by
distinct genes but are highly homologous within the
catalytic domain. GSK3 is highly expressed in the
central and peripheral nervous system. GSK3
phosphorylates several substrates including tau,
b-catenin, glycogen synthase, pyruvate dehydrogenase
and elongation initiation factor 2b (eIF2b). Insulin
and growth factors activate protein kinase B, which
phosphorylates GSK3 on serine 9 residue and
inactivates it. Alzheimer's Disease (AD) dementias,
and taupathies AD is characterized by cognitive
decline, cholinergic dysfunction and neuronal death,
neurofibrillary tangles and senile plaques consisting
of amyloid-b deposits. The sequence of these events in
AD is unclear, but they are believed to be related.
Glycogen synthase kinase 3b (GSK3b) or Tau (t)
phosphorylating kinase selectively phosphorylates the
microtubule associated protein t in neurons at sites
that are hyperphosphorylated in AD brains.
Hyperphosphorylated protein t has lower affinity for
microtubules and accumulates as paired helical
filaments, which are the main components that
constitute neurofibrillary tangles and neuropil
threads in AD brains. This results in depolymerization
of microtubules, which leads to dying back of axons
and neuritic dystrophy. Neurofibrillary tangles are
consistently found in diseases such as AD, amyotrophic
lateral sclerosis, parkinsonism-dementia of Gaum,
corticobasal degeneration, dementia pugilistica and
head trauma, Down's syndrome, postencephalatic
parkinsonism, progressive supranuclear palsy,
Niemann-Pick's Disease and Pick's Disease. Addition of
amyloid-b to primaryhippocampal cultures results in
hyperphosphorylation of t and a paired helical
filamentslike state via induction of GSK3b activity,
followed by disruption of axonal transport and
neuronal death (Imahori andUchida., J. Biochem
121:179-188, 1997). GSK3b preferentially labels
neurofibrillary tangles and has been shown to be
active in pre-tangle neurons in AD brains. GSK3
protein levels are also increased by 50% in brain
tissue from AD patients. Furthermore, GSK3b
phosphorylates pyruvate dehydrogenase, a key enzyme in
the glycolytic pathway and prevents the conversion of
pyruvate to acetyl-Co-A (Hoshi et al, PNAS
93:2719-2723, 1996). Acetyl-Co-A is critical for the
synthesis of acetylcholine, a neurotransmitter with
cognitive functions. Thus, GSK3b inhibition may have
beneficial effects in progression as well as the
cognitive deficits associated with Alzheimer's disease
and other above-referred to diseases. Chronic and
Acute Neurodegenerative Diseases Growth factor
mediated activation of the PI3K /Akt pathway has been
shown to play a key role in neuronal survival. The
activation of this pathway results in GSK3b
inhibition. Recent studies (Bhat et. al., PNAS 97:1
1074-1 1079 (2000)) indicate that GSK3b activity is
increased in cellular and animal models of
neurodegeneration such as cerebral ischemia or after
growth factor deprivation. For example, the active
site phosphorylation was increased in neurons
vulnerable to apoptosis, a type of cell death commonly
thought to occur in chronic and acute degenerative
diseases such as Alzheimer's Disease, Parkinson's
Disease, amyotrophic lateral sclerosis, Huntington's
Disease and HIV dementia, ischemic stroke and head
trauma. Lithium was neuroprotective in inhibiting
apoptosis in cells and in the brain at doses that
resulted in the inhibition of GSK3b. Thus GSK3b
inhibitors could be useful in attenuating the course
of neurodegenerative diseases.Bipolar Disorders (BD)
Bipolar Disorders are characterised by manic episodes
and depressive episodes. Lithium has been used to
treat BD based on its mood stabilising effects. The
disadvantage of lithium is the narrow therapeutic
window and the danger of overdosing that can lead to
lithium intoxication. The recent discovery that
lithium inhibits GSK3 at therapeutic concentrations
has raised the possibility that this enzyme represents
a key target of lithium's action in the brain
(Stambolic et al., Curr. Biol. 6:1664-1668, 1996;
Klein and Melton; PNAS 93:8455-8459, 1996). Inhibition
of GSK3b may therefore be of therapeutic relevance in
the treatment of BD as well as in AD patients that
have affective disorders. Schizophrenia GSK3 is
involved in signal transduction cascades of multiple
cellular processes, particularly during neural
development. Kozlovsky et al (Am J Psychiatry 2000
May;157(5):831-3) found that GSK3b levels were 41%
lower in the schizophrenic patients than in comparison
subjects. This study indicates that schizophrenia
involves neurodevelopmental pathology and that
abnormal GSK3 regulation could play a role in
schizophrenia. Furthermore, reduced b-catenin levels
have been reported in patients exhibiting
schizophrenia (Cotter et al., Neuroreport 9:1379-1383
(1998)). Diabetes Insulin stimulates glycogen
synthesis in skeletal muscles via the
dephosphorylation and thus activation of glycogen
synthase. Under resting conditions, GSK3
phosphorylates and inactivates glycogen synthase via
dephosphorylation. GSK3 is also over-expressed in
muscles from Type II diabetic patients (Nikoulina et
al., Diabetes 2000 Feb;49(2):263-71). Inhibition of
GSK3 increases the activity of glycogen synthase
thereby decreasing glucose levels by its conversion to
glycogen. GSK3 inhibition may therefore be of
therapeutic relevance in the treatment of Type I and
Type II diabetes and diabetic neuropathy. Hair Loss
GSK3 phosphorylates and degrades b-catenin. b-catenin
is an effector of the pathway for keratonin synthesis
b-catenin stabilisation may be lead to increase hair
development. Miceexpressing a stabilised b-catenin by
mutation of sites phosphorylated by GSK3 undergo a
process resembling de novo hair morphogenesis (Gat et
al., Cell 1998 Nov 25;95 (5):605- 14)). The new
follicles formed sebaceous glands and dermal papilla,
normally established only in embryogenesis. Thus GSK3
inhibition may offer treatment for baldness. Oral
contraceptives 



Vijajaraghavan et al. (Biol Reprod 2000 Jun; 62 (6):
1647-54) reported that GSK3 is high in motile versus
immotile sperm. Immunocytochemistry revealed that GSK3
is present in the flagellum and the anterior portion
of the sperm head. These data suggest that GSK3 could
be a key element underlying motility initiation in the
epididymis and regulation of mature sperm function.
Inhibitors of GSK3 could be useful as contraceptives
for males. Bone-related disorders It has been shown
that GSK3 inhibitors could be used for treatment of
bone-related disorders. This has been discussed in
e.g. Tobias et al., Expert Opinion on Therapeutic
Targets, Feb 2002, pp 41-56. DISCLOSURE OF THE
INVENTION The object of the present invention is to
provide compounds having a selective inhibiting effect
at GSE3 as well as having a good bioavailability. The
present invention therefore relates to the use of a
compound of the formula I : whereinR1 is selected from
hydrogen, halo, cyano, NO2, C1-3alkyl, C1-3haloalkyl,
ORa, SO2NRbRc, C0-2alkylC(O)NRbRc, C1-4alkylNRbRc,
CH2ORh, SO2R , C(O)OR3, CH(OH)Rj and C(O)Rj ; R2 and
R4 are independently selected from hydrogen, halo,
cyano, NO , C1 4alkyl, C1- 3haloalkyl, 0 Ra, SO2NRbRc,
C(O)NRbR, CH2NRbRc, CH2ORh, SO2R , C(O)ORa and C(O)Rj
; or R1 and R2, together with the atoms to which they
are attached join to form a 5- or 6- membered
heterocyclic ring containing at least one N, O or S,
in which any of the hydrogens of the CH2-groups within
the said heterocyclic ring can be substituted with
oxo, hydroxy or halo and in which any sulphur atom
within said heterocyclic ring is optionally oxidised
to -SO -; R3 and R5 are independently selected from
hydrogen, halo, cyano, C1-3alkyl, C1-3haloalkyl and 0
Ra; R6 is selected from CH3, C6alkyl, C6alkenyl,
C6alkynyl and C6haloalkyl; or R6 is a 6-membered
heterocyclic ring containing one or more heteroatoms
selected from N, O or S, wherein said heterocyclic
ring is optionally substituted with one or more
C1-3alkyl or C1-3haloalkyl, wherein said C1-3alkyl or
C1-3haloalkyl is optionally further substituted with
one or more C1-3alkoxy; R7 is selected from hydrogen,
C1-3alkyl, cyano, and C1-3haloalkyl, wherein said
C1-3alkyl or C1-3haloalkyl is optionally substituted
with one or more 0 Ra; R and R are independently
selected from hydrogen, cyano and halo; Ra is selected
from hydrogen, C1-3alkyl and Ci.shaloalkyl, wherein
said C1-3alkyl or C1- 3haloalkyl is optionally
substituted with one or more C1-3alkoxy; Rb and Rc are
independently selected from hydrogen, C1-6alkyl,
heterocyclyl, aryl, heteroaryl and C1-6haloalkyl,
wherein said Ci-6alkyl, heterocyclyl, aryl, heteroaryl
or C1. haloalkyl is optionally substituted with one or
more C1-4alkyl, C1-4haloalkyl, halo, cyano,
methanesulphonyl-, ORa or NRdRe; or Rb and Rc may,
together with the atom to which they are attached,
form a heterocyclic ring wherein said heterocyclic
ring is optionally substituted with one or more halo,
hydroxy,cyano, di-(C1-4alkyl)amino-, C1-6alkyl or
C1-3haloalkyl, wherein said C1-6alkyl or C1-
3haloalkyl is optionally further substituted with one
or more C1-3alkoxy or ORa; Rd and Re are independently
selected from hydrogen, C1-6alkyl and C1-6haloalkyl,
wherein said C1-6alkyl or C1-6haloalkyl is optionally
substituted with one or more ORa; or Rd and Re may,
together with the atom to which they are attached,
form a heterocyclic ring wherein said heterocyclic
ring is optionally substituted with one or more halo,
C1-3alkyl or C1-3haloalkyl, wherein said C1-3alkyl or
C1-3haloalkyl is optionally further substituted with
one or more C1-3alkoxy; Rh is hydrogen, C1-3alkyl or
C1-3haloalkyl, wherein said C1-3alkyl or C1-3haloalkyl
is optionally substituted with one or more C1-3alkoxy;
R1is selected from C1-6alkyl, heterocyclyl, aryl,
heteroaryl and C1-3haloalkyl, wherein said C1-6alkyl,
heterocyclyl, aryl, heteroaryl or C1-3haloalkyl is
optionally substituted with one or more halo, cyano,
di-(Ci_4alkyl)amino-, C1-3haloalkyl, C1-3alkyl,
heterocyclyl or ORa; RJ is an aryl or heteroaryl ring,
wherein said aryl or heteroaryl ring is optionally
substituted with one or more C1-3alkyl, ORa, halo or
cyano; as a free base or a pharmaceutically acceptable
salt, solvate or solvate of a salt thereof; in the
manufacture of a medicament for prevention and/or
treatment of dementia, Alzheimer's Disease,
Parkinson's Disease, Frontotemporal dementia
Parkinson's Type, Parkinson dementia complex of Guam,
HIV dementia, diseases with associated neurofibrillar
tangle pathologies and dementia pugilistica. The
present invention also relates to the use of a
compound of the formula Ia: Ia whereinR1 is selected
from hydrogen, halo, cyano, NO2, C1-3alkyl,
C1-3haloalkyl, ORa, SO2NRbRc, C(O)NRbRc, CH2NRbRc,
CH2ORh, SO2R and C(O)Rj ; R2 and R4 are independently
selected from hydrogen, halo, cyano, NO2, C1-3alkyl,
C1- 3haloalkyl, ORa, SO2NRbRc, C(O)NRbR, CH2NRbRc,
CH2ORh, SO2R and C(O)R"; 5 R3 and R5 independently are
selected from hydrogen, C1-3alkyl, C1-3haloalkyl and 0
Ra; R6 is selected from CH3, C6alkyl, C6alkenyl,
C6alkynyl, and C6haloalkyl; or R6 is a 6-membered
heterocyclic ring containing one or more heteroatoms
selected from N, O or S, wherein said heterocyclic
ring is optionally substituted with one or more
C1-3alkyl or C1-3haloalkyl, wherein said C1-3alkyl or
C1-3haloalkyl is optionally further substituted Q with
one or more C1-3alkoxy; R7 is selected from C1-3alkyl,
cyano, and C1-3haloalkyl, said C1-3alkyl or
C1-3haloalkyl is optionally substituted with one or
more 0 Ra; R8 and R9 are independently selected from
hydrogen, cyano and halo; R10 is hydrogen; s Ra is
selected from hydrogen, C1-3alkyl and C1-3haloalkyl,
wherein said C1-3alkyl or C1- 3haloalkyl is optionally
substituted with one or more C1-3alkoxy; Rb and Rc are
independently selected from hydrogen, C1-6alkyl or
C1-6haloalkyl, wherein aid C1-6alkyl or C1-6haloalkyl
is optionally substituted with one or more 0 Ra or
NRdRe; or Rb and Rc may, together with the atom to
which they are attached, form a 4-, 5- or 6- Q
membered heterocyclic ring containing one or more
heteroatoms selected from N, O or S, wherein said
heterocyclic ring is optionally substituted with one
or more halo, C1-3alkyl or Ci-3haloalkyl, said
C1-3alkyl or C1-3haloalkyl is optionally further
substituted with one or more C1-3alkoxy; 



Rd and Re are independently selected from hydrogen,
C1-6alkyl or C1-6haloalkyl, said C1- S 6alkyl or
C1-6haloalkyl is optionally substituted with one or
more 0 Ra; or Rd and Re may, together with the atom to
which they are attached, form a 4-, 5- or 6- membered
heterocyclic ring containing one or more heteroatoms
selected from N, O or S3 wherein said heterocyclic
ring is optionally substituted with one or more halo,
C1-3alkyl orC1-3haloalkyl, said C1-3alkyl or
C1-3haloalkyl is optionally further substituted with
one or more C1-3alkoxy; Rh is hydrogen, C1-3alkyl or
C1-3haloalkyl, wherein said C1-3alkyl or C1-3haloalkyl
is optionally substituted with one or more C1-3alkoxy
R1is C1-3alkyl or C1-3haloalkyl, wherein said
C1-3alkyl or C1-3haloalkyl is optionally substituted
with one or more ORa; RJ is an aryl or heteroaryl
ring, wherein said aryl or heteroaryl ring is
optionally substituted with one or more C1-3alkyl,
ORa, halo or cyano; as a free base or a
pharmaceutically acceptable salt, solvate or solvate
of a salt thereof; in the manufacture of a medicament
for prevention and/or treatment of dementia,
Alzheimer's Disease, Parkinson's Disease,
Frontotemporal dementia Parkinson's Type, Parkinson
dementia complex of Guam, HIV dementia, diseases with
associated neurofibrillar tangle pathologies and
dementia pugilistica. One embodiment of the present
invention relates to the use of a compound according
to formula I or formula Ia, wherein R1 is selected
from hydrogen, cyano, C1-3haloalkyl, SO2NRbRc,
C(O)NRbRc, CH2NRbRc, SO2R; and C(O)Rj ; R2 and R4 are
independently selected from hydrogen, halo, cyano,
NO2, C1-3haloalkyl, ORa, C(O)NRbRc, and SO2R ; R3 and
R5 independently are selected from hydrogen,
C1-3alkyl, and ORa; R6 is selected from CH3, Qalkyl
and Qhaloalkyl; or R6 is a 6-membered heterocyclic
ring containing one or more heteroatoms selected from
N, O or S, wherein said heterocyclic ring is
optionally substituted with one or more C1-3alkyl or
Ci-3haloalkyl, said C1-3alkyl or C1-3haloalkyl is
optionally further substituted with one or more
C1-3alkoxy; R is selected from C1-3alkyl, cyano, and
C1-3haloalkyl; R10 is hydrogen; R8 and R9
independently are selected from hydrogen, cyano and
halo;Ra is selected from hydrogen, C1-3alkyl and
C1-3haloalkyl, said C1-3alkyl or C1-3haloalkyl is
optionally substituted with one or more C1-3alkoxy; R
and Rc are independently selected from hydrogen,
C1-6alkyl or C1-6haloalkyl, said C1- 6alkyl or
C1-6haloalkyl is optionally substituted with one or
more ORa; or R and Rc may, together with the atom to
which they are attached, form a A-, 5-, 6- or 7-
membered heterocyclic ring containing one or more
heteroatoms selected from N, O or S, wherein said
heterocyclic ring is optionally substituted with one
or more halo, C1-3alkyl or Ci-3haloalkyl, said
C1-3alkyl or C1-3haloalkyl is optionally further
substituted with one or more C1-3alkoxy; R1is
C1-3alkyl or C1-3haloalkyl, said C1-3alkyl or
C1-3haloalkyl is optionally substituted with one or
more ORa; RJ is an arylor heteroaryl ring, wherein
said aryl or heteroaryl ring is optionally substituted
with one or more C1-3alkyl, ORa, halo or cyano; as a
free base or a pharmaceutically acceptable salt,
solvate or solvate of a salt thereof. One embodiment
of the present invention provides the use of the
compound according to formula I or formula I a wherein
R6 is selected from CH3 and C6alkyl; or R6 is a
6-membered heterocyclic ring containing one or more
heteroatoms selected from N, 0 or S, wherein said
heterocyclic ring is optionally substituted with one
or more C1-3alkyl or C1-3haloalkyl; as a free base or
a pharmaceutically acceptable salt, solvate or solvate
of a salt thereof. Another embodiment of the present
invention provides the use of the compound of formula
1or formula Ia, wherein R1 is selected from hydrogen,
cyano, C1-3haloalkyl, SO2NRbRc, C(O)NRbRc, CH2NRbRc,
SO2R and C(O)Rj ; R2 and R4 are independently selected
from hydrogen, halo, cyano, NO2, C1-3haloalkyl, ORa,
C(O)NRbRc and SO2R ; R3 and R5 independently are
selected from hydrogen, Ci-3alkyl, and ORa; R6 is
selected from CH3 and C6alkyl; orR6 is a 6-membered
heterocyclic ring containing one or more heteroatoms
selected from N, O or S, wherein said heterocyclic
ring is optionally substituted with one or more
C1-3alkyl or C1-3haloalkyl; R7 is selected from
C1-3alkyl and C1-3haloalkyl; R10 is hydrogen; R8 and
R9 independently are selected from hydrogen and halo;
Ra is C1-3alkyl or C1-3haloalkyl; Rb and Rc are
independently selected from hydrogen, C1-6alkyl, said
C1-6alkyl optionally substituted with one or more ORa
or Rb and Rc may, together with the atom to which they
are attached, together form a A-, 5- or 6-membered
heterocyclic ring containing one or more heteroatoms
selected from N, O or S, wherein said heterocyclic
ring is optionally substituted with one or more halo
or C1- 3alkyl; R is C1-3alkyl; R is an aryl or
heteroaryl ring, wherein said aryl or heteroaryl ring
is optionally substituted with one or more C1-3alkyl,
ORa, halo or cyano as a free base or a
pharmaceutically acceptable salt, solvate or solvate
of a salt thereof. Yet another additional embodiment
of the present invention provides the use of the
compound according to formula I , wherein R1 is
selected from hydrogen, cyano, C1-3haloalkyl,
SO2NRbRc, C0-2alkylC(O)NRbRc, C1- 4alkylNRbRc, SO2R ,
C(O)OR3, CH(OH)Rj and C(O)Rj ; R2 and R4 are
independently selected from hydrogen, halo, cyano,
NO2, C1-4alkyl, C1- 3haloalkyl, ORa, SO2R , C(O)NRbRc
and C(O)OR ; or R1 and R2, together with the atoms to
which they are attached join to form a 5- or 6-
membered heterocyclic ring containing at least one N,
O or S, in which any of the hydrogen sof the
CH2-grours within the said heterocyclic ring can be
substituted with oxo, hydroxy or halo and in which any
sulphur atom within said heterocyclic ring is
optionally oxidised to -SO2- ;R3 and R5 are
independently selected from hydrogen, C1-3alkyl, and
ORa; 



R6 is selected from CH3 and Cgalkyl; or R6 is a
6-membered heterocyclic ring containing one or more
heteroatoms selected from N or O, wherein said
heterocyclic ring is optionally substituted with one
or more C1-3alkyl; s R7 is selected from C1-3alkyl,
cyano, and C1-3haloalkyl; R8 and R9 are independently
selected from hydrogen and halo; Ra is selected from
hydrogen, C1-3alkyl and C1-3haloalkyl, wherein said
C1-3alkyl is optionally substituted with one or more
C1-3alkoxy; Rb and Rc are independently selected from
hydrogen, C1-6alkyl and heterocyclyl, wherein io said
Q-galkyl, heterocyclyl is optionally substituted with
one or more cyano, ORa or NRdRe; or Rb and Rc may,
together with the atom to which they are attached,
form a heterocyclic ring wherein said heterocyclic
ring is optionally substituted with one or more halo,
hydroxy, cyano, di-(C1-4alkyl)amino-, C1-6alkyl or
Ci-3haloalkyl, wherein said C1-6alkyl or C1- I5
3haloalkyl is optionally further substituted with one
or more C1-3alkoxy or ORa; Rd and Re are independently
selected from hydrogen and C1-6alkyl, wherein said
C1-6alkyl is optionally substituted with one or more
ORa; or Rd and Re may, together with e atom to which
they are attached, form a heterocyclic ring wherein
said heterocyclic ring is optionally substituted with
one or more halo; 20 R1 is selected from C1-6alkyl and
heterocyclyl, wherein said C1-6alkyl or heterocyclyl
is optionally substituted with one or more
di-(C1-4alkyl)amino-, heterocyclyl or ORa; RJ is an
aryl or heteroaryl ring, wherein said aryl or
heteroaryl ring is optionally substituted with one or
more C1-3alkyl; as a free base or a pharmaceutically
acceptable salt, solvate or solvate of a salt thereof.
25 A further embodiment of the present invention
relates to the use of a compound according to formula
I , wherein R3 and R5 are hydrogen.Yet a further
embodiment of the present invention relates to the use
of a compound according to formula I , wherein R8 is
hydrogen and R9 is hydrogen or fluoro. Another
embodiment of the present invention relates to the use
of a compound according to formula I , wherein R6 is
Qalkyl. One additional embodiment of the present
invention provides the use of a compound according to
formula I , wherein R6 is tetrahydropyran. Yet one
additional embodiment of the present invention
provides the use of a compound according to formula I
, wherein R7 is methyl or trifluoromethyl. One
embodiment of the present invention provides the use
of a compound according to formula I , wherein R4 is
selected from hydrogen, halo, NO2, C1-4alkyl,
C1-3haloalkyl, ORa, SO2R , C(O)NRbRc and C(O)ORa.
According to one additional embodiment of the present
invention, R4 is C(O)NRbRc and Rb and Rc are
independently selected from hydrogen and C1-6alkyl,
and said Ci-6alkyl is optionally substituted with one
or more ORa and and Ra is C1-3alkyl. According to a
further embodiment of the present invention, R4 is
trifluoromethyl. According to yet another embodiment
of the present invention R4 is chloro. According to a
further embodiment of the present invention, Ra is
trifluoromethyl. Another embodiment of the present
invention relates to the use of a compound according
to formula I , wherein R2 is hydrogen, halo, C1-3alkyl
or ORa. According to one additional embodiment of the
present invention, R2 is chloro. Yet another
embodiment of the present invention provides the use
of a compound according to formula I , wherein R1 is
selected from hydrogen, cyano, C1-3haloalkyl,
SO2NRbRc, C0-2alkylC(O)NRbRc, CMalkylNRbRc, SO2R ,
C(O)ORa, CH(OH)Rj and C(O)RJ. According to one
additional embodiment of the present invention, R1 is
C0- 2alkylC(O)NRbRc and Rb and Rc are independently
selected from hydrogen, C1-6alkyl, heterocyclyl, aryl,
heteroaryl andC^haloalkyl, wherein said C1-6alkyl,
heterocyclyl, aryl, heteroaryl or C1-6haloalkyl is
optionally substituted with one or more C1-4alkyl, C1-
halo, cyano, methanesulphonyl-, ORa or NRdRe; or Rb
and Rc may, together with the atom to which they are
attached, form a heterocyclic ring wherein
saidheterocyclic ring is optionally substituted with
one or more halo, hydroxy, cyano, Oi-(C1.
4alkyl)amino-, Ci-6alkyl or Ci-3haloalkyl, wherein
said C1-6alkyl or C1-3haloalkyl is optionally further
substituted with one or more Q.salkoxy or ORa.
According to one additional embodiment of the present
invention Rb and Rc together with the atom to which
they are attached, form a heterocyclic ring, wherein
said heterocyclic ring is optionally substituted with
one or more halo, C1-6alkyl or C1-3haloalkyl, wherein
said C1-6alkyl or C1- 3haloalkyl is optionally further
substituted with one or more C1-3alkoxy or ORa.
According to yet one additional embodiment of the
present invention said heterocyclic ring is
substituted with methyl. According to another
embodiment of the present invention, R1 is
C1-4alkylNRbRc and Rb and Rc together with the atom to
which they are attached, form a heterocyclic ring.
According to yet another embodiment of the present
invention R1 is SO2R1and R1is C1- 6alkyl, wherein said
C1-6alkyl is optionally substituted with one or more
ORa. According to one additional embodiment of the
present invention R1is methyl. According to one
additional embodiment of the present invention, R1 is
SO2NRbRc and R and Rc are independently selected from
hydrogen, C1-6alkyl, heterocyclyl, aryl, heteroaryl
andCi. 6haloalkyl, wherein said - alkyl, heterocyclyl,
aryl, heteroaryl or C1-6haloalkyl is optionally
substituted with one or more C1-4alkyl, C1-4haloalkyl,
halo, cyano, methanesulphonyl-, ORa or NRdRe; or Rb
and Rc may, together with the atom to which they are
attached, form a heterocyclic ring wherein said
heterocyclic ring is optionally substituted with one
or more halo, hydroxy, cyano, di-(C 1-4alkyl)amino-,
C1-6alkyl or C1- 3haloalkyl, wherein said Ci-6alkyl or
C1-3haloalkyl is optionally further substituted with
one or more C1-3alkoxy or ORa. According to a further
additional embodiment of the present invention, Rb and
Rc, together with the atom to which they are attached
form a heterocyclic ring, wherein said heterocyclic
ring is optionally substituted with one or more halo,
C1- 6alkyl or C1-3haloalkyl. According to a further
embodiment of the present invention said heterocyclic
ring is substituted with a C1-6alkyl. According to a
further embodiment of the present invention said
C1-6alkyl is methyl.One embodiment of the present
invention relates to the the use of a compound
according to formula I , wherein said compound is
selected from: 4-(l,2-Dimethyl-l
H-imidazol-5-yl)-5-fluoro-iV-[3-methoxy-5-
(trifluoromethyl)phenyl]pyrimidin-2-amine;
-(3,5-Dichlorophenyl)-4-(l,2-dimethyl-l
H-imidazol-5-yl)-5-fluoropyrimidin-2-amine; (4-
{[4-(1,2-Dimethyl-
lH-imidazol-5-yl)-5-fluoropyrimidin-2-
yl]amino}phenyl)(phenyl)methanone; 



4-( 1,2-Dimethyl- lH-imidazol-5-yl)-5-fluoro- -
{2-methyl-4-[(4-methylpiperazin- 1-
yl)carbonyl]phenyl}pyrimidin-2-amine;
4-(l,2-Dimethyl-l H-imidazol-5-yl)-5-fluoro-
N-{4-[(4-methylpiperazin-l-yl)carbonyl]-3-
nitrophenyl} pyrimidin-2-amine; 4-(l,2-Dimethyl-l
H-imidazol-5-yl)-5-fluoro-
N-[4-[(4-methylpiperazin-l-yl)carbonyl]-2-
(trifluoromethoxy)phenyl]pyrimidin-2-amine
hydrochloride; 5-Fluoro-iV-{4-[(4-methylpiperazin-
1-yl)sulfonyl]phenyl} -4-[2-methyl-
1-(tetrahydro-2Hpyran- 4-yl)-l
-imidazol-5-yl]pyrimidin-2-amine hydrochloride;
5-Fluoro-iV-{4-[(4-methylpiperazin-
1-yl)carbonyl]phenyl} -4-[2-methyl- 1-(tetrahydro-2 -
pyran-4-yl)- lH-imidazol-5-yl]pyrimidin-2-amine
hydrochloride; 5-Fluoro-
-{3-methoxy-4-[(4-methylpiperazin-
1-yl)carbonyl]phenyl} -4-[2-methyl- 1-
(tetrahydro-2H-pyran-4-yl)-l
H-imidazol-5-yl]pyrimidin-2-amine hydrochloride;
5-Fluoro-
-[4-[(4-methylpiperazin-l-yl)carbonyl]-3-(methylsulfon
yl)phenyl]-4-[2-methyl- 1-(tetrahydro-2H-pyran-4-yl)-
lH-imidazol-5-yl]pyrimidin-2-amine hydrochloride;
5-Fluoro-7V-[4-[(4-methylpiperazin-l-yl)sulfonyl]-3-(t
rifluoromethoxy)phenyl]-4-[2- methyl-
1-(tetrahydro-2H-pyran-4-yl)-
lH-imidazol-5-yl]pyrimidin-2-amine hydrochloride;
5-Fluoro-4-[2-methyl-l-(tetrahydro-2 H-pyran-4-yl)-l
H-imidazol-5-yl]-iV-[4-(pyrrolidm-lylsulfonyl)
phenyl]pyrimidin-2-amine hydrochloride;
5-Fluoro-4-[2-methyl- 1-(tetrahydro-2H-pyran-4-yl)-
lH-imidazol-5-yl]- -[4-(morpholin-4-
ylsulfonyl)phenyl]pyrimidin-2-amine hydrochloride;
[4-({5-Fluoro-4-[2-methyl-l-(tetrahydro-2
-pyran-4-yl)-l -imidazol-5-yl]pyrimidin-2-
yl}amino)phenyl](pyridin-2-yl)methanone hydrochloride;
5-Fluoro-4-[2-methyl-l-(tetrahydro-2F-pyran-4-yl)-l
-imidazol-5-yl]-A'-[4-(mof holin-4-
ylmethyl)phenyl]pyrimidin-2-amine hydrochloride;
5-Fluoro-4-[2-methyl- 1-(tetrahydro-2 -pyran-4-yl)- l
-imidazol-5-yl]- -[4-(pireridin-1-
ylcarbonyl)phenyl]pyrimidin-2-amine hydrochloride;
4-(l-Cyclohexyl-2-methyl-l
r-imidazol-5-yl)-5-fluoro-iV-{4-[(4-methylpiperazin-ly
l) carbonyl]phenyl}pyrimidin-2-amine hydrochloride;
4-(l-Cyclohexyl-2-methyl-l
H-imidazol-5-yl)-5-fluoro-iV-{4-[(4-rnethylpiperazin-l
yl) sulfonyl]phenyl}pyrimidin-2-amine hydrochloride;
5-Fluoro-4-[2-methyl-l-(l-methylpiperidin-4-yl)-l
H-imidazol-5-yl]-iV-{4-[(4- methylpiperazin-
1-yl)carbonyl]phenyl}pyrimidin-2-amine hydrochloride;
5-Fluoro-4-[2-methyl-
1-(1-methylpiperidin-4-yI)-1H-imidazol-5-yl]-N-[4-(pyr
rolidin-1- ylsulfonyl)phenyl]pyrimidin-2-amine
hydrochloride; 5-Fluoro-4-[2-methyl-l-(tetrahydro-2
H-pyran-4-yl)-lH-imidazol-5-yl]-iV-[4-
(trifluoromethyl)phenyl]pyrimidin-2-amine
hydrochloride; 5-Fluoro-
-[3-(methylsulfonyl)phenyl]-4-[2-methyl-l-(tetrahydro-
2 -pyran-4-yl)-l - imidazol-5-yl]pyrimidin-2-amine
hydrochloride; 5-Fluoro-
-[4-(metiiylsulfonyl)phenyl]-4-[2-methyl-l-(tetrahydro
-2iJ-pyran-4-yl)-l - imidazol-5-yl]pyrimidm-2-amine
hydrochloride;
3-({5-Fluoro-4-[2-methyl-1-(tetrahydro-2H-pyran-4-yl)-
lH-imidazol-5-yl]pyrimidin-2- yl}amino)benzonitrile
hydrochloride; 4-(l,2-Dimethyl-l
H-imidazol-5-yl)-5-fluoro- -[4-(morpholin-4-
ylmethyl)phenyl]pyrimidin-2-amine hydrochloride;
4-(1,2-Dimethyl- lH-imidazol-5-yl)-5-fluoro-N-
{4-[(4-methylpiperazin-1-
yl)sulfonyl]phenyl}pyrimidin-2-amine; 4-(l
,2-Dimethyl-
lH-imidazol-5-yl)-5-fluoro-iV-[4-(piperidin-1-
ylcarbonyl)phenyl]pyrimidin-2-amine hydrochloride;
4-(l,2-Dimethyl-l H-imidazol-5-yl)-5-fluoro-
-{4-[(4-methylpiperazin-lyl)
carbonyl]phenyl}pyrimidin-2-amine hydrochloride;
4-(1,2-Dimethyl- l -imidazol-5-yl)-5-fluoro-N-
{4-[(4-methylpiperazin-1-
yl)methyl]phenyl}pyrimidin-2-amine hydrochloride; 4-(l
,2-Dimethyl-
lH-imidazol-5-yl)-5-fluoro-iV-{3-[(4-methylpiperazin-1
- yl)carbonyl]phenyl}pyrimidin-2-amine hydrochloride;
(4-{[4-(l,2-Dimethyl-l
H-imidazol-5-yl)-5-fluoropyrimidin-2-yl]amino}phenyl)(
pyridin-2- yl)methanone hydrochloride;
4-({5-Fluoro-4-[2-methyl-l-(tetrahydro-2
H-pyran-4-yl)-l H-imidazol-5-yl]pyrimidin-2-
yl}amino)benzonitrile hydrochloride;
5-Fluoro-4-[2-methyl-l-(tetrahydro-2 H-pyran-4-yl)-l
H-imidazol-5-yl]-iV-[4-(piperazm-lylsulfonyl)
phenyl]pyrimidin-2-amine hydrochloride;
5-Fluoro-iV-{4-[(4-methylpiperazin-
1-yl)sulfonyl]phenyl} -4-[1-(tetrahydro-2H-pyran-4-
yl)-2-(trifluoromethyl)-l
H-imidazol-5-yl]pyrimidin-2-amine hydrochloride;
N-{4-[(Dimethylamino)methyl]phenyl}-5-fluoro-4-[2-meth
yl-l-(tetrahydro-2 H-pyran-4-
yl)-1H-imidazol-5-yl]pyrimidin-2-amine;
5-Fluoro-4-[2-methyl-l-(tetrahydro-2H-pyran-4-yl)-lH-i
midazol-5-yl]-N-[4-(l-morpholin-
4-ylethyl)phenyl]pyrimidin-2-amine;
N-[4-(l-Azetidin-l-ylethyl)phenyl]-5-fluoro-4-[2-methy
l-l-(tetrahydro-2H-pyran-4-yl)-
lH-imidazol-5-yl]pyrimidin-2-amine;
5-Fluoro-4-[2-methyl-l-(tetrahydro-2H-pyran-4-yl)-lH-i
midazol-5-yl]-N-[4-(2-morpholm-
4-ylethyl)phenyl]pyrimidin-2-amine;
N-[4-(Methylsulfonyl)phenyl]-4-[2-methyl-l-(tetrahydro
-2H-pyran-4-yl)-lH-imidazol-5- yl]pyrimidin-2-amine;
N-{4-[(4-Methylpiperazin- 1-yl)sulfonyl]phenyl}
-4-[2-methyl- 1-(tetrahydro-2H-pyran-4-
yl)-lH-imidazol-5-yl]pyrimidm-2-amine;
N-{4-[(4-Methylpiperazin-l-yl)carbonyl]phenyl}-4-[2-me
thyl-l-(tetrahydro-2H-pyran-4-
yl)-1H-imidazol-5-yl]pyrimidin-2-amine;
4-[2-Methyl-l-(tetrahydro-2H-pyran-4-yl)-lH-imidazol-5
-yl]-N-[4-(morpholin-4-
ylmethyl)phenyl]pyrimidin-2-amine;
4-[2-methyl-l-(tetrahydro-2H-pyran-4-yl)-lH-imidazol-5
-yl]-N-[4-(morpholin-4-
ylsulfonyl)phenyl]pyrimidin-2-amine;
N-(4-{[4-(2-Methoxyethyl)piperazin-l-yl]sulfonyl}pheny
l)-4-[2-methyl-l-(tetrahydro-2Hpyran- 4-yl)-
1H-imidazol-5-yl]pyrimidin-2-amine; N-
{4-[(4-Isopropylpiperazin- 1-yl)sulfonyl]phenyl}
-4-[2-methyl- 1-(tetrahydro-2H-pyran-4-
yl)-1H-imidazol-5-yl]pyrimidin-2-amme;
4-[2-Methyl-l-(tetrahydro-2H-pyran-4-yl)-lH-imidazol-5
-yl]-N-[4-(pyrrolidin-lylsulfonyl)
phenyl]pyrimidin-2-amine;
(N-(1-Methylpiperidin-4-yl)-4-(
{4-[2-methyl-1-(tetrahydro-2H-pyran-4-yl)-
lH-imidazol- 



5-yl]pyrimidin-2-yl}amino)benzenesulfonamide;
N-{4-[(4-Methyl-1,4-diazepan-1-yl)sulfonyl]phenyl}-4-[
2-methyl- 1-(tetrahydro-2H-pyran-
4-yl)-lH-imidazol-5-yl]pyrimidin-2-amine;
N,N-Diethyl-4-({4-[2-methyl-l-(tetrahydro-2H-pyran-4-y
l)-lH-imidazol-5-yl]pyrimidin-2-
yl}amino)benzenesulfonamide; 5 N-[4-(Azetidin-
1-ylsulfonyl)phenyl]-4-[2-methyl-
1-(tetrahydro-2H-pyran-4-yl)- 1Himidazol-
5-yl]pyrimidin-2-amine; N-{3-[(4-Methylpiperazin-l
-yl)sulfonyl]phenyl}-4-[2-methyl-
1-(tetrahydro-2H-pyran-4- yl)-
1H-imidazol-5-yl]pyrimidin-2-amine;
N-{3-Chloro-4-[(4-methylpiperazin-l-yl)sulfonyl]phenyl
}-4-[2-methyl-l-(tetrahydro-2Hio pyran-4-yl)-
1H-imidazol-5-yl]pyrimidin-2-amine; N-
{3-Methyl-4-[(4-methylpiperazin-1-yl)sulfonyl]pheny1}
-4-[2-methyl- 1-(tetrahydro-2Hpyran-
4-yl)-lH-imidazol-5-yl]pyrimidin-2-amine;
5-Fluoro-N-(4-{[(3R)-3-methylmorpholin-4-yl]sulfonyl}p
henyl)-4-[2-methyl-l- (tetrahydro-2H-pyran-4-yl)-
1H-imidazol-5-yl]pyrimidin-2-amine; is 5-Fluoro-N-
{3-methyl-4-[(4-methylpiperazin-1-yl)sulfonyl]phenyl}
-4-[2-methyl-1- (tetrahydro-2H-pyran-4-yl)-
1H-imidazol~5-yl]pyrimidin-2-amine;
5-Fluoro-N-(4-{[(lS,4S)-5-methyl-2,5-diazabicyclo[2.2.
1]hept-2-yl]sulfonyl}phenyl)-4-
[2-methyl-l-(tetrahydro-2H-pyran-4-yl)-lH-imidazol-5-y
l]pyrimidin-2-amine;
4-({5-Fluoro-4-[2-methyl-l-(tetrahydro-2H-pyran-4-yl)-
lH-imidazol-5-yl]pyrimidin-2- 20
yl}amino)-N,N-dimethylbenzenesulfonamide;
N-[4-(Azetidin-
1-ylsulfonyl)phenyl]-5-fluoro-4-[2-methyl-1-(tetrahydr
o-2H-pyran-4-yl)- lH-imidazol-5-yl]pyrimidin-2-amine;
Methyl
3-{[4-(1,2-dimethyl-1H-imidazol-5-yl)-5-fluoropyrimidi
n-2-y 1] amino}benzoate;
3-[[4-(2,3-Dimethylimidazol-4-yl)-5-fluoro-pyrimidin-2
-yl]ammo]-N-(3- 25 methoxypropyl)benzamide
hydrochloride;
[4-[[4-(2,3-Dimethylimidazol-4-yl)-5-fluoro-pyrimidin-
2-yl]amino]-2-
(trifluoromethoxy)phenyl]-(4-methylpiperazin-
1-yl)methanone hydrochloride;
N-[4-(Azetidin-l-ylcarbonyl)phenyl]-5-fluoro-4-[2-meth
yl-l-(tetrahydro-2H-pyran-4-yl)-
1H-imidazol-5-yl]pyrimidin-2-amine hydrochloride; 30
N- {4-[(3
,3-Difluoroazetidin-1-yl)carbonyl]phenyl}-5-fluoro-4-[
2-methyl- 1-(tetrahydro- 2H-pyran-4-yl)-
1H-imidazol-5-yl]pyriinidin-2-amine hydrochloride;
5-Fluoro-N-[3-methyl-4-(morpholin-4-ylmethyl)phenyl]-4
-[2-methyl-l-(tetrahydro-2Hpyran- 4-yl)-
1H-imidazol-5-yl]pyrimidin-2-amine hydrochloride;
5-Fluoro-N-[4-(morpholin-4-ylmethyl)rhenyl]-4-[3-oxan-
4-yl-2-
(trifluoromethyl)imidazol-4-yl]-pyrirnidin-2-amine
hydrochloride; 5-Fluoro-N-
{4-[(4-fluoropiperidin-1-yl)carbonyl]phenyl}-4-[2-meth
yl- 1-(tetrahydro-2Hpyran-
4-yl)-lH-imidazol-5-yl]pyrimidin-2-amine
hydrochloride; Ethyl
4-({5-fluoro-4-[2-rnethyl-l-(tetrahydro-2H-pyran-4-yl)
-lH-imidazol-5-yl]pyrimidin- 2-yl} amino)benzoate;
N,N-Diethyl-4-({5-fluoro-4-[2-methyl-l-(tetrahydro-2H-
pyran-4-yl)-lH-imidazol-5-
yl]pyrimidin-2-yl}amino)benzamide hydrochloride;
4-[5-fluoro-4-(2-methyl-3-tetrahydropyran-4-yl-imidazo
l-4-yl)-pyrimidin-2-yl]amino-N-
(3-methoxypropyl)benzamide hydrochloride;
[4-[5-fluoro-4-(2-methyl-3
-tetrahydropyran-4-yl-imidazol-4-yl)-pyrimidin-2-
yl]aminophenyl]-(l ,4-oxazepan-4-yl)methanone
hydrochloride;
(4-ethylpiperazin-l-yl)-[4-[5-fluoro-4-(2-methyl-3-tet
rahydropyran-4-yl-imidazol-4-yl)-
pyrimidin-2-yl]aminophenyl]-methanone hydrochloride;
(2,6-dimethylmorpholin-4-yl)-[4-[5-fluoro-4-(2-methyl-
3-tetrahydropyran-4-yl-imidazol-
4-yl)-pyrimidin-2-yl]aminophenyl]-methanone
hydrochloride;
[4-[5-fluoro-4-(2-methyl-3-tetrahydropyran-4-yl-imidaz
ol-4-yl)-pyrimidin-2-
yl]aminophenyl]-(3-fluoropyrrolidin-l-yl)-methanone
hydrochloride;
(33-difluoropyrrolidin-l-yl)-[4-[5-fluoro-4-(2-methyl-
3-tetrahydropyran-4-yl-imidazol-4-
yl)-pyrimidin-2-yl]aminophenyl]-methanone
hydrochloride;
4-[5-fluoro-4-(2-methyl-3-tetrahydropyran-4-yl-imidazo
l-4-yl)-pyrirnidin-2-yl]amino-Nmethyl- benzamide
hydrochloride;
4-[5-fluoro-4-(2-methyl-3-tetrahydropyran-4-yl-imidazo
l-4-yl)-pyrimidin-2-yl]amino-Ntetrahydropyran-
4-yl-benzamide hydrochloride;
[4-[5-fluoro-4-(2-methyl-3-tetrahydropyran-4-yl-imidaz
ol-4-yl)-pyrirnidin-2-
yl]aminophenyl]-(3-hydroxypyrrolidin-l-yl)-methanone
hydrochloride;
N-(2-cyanoethyl)-4-[5-fluoro-4-(2-methyl-3-tetrahydrop
yran-4-yl-imidazol-4-yl)-
pyrimidin-2-yl]amino-N-methyl-benzamide hydrochloride;
N-ethyl-4-[5-fluoro-4-(2-methyl-3-tetrahydropyran-4-yl
-imidazol-4-yl)-pyrimidin-2-
yl]amino-N-(2-hydroxyethyl)benzamide hydrochloride;
4-[5-fluoro-4-(2-me&yl-3-tetrahydropyran-4-yl-imidazol
-4-yl)-pyrimidin-2-yl]amino-N-
(2-hydroxyeihyl)-N-metliyl-benzamide hydrochloride;
4-[5-fluoro-4-(2-methyl-3-tetrahydropyran-4-yl-imidazo
l-4-yl)-pyrirnidin-2-yl]amino-N-
(2-hydroxyethyl)benzamide hydrochloride;
N-(2-dimethylaminoethyl)-4-[5-fluoro-4-(2-methyl-3-tet
rahydropyran-4-yl-imidazol-4-yl)-
pyrimidin-2-yl]amino-benzamide hydrochloride;
(4-dimethylamino- 1-piperidyl)-
[4-[5-fluoro-4-(2-methyl-3-tetrahydropyran-4-yl-imidaz
ol- 4-yl)-pyrimidin-2-yl]aminophenyl]-methanone
hydrochloride;
[4-[5-fluoro-4-(2-methyl-3-tetrahydropyran-4-yl-imidaz
ol-4-yl)-pyrimidin-2-
yl]aminophenyl]-[4-(2-methoxyethyl)piperazin-
1-yl]-methanone hydrochloride;
4-[5-fluoro-4-(2-methyl-3-tetrahydropyran-4-yl-imidazo
l-4-yl)-pyrimidin-2-yl]amino-N-
[2-(l-piperidyl)ethyl]benzamide hydrochloride;
4-[5-fluoro-4-(2-methyl-3-tetrahydropyran-4-yl-imidazo
l-4-yl)-pyrimidin-2-yl]amrno-N-
(2-morpholinoethyl)benzamide hydrochloride;
4-[5-fluoro-4-(2-methyl-3-tetrahydropyran-4-yl-imidazo
l-4-yl)-pyrimidin-2-yl]amino-Nisopropyl- benzamide
hydrochloride; N-[2-(3,3-difluoropyrrolidin-
1-yl)ethyl]-4-[5-fluoro-4-(2-methyl-3-tetrahydropyran-
4-ylimidazol- 4-yl)-pyrimidin-2-yl]amino-benzamide
hydrochloride;
[4-[5-fluoro-4-(2-methyl-3-tetrahydropyran-4-yl-imidaz
ol-4-yl)-pyrimidin-2-
yl]aminophenyl]-(4-isopropylpiperazin-l-yl)-methanone
hydrochloride;
[4-[5-fluoro-4-(2-methyl-3-tetrahydropyran-4-yl-imidaz
ol-4-yl)-pyrimidin-2- yl]aminophenyl]-(4-methyl-
1,4-diazepan-1-yl)-methanone hydrochloride;
4-[5-fluoro-4-(2-methyl-3-tetrahydropyran-4-yl-imidazo
l-4-yl)-pyrimidin-2-yl]amino-Ntetrahydroturan-
3-yl-benzamide hydrochloride; 



5-Fluoro-N-[4-(methylsulfonyl)phenyl]-4-[l-(tetrahydro
-2H-pyran-4-yl)-2- (trifluoromethyl)-
1H-imidazol-5-yl]pyrimidin-2-amine;
N-[4-(Azetidrn-l-ylcarbonyl)phenyl]-5-fluoro-4-[l-(tet
rahydro-2H-pyran-4-yl)-2- (trifluoromethyl)-
1H-imidazol-5-yl]pyrimidin-2-amine;
N-[4-(Azetidrn-l-ylcarbonyl)-3-chlorophenyl]-4-(l,2-di
methyl-lH-imidazol-5-yl)-5- fluororyrimidin-2-amine;
N-[4-(Azetidin-l-ylcarbonyl)-3-methylphenyl]-4-(l,2-di
methyl-lH-imidazol-5-yl)-5- fluoropyrimidin-2-amine;
N-[3-Chloro-4-(methylsulfonyl)phenyl]-4-(l,2-dimethyl-
lH-imidazol-5-yl)-5- fluoropyrimidin-2-amine;
4-(l,2-Dimethyl-lH-imidazol-5-yl)-5-fluoro-N-[4-(methy
lsulfonyl)phenyl]pyrimidin-2- amine;
N-{3-Chloro-4-[(4-methylpiperazin-l-yl)sulfonyl]phenyl
}-4-(l,2-dimethyl-lH-imidazol-5-
yl)-5-fluoropyrirnidin-2-amme;
4-(l,2-Dimethyl-lH-imidazol-5-yl)-5-fluoro-N-{3-methyl
-4-[(4-methylpiperazin-lyl)
sulfonyl]phenyl}pyrimidin-2-amine;
N-[4-(Azetidin-1-ylcarbonyl)-3-(trifluoromethoxy)pheny
l]-4-( 1,2-dimethyl-1H-imidazol-
5-yl)-5-fluoropyrimidin-2-amine;
5-Fluoro-N-[4-(4-methylpiperazin-l-yl)sulfonylphenyl]-
4-[3-methyl-2-
(trifluoromethyl)imidazol-4-yl]-pyrimidin-2-amine
hydrochloride;
5-Fluoro-4-[3-methyl-2-(trifluoromethyl)imidazol-4-yl]
-N-[4-(morpholin-4- ylmethyl)phenyl]-pyrimidin-2-amine
hydrochloride;
[4-[5-Fluoro-4-[3-methyl-2-(trifluoromethyl)imidazol-4
-yl]-pyrimidin-2-yl]aminophenyl]-
(4-methylpiperazin-1-yl)-methanone hydrochloride;
[4-[5-Fluoro-4-[3-tetrahydropyran-4-yl-2-(trifluoromet
hyl)imidazol-4-yl]-pyrimidin-2-
yl]aminophenyl]-(4-methylpiperazin- l-yl)-methanone
hydrochloride;
5-Fluoro-N-[3-(methylsulfonyl)-4-(morpholin-4-ylmethyl
)phenyl]-4-[2-methyl-l- (tetrahydro-2H-pyran-4-yl)-
1H-imidazol-5-yl]pyrimidin-2-amine hydrochloride;
5-Fluoro-N-[4-(methylsulfonyl)-3-(trifluoromethyl)phen
yl]-4-[2-methyl-l-(tetrahydro-2Hpyran- 4-yl)-
1H-imidazol-5-yl]pyrimidin-2-amine hydrochloride; 6-(
{5-Fluoro-4-[2-methyl-1-(tetrahydro-2H-pyran-4-yl)-
1H-imidazol-5-yl]pyrimidin-2-
yl}amino)-2,3-dihydro-4H-thiochromen-4-one 1,1-dioxide
hydrochloride; 6-(
{5-Fluoro-4-[2-methyl-1-(tetrahydro-2H-pyran-4-yl)-
lH-imidazol-5-yl]pyrimidin-2-
yl}amino)thiochroman-4-ol 1,1 -dioxide hydrochloride;
N-(3-Dimethylaminopropyl)-3-[[4-(2,3-dimethylimidazol-
4-yl)-5-fluoro-pyrimidm-2- yl]amino]benzamide;
N-(3-Dimethylaminopropyl)-3-[[4-(2,3-dimethylimidazol-
4-yl)-5-fluoro-pyrimidin-2-
yl]amino]-N-methyl-benzamide hydrochloride;
[3-[[4-(2,3-Dimethylimidazol-4-yl)-5-fluoro-pyrimidin-
2-yl]amino]phenyl]-[3- (hydroxymethyl)-
1-piperidyljmethanone;
N-{3-Chloro-4-[(4-methylpiperazin-
1-yl)carbonyl]phenyl}-5-fluoro-4-[2-methyl- 1-
(tetrahydro-2H-pyran-4-yl)-lH-imidazol-5-yl]pyrimidin-
2-amine; 5-Fluoro-N- {3-[(4-methylpiperazin-
1-yl)carbonyl]phenyl}-4-[2-methyl-
1-(tetrahydro-2Hpyran- 4-yl)-
1H-imidazol-5-yl]pyrimidin-2-amine; (4- {[4-(l
,2-Dimethyl-lH-imidazol-5-yl)-5-fluoropyrimidin-2-yl]a
mino}phenyl)(pyridin-2- yl)methanol;
5-Fluoro-N-[4-(isopropylsulfonyl)phenyl]-4-[2-methyl-l
-(tetrahydro-2H-pyran-4-yl)-lHimidazol-
5-yl]pyrimidin-2-amine; N-[4-(Ethylsulfonyl)
rhenyl]-5-fluoro-4-[2-methyl-
1-(tetrahydro-2H-ryran-4-yl)- 1Himidazol-
5-yl]pyrimidin-2-amine;
5-Fluoro-N-{4-[(2-methoxyethyl)sulfonyl]phenyl}-4-[2-m
ethyl-l-(tetrahydro-2H-pyran-4-
yl)-lH-imidazol-5-yl]pyrimidin-2-amine;
N-(4-{[2-(Die%lamino)ethyl]sulfonyl}phenyl)-5-fluoro-4
-[2-methyl-l-(tetrahydro-2Hpyran- 4-yl)-
1H-imidazol-5-yl]pyrimidin-2-amine;
2-{[4-({5-Fluoro-4-[2-methyl-1-(tetrahydro-2H-pyran-4-
yl)- 1H-imidazol-5-yl]pyrimidin- 2-yl}
amino)phenyl]sulfonyl} ethanol;
{5-Fluoro-4-[3-(tetrahydro-pyran-4-yl)-3H-imidazol-4-y
l]-pyrimidin-2-yl}-[4-(4-methylpiperazine-
1-sulfonyl)-phenyl]-amine;
5-{5-Fluoro-2-[4-(4-methyl-piperazine-l-sulfonyl)-phen
ylamino]-pyrimidin-4-yl}-l-
(tetrahydro-pyran-4-yl)-lH-imidazole-2-carbonitrile;
and
{5-Fluoro-4-[2-methyl-3-(tetrahydro-pyran-4-yl)-3H-imi
dazol-4-yl]-pyriinidin-2-yl}-[4-
(tetrahydro-pyran-2-ylmethanesulfonyl)-phenyl]-amine.
in the manufacture of a medicament for prevention
and/or treatment of dementia, Alzheimer's Disease,
Parkinson's Disease, Frontotemporal dementia
Parkinson's Type, Parkinson dementia complex of Guam,
HIV dementia, diseases with associated neurofibrillar
tangle pathologies and dementia pugilistica. According
to one embodiment of the present invention, the
disease is Alzheimer's Disease. The present invention
also relates to a compound of the formula I :wherein
R1 is selected from hydrogen, cyano, C1-3haloalkyl,
ORa, SO2NRbRc, C0-2alkylC(O)NRbRc, C1-4alkylNRbRc,
CH2ORh, SO2R , C(O)OR , CH(OH)Rj and C(O)Rj ; R2 and
R4 are independently selected from hydrogen, halo,
cyano, NO2, C1-4alkyl, C1- 3haloalkyl, ORa, C(O)NRbRG,
SO2R and C(O)ORa; or R1 and R2, together with the
atoms to which they are attached form a 5- or
6-membered heterocyclic ring containing at least one
N, O or S, in which any of the hydrogens of the
CH2-groups within said heterocyclic ring can be
substituted with oxo, hydroxy or halo and in which any
sulphur atom within said heterocyclic ring is
optionally oxidised to -SO2-; R3 and R5 are
independently selected from hydrogen, C1-3alkyl and
ORa; R6 is selected from CH3 and C6alkyl; or R6 is a
6-membered heterocyclic ring containing one or more
heteroatoms selected from N, O or S, wherein said
heterocyclic ring is optionally substituted with one
or more Ci-3alkyl or C1-3haloalkyl, wherein said
C1-3alkyl or C1-3haloalkyl is optionally further
substituted with one or more C1-3alkoxy; R7 is
selected from hydrogen, C1-3alkyl, cyano and
C1-3haloalkyl, wherein said C1-3alkyl or C1-3haloalkyl
is optionally substituted with one or more ORa; R8 and
R9 are independently are selected from hydrogen and
halo; Ra is selected from hydrogen, C1-3alkyl and
C1-3haloalkyl, wherein said Ci-3alkyl or C1-
3haloalkyl is optionally substituted with one or more
C1-3alkoxy; 



Rb and Rc are independently selected from hydrogen,
C1-6alkyl, heterocyclyl, aryl, heteroaryl
andC1-6haloalkyl, wherein said C1-6alkyl,
heterocyclyl, aryl, heteroaryl or C1-6haloalkyl is
optionally substituted with one or more C1-4alkyl,
C1Jhialoalkyl, halo, cyano, methanesulphonyl-, ORa
orNR dRe; or Rb and Rc may, together with the atom to
which they are attached, form a heterocyclic ring
wherein said heterocyclic ring is optionally
substituted with one or more halo, hydroxy, cyano,
di-(C1-4alkyl)amino-, C1-6alkyl or C1-3haloalkyl,
wherein said C1-6alkyl or C1- 3haloalkyl is optionally
further substituted with one or more Ci-3alkoxy or
ORa; Rd and Re are independently selected from
hydrogen, C1-6alkyl and C1-6haloalkyl, wherein said
C1-6alkyl or C1-6haloalkyl is optionally substituted
with one or more ORa; or R and Re may, together with
the atom to which they are attached, form a
heterocyclic ring wherein said heterocyclic ring is
optionally substituted with one or more halo,
C1-3alkyl or C1-3haloalkyl, wherein said C1-3alkyl or
C^haloalkyl is optionally further substituted with one
or more C1-3alkoxy; Rh is hydrogen, C1-3alkyl or
C1-3haloalkyl, wherein said C1-3alkyl or C1-3haloalkyl
is optionally substituted with one or more C^alkoxy;
R1is selected from C1-6alkyl, heterocyclyl, aryl,
heteroaryl and C1-3haloalkyl, wherein said C1-6alkyl,
heterocyclyl, aryl, heteroaryl or C1-3haloalkyl is
optionally substituted with one or more halo, cyano,
di-(C1-4alkyl)amino-, C1-3haloalkyl, C1-3alkyl,
heterocyclyl or ORa; RJ is an aryl or heteroaryl ring,
wherein said aryl or heteroaryl ring is optionally
substituted with one or more C1-3alkyl, ORa, halo or
cyano; as a free base or a pharmaceutically acceptable
salt, solvate or solvate of a salt thereof. The
present invention also relates to a compound of the
formula Ib: Ib whereinR1 is selected from hydrogen,
cyano, C1-3haloalkyl, SO2NRbRc, C(O)NRbRc, CH2NRbRc,
CH2ORh, SO2R and C(O)Rj ; R2 and R4 are independently
selected from hydrogen, halo, cyano, NO2,
C1-3haloalkyl, ORa, C(O)NRbRc, and SO2R ; R3 and R5
independently are selected from hydrogen, C1-3alkyl,
and 0 Ra; R6 is selected from CH3 and C6alkyl; or R6
is a 6-membered heterocyclic ring containing one or
more heteroatoms selected from N, O or S, wherein said
heterocyclic ring is optionally substituted with one
or more C1-3alkyl or C1-3haloalkyl; R7 is selected
from Ci-3alkyl and C-ushaloalkyl; R8 and R9
independently are selected from hydrogen and halo; Ra
is Ci-3alkyl or CJ-3haloalkyl; Rb and Rc are
independently selected from hydrogen and C1-6alkyl,
optionally substituted with one or more ORa; or Rb and
Rc may, together with the atom to which they are
attached, form a 4-, 5- or 6- membered heterocyclic
ring containing one or more heteroatoms selected from
N or O, wherein said heterocyclic ring is optionally
substituted with one or more halo or C1-3alkyl ; Rh is
hydrogen, C1-3alkyl or C1-3haloalkyl, wherein said
Ci-3alkyl or Ci-3haloalkyl is optionally substituted
with one or more C1-3alkoxy; R1is C1-3alkyl; RJ is an
aryl or heteroaryl ring; as a free base or a
pharmaceutically acceptable salt, solvate or solvate
of a salt thereof. One embodiment of the present
invention relates to a compound of formula I , wherein
R1 is selected from hydrogen, cyano, C1-3haloalkyl,
SO2NRbRc, C0-2alkylC(O)NRbRc, C1- 4alkylNRbRc, SO2R1,
C(O)OR , CH(OH)Rj and C(O)Rj ;R2 and R4 are
independently selected from hydrogen, halo, cyano, NO2
C1-4alkyl, C1- 3haloalkyl, ORa, SO2R , C(O)NRbRc and
C(O)OR ; or R1 and R2, together with the atoms to
which they are attached join to form a 5- or 6-
membered heterocyclic ring containing at least one N,
O or S, in which any of the hydrogens of the
CH2-groups within the said heterocyclic ring can be
substituted with oxo, hydroxy or halo and in which any
sulphur atom within said heterocyclic ring is
optionally oxidised to -SO2-; R3 and R5 are
independently selected from hydrogen, C1-3alkyl, and
ORa; R6 is selected from CH3 and C6alkyl; or R6 is a
6-membered heterocyclic ring containing one or more
heteroatoms selected from N or O, wherein said
heterocyclic ring is optionally substituted with one
or more C1-3alkyl; R is selected from C1-3alkyl,
cyano, and C1-3haloalkyl; R and R are independently
selected from hydrogen and halo; Ra is selected from
hydrogen, C1-3alkyl and C1-3haloalkyl, wherein said
C1-3alkyl is optionally substituted with one or more
C1-3alkoxy; Rb and Rc are independently selected from
hydrogen, C1-6alkyl and heterocyclyl, wherein said
C1-6alkyl, heterocyclyl is optionally substituted with
one or more cyano, 0 Ra or NRdRe; or Rb and Rc may,
together with the atom to which they are attached,
form a heterocyclic ring wherein said heterocyclic
ring is optionally substituted with one or more halo,
hydroxy, cyano, di-(C1-4alkyl)amino-, C1-6alkyl or
C1-3haloalkyl, wherein said C1-6alkyl or C1-
3haloalkyl is optionally further substituted with one
or more C1-3alkoxy or ORa; Rd and Re are independently
selected from C1-6alkyl; or Rd and Re may, together
with the atom to which they are attached, form a
heterocyclic ring wherein said heterocyclic ring is
optionally substituted with one or more halo; R1 is
selected from C1-6alkyl and heterocyclyl, wherein said
C1-6alkyl or heterocyclyl is optionally substituted
with one or more di-(C1-4alkyl)amino-, heterocyclyl or
ORa;R is an aryl or heteroaryl ring, wherein said aryl
or heteroaryl ring is optionally substituted with one
or more C1-3alkyl; as a free base or a
pharmaceutically acceptable salt, solvate or solvate
of a salt thereof. 5 Another embodiment of the present
invention relates to a compound of formula I, wherein
R3 and R5 are hydrogen. Yet another embodiment of the
present invention provides a compound of formula I ,
wherein R8 is hydrogen and R9 is hydrogen or fluoro.
10 A further embodiment of the present invention
provides a compound of formula I , wherein R6 is
C6alkyl. According to one additional embodiment of the
present invention, R6 is tetrahydropyran. I5 Yet
another embodiment of the present invention provides a
compound of formula I, 



wherein R7 is methyl or trifluoromethyl. One
embodiment of the present invention provides a
compound of formula I, wherein R4 is selected from
hydrogen, halo, NO2, C1-4alkyl, C1-3haloalkyl, ORa,
SO2R , C(O)NRbRc and 20 C(O)OR\ According to another
embodiment of the present invention, Rb and Rc are
independently selected from hydrogen and Ci-6alkyl,
wherein said C1-6alkyl is optionally substituted with
one or more ORa and wherein Ra is C1-3alkyl. According
to yet another embodiment of the present invention, R4
is trifluoromethyl. According to one additional
embodiment of the present invention, R4 is chloro.
According to yet one additional 2S embodiment of the
present invention, Ra is trifluoromethyl. One
embodiment of the present invention provides a
compound of formula I, wherein R2 is hydrogen, halo,
C1-3alkyl or ORa. According to one additional
embodiment of the present invention, R2 is chloro. 30
Yet one embodiment of the present invention provides a
compound of formula I, wherein R1 is selected from
hydrogen, cyano, C1-3haloalkyl, SO2NRbRc,
C0-2alkylC(O)NRbRc, C1-4alkylNRbR, SO2R , C(O)ORa,
CH(OH)Rj and C(O)Rj . According to one additional
embodiment of the present invention ,R1 is
C0-2alkylC(O)NRbR and Rb and Rc are independently
selected from hydrogen, C1-6alkyl, heterocyclyl, aryl,
heteroaryl andCi. 6haloalkyl, wherein said C1-6alkyl,
heterocyclyl, aryl, heteroaryl or C1-6haloalkyl is
optionally substituted with one or more C1-4alkyl,
C1-4haloalkyl, halo, cyano, methanesulphonyl-, ORa or
NRdRe; or Rb and Rc may, together with the atom to
which they are attached, form a heterocyclic ring
wherein said heterocyclic ring is optionally
substituted with one or more halo, hydroxy, cyano,
di-(C 1-4alkyl)amino-, Ci^alkyl or C1- 3haloalkyl,
wherein said C1-6alkyl or C1-3haloalkyl is optionally
further substituted with one or more C1-3alkoxy or
ORa. According to yet one additional embodiment of the
present invention Rb and R, together with the atom to
which they are attached, form a heterocyclic ring,
wherein said heterocyclic ring is optionally
substituted with one or more halo, C1- 6alkyl or
C1-3haloalkyl, wherein said Ci-6alkyl or C1-3haloalkyl
is optionally further substituted with one or more
C1-3alkoxy or ORa. According to another embodiment of
the present invention, said heterocyclic ring is
substituted with methyl. According to a further
embodiment of the present invention, R1 is
C1-4alkylNRbRc and Rb and R together with the atom to
which they are attached, form a heterocyclic ring.
According to yet a further embodiment of the present
invention, SO2R1and R1is C1-6alkyl, wherein said
C1-6alkyl is optionally substituted with one or more
ORa. Accoding to yet one additional embodiment of the
present invention R1is methyl. According to another
embodiment of the present invention, R1 is SO NR1 R
and Rb and R are independently selected from hydrogen,
C1^aIkVl, heterocyclyl, aryl, heteroaryl
andC1-6haloalkyl, wherein said C1-6alkyl,
heterocyclyl, aryl, heteroaryl or C1- 6haloalkyl is
optionally substituted with one or more C1-4alkyl,
C1-4haloalkyl, halo, cyano, methanesulphonyl-, ORa or
NRdRe; or Rb and R may, together with the atom to
which they are attached, form a heterocyclic ring
wherein said heterocyclic ring is optionally
substituted with one or more halo, hydroxy, cyano,
di-(C1-4alkyl)amino-, Ci-6alkyl or C1-3haloalkyl,
wherein said C1-6alkyl or C1-3haloalkyl is optionally
further substituted with one or more C1-3alkoxy or
ORa. According to one additional embodiment of the
present invention, Rb and Rc together with the atom to
which they are attached form a heterocyclic ring,
wherein said heterocyclic ring is optionally
substituted with one or more halo, C1- 6alkyl or
C1-3haloalkyl. According to yet one additional
embodiment of the present invention said heterocyclic
ring is substituted with a C1-6alkyl. According to yet
a further additional embodiment of the present
invention, said C1-6alkyl is methyl. One embodiment of
the present inevntion provides a compound of formula I
selected from: 4-(l,2-Dimethyl-l
H-imidazol-5-yl)-5-fluoro- -[3-methoxy-5-
(trifluoromethyl)phenyl]pyrimidin-2-amine;
-(3,5-Dichlorophenyl)-4-(l,2-dimethyl-l
H-imidazol-5-yl)-5-fluoropyrimidin-2-amine;
(4-{[4-(1,2-Dimethyl-
lH-imidazol-5-yl)-5-fluoropyrimidin-2-
yl]amino}phenyl)(phenyl)methanone; 4-(l,2-Dimethyl-l
H-imidazol-5-yl)-5-fluoro-
-{2-methyl-4-[(4-methylpiperazin-lyl)
carbonyl]phenyl}pyrimidin-2-amine; 4-(l,2-Dimethyl-l
-imidazol-5-yl)-5-fluoro-
-{4-[(4-methylpiperazin-l-yl)carbonyl]-3-
nitrophenyl}pyrimidin-2-amine; 4-(l,2-Dimethyl-l
H-imidazol-5-yl)-5-fluoro-
-[4-[(4-methylpiperazin-l-yl)carbonyl]-2-
(trifluoromethoxy)phenyl]pyrimidin-2-amine
hydrochloride;
5-Fluoro-iV-{4-[(4-methylpiperazin-1-yl)sulfonyl]pheny
l} -4-[2-methyl- 1-(tetrahydro-2Hpyran- 4-yl)- l
-imidazol-5-yl]pyrimidin-2-amine hydrochloride;
5-Fluoro-
-{4-[(4-methylpiperazin-1-yl)carbonyl]phenyl}
-4-[2-methyl- 1-(tetrahydro-2Hpyran-
4-yl)-li/-imidazol-5-yl]pyrimidin-2-amine
hydrochloride;
5-Fluoro-iV-{3-methoxy-4-[(4-methylpiperazin-
1-yl)carbonyl]phenyl}-4-[2-methyl- 1- (tetrahydro-2
-pyran-4-yl)-l H-imidazol-5-yl]pyrimidin-2-amine
hydrochloride; 5-Fluoro-
-[4-[(4-methylpiperazin-l-yl)carbonyl]-3-(methylsulfon
yl)phenyl]-4-[2-methyll-( tetrahydro-2 H-pyran-4-yl)-l
H-imidazol-5-yl]pyrimidin-2-amine hydrochloride;
5-Fluoro-
-[4-[(4-methylpiperazin-l-yl)sulfonyl]-3-(trifluoromet
hoxy)phenyl]-4-[2- methyl-
1-(tetrahydro-2H-pyran-4-yl)-l
-imidazol-5-yl]pyrimidin-2-amine hydrochloride;
5-Fluoro-4-[2-methyl- 1-(tetrahydro-2H-pyran-4-yl)- l
-imidazol-5-yl]-N-[4-(pyrrolidin-1-
ylsulfonyl)phenyl]pyrimidin-2-amine hydrochloride;
5-Fluoro-4-[2-methyl-l-(tetrahydro-2 H-pyran-4-yl)-l
H-imidazol-5-yl]- -[4-(morpholin-4-
ylsulfonyl)phenyl]pyrimidin-2-amine hydrochloride;
[4-(
{5-Fluoro-4-[2-methyl-1-(tetrahydro-2H-pyran-4-yl)- l
-imidazol-5-yl]pyrimidin-2- yl}
amino)phenyl](pyridin-2-yl)methanone hydrochloride;
5-Fluoro-4-[2-methyl-l-(tetrahydro-2 H-pyran-4-yl)-l
H-irnidazol-5-yl]-N-[4-(morpholin-4-
ylmethyl)phenyl]pyrimidin-2-amine hydrochloride;
5-Fluoro-4-[2-methyl- 1-(tetrahydro-2H-pyran-4-yl)-l
-imidazol-5-yl]-N-[4-(piperidin-1-
ylcarbonyl)phenyl]pyrimidin-2 -amine hydrochloride;
4-(l -Cyclohexyl-2-methyl- lH-imidazol-5-yl)-5-fluoro-
-{4-[(4-methylpiperazin-1-
yl)carbonyl]phenyl}pyrimidin-2-amine hydrochloride;
4-(l-Cyclohexyl-2-methyl-l H-imidazol-5-yl)-5-fluoro-
-{4-[(4-methylpiperazin-lyl)
sulfonyl]phenyl}pyrimidin-2-amine hydrochloride;
5-Fluoro-4-[2-methyl-l-(l-methylpiperidin-4-yl)-l
H-imidazol-5-yl]- -{4-[(4- methylpiperazin-
1-yl)carbonyl]phenyl}pyrimidin-2-amine hydrochloride;
5-Fluoro-4-[2-methyl-l-(l-methylpiperidin-4-yl)-l
H-imidazol-5-yl]- -[4-(pyrrolidin-lylsulfonyl) 



phenyl]pyrimidin-2-amine hydrochloride;
5-Fluoro-4-[2-methyl-l-(tetrahydro-2 -ryran-4-yl)-l
H-imidazol-5-yl]- -[4-
(trifluoromethyl)phenyl]pyrimidin-2-amine
hydrochloride;
5-Fluoro-iV-[3-(methylsulfonyl)phenyl]-4-[2-methyl-l-(
tetrahydro-2H-pyran-4-yl)-lHimidazol-
5-yl]pyrimidin-2-amine hydrochloride;
5-Fluoro-iV-[4-(methylsulfonyl)phenyl]-4-[2-methyl-l-(
tetrahydro-2 -pyran-4-yl)-lHimidazol-
5-yl]pyrimidin-2-amine hydrochloride; 3-(
{5-Fluoro-4-[2-methyl-1-(tetrahydro-2H-pyran-4-yl)-
lH-imidazol-5-yl]pyrimidin-2- yl}amino)benzonitrile
hydrochloride;
4-(1,2-Dimethyl-lH-imidazol-5-yl)-5-fluoro-iV-[4-(mof
holin-4- ylmethyl)phenyl]pyrimidin-2-amine
hydrochloride; 4-(1,2-Dimethyl- l
-imidazol-5-yl)-5-fluoro-iV-{4-[(4-methylpiperazin-1-
yl)sulfonyl]phenyl}pyrimidin-2-amine; 4-(l
,2-Dimethyl- l
-imidazol-5-yl)-5-fluoro-iV-[4-(piperidin-1-
ylcarbonyl)phenyl]pyrimidin-2-amine hydrochloride;
4-(l ,2-Dimethyl- lH-imidazol-5-yl)-5-fluoro-
-{4-[(4-methylpiperazin-1-
yl)carbonyl]phenyl}pyrimidin-2-amine hydrochloride;
4-(l,2-Dimethyl-l
H-imidazol-5-yl)-5-fluoro-iV-{4-[(4-methylpirerazin-ly
l) methyl]phenyl}pyrimidin-2-amine hydrochloride;
4-(l,2-Dimethyl-l
H-imidazol-5-yl)-5-fluoro-iV-{3-[(4-methylpiperazin-ly
l) carbonyl]phenyl}pyrimidin-2-amine hydrochloride;
(4-{[4-(l,2-Dimethyl-l
-irnidazol-5-yl)-5-fluoropyrimidin-2-yl]amino}phenyl)(
pyridin-2- yl)methanone hydrochloride;
4-({5-Fluoro-4-[2-me1hyl-l-(tetrahydro-2H-pyran-4-yl)-
l/f-irnidazol-5-yl]pyrimidin-2- yl}amino)benzonitrile
hydrochloride; 5-Fluoro-4-[2-methyl-l-(tetrahydro-2
-pyran-4-yl)-l
-imidazol-5-yl]-iV-[4-(piperazin-lylsulfonyl)
phenyl]pyrimidin-2-amine hydrochloride; and
5-Fluoro-iV-{4-[(4-methylpiperazin-1-yl)sulfonyl]pheny
l} -4-[1-(tetrahydro-2H-pyran-4-
yl)-2-(trifluorornethyl)-l
H-imidazol-5-yl]pyrimidin-2-amine hydrochloride. One
embodiment of the present invention relates to the
compounds disclosed above for use in therapy. The
present invention also relates to a compound selected
from: 2-Chloro-4-(l,2-dimethyl-l
H-imidazol-5-yl)-5-fluoropyrimidine;
2-Methyl-4-[(4-methylpiperazin-l-yl)carbonyl]aniline;
4-[(4-Methylpiperazin-l-yl)carbonyl]-3-nitroaniline;
4-[(4-Methylpiperazin-l-yl)carbonyl]-2-(trifluorometho
xy)aniline;
4-[iV-Acetyl-iV-(tetrahydro-2H-pyran-4-yl)]amino-5-met
hylisoxazole; 5-Acetyl-2-methyl-
1-(tetrahydro-2H-pyran-4-yl)- lH-imidazole; (2
)-3-Dimethylamino- 1-[2-methyl-
1-(tetrahydro-2H-pyran-4-yl)- l/f-imidazol-5 -yljprop-
2-en-l-one;
(2Z)-3-Dimethylamino-2-fluoro-l-[2-methyl-l-(tetrahydr
o-2 H-pyran-4-yl)-l H-imidazol-5- yl]prop-2-en- 1-one;
5-Fluoro-4-[2-methyl-l-(tetrahydro-2 -pyran-4-yl)-l
-imidazol-5-yl]pyrimidm-2-amine;
l-(4-Chloro-2-methoxybenzoyl)-4-methylpiperazine;
1-[4-Bromo-2-(methylsulfonyl)benzoyl]-4-methylpiperazi
ne;
4-(iV-Acetyl-iV-cyclohexyl)amino-5-methylisoxazole;
5-Acetyl- 1-cyclohexyl-2-methyl- lH-imidazole;
(2E)-3-Dimethylamino- 1-(1-cyclohexyl-2-memyl-
lF-imidazol-5-yl)prop-2-en- 1-one;
(2Z)-3-Dimethylamino-2-fluoro-
1-(1-cyclohexyl-2-methyl- l -imidazol-5-yl)prop-2-en-
1- one; 4-(l-Cyclohexyl-2-meihyl-l
H-iniidazol-5-yl)-5-fluoropyrimidin-2-amine;
5-Acetyl-2-methyl- 1-(1-methylpiperidin-4-yl)-
lH-iniidazole; (2
)-3-Dimethylamino-l-[2-methyl-l-(l-methylpiperidin-4-y
l)-l H-imidazol-5-yl]prop-2- en-1-one;
(2Z)-3-Dimethylamino-2-fluoro- 1-[2-methyl-
1-(1-methylpiperidin-4-yl)- lH-imidazol-5-
yl]prop-2-en- 1-one;
5-Fluoro-4-[2-methyl-l-(l-methylpiperidin-4-yl)-l
-imidazol-5-yl]pyrimidm-2-amme; 4-(l,2-Dimethyl-l
H-imidazol-5-yl)-5-fluoropyrimidm-2 -amine;
l-(tert-Butoxycarbonyl)-4-(4-bromo-benzenesulfonyl)-pi
perazine; 5-Acetyl-l-(tetrahydro-2 -pyran-4-yl)-
2-trifluoromethyl-l H-imidazole; (2
)-3-Dimethylammo-l-[l-(tetrahydro-2
H-pyran-4-yl)-2-trifluoromethyl-l H-imidazol-5-
yl]prop-2-en-l-one;
(2Z)-3-Dimemylammo-2-fluoro-l-[l-(tetrahydro-2
H-pyran-4-yl)-2-trifluoromethyl-l -
imidazol-5-yl]prop-2-en- 1-one;
5-Fluoro-4-[l-(tetrahydro-2
H-pyran-4-yl)-2-(trifluoromethyl)-l
-imidazol-5-yl]pyrimidin- 2-amine; 4-[2-Methyl-
1-(tetrahydro-2H-pyran-4-yl)-
lH-imidazol-5-yl]pyrimidin-2-amine;
l-[(4-Bromo-2-chlorophenyl)sulfonyl]-4-methylpiperazin
e;
(3i?)-4-[(4-Bromophenyl)sulfonyl]-3-methylmorpholine;
(15',45)-2-[(4-Bromophenyl)sulfonyl]-5-methyl-2,5-diaz
abicyclo[2.2.1]heptane; Methyl
4-bromo-2-(trifluoromethoxy)benzoate;
4-Bromo-2-(trifluoromethoxy)benzoic acid;
4-(4-Chloro-2-methylbenzyl)morpholine; Lithium
4-({5-fluoro-4-[2-methyl-l-(tetrahydro-2
H-pyran-4-yl)-l H-imidazol-5- yl]pyrimidin-2-yl}
amino)benzoate; l-(4-Bromo-2-methylbenzoyl)azetidine;
4-Bromo-2-(trifluoromethoxy)benzoic acid;
l-[4-Bromo-2-(trifluoromethoxy)benzoyl]azetidine;
2,2,2-Trifluoro-N-methyl-N-(5-methylisoxazol-4-yl)acet
amide;1-[1-Methyl-2-(trifhioromethyl)-
lH-imidazol-5-yl]ethanone; (2E)-3-(Dimethylamino)-
1-[I -methyl-2-(trifluoromethyl)-
1H-imidazol-5-yl]prop-2-en- 1- one;
(2Z)-3-(Dimethylamino)-2-fluoro-l-[l-methyl-2-(trifluo
romethyl)-lH-iniidazol-5-yl]prop- 5 2-en-l-one;
5-Fluoro-4-[l-methyl-2-(trifluoromethyl)-lH-imidazol-5
-yl]pyrimidin-2-amine;
4-[4-Bromo-2-(methylsulfonyl)benzyl]morpholine;
2-[(4-Bromophenyl)sulfonyl]ethyl methyl ether;
2-[(4-Bromophenyl)sulfonyl]ethyl diethyl-amine; 



I0
N-(5-Methyl-isoxazol-4-yl)-N-(tetrahydro-pyran-4-yl)-f
ormamide; 5-Acetyl-1-(tetrahydro-pyran-4-yl)-
1H-imidazole;
(E)-3-Dimethylamino-l-[3-(tetrahydro-pyran-4-yl)-3H-im
idazol-4-yl]-propenone;
(Z)-3-Dimethylamino-2-fluoro-l-[3-(tetrahydro-pyran-4-
yl)-3H-imidazol-4-yl]-propenone;
5-Fluoro-4-[l-(tetrahydro-2H-pyran-4-yl)-lH-imidazol-5
-yl]pyrimidin-2-amine; and is
5-{5-Fluoro-2-[4-(4-methyl-piperazine-l-sulfonyl)-phen
ylamino]-pyrimid in-4-yl} -1-(tetrahydro-pyran-4-yl)-
1H-imidazole-2-carbaldehyde. The present invention
also provides the use of the compounds disclosed above
for the preparation of a compound of formula I . 20
Listed below are definitions of various terms used in
the specification and claims to describe the present
invention. In this specification the term "alkyl"
includes both straight and branched chain as well as
2S cyclic alkyl groups. The term C -3alkyl having 1 to
3 carbon atoms and may be, but is not limited to,
methyl, ethyl, n-propyl, /-propyl, or cyclopropyl. The
term Cj- alkyl having 1 to 6 carbon atoms and may be,
but is not limited to, methyl, ethyl, n-propyl,
/-propyl, "-butyl, /-butyl, s-butyl, t-butyl,
"-pentyl, /-pentyl, -pentyl, neo-pentyl, "-hexyl,
/-hexyl or cyclohexyl. The term C6alkyl having 6
carbon atoms and may be, but is not limited to, n- 30
hexyl, /-hexyl or cyclohexyl. The term C1-4alkylNRbRc
includes, but is not limited to, - CH2NRbRc,
-CH2CH2NRbR and -CH(CH3)NRbRc. The term
C0-2alkylC(O)NRbRc isintended to include, but is not
limiting, C(O)NRbRc -CH2C(O)NRbRc, -CH2CH2C(O)NRbRc
and -CH(CH 3)C(O)NRbRc. The term "alkenyl" refers to a
straight or branched chain alkenyl group. The term
Qalkenyl having 6 carbon atoms and one double bond,
and may be, but is not limited to, hexenyl or
z-hexenyl. The term "alkynyl" refers to a straight or
branched chain alkynyl group. The term Qalkynyl having
6 carbon atoms and one triple bond, and may be, but is
not limited to, hexynyl or z-hexynyl. The term
"Q-salkoxy" includes both straight and branched chains
. The term "d- 3alkoxy" having 1 to 3 carbon atoms and
may be, but is not limited to, methoxy, ethoxy,
n-propoxy, or i-propoxy. The term "halogen" refers to
fluorine, chlorine, bromine and iodine. The term
"haloalkyl" refers to an alkyl group, defined as
above, in which one or more of the hydrogen
substituents have been replaced by halogen
substituents, in which the term halogen is defined as
above. Examples include trifluoromethyl- and
difluoromethyl-. The term "aryl" refers to an
optionally substituted monocyclic or bicyclic
hydrocarbon ring system containing at least one
unsaturated aromatic ring. The "aryl" may be fused
with a C5-7cycloalkyl ring to form a bicyclic
hydrocarbon ring system. Examples and suitable values
of the term "aryl", but not limiting,are phenyl,
naphthyl, indanyl or tetralinyl. As used herein,
"heteroaryl" refers to an aromatic heterocycle having
at least one heteroatom ring member such as sulfur,
oxygen, or nitrogen. Heteroaryl groups include
monocyclic and polycyclic (e.g., having 2, 3 or 4
fused rings) systems. Examples of heteroaryl groups
include without limitation, pyridyl (i.e., pyridinyl),
pyrimidinyl, pyrazinyl, pyridazinyl, triazinyl, furyl
(i.e. furanyl), quinolyl, isoquinolyl, thienyl,
imidazolyl, thiazolyl, indolyl, pyrryl, oxazolyl,
benzofuryl, benzothienyl, benzthiazolyl,isoxazolyl,
pyrazolyl, triazolyl, tetrazolyl, indazolyl,
1,2,4-thiadiazolyl, isothiazolyl, benzothienyl,
purinyl, carbazolyl, fluorenonyl, benzimidazolyl,
indolinyl, and the like. In some embodiments, the
heteroaryl group has from 1 to about 20 carbon atoms,
and in further embodiments from about 3 to about 20
carbon atoms. In some embodiments, the heteroaryl
group contains 3 to about 14, 4 to about 14, 3 to
about 7, or 5 to 6 ring-forming atoms. In some
embodiments, the heteroaryl or heteroaromatic group
has 1 to about 4, 1 to about 3, or 1 to 2 heteroatoms.
Ih some embodiments, the heteroaryl or heteroaromatic
group has 1 heteroatom. The term "heterocyclic ring"
refers to a A-, S-, 6- or 7-membered ring containing
one or more heteroatoms independently selected from N,
O, or S, said ring can be a mono- or bicyclic, which
may be saturated or partly saturated and which may
optionally contain a carbonyl function and which may
be, but is not limited to, azetidinyl, imidazolidinyl,
imidazolinyl, morpholinyl, piperazinyl, piperidinyl,
piperidonyl, pyrazolidinyl, pyrazolinyl, pyrrolidinyl,
pyrrolinyl, 1-methyl- 1,4-diazepane, tetrahydropyranyl
or thiomorpholinyl. In the case where the heterocyclic
ring contains a heteroatom selected from S or N, these
atoms may optionally be in an oxidised form, such as S
this includes optionally SO and SO . The term
"hydrochloride" includes monohydrochloride,
dihydrochloride, trihydrochloride and
tetrahydrochloride salts. A suitable pharmaceutically
acceptable salt of the compound of the invention is,
for example, an acid-addition salt, for example an
inorganic or organic acid. In addition a suitable
pharmaceutically acceptable salt of the compounds of
the invention is an alkali metal salt, an alkaline
earth metal salt or a salt with an organic base that
affords a physiologically-acceptable cation. Some
compounds of formula I may have stereogenic centres
and/or geometric isomeric centres (E- and Z- isomers),
and it is to be understood that the invention
encompasses all such optical, diastereoisomers and
geometric isomers.The present invention relates to the
use of compounds of formula I as hereinbefore defined
as well as to the salts thereof. Salts for use in
pharmaceutical compositions will be pharmaceutically
acceptable salts, but other salts may be useful in the
production of the compounds of formula I . It is to be
understood that the present invention relates to any
and all tautomeric forms of the compounds of formula I
. An object of the invention is to provide compounds
of formula I for therapeutic use, especially compounds
that are useful for the prevention and/or treatment of
conditions associated with glycogen synthase kinase-3
(GSK3) in mammals including man. Particularly,
compounds of formula I exhibiting a selective affinity
for GSK-3. Methods of Preparation Another aspect of
the present invention provides a process for preparing
a compound of formula I , or a pharmaceutically
acceptable salt or an in vivo hydrolysable ester
thereof, which process (wherein R1, R2, R3, R4, R5,
R6, R7, R8 and R9 and are, unless otherwise specified,
as defined in formula I) comprises of: Process a)
reaction of a pyrimidine of formula (II): 



(H) wherein L is a displaceable group; with an aniline
of formula (III):(III) or Process b) reacting a
pyrimidine of formula (IV): (IV) with a compound of
formula (V): (V) wherein Y is a displaceable group;
and thereafter if necessary: i) converting a compound
of the formula I into another compound of the formula
I ; ii) removing any protecting groups; and iii)
forming a pharmaceutically acceptable salt or in vivo
hydrolysable ester L is a displaceable group, suitable
values for L are for example, a halogeno or
sulphonyloxy group, for example a chloro, bromo,
methanesulphonyloxy or toluene-4- sulphonyloxy group.
Y is a displaceable group, suitable values for Y are
for example, a halogeno or sulphonyloxy group, for
example a chloro, bromo, iodo or
trifluoromethanesulphonyloxy group. Preferably Y is
bromo or iodo. Specific reaction conditions for the
above reactions are as follows.Process a). Pyrimidines
of formula (II) and anilines of formula (III) may be
reacted together under standard Buchwald-Hartwig
conditions (for example see J. Am. Chem. Soc, 118,
7215; J. Am. Chem. Soc, 119, 8451; J. Am. Chem. Soc,
125, 6653; J. Org. Chem., 62, 1568 and 6066) for
example in the presence of palladium acetate, in a
suitable solvent for example an aromatic solvent such
as toluene, benzene or xylene, with a suitable base
for example an inorganic base such as caesium
carbonate or an organic base such as potassium-
t-butoxide, in the presence of a suitable ligand such
as 2,2'- bis(diphenylphosphino)- 1,1'-binaphthyl or
2-dicyclohexylphosphino-2',4',6'-triiso-propyll,
l'-biphenyl and at a temperature in the range of +25
to +80C. Pyrimidines of the formula (II), in which R6
is CH3 and L is chloro, may be prepared according to
Scheme I : Scheme 1 Anilines of formula (III) are
commercially available compounds, or they are known in
the literature, or they are prepared by standard
processes known in the art. Process b). Compounds of
formula (IV) and amines of formula (V) may be reacted
together under standard Buchwald conditions as
described in Process a. A synthesis of pyrimidines of
formula (IV) is described in Scheme 2(RXmay be the
same or different and is . alky T should not be
thereScheme 2 Compounds of formula (V) are
commercially available compounds, or they are known in
the literature, or they are prepared by standard
processes known in the art. Compounds of formula (VI)
in which R6 has the general structure Ra-CH-Rb
(wherein Ra and Rb are as defined in formula I and Rx
may be the same or different and is C1-6alkyl) and R9
is F may be prepared according to Scheme 3 (VI) (VIf)
Scheme 3 Compounds of formula (Via), (VIb) and (VIc)
are commercially available compounds, or they are
known in the literature, or they are prepared by
standard processes known in the art.In one aspect of
the invention, there is provided a process for
preparing a compound of formula I which is a process
selected from Process a) and Process b). It will be
appreciated that certain of the various ring
substituents in the compounds of the present invention
may be introduced by standard aromatic substitution
reactions or generated by conventional functional
group modifications either prior to or immediately
following the processes mentioned above, and as such
are included in the process aspect of the invention.
Such reactions and modifications include, for example,
introduction of a substituent by means of an aromatic
substitution reaction, reduction of substituents,
alkylation of substituents and oxidation of
substituents. The reagents and reaction conditions for
such procedures are well known in the chemical art.
Particular examples of aromatic substitution reactions
include the introduction of a nitro group using
concentrated nitric acid, the introduction of an acyl
group using, for example, an acyl halide and Lewis
acid (such as aluminium trichloride) under Friedel
Crafts conditions; the introduction of an alkyl group
using an alkyl halide and Lewis acid (such as
aluminium trichloride) under Friedel Crafts
conditions; and the introduction of a halogeno group.
Particular examples of modifications include the
reduction of a nitro group to an amino group by for
example, catalytic hydrogenation with a nickel
catalyst or treatment with iron in the presence of
hydrochloric acid with heating; oxidation of alkylthio
to alkylsulphinyl or alkylsulphonyl. It will also be
appreciated that in some of the reactions mentioned
herein it may be necessary/desirable to protect any
sensitive groups in the compounds. The instances where
protection is necessary or desirable and suitable
methods for protection are known to those skilled in
the art. Conventional protecting groups may be used in
accordance with standard practice (for illustration
see T.W. Greene, Protective Groups in Organic
Synthesis, John Wiley and Sons, 1999). Thus, if
reactants include groups such as amino, carboxy or
hydroxy it may be desirable to protect the group in
some of the reactions mentioned herein. A suitable
protecting group for an amino or alkylamino group is,
for example, an acyl group, for example an alkanoyl
group such as acetyl, an alkoxycarbonyl group, for
example a methoxycarbonyl, ethoxycarbonyl or
-butoxycarbonyl group, anarylmethoxycarbonyl group,
for example benzyloxycarbonyl, or an aroyl group, for
example benzoyl. The deprotection conditions for the
above protecting groups necessarily vary with the
choice of protecting group. Thus, for example, an acyl
group such as an alkanoyl or alkoxycarbonyl group or
an aroyl group may be removed for example, by
hydrolysis with a suitable base such as an alkali
metal hydroxide, for example lithium or sodium
hydroxide. Alternatively an acyl group such as a
-butoxycarbonyl group may be removed, for example, by
treatment with a suitable acid as hydrochloric,
sulphuric or phosphoric acid or trifluoroacetic acid
and an arylmethoxycarbonyl group such as a
benzyloxycarbonyl group may be removed, for example,
by hydrogenation over a catalyst such as
palladium-on-carbon, or by treatment with a Lewis acid
for example boron tris(trifiuoroacetate). A suitable
alternative protecting group for a primary amino group
is, for example, a phthaloyl group which may be
removed by treatment with an alkylamine, for example
dimethylaminopropylamine, or with hydrazine. 



A suitable protecting group for a hydroxy group is,
for example, an acyl group, for example an alkanoyl
group such as acetyl, an aroyl group, for example
benzoyl, or an arylmethyl group, for example benzyl.
The deprotection conditions for the above protecting
groups will necessarily vary with the choice of
protecting group. Thus, for example, an acyl group
such as an alkanoyl or an aroyl group may be removed,
for example, by hydrolysis with a suitable base such
as an alkali metal hydroxide, for example lithium or
sodium hydroxide. Alternatively an arylmethyl group
such as a benzyl group may be removed, for example, by
hydrogenation over a catalyst such as
palladium-oncarbon. A suitable protecting group for a
carboxy group is, for example, an esterifying group,
for example a methyl or an ethyl group which may be
removed, for example, by hydrolysis with a base such
as sodium hydroxide, or for example a -butyl group
which may be removed, for example, by treatment with
an acid, for example an organic acid such as
trifluoroacetic acid, or for example a benzyl group
which may be removed, for example, by hydrogenation
over a catalyst such as palladium-on-carbon.The
protecting groups may be removed at any convenient
stage in the synthesis using conventional techniques
well known in the chemical art. The present invention
also relates to intermediates for the end products of
the present invention. These intermediates are useful
in the preparation of a compound of formula I as
defined above. These intermediates are represented by,
but not limited to, the following 2-Chloro-4-(l
,2-dimethyl- lH-imidazol-5-yl)-5-fluoropyrimidine;
2-Methyl-4-[(4-methylpiperazin- 1-yl)carbonyl]
aniline; 4-[(4-Methylpiperazin-
1-yl)carbonyl]-3-nitroaniline;
4-[(4-Methylpiperazin-l-yl)carbonyl]-2-(trifluorometho
xy)aniline; 4-[N-Acetyl-
-(tetrahydro-2H-pyran-4-yl)]amino-5-methylisoxazole;
5-Acetyl-2-methyl-l-(tetrahydro-2 H-pyran-4-yl)-l
H-imidazole; (2J5)-3-Dimethylamino-1-[2-methyl-
1-(tetrahydro-2 -pyran-4-yl)- lH-imidazol-5-yl]prop-
2-en-l-one; (2Z)-3-Dimethylamino-2-fluoro-
1-[2-methyl- 1-(tetrahydro-2H-pyran-4-yl)-
lH-imidazol-5- yl]prop-2-en- 1-one;
5-Fluoro-4-[2-methyl-l-(tetrahydro-2 H-pyran-4-yl)-l
H-imidazol-5-yl]pyrimidin-2 -amine;
l-(4-Chloro-2-methoxybenzoyl)-4-methylpiperazine;
l-[4-Bromo-2-(methylsulfonyl)benzoyl]-4-methylpiperazi
ne; 4-( -Acetyl- -cyclohexyl)amino-5-methylisoxazole;
5-Acetyl- 1-cyclohexyl-2-methyl- lH-imidazole; (2
)-3-Dimethylamino-l-(l-cyclohexyl-2-methyl-l
H-imidazol-5-yl)prop-2-en-l-one;
(2Z)-3-Dimethylamino-2-fluoro-
1-(1-cyclohexyl-2-methyl- l -imidazol-5-yl)prop-2-en-
1- one; 4-(l -Cyclohexyl-2-methyl- l
-imidazol-5-yl)-5-fluoropyrimidin-2-amine;
5-Acetyl-2-methyl-l-(l-methylpiperidin-4-yl)-l
H-imidazole; (2
)-3-Dimethylamino-l-[2-methyl-l-(l-methylpiperidin-4-y
l)-l -imidazol-5-yl]prop-2- en-1-one;
(2Z)-3-Dimethylamino-2-fluoro- 1-[2-methyl-
1-(1-methylpiperidin-4-yl)- lH-imidazol-5-
yl]prop-2-en-l-one;
5-Fluoro-4-[2-methyl-l-(l-methylpiperidin-4-yl)-l
H-imidazol-5-yl]pyrimidin-2-amine; 4-(l ,2-Dimethyl-
lH-imidazol-5-yl)-5-fluoropyrimidin-2-amine;
l-(tert-Butoxycarbonyl)-4-(4-bromo-benzenesulfonyl)-pi
rerazine; 5-Acetyl-1-(tetrahydro-2H-pyran-4-yl)-
2-trifmoromethyl- lH-imidazole; (2 )-3-Dimethylamino-
1-[1-(tetxahydro-2H-pyran-4-yl)-2-trifluoromethyl-
lH-imidazol-5- yl]prop-2-en- 1-one;
(2Z)-3-Dimethylamino-2-fluoro-l
-[1-(tetrahydro-2H-pyran-4-yl)-2-trifluoromethyl-
IHimidazol- 5-yl]prop-2-en- 1-one;
5-Fluoro-4-[l-(tetrahydro-2
H-pyran-4-yl)-2-(trifluoromethyl)-l
H-imidazol-5-yl]pyrimidin- 2-amine;
4-[2-Methyl-l-(tetrahydro-2 H-pyran-4-yl)-l
H-imidazol-5-yl]pyrimidm-2-amine;
l-[(4-Bromo-2-chlorophenyl)sulfonyl]-4-methylpiperazin
e;
(3i?)-4-[(4-Bromophenyl)sulfonyl]-3-methylmorpholine;
(15,45)-2-[(4-Bromophenyl)sulfonyl]-5-methyl-2,5-diaza
bicyclo[2.2.1]heptane; Methyl
4-bromo-2-(trifluoromethoxy)benzoate;
4-Bromo-2-(trifluoromethoxy)benzoic acid;
4-Bromo-2-(trifluoromethoxy)benzoic acid;
4-(4-Chloro-2-methylbenzyl)morpholine; Lithium
4-({5-fluoro-4-[2-methyl-l-(tetrahydro-2
H-pyran-4-yl)-l H-imidazol-5- yl]pyrimidin-2-yl}
amino)benzoate; l-(4-Bromo-2-methylbenzoyl)azetidine;
4-Bromo-2-(trifluoromethoxy)benzoic acid;
l-[4-Bromo-2-(trifluoromethoxy)benzoyl]azetidine;
2,2,2-Trifluoro-N-me1hyl-N-(5-methylisoxazol-4-yl)acet
amide;
l-[l-Methyl-2-(trifluoromethyl)-lH-imidazol-5-yl]ethan
one; (2E)-3-(Dimethylamino)-
1-[1-methyl-2-(trifluoromethyl)-
1H-imidazol-5-yl]prop-2-en- 1- one;
(2Z)-3-(Dimethylamino)-2-fluoro-
1-[1-methyl-2-(trifluoromethyl)-
1H-imidazol-5-yl]prop- 2-en-l-one;
5-Fluoro-4-[1-methyl-2-(trifluoromethyl)-
1H-imidazol-5-yl]pyrimidin-2-amine;
4-[4-Bromo-2-(methylsulfonyl)benzyl]morpholine;
2-[(4-Bromophenyl)sulfonyl]ethyl methyl ether;
2-[(4-Bromophenyl)sulfonyl]ethyl diethyl-amine;
N-(5-Methyl-isoxazol-4-yl)-N-(tetrahydro-pyran-4-yl)-f
ormamide;5-Acetyl-1-(tetrahydro-pyran-4-yl)-
1H-imidazole;
(E)-3-Dimethylamino-l-[3-(tetrahydro-pyran-4-yl)-3H-im
idazol-4-yl]-propenone; (Z)-3-Dimethylamino-2-fluoro-
1-[3-(tetrahydro-pyran-4-yl)-3H-imidazol-4-yl]-rropeno
ne;
5-Fluoro-4-[l-(tetrahydro-2H-pyran-4-yl)-lH-imidazol-5
-yl]pyrimidin-2-amine; and
5-{5-Fluoro-2-[4-(4-methyl-piperazine-l-sulfonyl)-phen
ylamino]-pyrimid in-4-yl} -1-(tetrahydro-pyran-4-yl)-
lH-imidazole-2-carbaldehyde.General Methods AUsolvents
used were analytical grade and commercially available
anhydrous solvents were routinely used for reactions.
Reactions were typically run under an inert atmosphere
of nitrogen or argon. 1H, 19F and 13C NMR spectra were
recorded on a Varian Unity+ 400 NMR Spectrometer
equipped with a 5mm BBO probehead with Z-gradients, or
a Varian Gemini 300 NMR 



spectrometer equipped with a 5mm BBI probehead, or a
Bruker Avance 400 NMR spectrometer equipped with a 60
ml dual inverse flow probehead with Z-gradients, or a
Bruker DPX400 NMR spectrometer equipped with a
4-nucleus probehead equipped with Z-gradients, or a
Bruker Avance 600 NMR spectrometer equipped with a 5mm
BBI probehead with Z-gradients. Unless specifically
noted in the examples, spectra were recorded at 400
MHz for proton, 376 MHz for fluorine- 19 and 100 MHz
for carbon-13. The following reference signals were
used: the middle line of DMSO- d 2.50 (IH), d 39.51
(13C); the middle line of CD3OD d 3.31 (IH) or d 49.15
(13C); CDCl3 d 7.26 (IH) and the middle line OfCDCl3 d
77.16 (13C) (unless otherwise indicated). Mass spectra
were recorded on a Waters LCMS consisting of an
Alliance 2795 (LC), Waters PDA 2996 and a ZQ single
quadrupole mass spectrometer. The mass spectrometer
was equipped with an electrospray ion source (ESI)
operated in a positive or negative ion mode. The
capillary voltage was 3 kV and cone voltage was 30 V.
The mass spectrometer was scanned between m/z 100-700
with a scan time of 0.3s. Separations were performed
on either Waters X-Terra MS C8 (3.5 mm, 50 or 100 mm x
2.1 mm i.d.) or an ACE 3 AQ (100 mm x 2.1 mm i.d.)
obtained from ScantecLab. Flow rates were regulated to
1.0 or 0.3 rnL/min, respectively. The column
temperature was set to +40 0C. A linear gradient was
applied using a neutral or acidic mobile phase system,
starting at 100% A (A: 95:5 10 mM NH4OAcMeCN, or 95:5
8 mM HCOOH:MeCN) ending at 100% B (MeCN).
Alternatively, mass spectra were recorded on a Waters
LCMS consisting of an Alliance 2690 Separations
Module, Waters 2487 Dual 1 Absorbance Detector (220
and 254 nm) and a Waters ZQ single quadrupole mass
spectrometer. The mass spectrometer was equipped with
an electrospray ion source (ESI) operated in a
positive or negative ion mode. Thecapillary voltage
was 3 kV and cone voltage was 30 V. The mass
spectrometer was scanned between m/z 97-800 with a
scan time of 0.3 or 0.8 s. Separations were performed
on a Chromolith Performance RP-18e (100 x 4.6 mm). A
linear gradient was applied starting at 95% A (A: 0.1%
HCOOH (aq.)) ending at 100% B (MeCN) in 5 minutes.
Flow rate: 2.0 mL/min. Alternatively, compound
identification was performed on a GC-MS system (GC
6890, 5973N MSD) supplied by Agilent Technologies. The
column used was a VF-5 MS, ID 0.25 mm x 15m, 0.25 mm
(Varian Inc.). A linear temperature gradient was
applied starting at 40 0C (hold 1 min) and ending at
+300 0C (hold 1 min), +25 C/minute. The mass
spectrometer was equipped with a chemial ionisation
(CI) ion source and the reactant gas was methane. The
mass spectrometer was equipped with an electron impact
(EI) ion source and the electron voltage was set to 70
eV. The mass spectrometer scanned between m/z 50- 500
and the scan speed was set to 3.25 scan/s. Microwave
heating was performed in a single-mode microwave
cavity producing continuous irradiation at 2450 MHz.
HPLC analyses were performed on an Agilent HPlOOO
system consisting of G1379A Micro Vacuum Degasser, G13
12A Binary Pump, G1367A Well plate auto-sampler,
G1316A Thermostatted Column Compartment and G1315B
Diode Array Detector. Column: X-Terra MS, Waters, 3.0
x 100 mm, 3.5 mm. The column temperature was set to
+40 0C and the flow rate to 1.0 ml/min. The Diode
Array Detector was scanned from 210- 300 nm, step and
peak width were set to 2 nm and 0.05 min,
respectively. A linear gradient was applied, starting
at 100 % A (A: 95:5 10 mM NH4OAcMeCN) and ending at
100% B (B: MeCN), in 4 min. Alternatively, HPLC
analyses were performed on a Gynkotek P580 HPG
consisting of gradient pump with a Gynkotek UVD 170S
UV-vis. -detector equipped with a Chromolith
Performance RP column (C18, 100 mm x 4.6 mm). The
column temperature was set to +25 C. A linear gradient
was applied using MeCN/0.1 trifluoroacetic acid in
MiIHQ water, run from 10% to 100% MeCN in 5 minutes.
Flow rate: 3 ml/min.A typical workup procedure after a
reaction consisted of extraction of the product with a
solvent such as ethyl acetate, washing with water
followed by drying of the organic phase over MgSO4 or
Na2SO4, filtration and concentration of the solution
in vacuo. Thin layer chromatography (TLC) was
performed on Merck TLC-plates (Silica gel 60 F254) and
UV visualized the spots. Flash chromatography was
performed on a Combi Flash(r) Companion(tm) using
RediSep(tm) normal-phase flash columns or using Merck
Silica gel 60 (0.040-0.063 mm). Typical solvents used
for flash chromatography were mixtures of
chloroform/methanol, dichloromethane/methanol,
heptane/ethyl acetate, chloroform/methanol/ammonia
(aq.) and dichlorormethane/methanol/ NH3 (aq.). SCX
ion exchange columns were performed on Isolute(r)
columns. Chromatography through ion exchange columns
were typically performed in solvents such a methanol.
Preparative chromatography was run on a Waters
autopurification HPLC with a diode array detector.
Column: XTerra MS C8, 19 x 300 mm, 10 mm. Narrow
gradients with MeCN/(95:5 0.1M NH4OAcMeCN) were used
at a flow rate of 20 ml/min. Alternatively,
purification was achieved on a semi preparative
Shimadzu LC-8A HPLC with a Shimadzu SPD-IOA
UV-vis.-detector equipped with a Waters Symmetry(r)
column (C18, 5 mm, 100 mm x 19 mm). Narrow gradients
with MeCN/0.1% trifluoroacetic acid in MiIIiQ Water
were used at a flow rate of 10 ml/min. The formation
of hydrochloride salts of the final products were
typically performed in solvents or solvents mixtures
such as diethyl ether, tetrahydrofuran,
dichloromethane/toluene, dichloromethane/methanol,
followed by addition of IM hydrogen chloride in
diethyl ether. The following abbreviations have been
used: aq. aqueous; CHCl3. chloroform; CDCl3 deuterated
chloroform; CD3OH deuterated methanol;CH2Cl2
dichloromethane; Cs2CO3 caesium carbonate; DCM
dichloromethane; DIPEA N, 7V-diisopropylethylamine;
DMF iV-iV-dimethylformamide; DMFDMA dimethylformamide
dimethylacetal; DMSO dimethyl sulphoxide; DMSO-dg
deuterated dimethyl sulphoxide; dppp
l,3-bis(diphenylphosphino)propane; EDC
l-ethyl-3-(3-dimethylaminopropyl)carbodiimide; 



ether diethyl ether; EtOAc ethyl acetate; EtOH
ethanol; H2 hydrogen gas; HCOOH acetic acid; HCl
hydrochloride; HOAc acetic acid; HOBt
1-hydroxybenzotriazole; (i-Pr)2NEt
iV-iV-diisopropylethylamine; MeCN acetonitrile; MeI
methyl iodide; CD3OD deuterated methanol; MeOH
methanol; Me3SnCl trimethyltin chloride; MgSO4
magnesium sulphate; NaBH3CN sodium cyanoborohydride;
NaHCO3 sodium bicarbonate; NaOMe sodium methoxide;
Na2SO4 sodium sulphate; n-BuOH n-butanol; NH3 ammonia;
NH4OAc ammonium acetate;NH4OH ammonium hydroxide; Pd/C
palladium on carbon; Pd(PPh3)2Cl2
bis(triphenylphosphine)palladium dichloride;
Pd(Z-Bu3P)2 bis(tri-tert-butylphosphine)palladium;
Pd2(dba)3 tris(dibenzylideneacetone)dipalladium;
Pd(OAc)2 palladium diacetate; r.t orRT room
temperature; Selectfluor
iV-fluoro-iV'-chloromethyl-triethylenediaminebis(
tetraluoroborate) ; t-BuLi tert-butyllithium; THF
tetrahydrofuran; X-Phos
2-dicyclohexylphosphmo-2^4',6'-triiso-propyl-
1,1'-biphenyl. Starting materials used were either
available from commercial sources or prepared
according to literature procedures and had
experimental data in accordance with those reported.
The following is an example of a starting material
that was prepared: (4-
Bromophenyl)(pyridin-2-yl)methanone: Bruce, R..B. et
al., J. Med. Chem. 1968, 5, 1031- 1034. Compounds have
been named either using ACD/Name, version 8.08,
software from Advanced Chemistry Development, Inc.
(ACD/Labs), Toronto ON, Canada, www.acdlabs.com, 2004
or using Openeye lexichem version 1.4 (Copyright (c)
1997-2006 OpenEye Scientific Software, Santa Fe, New
Mexico) to generate the IUPAC name. In the following
general methods A to I, the groups R1, R2, R3 and R4
are used independantly to indicate the diversity of
substitution within each structure. The identity of
R1, R2, R3 and R4 will be clear to a person skilled in
the art based on the starting materials and
intermediates for each specific example. For instance
in Example 39, which refers to General method E, El is
4-[2-methyl-l-(tetrahydro-2//-pyran-4-yl)-l/
--imidazol-5- yl]pyrimidin-2-amine such that R1 is
tetrahydropyranyl, R3 is methyl and R4 is hydrogen and
E2 is l-bromo-4-(methylsulfonyl)benzene such that R2
is sulphonylmethane^ar to the halogen.General Method A
(/-Pr)2NEt (2.1 equiv.), HOBt (1.05 equiv.), EDC
hydrochloride (1.05 equiv.) and the amine A2 (1.05
equiv.) were added to a stirred solution of the
benzoic acid Al (1.0 equiv.) in anhydrous DMF at r.t.
After 15 h, the reaction mixture was poured onto water
and extracted with EtOAc. The organic layer was washed
with water and brine, dried (Na2SO4), filtered and
evaporated in vacuo to afford the crude product, which
was used in the next step without further
purification. General Method B Bl B2 B3 A reaction
mixture of Bl (1.0 equiv.), guanidine hydrochloride B2
(4.0 equiv.) and sodium methoxide (4.0 equiv.) in
1-butanol was heated in a microwave reactor for 10
minutes at +140 C under argon or nitrogen atmosphere.
The mixture was filtered and the filter was rinsed
with CH2Cl2. The solvent was evaporated in vacuo and
the crude product was purified using flash column
chromatography. General Method C
2-Chloro-4-(l,2-dimethyl-l
-imidazol-5-yl)-5-fluoropyrimidine Cl (1.0 equiv.),
aniline C2 (1.1 equiv.) and sodium tert-butoxide (1.4
equiv.) were mixed in 1,4-dioxane and the mixture was
flushed with argon for 5 minutes. Pd(OAc)2 (0.05
equiv.) and Pd(^-Bu3P)2(0.05 equiv.) were added and
the reaction was stirred for 15 h at + 110 C. The
solvent was removed in vacuo and the residue was
partitioned between EtOAc and water. After extraction
the organic layer was dried (MgSO4), filtered and
evaporated in vacuo to afford a crude material which
was purified by preparative HPLC. General Method D Dl
(1.0 equiv.), D2 (0.85-1.24 equiv.) and sodium
tert-butoxide (1.34-1.46 equiv.) were mixed in
1,4-dioxane and the mixture was flushed with argon for
5-10 minutes before Pd(OAc)2 (0.04-0.082 equiv.) and
Pd(^-Bu3P)2 (0.044-0.06 equiv.) were added. The
mixture was flushed with argon then heated in a sealed
tube at + 110-+120 C until the reaction was complete
(as monitored by TLC or LC-MS). If the reaction was
not complete after 24 h more Pd(OAc)2, Pd(t-Bu3P)2 and
sodium tert-butoxide were added. The solvent was
removed in vacuo and the residue was partitioned
between CH2Cl2 and water. After extraction the organic
layer was dried (Na2SO4) filtered and evaporated. The
crude of the free base was purified using preparative
HPLC. MeCN was evaporated in vacuo and the aqueous
phase was extracted with CH2Cl2. The organic phase was
washed with water at pH 9 (diluted NaHCO3 solution),
dried (Na2SO4), filtered and evaporated. The residue
was dissolved in CH2Cl and the HCl-adduct of the
product was precipitated from the solution by addition
of 0.1M HCl in ether (1-5 equiv. HCl). The solvent was
evaporated and the residue was dissolved in water and
freeze dried. 



General Method E El (0.85-1.27 equiv.), E2 (1.0
equiv.) and Cs2CO3 (1.29-2.25 equiv.) were mixed in
anhydrous 1,4-dioxane and the mixture was flushed with
argon for 5-10 minutes beforePd2(dba)3 (0.02-0.08
equiv.) and X-Phos (0.04-0.16 equiv.) were added. The
mixture was flushed with argon, then heated in a
sealed tube at +90-+100 0C until the reaction was
complete. Workup and purification was performed
according to either procedure A, B or C as follows.
ProcedureA) The solvent was removed in vacuo and the
residue was taken up in CH2Cl2 and washed with diluted
NaHCO3 (aq.) or water. The organic layer was dried
(Na2SO4) filtered and evaporated. The crude of the
base product was purified using preparative HPLC.
Procedure B) The reaction mixture was diluted with H2O
or a mixture of H2O/CHC13, the product was extracted
with CHCl3, the combined organic phases was, if
needed, dried (Na2SO4), filtered, concentrated and
purified using flash column chromatography. Procedure
C) The reaction mixture was diluted with CH2Cl2,
filtered and evaporated. The residue was taken up in
CH2Cl2 and the organic phase was washed with H2O.
Residual water was removed from the organic phase
either by treatment with Na2SO4 or addition of
absolute EtOH before evaporation. The crude of the
base product was purified using preparative HPLC.
Alternatively, the general example above was followed
but with a slight modification in the order of
addition of reagents. For example Cs2CO3 can be added
together with El and E2 before the first argon flush.
General Method F Fl F2 F3 Fl ( 1 equiv) was dissolved
in CH2Cl2 (2 mL) and F2 (1.0-1.1 equiv) was added. The
reaction mixture was stirred at room temperature for 3
hours whereafter it was washed with saturated NaHCO3
(2 mL). The organic phase was dried (Na2SO4), filtered
and concentrated to afford F3.General Method G Gl (
1.0 equiv.) and G2 (6.0 equiv.) was mixed in toluene (
1 - 4 mL) in a thick walled vial of ~10 mL volume and
an inert atmospere (Ar or N2) was established. The
sealed vial was cooled in an oil bath (r.t.) or in a
dry-ice / ethanol bath (-700C) and A1(CH3)3, (2M in
toluene) (10 equiv.) was added by a syringe. The
reaction mixture was heated in an oilbath at +90-1 00C
for 1-4 h, cooled to r.t., and added dropwise into
ice-cold sat. NaHCO3 (aq) under vigorous stirring. The
product was extracted with CH2Cl2 and the organic
layer was dried, either by treatment with Na SO4 or
addition of absolute EtOH before evaporation. The
crude base of the product was purified using flash
column chromatography or preparative HPLC. General
Method H Hl H2 H3 Thionyl chloride (5 mL) was added to
Hl (1.0 equiv.). After addition of 2 drops of
anhydrous DMF, the reaction mixture was refluxed for
15-30 minutes under an atmosphere of nitrogen. The
solvent was evaporated in vacuo and the residue was
dissolved in CH2Cl2 (until a clear solution was
obtained). H2 (1.0 equiv .) was added dropwise
followed by addition of triethylamine (1.0 equiv .).
The reaction mixture was stirred at r.t. for 15-30
minutes before it was diluted with CH2Cl2, washed with
saturated NaHCO3 (aq.), dried (Na SO4) and filtered.
The solvent was evaporated in vacuo and the crude
product was purified using flash column
chromatography.General Method I Sulfones of the type
13 were prepared following a modified procedure from
Richard W. Brown (J. Org. Chem. 1991, 56, 4974-4976).
4-Bromobenzenesulfonyl chloride (II, 1 equiv.), Na2SO3
( 1 equiv.) and NaHCO3 (3 equiv.) in water (0.2M) were
stirred at +9O0C for 1 hour. 12 (1-3 equiv.) was then
added and the resulting mixture stirred at +50-100 0C
until the formation of the sulfone 13 was completed
according to GC-MS analysis. Water was added to the
reaction mixture and extracted with DCM. After
extraction the organic layer was dried (MgSO4),
filtered and evaporated in vacuo to afford a crude
material which was purified by flash chromatography.
EXAMPLES Below follows a number of non-limiting
examples of compounds of the invention. Example 1
4-(l,2-DimethyHi
-imidazol-5-yl)-5-fluoro-iV-[3-methoxy-5-
(trifluoromethyl)phenyl]pyrimidin-2-amine Example l(a)
l,2-Dimethyl-5-(trimethylstannyl)-lN-imidazole
1,2-Dimethylimidazole (0.960 g, 10.0 mmol) was diluted
in dry THF (50 mL) under an argon atmosphere and the
solution was cooled to -78C. tert-Butyllithium (1.7M
in pentane, 6.47 mL, 11.0 mmol) was added dropwise
over 5 minutes. The reaction mixture was stirred for 1
h at -78 0C and then treated with a solution of
trimethyltin chloride (2.2 g, 11.0 mmol) in anhydrous
THF (10 mL). The mixture was stirred for 60 h from
-78C to r.t. The solvent was then evaporated in vacuo
to give the title compound ( 1.29 g, 50%). The crude
product was used in the next step without further
purification.1H NMR (CDCl3) d ppm 6.87 (s, 1 H), 3.56
(s, 3 H), 2.41 (s, 3 H), 0.45-0.18 (m, 9 H); MS (CI)
m/z 261 (120Sn) (M+l). Example 1(b)
2-Chloro-4-(l,2-dimethyl-lH-imidazol-5-yl)-5-fluoropyr
imidine l,2-Dimethyl-5-(trimethylstannyl)-l
H-imidazole (0.950 g, 3.68 mmol, obtained firom
Example l(a)) and 2,4-dichloro-5-fluoropyrimidine
(0.601 g, 3.60 mmol) were diluted in anhydrous DMF (20
mL) and the solution was degassed with argon. Pd(PPh
3)2Cl2 (0.126 g, 0.17 mmol) was added and the reaction
mixture was stirred at +80 C for 15 h. The reaction
mixture was cooled down to r.t. and concentrated under
reduced pressure. Saturated potassium fluoride (aq.,
50 mL) was added and the mixture was stirred for 30
minutes before extraction with EtOAc. The organic
layer was dried (MgSO4), filtered and concentrated
under reduced pressure. The crude product was purified
by flash chromatography (heptane/EtOAc, 7:3) to give
the title compound (0.41 g, 50%). 1H NMR (CDCl3, 600
MHz) d ppm 8.40 (d, J=2.9 Hz3 1 H), 7.86 (d, J=4.4 Hz,
1 H), 3.97 (s, 3 H), 2.53 (s, 3 H); MS (ESI) m/z 227
(M+l). Example 1(c)
4-(l,2-Dimethyl-lH-imidazol-5-yl)-5-fluoro-N-[3-methox
y-5- (trifluoromethyl)phenyl]pyrimidin-2-amine The
title compound was prepared in accordance with the
general method C using 2-chloro- 4-(l,2-dimethyl-l
H:-imidazol-5-yl)-5-fluoropyrimidine (50 mg, 0.221
mmol, obtained from Example l(b)) and
3-methoxy-5-(trifluoromethyl)aniline (46 mg, 0.243
mmol) to give the title compound (21 mg, 25%).1H NMR
(CDCl3) d ppm 8.39-8.18 (m, 1 H), 7.75 (d, J=4.3 Hz, 1
H), 7.46 (s, 1 H), 7.30 (s, 



1 H), 7.14 (s, 1 H), 6.81 (s, 1 H), 4.00-3.89 (m, 3
H), 3.85 (s, 3 H), 2.49 (s, 3 H); 19F NMR (376 MHz,
CDCl3) d ppm -63.16 (s, 3 F), -144.69 (t, 1 F); MS
(ESI) m/z 382 (M+l). Example 2
Lr-(3,5-Dichlorophenyl)-4-(l,2-dimethyl-lJ
-imidazol-5-yl)-5-fluoropyrimidin-2-amine The title
compound was prepared in accordance with the general
method C using 2-chloro- 4-(l,2-dimethyl-l
H-imidazol-5-yl)-5-fluoropyrimidine (obtained from
Example l(b)) (50 mg, 0.221 mmol) and
3,5-dichloroaniline (39 mg, 0.243 mmol) to give the
title compound (15 mg, 19%). 1H NMR (DMSO-^) d ppm
10.12 (s, 1 H), 8.74 (d, J=2.8 Hz, 1 H), 7.96 (d,
J=2.8 Hz, 1 H), 7.79 (d, J=2.0 Hz, 1 H), 7.72-7.55 (m,
1 H), 7.16 (t, J=I. 8 Hz, 1 H), 4.00 (s, 3 H), 2.57
(s, 3 H); MS (ESI) m/z 352 (M+l). Example 3
(4-{[4-(l,2-Dimethyl-lT-imidazol-5-yl)-5-fluoropyrimid
in-2- yl] amino}phenyl)(phenyl)methanone The title
compound was prepared in accordance with the general
method C using 2-chloro- 4-(l,2-dimethyl-l
-imidazol-5-yl)-5-fluoropyrimidine (obtained from
Example l(b)) (80 mg, 0.354 mmol) and
(4-aminophenyl)(phenyl)methanone (84 mg, 0.424 mmol),
Pd(OAc)2(4.7 mg, 0.021 mmol) and Pd(Y-Bu3P)2 (10.7 mg,
0.021 mmol) to give the title compound (56 mg, 41%).
1H NMR (CDCl3) d ppm 8.32 (s, 1 H), 8.00-7.63 (m, 7
H), 7.60-7.33 (m, 4 H), 3.96 (s, 3 H), 2.51 (s, 3 H);
MS (ESI) m/z 388 (M+l). s Example 4 4-(l ,2-Dimethyl-l
Hr-imidazol-5-yl)-5-fluoro-iV-{2-methyl-4-[(4-methylpi
peraziii-lyl) carbonyl]phenyl}pyrimidin-2-amine I0
Example 4(a)
2-Methyl-4-[(4-methylpiperazin-l-yl)carbonyl]aniline
The title compound was prepared in accordance with the
general method A using JVmethylpiperazine (0.44 mL,
4.0 mmol) and 4-amino-3-methylbenzoic acid (0.692 g,
3.8 mmol) to give the title compound (0.421 g, 47%).
15 1HNMR (CDCl3) d ppm 7.30 (s, 1 H), 7.21 (s, 1 H),
7.18-7.10 (m, 1 H), 4.50-3.80 (br s, 4 H), 3.91 (s, 3
H), 3.20-2.50 (br s, 4 H), 2.77 (m, 7 H). Example 4(b)
4-(l,2-Dimethyl-lH-imidazol-5-yl)-5-fluoro-N-{2-methyl
-4-[(4-
methylpiperazin-1-yl)carbonyl]phenyl}pyrimidin-2-amine
The title compound was prepared in accordance with the
general method C using 2-chloro- 4-(l,2-dimethyl-l
H-imidazol-5-yl)-5-fluoropyrimidine (obtained from
Example l(b)) (50 mg, 0.221 mmol) and
2-methyl-4-[(4-methylpiperazin-l-yl)carbonyl]aniline
(57 mg, 0.243 mmol) to give the title compound (15 mg,
16%). 25 1R NMR (CD3OD) d ppm 8.3 1 (d, J=3.5 Hz, 1
H), 7.70 (d, J=8.3 Hz, 1 H), 7.63 (d, J=4.0 Hz, 1 H),
7.35 (s, 1 H), 7.29 (dd, J=8.2, 1.9 Hz, 1 H), 3.83 (s,
3 H), 3.79-3.42 (m, 4 H),2.63-2.47 (m, 4 H), 2.45 (s,
3 H), 2.38 (s, 3 H), 2.35 (s, 3 H); 19F NMR (CD3OD) d
ppm - 151.35 (s, 1 F); MS (ESI) m/z 424 (M+l). Example
5 4-(l,2-Dimethyl-li
-imidazol-5-yl)-5-fluoro-iV-{4-[(4-methylpiperazin-l-y
l)carbonyl]- 3-nitrophenyl}pyrimidin-2-amine Example
5(a)
4-[(4-Methylpiperazin-l-yl)carbonyl]-3-nitroaniline
The title compound was prepared in accordance with the
general method A using JVmethylpiperazine (0.44 mL,
4.0 mmol) and 4-amino-2-nitrobenzoic acid (0.692 g,
3.8 mmol) to give the title compound (0.53 1 g, 53%).
1H NMR (CD3OD) d ppm 7.39 (d, J=2.3 Hz, 1 H), 7.13 (d,
J=8.1 Hz, 1H), 6.91 (dd, J=8.1, 2.3 Hz, 1 H), 4.16 (s,
2 H), 3.96 (s, 2 H), 3.41 (s, 2 H), 2.69 (s, 2 H),
2.59-2.48 (m, 2 H), 2.47-2.36 (m, 3 H). Example 5(b)
4-(l,2-Dimethyl-lH-imidazol-5-yl)-5-fluoro-N-{4-[(4-me
thylpiperazin-lyl)
carbonyl]-3-nitrophenyl}pyrimidin-2-amine The title
compound was prepared in accordance with the general
method C using 2-chloro- 4-(l,2-dimethyl-l
-imidazol-5-yl)-5-fluoropyrimidine (obtained from
Example l(b)) (50 mg, 0.221 mmol) and
4-[(4-methylpiperazin-l-yl)carbonyl]-3-nitroaniline
(64 mg, 0.243 mmol, obtained from Example 5(a)) to
give the title compound (21 mg, 21%). 1H NMR (CD3OD) d
ppm 8.80 (d, J=2.0 Hz, 1 H), 8.45 (d, J=3.3 Hz, 1 H),
7.97 (dd, J=8.3, 2.1 Hz, 1 H), 7.66 (d, J=4.0 Hz, 1
H), 7.40 (d, J=8.3 Hz, 1 H), 4.06 (s, 3 H)5 3.83 (s,2
H), 3.43-3.36 (m, 2 H), 2.61 (t, J=5.2 Hz, 2 H),
2.55-2.48 (s, 3 H), 2.48-2.41 (m, 2 H), 2.37 (s, 3 H);
19F NMR (CD3OD) d ppm -147.52 (s, 1 F); MS (ESI) m/z
455 (M+l). Example 6 s 4-(l,2-Dimethyl-lJ
-iinidazol-5-yl)-5-fluoro-iV-[4-[(4-methylpiperazin-l-
yl)carbonyl]-
2-(trifluoromethoxy)phenyl]pyrimidin-2-amine
hydrochloride Example 6(a)
4-[(4-Methylpiperazin-l-yl)carbonyl]-2-(trifluorometho
xy)aniline o The title compound was prepared in
accordance with the general method A using
Nmethylpiperazine (0.44 mL, 4.0 mmol) and
4-amino-3-(trifluoromethyoxy)benzoic acid (0.840 g,
3.8 mmol) to give the title compound (0.663 g, 57%).
1H NMR (CD3OD) d ppm 7.33 (s, 1 H), 7.25 (dd, J=8.2,
1.9 Hz, 1 H), 6.83 (d, J=8.2 Hz, 1 H), 4.21 (s, 2 H)3
3.96 (s, 4 H), 3.16-2.33 (m, 7 H). s Example 6(b)
4-(l,2-Dimethyl-lH-imidazol-5-yl)-5-fluoro-N-[4-[(4-me
thylpiperazin-lyl)
carbonyl]-2-(trifluoromethoxy)phenyl]pyrimidin-2-amine
hydrochloride The base of the title compound was
prepared in accordance with the general method C 0
using 2-chloro-4-( 1,2-dimethyl- l
-imidazol-5-yl)-5-fluoropyrimidine (obtained from
Example l(b)) (50 mg, 0.221 mmol)
and4-[(4-methylpiperazin-l-yl)carbonyl]-2-
(trifluoromethoxy)aniline (73 mg, 0.243 mmol, obtained
from Example 6(a)). The hydrochloride salt was
obtained by dissolving the base product in anhydrous
THF (5 mL) and a solution of IM HCl in ether ( 1 mL)
was added. The solvent was evaporated in vacuo 5 and
the residue was dried to give the title compound (21
mg, 19%).1H NMR (CD3OD) d ppm 8.62 (s, 1 H), 8.23 (s,
1 H), 8.13 (s, 1 H), 7.57 (br s, 2 H), 4.39 (s, 2 H),
4.09 (s, 3 H), 3.57 (s, 4 H), 3.24 (s, 2 H), 2.96 (s,
3 H), 2.76 (s, 3 H); 19F NMR (CD3OD) d ppm -59.79 (s,
3 F), -147.62 (s, 1 F); MS (ESI) m/z 494 (M+l).
Example 7
5-Fluoro-iV-{4-[(4-methylpiperazin-l-yl)sulfonyl]pheny
l}-4-[2-inethyl-l-(tetrahydro- 2fir-pyran-4-yl)-l
Hr-imidazol-5-yl]pyrimidin-2-amine hydrochloride
Example 7(a)
4-[N-Acetyl-N-(tetrahydro-2H-pyran-4-yl)]amino-5-methy
lisoxazole 5-Methyl-4-amino-isoxazole (Reiter, L.A.,
J. Og. Chem. 1987, 52, 2714-2726) (0.68 g, 



5.1 mmol) and acetic acid (0.61 g, 10.2 mmol) were
dissolved in MeOH (20 mL). Tetrahydro-2H-pyran-4-one
(0.76 g, 7.6 mmol) was added and the mixture was
cooled to 0 - (-5) C and stirred for 1 h. Sodium
cyanoborohydride (0.32 g, 5.1 mmol) was added to the
reaction mixture at - 5 C, causing weak exothermic and
gas evolution. The cooling bath was removed and the
mixture was stirred at r.t. for 1 h, followed by the
addition of a second portion of sodium
cyanoborohydride (0.1 g, 1.6 mmol). After stirring for
2 h at r.t., the mixture was filtered and the filtrate
was concentrated in vacuo. The residue was dissolved
in toluene and re-concentrated. The residue was
dissolved in THF (10 mL) and acetic anhydride (1.56 g,
15.3 mmol) was added. The resulting mixture was
stirred overnight at r.t. then for 1 h at +50 0C. The
volatiles were removed in vacuo and the residue was
dissolved in toluene and concentrated in vacuo to give
the title compound (1.36 g, 78%) as a solid. 1H NMR
(CDCl3) ppm d 8.04 (s, 1 H), 4.86-4.73 (m, 1 H),
4.00-3.89 (m, 2 H), 3.52-3.42 (m, 2 H), 2.35 (s, 3 H),
1.81 (s, 3 H), 1.70-1 .57 (m, 2 H), 1.49-1 .23 (m, 2
H); MS (ESI) m/z 225 (M+l).Example 7(b)
5-Acetyl-2-methyl-l-(tetrahydro-2H-pyran-4-yl)-lH-imid
azole Sodium bicarbonate(0.8 g, 9.52 mmol) was added
to a stirred solution of 4-[iV-acetyl~iV-
(tetrahydro-2H-ryran-4-yl)]ammo-5-methylisoxazole (4.8
g, 21.4 mmol, obtained from Example 7(a)) in EtOH (30
ml), and the mixture was hydrogenated over Pd/C ( 10%,
wet paste, 0.10 g) at 3 bar. The reaction mixture was
stirred at +50 0C for 3 h.An additional amount of Pd/C
(10%, wet paste, 0.15 g) was added and the mixture was
continued stirring at +50 0C for 3 h. Sodium methoxide
( 1.70 g, 31.46 mmol) was added and the resulting
mixture was heated to reflux for 3O h. Ammonium
chloride was added to quench the reaction. The mixture
was filtrated through diatomaceous earth and the
filtrate was evaporated in vacuo. The residue was
diluted with saturated sodium bicarbonate (aq.) and
extracted with EtOAc, then with CHCl3. The combined
organic layers were dried (Na2SO4) and concentrated in
vacuo. The crude product was purified by flash
chromatography (EtOAc) to give the title compound (3.7
g, 83%) as a yellow solid. 1H NMR (CDCl3) d 7.70 (s, 1
H), 5.40-5.30 (m, 1 H), 4.13-4.01 (m, 2 H), 3.57-3.44
(m, 2 H), 2.57 (s, 3 H), 2.44 (s, 3 H), 2.43-2.30 (m,
2 H), 1.80-1.72 (m, 2 H). Example 7(c)
(2E)-3-Dimethylamino-l-[2-methyl-l-(tetrahydro-2H-pyra
n-4-yl)-lHimidazol- 5-yl]prop-2-en-l -one
5-Acetyl-2-methyl-l-(tetrahydro-2 H-pyran-4-yl)-l
H-imidazole (3.7 g, 17.79 mmol, obtained 7(b)) was
dissolved in DMFDMA/DMF (1:1, 100 mL) and the mixture
was stirred under reflux overnight. After cooling to
r.t. the mixture was extracted with CH2Cl2. The
organic phase was dried (Na2SO4), filtered and
concentrated in vacuo. The crude product was purified
by flash chromatography (CH2Cl2ZMeOH 15:1) to give the
title compound (3.85 g, 82%) as an oil that
crystallized in the refrigerator.1HNMR (CDCl3) d 7.65
(d, J = 12.6 Hz, 1 H), 7.46 (s, 1 H), 5.55-5.42 (m, 2
H), 4.08 (dd, J = 11 Hz, 4.4 Hz, 2 H), 3.52 (t, J =
11Hz5 2 H), 2.99 (br s, 6 H), 2.56 (s, 3 H), 2.45-2.32
(m, 2 H), 1.80-1.72 (m, 2 H); MS (ESI) m/z 264 (M+l).
Example 7(d)
(2Z)-3-Dimethylamino-2-fluoro-l-[2-methyl-l-(tetrahydr
o-2H-pyran-4-yl)- lH-imidazol-5-yl]prop-2-en-l-one
Selectfluor (7.75 g, 21.87 mmol) was added in portions
to a stirred solution of (2E)-3-
dimethylamino-1-[2-methyl-1-(tetrahydro-2H-pyran-4-yl)
- lH-imidazol-5-yl]prop-2-en- 1- one (3.85 g, 14.58
mmol, obtained from Example 7(c)) in MeOH (100 mL) at
r.t. After stirring at r.t. for 3 h the reaction
mixture was cooled in ice/acetone and filtered. The
filtrate was evaporated under reduced pressure and the
residue was taken into CH2Cl2. It was washed with aq.
ammonia, brine, dried (Na2SO4) and concentrated in
vacuo. The crude product was purified by flash
chromatography (CH2Cl2MeOH 15:1). The reaction was not
run to completion, and the reaction was repeated again
with Selectfluor (1.5 equiv.) followed by the same
workup. The title compound (1.47 g, 36%) was obtained
as a yellow oil. 1HNMR (CDCl3, 300 MHz) d 7.34 (s,
1H), 6.84 (d, J = 27.9 Hz, 1 H), 5.00-4.88 (m, 1 H),
4.04 (dd, J = 11.2 Hz, 4.2 Hz, 2 H), 3.46 (t, J = 11
Hz, 2 H), 3.08 (s, 6 H), 2.53 (s, 3 H), 2.42-2.28 (m,
2 H), 1.84-1.75 (m, 2 H); MS (ESI) m/z 282 (M++!).
Example 7(e)
5-Fluoro-4-[2-methyl-l-(tetrahydro-2H-pyran-4-yl)-lH-i
midazol-5- ylJpyrimidin-2-amineThe title compound was
prepared in accordance with the general method B with
the exception that guanidine carbonate was used. Using
(2Z)-3-dimethylamino-2-fluoro-l-[2-
methyl-l-(tetrahydro-2 H-pyran-4-yl)-l
H-imidazol-5-yl]prop-2-en-one (1.47 g, 5.22 mmol,
obtained from Example 7(d)) and guanidine carbonate
(2.35 g, 13.06 mmol) the title compound ( 1.21 g, 84%)
was obtained as a solid after purification by flash
chromatography (CH2Cl2ZMeOH 20:1). 1H NMR (CDCl3, 300
MHz) d 8.17 (d, J = 3.3 Hz, 1 H), 7.59 (d, J = 3.9 Hz,
1 H), 5.27-5.13 (m, 1 H), 4.93 (br s, 2 H), 4.13 (dd,
J = 11.5 Hz, 4.3 Hz, 2 H), 3.48 (t, J = 11 Hz, 2 H),
2.62 (s, 3 H), 2.58-2.40 (m, 2 H), 1.95-1.84 (m, 2 H);
MS (ESI) m/z 278 (M+l). Example 7(f)
5-Fluoro-N-{4-[(4-methylpiperazin-l-yl)sulfonyl]phenyl
}-4-[2-methyl-l-
(tetrahydro-2H-pyran-4-yl)-lH-imidazol-5-yl]pyrimidin-
2-amine hydrochloride The title compound was prepared
in accordance with the general method D, with the
exception that the base of the product was purified by
flash chromatography (CHCl3/Me0H/NH 3 aq. 200:10:1)
before purification by preparative HPLC. Using 5-
fluoro-4-[2-methyl-l-(tetrahydro-2 H-pyran-4-yl)-l
H-imidazol-5-yl]pyrimidm-2 -amine (0.075 g, 0.27 mmol,
obtained from Example 7(e)),
l-(4-bromo-benzenesulfonyl)-4- methylpiperazine
(described in WO 2003004472) (0.108 g, 0.338 mmol),
sodium tertbutoxide (0.036 g, 0.38 mmol), Pd(OAc) 2
(0.012 g, 0.054 mmol) and Pd(^-Bu3P)2 (0.14 g, 0.027
mmol), the title compound (0.01 8 g, 11%) was obtained
as a yellow solid. 1HNMR (DMSO- 300 MHz) d 10.64 (br
s, 1 H), 10.43 (s, 1 H), 8.90 (s, 1 H), 8.07 (s, 1 H),
7.96 (d, J = 8.4 Hz, 2 H), 7.70 (d, J =8.4 Hz, 2 H),
5.03-4.93 (m, 1 H), 3.90-3.70 (m, 4 H), 3.36-3.15 (m,
4 H), 2.81 (s, 3 H), 2.74 (s, 3 H), 2.25-2.15 (m, 2
H), 2.00-1.92 (m, 2 H); MS (ESI) m/z 516 (M+l).Example
8
5-Fluoro-iV-{4-[(4-methylpiperazin-l-yl)carbonyl]pheny
l}-4-[2-methyl-l-(tetrahydro- 2 -pyran-4-yl)-lJ
-imidazol-5-yl]pyrimidin-2-amine hydrochloride The
title compound was prepared in accordance with the
general method D, with the exception that the base of
the product was purified by flash chromatography
(CHCl3ZMeOHTNH3 aq. 200:10:1) before purification by
preparative HPLC. Using 5-
fluoro-4-[2-methyl-l-(tetrahydro-2 H-pyran-4-yl)-l
H-imidazol-5-yl]pyrimidin-2-amine (obtained from
Example 7(e)) (0.075 g, 0.27 mmol),
l-(4-bromobenzoyl)-4- 



methylpiperazine (0.1 15 g, 0.405 mmol), sodium
tert-butoxide (0.036 g, 0.38 mmol), Pd(OAc) 2 (0.012
g, 0.054 mmol) and Pd(^-Bu3P)2 (0.14 g, 0.027 mmol),
the base of title compound (0.023 g, 18%) was
obtained. The hydrochloride of the title compound was
prepared in accordance with the general method D. 1H
NMR (DMSO-<4 300 MHz) d 11.02 (br s, 1 H), 10.14 (s, 1
H), 8.86 (s, 1 H), 8.12 (s, 1 H), 7.72 (d, J = 8.1 Hz,
2 H), 7.41 (d, J = 8.1 Hz, 2 H), 5.03-4.93 (m, 1 H),
4.25-4.05 (m, 4 H), 3.45-3.35 (m, 4 H), 3.23-3.00 (m,
4 H), 2.83 (s, 3 H), 2.78 (s, 3 H), 2.20-2.10 (m, 2
H), 1.98-1.90 (m, 2 H); MS (ESI) m/z 480 (M+l).
Example 9 5-Fluoro-
L'-{3-methoxy-4-[(4-methylpiperazin-l-yl)carbonyl]phen
yl}-4-[2-methyl-l- (tetrahydro-2J  -pyran-4-yl)-l
r-imidazol-5-yl]pyrimidin-2-amine hydrochloride
Example 9(a)
l-(4-Chloro-2-methoxybenzoyl)-4-methylpiperazine
Thionyl chloride (5 mL) was added to
4-chloro-2-methoxybenzoic acid (0.501 g, 2.68 mmol).
After addition of 1 drop of anhydrous DMF, the
reaction mixture was refluxed for30 minutes under an
atmosphere of nitrogen. The solvent was evaporated in
vacuo and the residue was dissolved in CH2Q2 (until a
clear solution was obtained). iV-Methylpiperazine
(0.31 mL, 2.81 mmol)) was added dropwise followed by
addition of triethylamine (0.39 mL, 2.81 mmol). The
reaction mixture was stirred at r.t. for 15 minutes
before it was 5 diluted with CH2Cl2, washed with
saturated NaHCO3 (aq.), water, dried (Na SO4),
filtered and concentrated in vacuo to give the title
compound in quantitative yield. The isolated material
was used in the next step without further
purification. 1H NMR (DMSO-de) d ppm 7.18 (d, J=8.0
Hz, 1 H), 7.17 (d, J=2.0 Hz, 1 H), 7.05 (dd, J=8.0,
1.8 Hz, 1 H), 3.81 (s, 3 H), 3.67-3.51 (m, 2 H),
3.14-3.04 (m, 2 H), 2.38-2.27 (m, 2 0 H), 2.27-2. 19
(m, 2 H), 2.1 8 (s, 3 H). Example 9(b)
5-Fluoro-N-{3-methoxy-4-[(4-methylpiperazin~l-yl)carbo
nyl]phenyl}-4-[2-
methyl-l-(tetrahydro-2H-pyran-4-yl)-lH-imidazol~5-yl]p
yrimidin-2-amine hydrochloride 5 The title compound
was prepared in accordance with the general method E,
with the exception that the base of the product was
purified by flash chromatography (CH2Cl2MeOHZNH3 aq.
200:10:1). Using 5-fluoro-4-[2-memyl-l-(tetrahydro-2
-pyran-4- yl)-l H-imidazol-5-yl]pyrimidin-2-amine
(obtained from Example 7(e)) (0.075 g, 0.27 mmol),
l-(4-chloro-2-methoxybenzoyl)-4-methylpiperazine
(0.065 g, 0.24 mmol, obtained Q from Example 9(a)),
Cs2CO3 (176 mg, 0.54 mmol), Pd2(dba)3 (12 mg, 0.013
mmol) and XPhos (13 mg, 0.027 mmol), the base of the
title compound (105 mg, 67%) was obtained as a white
solid. The hydrochloride of the title compound was
prepared in accordance with the general method D.
1HNMR (DMSO-^ 5 300 MHz) d 11.45 (br s, 1H) 10.08 (s,
1 H), 8.85 (s, 1 H), 8.13 (s, 1 5 H), 7.43 (d, J = 7.8
Hz, 1 H), 7.35 (s, 1H), 7.18 (d, J = 7.8 Hz, 1 H),
5.03-4.93 (m, 1 H), 4.75-4.50 (m, 3 H), 3.90-3.78 (m,
4 H), 3.52-3.39 (m, 4 H), 3.27-3.12 (m, 4 H), 2.85 (s,
3 H), 2.77 (s, 3 H)52.20-2.10 (m, 2 H), 1.98-1.90 (m,
2 H); MS (ESI) m/z 510 (M+l).Example 10 5-Fluoro-
-[4-[(4-methylpiperazin-l-yl)carbonyl]-3-(methylsulfon
yl)phenyl]-4-[2- methyl-l-(tetrahydro-2J
-pyran-4-yl)-lJ -imidazol-5-yl]pyrimidin-2-amine
hydrochloride Example 10(a)
l-[4-Bromo-2-(methylsulfonyl)benzoyl]-4-methylpiperazi
ne Thionyl chloride (5 mL) was added to
4-bromo-2-(methylsulfonyl)benzoic acid (0.50 g, 1.67
mmol). After addition of 1 drop of anhydrous DMF, the
reaction mixture was refluxed for 30 minutes under an
atmosphere of nitrogen. The solvent was evaporated in
vacuo and the residue was dissolved in CH Cl2 (until a
clear solution was obtained). JVMethylpiperazine
(0.195 mL, 1.75 mmol) was added dropwise followed by
addition of triethylamine (0.243 mL, 1.75 mmol). The
reaction mixture was stirred at r.t. for 15 minutes
before it was diluted with CH2Cl2, washed with
saturated NaHCO3 (aq.), water, dried (Na2SO4),
filtered and concentrated in vacuo to give the title
compound in quantitative yield. The isolated material
was used in the next step without further
purification. 1H NMR (DMSO- j Signals corresponding to
3 protons were overlapping with the solvents) d ppm
8.06 (d, J=2.0 Hz, 1 H), 8.01 (dd, J=8.3, 2.0 Hz, 1
H), 7.46 (d, J=8.0 Hz, 1 H), 3.65-3.53 (m, 2 H),
3.19-3.00 (m, 2 H), 2.43-2.33 (m, 2 H), 2.33-2.21 (m,
2 H), 2.19 (s, 3 H); MS (ESI) m/z 361, 363 (M+l).
Example 10(b)
5-Fluoro-N-[4-[(4-methylpiperazin-l-yl)carbonyl]-3-
(methylsulfonyl)phenyl]-4-[2-methyl-l-(tetrahydro-2H-p
yr"an-4-yl)-lH-imidazol-5- ylJpyrimidin-2-amine
hydrochlorideThe title compovmd was prepared in
accordance with the general method E, with the
exception that the base of the product was purified by
flash chromatography (CHCl3MeOHMH 3 aq. 200:10:1).
Using 5-fluoro-4-[2-methyl-l-(tetrahydro-2 H-pyran-4-
yl)-l H-imidazol-5-yl]pyrimidin-2-amine (obtained from
Example 7(e)) (67 mg, 0.242 mmol),
l-[4-bromo-2-(methylsulfonyl)benzoyl]-4-methylpiperazi
ne (70 mg, 0.194 mmol, obtained from 10(a)), Cs2CO3
(71 mg, 0.22 mmol), Pd2(dba)3 ( 11 mg, 0.012 mmol) and
XPhos (10 mg, 0.021 mmol), the base of the title
compound (0.100 g, 92%) was obtained as a solid. The
hydrochloride of the title compound was prepared in
accordance with the general method D. 1H NMR (DMSO-
d6, 300 MHz) d 11.15 (br s, 1 H), 10.41 (s, 1 H), 8.91
(s, 1 H), 8.30-8.25 (m, 1 H), 8.20-8.11 (m, 2 H),
7.55-7.49 (m, 1H)5 5.01-4.88 (m, 1 H), 4.70-4.50 (m, 1
H), 3.95-3.62 (m, 6 H), 3.59-3.44 (m, 2 H), 3.40-3.08
(m, 7 H), 2.84 (s, 3 H), 2.81-2.75 (m, 3 H), 2.23-2.11
(m, 2 H), 2.01-1.94 (m, 2 H); MS (ESI) m/z 558 (M+l).
Example 11
5-Fluoro-iV-[4-[(4-methylpiperazin-l-yl)sulfonyl]-3-(t
rifluoromethoxy)phenyl]-4-[2- methyl-l-(tetrahydro-2
Hr-pyran-4-yl)-l fiT-imidazol-5-yl]pyrimidm-2-amine
hydrochloride The title compound was prepared in
accordance with the general method E, with the
exception that the base of the title product was
purified by flash chromatography (CH2Cl2ZMeOH 20:1).
Using 5-fluoro-4-[2-methyl-l-(tetrahydro-2
-pyran-4-yl)-l Himidazol-5-yl]pyrimidin-2-amine
(obtained from Example 7(e)) (32 mg, 0.1 16 mmol), 1-
(4-bromo-2-trifluoromethoxy-benzenesulfonyl)-4-methyl-
piperazine (described in WO 2003004472) (0.042 g,
0.104 mmol), Cs2CO3 (38 mg, 0.12 mmol), Pd2(dba)3 (6
mg, 0.006 mmol) and X-Phos (5 mg, 0.01 1 mmol), the
base of the title compound (38 mg, 61%) was obtained
as a solid. The hydrochloride of the title compound
was prepared in accordance with the general method D.
1HNMR (DMSO-d&300 MHz) d 11.31 (br s, 1 H), 10.70 (s,
1 H), 8.96 (s, 1 H), 8.10 (s, 2 H), 7.96 (d, J = 9.0
Hz, 1H)5 7.84 (d, J = 9.0 Hz, 1 H), 5.00-4.85 (m, 1
H), 3.93-3.83 (m, 



2 H), 3.79-3.69 (m, 2 H), 3.48-3.39 (m, 2 H),
3.36-3.25 (m, 2 H), 3.18-2.98 (m, 4 H), 2.84 (s, 3 H),
2.74 (s, 3 H), 2.20-2.10 (m, 2 H), 2.00-1.92 (m, 2 H);
MS (ESI) m/z 600 (M+l). Example 12
5-Fluoro-4-[2-methyl-l-(tetrahydro-2 -pyran-4-yl)-l
JHr-imidazol-5-yl]-iV-[4-
(pyrrolidin-l-ylsulfonyl)phenyl]pyrimidin-2-amine
hydrochloride The title compound was prepared in
accordance with the general method E, with the
exception that the base of the title product was
purified by flash chromatography (CH2Cl2ZMeOH 30:1).
Using 5-fluoro-4-[2-methyl-l-(tetrahydro-2
-pyran-4-yl)-17fimidazol- 5-yl]pyrimidin-2-amine
(obtained from Example 7(e)) (35 mg, 0.126 mmol), 1-
(4-bromo-benzenesulfonyl)-pyrrolidine (33 mg, 0.113
mmol), Cs2CO3 (41 mg, 0.13 mmol), Pd2(dba)3 (6 mg,
0.007 mmol) and X-Phos (6 mg, 0.012 mmol), the base of
the title compound (54 mg, 98%) was obtained as a
solid. The hydrochloride of the title compound was
prepared in accordance with the general method D. 1H
NMR (DMSO-rf 300 MHz) d 10.37 (s, 1 H), 8.89 (s, 1 H),
8.32 (s, 1 H), 8.10 (s, 1 H), 7.89 (d, J = 8.4 Hz, 2
H), 7.72 (d, J = 8.4 Hz, 2 H), 5.03-4.93 (m, 1 H),
3.87-3.78 (m, 2 H), 3.29-3.07 (m, 6 H), 2.83 (s, 3 H),
2.22-2.12 (m, 2 H), 2.00-1.92 (m, 2 H), 2.64 (s, 4 H);
MS (ESI) m/z 487 (M+l). Example 13
5-Fluoro-4-[2-methyl-l-(tetrahydro-2
JH-pyran-4-yl)-lJET-imidazol-5-yl]-iV-[4-
(morpholin-4-ylsulfonyl)phenyl]pyrimidin-2-amine
hydrochloride The title compound was prepared in
accordance with the general method E, with the
exception that the base of the title product was
purified by flash chromatography (CH2Cl2MeOH 30:1).
Using 5-fluoro-4-[2-methyl-l-(tetrahydro-2
H-ryran-4-yl)-l Himidazol- 5-yl]pyrimidin-2-amine
(obtained from Example 7(e)) (30 mg, 0.108 mmol), 4-
(4-bromo-benzenesulfonyl)-mo f holine (0.032 g, 0.103
mmol), Cs2CO3 (38 mg, 0.116 mmol), Pd2(dba)3 (6 mg,
0.006 mmol) and X-Phos (5 mg, 0.01 1 mmol), the base
of the title compound (52 mg, quantitative yield) was
obtained as a solid. The hydrochloride of the title
compound was prepared in accordance with the general
method D. 1H NMR (DMSO-J , 300 MHz) d 10.41 (s, 1 H),
8.90 (s, 1 H), 8.10 (s, 1 H), 7.92 (d, J = 8.4 Hz, 2
H), 7.65 (d, J = 8.4 Hz, 2 H), 5.03-4.91 (m, 1 H),
3.88-3.78 (m, 2 H), 3.62 (s, 4 H), 3.29-3.14 (m, 2 H),
2.85-2.81 (m, 7 H), 2.23-2.12 (m, 2 H), 2.00-1.92 (m,
2 H); MS (ESI) m/z 503 (M+l). Example 14
[4-({5-Fluoro-4-[2-methyl-l-(tetrahydro-2
-pyran-4-yl)-l -imidazol-5-yl]py p midin-
2-yl}amino)phenyl] (pyridin-2-yl)methanone
hydrochlorideThe title compound was prepared in
accordance with the general method E, with the
exception that the base of the title product was
purified by flash chromatography (CH2Cl2ZMeOH 30:1).
Using 5-fiuoro-4-[2-methyl-l-(tetrahydro-2
H-pyran-4-yl)-l Himidazol- 5-yl]pyrimidin-2-amine
(obtained from Example 7(e)) (35 mg, 0.126 mmol), (4-
s bromophenyl)(pyridin-2-yl)methanone (Bruce R.B. et
al., J. Med. Chem. 1968, 11, 1031- 1034) (32 mg, 0.103
mmol), Cs2CO3 (44 mg, 0.13 mmol), Pd2(dba)3 (6 mg,
0.007 mmol) and X-Phos (6 mg, 0.013 mmol), the base of
the title compound (53 mg, 96%) was given as a solid.
The hydrochloride of the title compound was prepared
in accordance with the general method D. o 1H NMR
(DMSO-^, 300 MHz) d 10.40 (s, 1 H), 8.90 (s, 1 H),
8.73-8.68 (m, 1 H), 8.14 (s, 1 H), 8.10-7.89 (m, 4 H),
7.82 (d, J = 8.4 Hz, 2 H), 7.69-7.63 (m, 1 H),
5.07-4.94 (m, 1 H), 3.88-3.80 (m, 2 H), 3.26-3.14 (m,
2 H), 2.85 (s, 3 H), 2.22-2.11 (m, 2 H), 2.01-1.93 (m,
2 H); MS (ESI) m/z 459 (M+l). s Example 15 5-Fluor
o-4-[2-methyl-l -(tetr ahydr o-2Hr-pyran-4-yl)-l
-imidazol-5-yl]-iV-[4-
(morpholin-4-ylmethyl)phenyl]pyrimidin-2-amine
hydrochloride The title compound was prepared in
accordance with the general method E, with the 0
exception that the reaction was heated to + 100 0C for
an additional 20 h, and the base of the product was
purified by flash chromatography (CH2Cl2/Me0H 15:1).
Using 5-fluoro-4- [2-methyl-
1-(tetrahydro-2H-pyran-4-yl)- l
-imidazol-5-yl]pyrimidin-2-amine (obtained from
Example 7(e)) (35 mg, 0.126 mmol),
4-(4-bromobenzyl)-morpholine (0.031 g, 0.120 mmol),
Cs2CO3 (44 mg, 0.13 mmol), Pd2(dba)3 (6 mg, 0.007
mmol) and X-Phos (6 mg, 5 0.013 mmol), the base of the
title compound (28 mg, 49%) was obtained as a solid.
The hydrochloride of the title compound was prepared
in accordance with the general method D.1H NMR
(DMS0-<4 300 MHz) d 11.48 (br s, 1 H), 10.07 (s, 1 H),
8.83 (s, 1 H), 8.09 (s, 1 H), 7.69 (d, J = 8.3 Hz, 2
H), 7.54 (d, J = 8.3 Hz, 2 H), 5.03-4.91 (m, 1 H),
4.25 (s, 2 H), 3.96-3.76 (m, 6 H), 3.25-3.12 (m, 4 H),
3.10-2.97 (m, 2 H), 2.83 (s, 3 H), 2.22-2.11 (m, 2 H),
2.00-1.90 (m, 2 H); MS (ESI) m/z 453 (M+l). Example 16
5-Fluoro-4-[2-methyl-l-(tetrahydro-2i  -pyran-4-yl)-l
-imidazol-5-yl]-iV-[4-
(piperidin-l~ylcarbonyl)phenyl]pyrimidin-2-amine
hydrochloride The title compound was prepared in
accordance with the general method E, with the
exception that the base of the title compound was
purified by flash chromatography (CH2Cl2MeOH 25:1).
Using 5-fluoro-4-[2-methyl-l-(tetrahydro-2
H-pyran-4-yl)-l - imidazol-5-yl]pyrimidin-2-amine
(obtained from Example 7(e)) (35 mg, 0.126 mmol), 1-
(4-bromobenzoyl)piperidine (0.042 g, 0.157 mmol),
Cs2CO3 (46 mg, 0.14 mmol), Pd2(dba)3 (7 mg, 0.008
mmol) and X-Phos (7 mg, 0.014 mmol), the base of the
title compound (52 mg, 89%) was obtained as a solid.
The hydrochloride of the title compound was prepared
in accordance with the general method D. 1HNMR
(DMSO-^, 300 MHz) d 10.05 (s, 1 H), 8.83 (s, 1 H),
8.08 (s, 1 H), 7.66 (d, J = 8.4 Hz, 2 H), 7.31 (d, J =
8.4 Hz, 2 H), 5.05-4.94 (m, 1 H), 3.85-3.77 (m, 2 H),
3.50-3.32 (m, 4 H), 3.21-3.09 (m, 2 H), 2.82 (s, 3 H),
2.19-2.10 (m, 2 H), 1.96-1.88 (m, 2 H), 1.63- 1.58 (m,
2 H), 1.54-1.42 (m, 4 H); MS (ESI) m/z 465 (M+l).
Example 17 4-(l-Cyclohexyl-2-methyl-lJ
-imidazol-5-yl)-5-fluoro- -{4-[(4-methylpiperazin-lyl)
carbonyl]phenyl}pyrimidin-2-amine hydrochlorideExample
17(a) ^(N-Acetyl-N-cyclohexy JaminoS-methy isoxazole
The title compound was prepared in accordance with the
general method of Example 7 (a), with the exception
that the product was purified by flash chromatography
(heptane/EtOAc 1:1). Using 5-methyl-4-amino-isoxazole
(Reiter, L.A, J. Org. Chem. 1987, 52, 2714-2726) (2.5
g, 25.48 mmol) and cyclohexanone (2.74 g, 28 mmol),
the title compound was obtained (4.35 g, 77 %) as a
solid. 



MS (ESI) m/z 223 (M+l). Example 17(b) 5-Acetyl-
l-cyclohexyl-2-methyl-lH-imidazole The title compound
was prepared in accordance with the general method of
Example 7(b), with the exception that the product was
purified by flash chromatography (CH2Cl2ZMeOH, 20:1).
Using
4-(iV-acetyl-iV-cyclohexyl)amino-5-methylisoxazole
(4.35 g, 19.6 mmol, obtained from Example 17(a)) the
title compound was obtained (1.2 g, 30%) as a yellow
oil. MS (ESI) m/z 207 (M+l). Example 17(c)
(2E)-3-Dimethylamino-l-(l-cyclohexyl-2-methyl-lH-imida
zol-5-yl)prop-2- en-1-one The title compound was
prepared in accordance with the general method of
Example 7 (c), with the exception that the product was
purified by flash chromatography (CH2Cl2/Me0H,25:1).
Using 5-acetyl-l-cyclohexyl-2-methyl-l H-imidazole
(1.2 g, 5.80 mmol, obtained from 17(b)) the title
compound was obtained (1.4 g, 93%) as an oil that
solidified upon standing. 1H NMR (CDCl3, 300 MHz) d
7.62 (d, J = 12.6 Hz, 1 H), 7.43 (s, 1 H), 5.50 (d, J
= 12.6 Hz, 1 H), 5.04-4.90 (m, 1 H), 2.97 (br. s, 6
H), 2.50 (s, 3 H), 2.17-2.02 (m, 2 H), 1.89-1.81 (m, 4
H), 1.72-1.64 (m, 1 H), 1.48-1.19 (m, 3 H); MS (ESI)
m/z 262 (M+l). Example 17(d)
(2Z)-3-Dimethylamino-2-fluoro-l-(l-cyclohexyl-2-methyl
-lHimidazol- 5-yl)prop-2-en-l-one The title compound
was prepared according to the general method of
Example 7 (d) with the following modification. The
reaction was repeated two times (first with 1.5 equiv.
of Selectfluor and then with 0.7 equiv.) in order to
get full conversion of the starting material. The
product was purified by flash chromatography
(CH2Cl2MeOH, 30:1 then 20:1) after every treatment
with Selectfluor. Starting from (2E)-3-dimethylamino-
1-(1-cyclohexyl-2- methyl-l
H-imidazol-5-yl)prop-2-en-l-one (1.39 g, 5.32 mmol,
obtained from Example 17(c)) the title compound was
obtained (0.42 g, 28%). MS (ESI) m/z 280 (M+l).
Example 17(e)
4-(l-Cyclohexyl-2-methyl-lH-imidazol-5-yl)-5-fluoropyr
imidin-2- amine The title compound was prepared in
accordance with the general method B with the
exception that guanidine carbonate was used. Using
(2Z)-3-dimethylamino-2-fluoro-l-(lcyclohexyl-
2-methyl-l H-imidazol-5-yl)rop-2-en-one (0.42 g, 1.50
mmol, obtained fromExample 17(d)) and guanidine
carbonate (0.68 g, 3.76 mmol) the title compound (0.35
g, 85%) was obtained as a white solid. 1H NMR (CDCl3
300 MHz) 8 8.15 (d, J = 3.3 Hz, 1 H), 7.53 (d, J = 3.9
Hz, 1 H), 4.97- 4.81 (m, 3 H), 2.60 (s, 3 H),
2.10-1.91 (m, 6 H), 1.79-1.71 (m, 1 H), 1.43-1.19 (m,
3 H); MS (ESI) m/z 276 (M+l). Example 17(J) 4-(l
-Cyclohexyl-2-methy l-lH midazol 5-y l) -5-fl
uoro-N-{4-[(4-
methylpiperazin-l-yl)carbonyl]phenyl}pyrimidin-2-amine
hydrochloride The title compound was prepared in
accordance with the general method D, with the
exception that the base of the product was purified by
flash chromatography (CH2Cl2ZMeOH gradient; 20:1 to
10:1) before purification by preparative HPLC. Using
4- (l-cyclohexyl-2-methyl-l
H-imidazol-5-yl)-5-fluoropyrimidin-2-amine (0.075 g,
0.270 mmol, obtained from Example 17(e)),
l-(4-bromobenzoyl)-4-methylpiperazme (0.115 g, 0.405
mmol), sodium tert-butoxide (0.036 g, 0.38 mmol),
Pd(OAc)2 (0.012 g, 0.054 mmol) and Pd(^-Bu3P)2 (0.14
g, 0.027 mmol), the base of the title compound (0.040
g, 31%) was obtained. The hydrochloride of the title
compound was prepared in accordance with the general
method D. 1 NMR (DMS0-<4 300 MHz) d 11.34 (br s, 1 H),
10.18 (s, 1 H), 8.85 (s, 1 H), 8.11 (s, 1 H), 7.73 (d,
J = 8.4 Hz, 2 H), 7.41 (d, J = 8.4 Hz, 2 H), 4.68-4.58
(m, 1 H), 4.20-3.90 (m, 4 H)5 3.13-2.97 (m, 2 H), 2.83
(s, 3 H), 2.76 (s, 3 H), 2.00-1.90 (m, 4 H), 1.69-1.57
(m, 2 H), 1.55-1.45 (m, 1 H), 1.20-1.00 (m, 3 H); MS
(ESI) m/z 478 (M+l). Example 18
4-(l-Cyclohexyl-2-methyl-li -imidazol-5-yl)-5-fluoro-
N-{4-K4-methylpiperazin-lyl)
sulfonyl]phenyl}pyrimidin-2-amine hydrochlorideThe
title compound was prepared in accordance with the
general method D, with the exception that the base of
the product was purified by flash chromatography
(CH2Cl2MeOHMH 3 aq. 200: 10: 1) before purification by
preparative HPLC. Using 4-(lcyclohexyl- 2-methyl-l
-imidazol-5-yl)-5-fluoropyrimidin-2-amine (obtained
from Example 17(e)) (0.075 g, 0.270 mmol),
l-(4-bromo-benzenesulfonyl)-4-methylpiperazine
(described in WO 2003004472) (0.105 g, 0.320 mmol),
sodium tert-butoxide (0.036 g, 0.38 mmol), Pd(OAc)2
(0.012 g, 0.054 mmol) and Pd(^-Bu3P)2 (0.14 g, 0.027
mmol), the base of the title compound (0.018 g, 14%)
was obtained. The hydrochloride of the title compound
was prepared in accordance with the general method D.
1HNMR (DMSO-J 300 MHz) d 10.88 (br s, 1 H), 10.48 (s,
1 H), 8.90 (s, 1 H), 8.10 (s, 1 H), 7.96 (d, J = 8.1
Hz, 2 H), 7.68 (d, J = 8.1 Hz, 2 H), 4.69-4.59 (m, 1
H), 3.76-3.66 (m, 2 H), 3.19-3.05 (m, 2 H), 2.82 (s, 3
H), 2.73 (s, 3 H), 2.02-1.85 (m, 4 H), 1.70-1.60 (m, 2
H), 1.55-1.48 (m, 1 H), 1.25-1.02 (m, 3 H); MS (ESI)
m/z 514 (M+l). Example 19
5-Fluoro-4-[2-methyl-l-(l-methylpiperidin-4-yl)-li
-imidazol-5-yl]-iV-{4-[(4-
methylpiperazin-l-yl)carbonyl]phenyl}pyrimidin-2-amine
hydrochloride Example 19(a)
5-Acetyl-2-methyl-l-(l~methylpiperidin~4-yl)-lH-imidaz
ole The intermediate acetamide
(iV-(l-aminopiperidin-4-yl)-iV-isoxazol-4-ylacetamide)
was prepared in accordance with the general method of
Example 7(a) starting from 5-methyl-4- amino-isoxazole
(Reiter, LA 5J. Org. Chem., 1987, 52, 2714-2726) (0.61
g, 10.2 mmol),iV-methylpiperidine-4-one (0.63 g, 5.6
mmol) and sodium cyanoborohydride (0.32 g, 5.1 mmol +
0.1 g, 1.6 mmol). The title compound was prepared in
accordance with the general method of Example 7(b)
using the crude intermediate acetamide (N-(I
-aminopiperidin-4- yl)-N-isoxazol-4-ylacetamide) to
give the title compound (0.40 g, 45%) after
purification by flash chromatography (CH2Cl2/Me0H/ NH3
aq. 150:10:1). 1H NMR (CDCl3, 300 MHz) d 7.85 (s, 1
H), 5.28-5.16 (m, 1 H), 3.02-2.92 (m, 2 H), 2.56 (s, 3
H), 2.43 (s, 3 H), 2.40-2.24 (m, 5 H), 2.19-2.06 (m, 2
H), 1.86-1.76 (m, 2 H); MS (ESI) m/z 222 (M+l).
Example 19(b)
(2E)-3-Dimethylamino-l-[2-methyl-l-(l-methylpiperidin-
4-yl)-lHimidazol- 5-yl]prop-2-en-l-one The title
compound was prepared in accordance with the general
method of Example 7(c), using
5-acetyl-2-methyl-l-(l-methylpiperidin-4-yl)-l
H-imidazole (2.1 g, 9.50 mmol, obtained from Example
19(a)). After purification by flash chromatography 



(CH2Cl2/Me0 H/NH3 aq. gradient; 200:10:1 to
200:15:1.5) the title compound was obtained (1.92 g,
73%) as a yellow oil that solidified upon standing.
1HNMR (CDCl3, 300 MHz) d 7.63 (d, J = 12.3 Hz, 1 H),
7.43 (s, 1 H), 5.48 (d, J = 12.3 Hz, 1 H), 5.30-5.18
(m, 1 H), 3.12-2.85 (m, 8 H), 2.54 (s, 3 H), 2.40-2.30
(m, 2 H), 2.29 (s, 3 H), 2.17-2.07 (m, 2 H), 1.88-1.80
(m, 2 H); MS (ESI) m/z 277 (M+l). Example 19(c)
(2Z)-3~Dimethylamino-2-fluoro-l-[2-methyl-l-(l-methylp
iperidin-4-
yl)-lH-imidazol-5-yl]prop-2~en-l-oneSelectfluor (2.50
g, 6.95 mmol) was added in portions over 5 minutes to
a stirred solution of (2E)-3-dimethylamino-
1-[2-methyl- 1-(1-methylpiperidin-4-yl)-
lH-imidazol-5-yl]prop- 2-en-l-one (1.92 g, 6.95 mmol)
in MeOH (30 mL) at 0 C. After stirring for 90 minutes
at r.t. more Selectfluor (1.25 g, 3.5 mmol) was added
and the mixture was stirred for 2 h. 5 When the
reaction was complete it was concentrated in vacuo,
diluted with NH3 (3%, aq., 50 mL) and extracted with
CHCl3 (3x50mL, contained 5% MeOH). The combined
organic phases were dried (Na2SO4), filtered and
concentrated in vacuo. The crude product was purified
by flash chromatography (CH2Cl2MeOHTNH3 aq. 200:10:1),
to give the title compound (0.68 g, 33%) as an oil. io
1H NMR (CDCl3, 300 MHz) d 7.35 (s, 1 H), 6.85 (d, J =
27.3Hz, 1 H), 4.82-4.70 (m, 1 H), 3.09 (s, 6 H),
3.02-2.92 (m, 2 H), 2.55 (s, 3 H), 2.40-2.25 (m, 5 H),
2.16-2.05 (m, 2 H), 1.91-1.83 (m, 2 H); MS (ESI) m/z
295 (M+l). Example 19(d)
5-Fluoro-4-[2-methyl-l-(l-methylpiperidin-4-yl)-lH-imi
dazol-5- I5 yl]pyrimidin-2-amine The title compound
was prepared in accordance with the general method B
with the exception that guanidine carbonate was used.
Using (2Z)-3-dimethylamino-2-fluoro-l-[2- methyl-1 -(I
-methylpiperidin-4-yl)- lH-imidazol-5-yl]prop-2-en-l
-one (0.68 g, 2.31 mmol, 20 obtained from Example
19(c)) and guanidine carbonate ( 1.05 g, 5.78 mmol)
the title compound was obtained (0.372 g, 55 %) as a
white solid after purification by flash chromatography
(CH2Cl2MeOHMH 3 aq. gradient; 200:10:1 to 100:10:1).
1H NMR (CDCl3, 300 MHz) d 8.15 (d, J = 3 Hz, 1 H),
7.56 (d, J = 3.6 Hz, 1 H), 5.03-2.90 (m, 3 H),
3.05-2.95 (m, 2 H), 2.62 (s, 3 H), 2.52-2.35 (m, 2 H),
2.32 (s, 3 H), 2.12-2.00 (m, 2s 2 H), 1.99-1.90 (m, 2
H); MS (ESI) m/z 291 (M+l). Example 19(e)
5-Fluoro-4-[2-methyl-l-(l-methylpiperidin-4-yl)-lH-imi
dazol-5-yl]-
N-{4-[(4-methylpiperazin-l-yl)carbonyl]phenyl}pyrimidi
n-2-amine hydrochlorideThe title compound was prepared
in accordance with the general method D, with the
exception that the base of the product was purified by
flash chromatography (CH2Cl2/Me0H/NH 3 aq., 500:30:3)
before purification by preparative HPLC. Using 5- s
fluoro-4- [2-methyl- 1-(1-methylpiperidin-4-yl)-
lH-imidazol-5 -yl]pyrimidin-2-amine (0.075 g, 0.256
mmol, obtained from Example 19(d)),
l-(4-bromobenzoyl)-4-methylpiperazine (0.087 g, 0.307
mmol), sodium tert-butoxide (0.036 g, 0.38 mmol),
Pd(OAc) 2 (0.012 g, 0.054 mmol) and Pd(J-Bu3P)2 (0.14
g, 0.027 mmol), the base of the title compound was
obtained (0.027 g, 21%). The hydrochloride of the
title compound was prepared in o accordance with the
general method D. 1HNMR (DMSO-J& 300 MHz) d 11.31 (br
s, 1 H), 10.22 (s, 1 H), 8.85 (s, 1H)5 8.16 (s, 1 H),
7.81 (d, J = 8.1 Hz, 2 H), 7.43 (d, J = 8.1 Hz, 2 H),
5.14-5.02 (m, 1 H), 3.50-3.35 (m, 4 H), 3.1 1-2.97 (m,
2 H)52.91 (s, 3 H)5 2.77 (s, 3 H), 2.68 (s, 3 H)5
2.35-2.20 (m, 4 H); MS (ESI) m/z 493 (M+l). 5 Example
20
5-Fluoro-4-[2-methyl-l-(l-methylpiperidin-4-yl)-lIT-im
idazol-5-yl]-A'-[4-(pyrrolidiiil-
ylsulfonyl)phenyl]pyrimidin-2-amine hydrochloride 0
The title compound was prepared in accordance with the
general method E, with the exception that the base of
the product was purified by flash chromatography
(CH2Cl2/Me0H/NH 3 aq. 200:10:1). Using
5-fluoro-4-[2-methyl-l-(tetrahydro-2 H-pyran-4- yl)-l
-imidazol-5-yl]pyrimidin-2-amme (obtained from Example
19(d)) (40 mg, 0.136 mmol),
l-(4-bromo-benzenesulfonyl)-pyrrolidine (43 mg, 0.149
mmol), Cs2CO3 (50 mg,0.15 mmol), Pd2(dba)3 (7 mg,
0.008 mmol) and X-Phos (7 mg, 0.015 mmol), the base of
the title compound (58 mg, 85%) was obtained as a
solid. The hydrochloride of the title compound was
prepared in accordance with the general method D. 1H
NMR (OMSO-d6, 300 MHz) d 11.32 (br s, 1 H), 10.48 (s,
1 H), 8.89 (s, 1 H), 8.16 (s, 1 s H), 8.00 (d, J = 8.1
Hz, 2 H), 7.73 (d, J = 8.1 Hz, 2 H), 5.16-5.03 (m, 1
H), 3.45-3.35 (m, 2 H), 3.18-3.03 (m, 5 H), 2.91 (s, 3
H), 2.75-2.64 (m, 4 H), 2.35-2.22 (m, 2 H), 2.64 (s, 4
H). MS (ESI) m/z 500 (M+l). Example 21 o S-Fluoro -
-methyl-l - etr ahydro- fiT-pyr an -y -l
r-imidazol-S-yl -iV- - (trifluoromethyl)phenyl]
pyrimidin-2-amine hydrochloride The title compound was
prepared in accordance with the general method E, with
the exception that the base of the product was
purified by flash chromatography s (CH2Cl2ZMeOH 40:1).
Using 5-fluoro-4-[2-methyl-l-(tetrahydro-2
-pyran-4-yl)-l Himidazol- 5-yl]pyrimidin-2-amine
(obtained from Example 7(e)) (35 mg, 0.126 mmol), 1-
bromo-4-(trifluoromethyl)benzene (0.031 g, 0.139
mmol), Cs2CO3 (92 mg, 0.28 mmol), Pd2(dba)3 (7 mg,
0.008 mmol) and X-Phos (7 mg, 0.014 mmol), the base of
the title compound (50 mg, 92%) was obtained as a
solid. The hydrochloride of the title compound 0 was
prepared in accordance with the general method D.
1HNMR (DMSO-d , 300 MHz) d 10.28 (s, 1 H), 8.87 (s, 1
H), 8.10 (s, 1 H), 7.84 (d, J = 8.1 Hz, 2 H), 7.64 (d,
J = 8.1 Hz, 2 H), 5.05-4.93 (m, 1 H), 3.84-3.77 (m, 2
H), 3.20-3.10 (m, 2 H), 2.83 (s, 3 H), 2.20-2.1 1 (m,
2 H), 1.98-1.90 (m, 2 H); MS (ESI) m/z 422 (M+l).
Example 22
5-Fluoro-iV-[3-(methylsulfonyl)phenyl]-4-[2-methyl-l-(
tetrahydro-2i -pyran-4-yl)-lJ -
imidazol-5-yl]pyrimidin-2-amine hydrochlorideThe title
compound was prepared in accordance with the general
method E, with the exception that the base of the
product was purified by flash chromatography
(CH2Cl2/Me0H 25:1). Using
5-fluoro-4-[2-methyl-l-(tetrahydro-2 H-pyran-4-yl)-l
Himidazol- 5-yl]pyrimidin-2-amine (obtained from
Example7 (e)) (35 mg, 0.126 mmol), 1-
bromo-3-(methylsulfonyl)benzene (0.030 g, 0.126 mmol),
Cs2CO3 (92 mg, 0.28 mmol), Pd2(dba)3 (7 mg, 0.008
mmol) and X-Phos (7 mg, 0.014 mmol), the base of the
title compound (44 mg, 81%) was obtained as a solid.
The hydrochloride of the title compound was prepared
in accordance with the general method D. 1HNMR (DMSO-J
J , 300 MHz) d 10.19 (s, 1 H), 8.86 (s, 1 H), 8.17 (s,
1 H), 8.09 (s, 1 H), 8.01 (d, J 6.8 Hz, 1 H),
7.62-7.52 (m, 2 H), 5.03-4.91 (m, 1 H), 3.87-3.79 (m,
2 H), 3.24-3.10 (m, 5 H), 2.82 (s, 3 H), 2.20-2.10 (m,
2 H), 1.97-1.90 (m, 2 H). MS (ESI) m/z 



432 (M+l). Example 23 5-Fluoro-iV- [4-(methylsulf
onyl)phenyl] -4- [2-methyl-l-(tetrahy dro-211-pyr
an-4-yl)-l - imidazol-5-yl]pyrimidin-2-amine
hydrochloride The title compound was prepared in
accordance with the general method E, with the
exception that the base of the product was purified by
flash chromatography (CH2Cl2/Me0H 20:1). Using
5-fluoro-4-[2-methyl-l-(tetrahydro-2 H-pyran-4-yl)-l
Himidazol- 5-yl]pyrimidin-2 -amine (obtained from
Example 7(e)) (35 mg, 0.126 mmol), 1-
chloro-4-(methylsulfonyl)benzene (0.0215 g, 0.113
mmol), Cs2CO3 (92 mg, 0.28 mmol), Pd2(dba)3 (7 mg,
0.008 mmol) and X-Phos (7 mg, 0.014 mmol), the base of
the titlecompound (45 mg, 94%) was obtained as a
solid. The hydrochloride of the title compound was
prepared in accordance with the general method D.
1HNMR (DMSO-J J, 300 MHz) d 10.39 (s, 1 H), 8.89 (s, 1
H), 8.10 (s, 1 H), 7.88 (d, J = 8.6 Hz, 2 H), 7.81 (d,
J =8.6 Hz, 2 H), 5.03-4.92 (m, 1 H), 3.87-3.79 (m, 2
H), 3.25-3.10 s (m, 5 H), 2.83 (s, 3 H), 2.21-2.10 (m,
2 H), 1.98-1.91 (m, 2 H). MS (ESI) m/z 432 (M+l).
Example 24 3-({5-Fluoro-4-[2-methyl-l-(tetrahydro-2i
-pyr aii-4-yl)-l Hr-imidazol-5-yl]pyrimidin-
2-yl}amino)benzonitrile hydrochloride The title
compound was prepared in accordance with the general
method E, with the exception that the base of the
product was purified by flash chromatography
(CH2Cl2/Me0H 40:1). Using
5-fluoro-4-[2-methyl-l-(tetrahydro-2 H-pyran-4-yl)-l
Himidazol- 5-yl]pyrimidin-2-amine (obtained from
Example 7(e)) (35 mg, 0.126 mmol), 3- 5
bromobenzonitrile (0.023 g, 0.126 mmol), Cs2CO3 (92
mg, 0.28 mmol), Pd2(dba)3 (7 mg, 0.008 mmol) and
X-Phos (7 mg, 0.014 mmol), the base of the title
compound (44 mg, 92%) was obtained as a solid. The
hydrochloride of the title compound was prepared in
accordance with the general method D. 1HNMR (DMSO-rf ,
300 MHz) d 10.22 (s, 1 H), 8.87 (s, 1 H), 8.18-8.05
(m, 2 H), 7.90 (s, 0 1 H), 7.55-7.25 (m, 2 H),
5.03-4.91 (m, 1 H), 3.85-3.77 (m, 2 H), 3.22-3.10 (m,
2 H), 2.83 (s, 3 H), 2.21-2.1 1 (m, 2 H), 1.97-1.90
(m, 2 H). MS (ESI) m/z 379 (M+l). Example 25
4-(l,2-Dimethyl-l
fiT-imidazol-5-yl)-5-fluoro-iV-[4-(morpholm-4- 5
ylmethyl)phenyl]pyrimidin-2-amine hydrochloride
Example 25(a) 4-(l,2-Di
inethyl-lH-imidazol-5-yl)-5-fluoropy
midin-2-amine2-Chloro-4-(l,2-dimethyl-l
H-imidazol-5-yl)-5-fluoropyrimidine (0.295 g, 1.30
mmol) (obtained from Example l(b)) was dissolved in
1-propanol (3.0 mL) in a microwave vial. Ammonium
hydroxide (28%, 1.0 mL) was added, the vial was sealed
and the mixture 5 heated in a microwave oven (+140 0C,
4h). The reaction mixture was cooled to r.t. and the
solvent was evaporated. The residue was partitioned
between CH2Cl2 and IM aqueous HCl. The aqueous phase,
containing the product, was neutralized with saturated
aqueous NaHCO3 and the product extracted with CH2Cl2.
The organic phase was co-evaporated with ethanol and
the residue was purified by flash chromatography using
(CH2Cl2ZMeOH I0 gradient; 100:1 to 94:6) to give the
title compound (0.210 g, 78%) as a solid. 1H NMR
(CDCl3) d ppm 8.15 (d, J=3.5 Hz, 1H)3 7.71 (d, J=4.3
Hz, 1 H), 4.87 (br s, 2 H), 3.97 (s, 3 H), 2.49 (s, 3
H); MS (ESI) m/z 208 (M+l). Example 25(b) 4-(l,
2-Dimethyl-lH-imidazol-5-yl)-5-fluoro-N-[4-(morpholin-
4- 15 ylmethyl)phenyl]pyrimidin-2-amine hydrochloride
The title compound was prepared in accordance with the
general method E. Using 4-(l,2- dimethyl-l
H-imidazol-5-yl)-5-fluoropyrimidin-2-amine (21 mg,
0.10 mmol, obtained from Example 25(a)),
4-(4-bromobenzyl)morpholine (28 mg, 0.11 mmol), Cs2CO3
(58 mg, 0.18 20 mmol), Pd2(dba)3 (7 mg, 0.007 mmol)
and X-Phos (8 mg, 0.017 mmol), the base of the title
compound was obtained as a solid. The hydrochloride of
the title compound was prepared in accordance with the
general method D, with the exceptions that dilute
ammonium hydroxide was used instead of dilute NaHCO3
in the washing of the organic phase. The organic phase
was co-evaporated with absolute ethanol instead of
drying with Na2SO4 25 before evaporation, and the
precipitated salt was collected by filtration and
re-dissolved in water before freeze drying, giving the
title compound (28 mg, 61%) as a yellow solid.1H NMR
(DMSO-J 6) d ppm 10.84 (br s, 1 H), 10.02 (s, 1 H),
8.75 (d, J=2.5 Hz, 1H)5 8.15 (d, J=2.5 Hz, 1 H), 7.75
(d, J=8.5 Hz, 2 H), 7.51 (d, J=8.5 Hz, 2 H), 4.26 (s,
2 H) 4.01 (s, 3 H)5 3.99-3.86 (m, 2 H)53.76 (t, J I
1.8 Hz, 2 H), 3.25-3.14 (m, 2 H)5 3.13-2.96 (m, 2 H),
2.66 (s, 3 H); MS (ESI) m/z 381 (M+l). Example 26
4-(l,2-Dimethyl-l
H-imidazol-5-yI)-5-fluoro-iV-{4-[(4-methylpiperaziii-l
yl) sulfonyl]phenyl}pyrimidin-2-amine The title
compound was prepared in accordance with the general
method E. Using 4-(l ,2- dimethyl-l
H-imidazol-5-yl)-5-fluoropyrimidin-2-amme (obtained
from Example 25(a)) (23 mg, 0.11 mmol),
l-[(4-bromophenyl)sulfonyl]-4-methylpiperazine (37 mg,
0.11 mmol), Cs2CO3 (59 mg, 0.18 mmol), Pd2(dba)3 (6
mg, 0.006 mmol) and X-Phos (6 mg, 0.013 mmol), the
base of the title compound was obtained as a solid.
The hydrochloride of the title compound was prepared
in accordance with the procedure described in Example
25 (b), giving the title compound (33 mg, 57%) as a
yellow solid. 1H NMR (DMSO-J 6) d ppm 10.44 (br s,
1H)5 10.42 (s5 1H)5 8.82 (d5J =2.5 Hz, 1 H), 8.13 (br
s, 1 H), 7.99 (d, J=8.8 Hz52 H), 7.73 (d, J=8.8 Hz52
H)54.03 (s, 3 H), 3.83-3.63 (m, 2 H), 3.23-3.02 (m, 4
H)5 2.74 (s53 H), 2.65 (s, 3 H)52.70-2.56 (m, 2 H); MS
(ESI) m/z 446 (M+l). Example 27 4-(l,2-Dimethyl-l
r-imidazol-5-yl)-5-fluoro-iV-[4-(piperidin-lylcarbonyl
) phenyl]pyrimidin-2-amine hydrochlorideThe title
compound was prepared in accordance with the general
method E. Using 4-(l,2- dimethyl-l
H-imidazol-5-yl)-5-fluoropyrimidin-2-amine (obtained
from Example25 (a)) (25 mg, 0.12 mmol),
l-(4-bromobenzoyl)piperidine (33 mg, 0.12 mmol),
Cs2CO3 (66 mg, 0.20 mmol), Pd2(dba)3 (6 mg, 0.007
mmol) and X-Phos (6 mg, 0.013 mmol), the base of the
title compound was obtained as a solid. The
hydrochloride of the title compound was prepared in
accordance with the procedure described in Example
25(b), giving the title compound (35 mg, 61%) as a
white solid. 1H NMR (DMSO-J 6) d ppm 10.04 (s, 1H),
8.77 (d, J=2.8 Hz, 1 H), 8.17 (d, J=2.8 Hz, 1 H), 7.73
(d, J=8.5 Hz, 2 H), 7.35 (d, J=8.8 Hz, 2 H), 4.02 (s,
3 H), 3.50-3.41 (m, 4 H), 2.66 (s, 3 H), 1.67-1.57 (m,
2 H), 1.57-1.42 (m, 4 H); MS (ESI) m/z 395 (M+l).
Example 28
4-(l,2-Dimethyl-lfi-imidazol-5-yl)-5-fluoro-iV-{4-[(4-
methylpiperazin-lyl) 



carbonyl]phenyl}pyrimidin-2-amine hydrochloride The
title compound was prepared in accordance with the
general method E. Using 4-(l,2- dimethyl-l
H-imidazol-5-yl)-5-fluoropyrimidin-2-amine (obtained
from Example 25(a)) (18 mg, 0.089 mmol),
l-(4-bromobenzoyl)-4-methylpiperazine (25 mg, 0.089
mmol), Cs2CO3 (42 mg, 0.13 mmol), Pd2(dba)3 (4 mg,
0.004 mmol) and X-Phos (4 mg, 0.009 mmol), the base of
the title compound was obtained as a solid. The
hydrochloride of the title compound was prepared in
accordance with the procedure described in Example 25
(b), giving the title compound (28 mg, 64%) as a
yellow solid. 1R NMR (DMSO-J 6) d ppm 10.71 (br s,
1H), 10.13 (s, 1H), 8.78 (d, J=2.8 Hz, 1 H), 8.18 (d,
J=2.5 Hz, 1 H), 7.78 (d, J=8.5 Hz, 2 H), 7.45 (d,
J=8.5 Hz, 2 H), 4.20 (br s, 2 H), 4.03 (s, 3 H), 3.07
(br s, 2 H), 2.79 (s, 3 H), 2.67 (s, 3 H); MS (ESI)
m/z 410 (M+l).Example 29 4-(l,2-Dimethyl-lJ
-imidazol-5-yl)-5-fluoro-iV-{4-[(4-methylpiperazin-lyl
) methyl]phenyl}pyrimidin-2-amine hydrochloride The
title compound was prepared in accordance with the
general method E. Using 4-(l,2- dimethyl-l
H-imidazol-5-yl)-5-fluoropyrimidin-2-amine (obtained
from Example25 (a)) (19 mg, 0.091 mmol),
l-(4-bromobenzyl)-4-methylpiperazine (Organ, M.G. et
al, J. Comb. Chem. 2001, 3, 473-476) (28 mg, 0.10
mmol), Cs2CO3 (42 mg, 0.13 mmol), Pd2(dba)3 (5 mg,
0.005 mmol) and X-Phos (4 mg, 0.009 mmol), the base of
the title compound was obtained as a solid. The
hydrochloride of the title compound was prepared in
accordance with the procedure described in Example 25
(b), giving the title compound (28 mg, 61%) as a
yellow solid. 1H NMR (DMSO-CZ6) d ppm 10.00 (br s, 1
H), 8.76 (d, J=2.5 Hz, 1 H), 8.20 (d, J=2.8 Hz, 1 H),
7.72 (d, J-8.3 Hz, 2 H), 7.55 - 7.38 (m, 2 H), 4.02
(s, 3 H), 4.02 (br s, 1 H), 2.79 (s, 3 H), 2.68 (s, 3
H); MS (ESI) m/z 396 (M+l). Example 30
4-(l,2-Dimethyl-l
r-imidazol-5-yl)-5-fluoro-iV-{3-[(4-methylpiperazin-ly
l) carbonyl]phenyl}pyrimidin-2-amine hydrochloride The
title compound was prepared in accordance with the
general method E. Using 4-(l,2- dimethyl-l
-imidazol-5-yl)-5-fluoropyrimidm-2~amine (obtained
from Example 25 (a)) (18 mg, 0.084 mmol),
l-(3-chlorobenzoyl)-4-methylpiperazme (21 mg, 0.87
mmol), Cs2CO3 (43 mg, 0.13 mmol), Pd2(dba) 3 (4 mg,
0.004 mmol) and X-Phos (4 mg, 0.009mmol), the base of
the title compound was obtained as a solid. The
hydrochloride of the title compound was prepared in
accordance with the procedure described in Example 25
(b), giving the title compound (13 mg, 32%) as a
yellow solid. 1 NMR (DMSO-J 6) d ppm 10.69 (br s, 1
H), 10.00 (s, 1 H), 8.74 (d, J=2.5 Hz, 1 H), 8.12 s
(br s, 1 H), 7.83-7.72 (m, 2 H), 7.42 (t, J=7.9 Hz, 1
H), 7.09 (d, J=7.5 Hz, 1 H), 4.50 (br s, 1 H), 4.01
(s, 3 H), 2.80 (s, 3 H), 2.65 (s, 3 H); MS (ESI) m/z
410 (M+l). Example 31
(4-{[4-(l,2-Dimethyl-lfi-imidazol-5-yl)-5-fluoropyrimi
din-2- o yI]amino}phenyl)(pyridin-2-yl)methanone
hydrochloride The title compound was prepared in
accordance with the general method E. Using 4-(l,2-
dimethyl-l -imidazol-5-yl)-5-fluoropyrimidin-2-amine
(obtained from Example 25(a)) (23 mg, 0.11 mmol),
(4-bromophenyl)(pyridin-2-yl)methanone (29 mg, 0.11
mmol), s Cs2CO3 (72 mg, 0.22 mmol), Pd2(dba)3 (6 mg,
0.007 mmol) and X-Phos (7 mg, 0.016 mmol), the base of
the title compound was obtained as a solid. The
hydrochloride of the title compound was prepared in
accordance with the procedure described in Example
25(b), giving the title compound (28 mg, this compound
appeared to be a nonstoichiometric salt, gives an
estimated yield of 55%) as a yellow solid. 0 1H NMR
(DMSO-4) d ppm 10.36 (s, 1 H), 8.84 (d, J=2.5 Hz, 1
H), 8.75-8.69 (m, 1 H), 8.20 (d, J=2.8 Hz, 1 H), 8.09
- 8.00 (m, 3 H), 7.92 (d, J=7.8 Hz 1 H), 7.87 (d,
J=8.8 Hz, 2 H), 7.68-7.62 (m, 1 H), 4.04 (s, 3 H)52.67
(s, 3 H); MS (ESI) m/z 389 (M+l). Example 32 5
4-({5-Fluoro-4-[2-methyH-(tetrahydro-2 -pyran-4-yl)-l
-imidazol-5-yl]pyrimidin- 2-yl}amino)benzoiiitrile
hydrochlorideThe title compound was prepared in
accordance with the general method E, with the
exception that the base of the product was purified by
flash chromatography (CH2Cl2ZMeOH 30:1). Using
5-fluoro-4-[2-methyl-l-(tetrahydro-2 H-pyran-4-yl)-l
H- 5 imidazol-5-yl]pyrimidin-2-amine (obtained from
Example 7(e)) (35 mg, 0.126 mmol), 4-
chlorobenzonitrile (15.5 g, 0.1 13 mmol), Cs2CO3 (92
mg, 0.28 mmol), Pd2(dba)3 (7 mg, 0.008 mmol) and
X-Phos (7 mg, 0.014 mmol), the base of the title
compound (38 mg, 88%) was obtained as a solid. The
hydrochloride of the title compound was prepared in
accordance with the general method D. io 1H NMR
(OMSO-d 6, 300 MHz) d 10.42 (s, 1H) 8.90 (s, 1 H),
8.09 (s, 1 H), 7.86 (d, J = 8.5 Hz, 2 H), 7.74 (d, J =
8.5 Hz, 2 H), 5.04-4.92 (m, 1 H), 3.89-3.81 (m, 2 H),
3.26-3.16 (m, 2 H), 2.83 (s, 3 H), 2.20-2.12 (m, 2 H),
1.97-1.90 (m, 2 H); MS (ESI) m/z 379 (M+l). Example 33
is 5-Fluoro-4-[2-methyl-l-(tetr ahydr o-2/f-pyr
an-4-yl)-lJ -imidazoI-5-yl]-N-[4-
(piperazin-l-ylsulfonyl)phenyl]pyrimidin-2-amine
hydrochloride Example 33{a)
l-(tert-Butoxycarbonyl)-4-(4-bromo-benzenesulfonyl)-pi
perazine 20 JV-boc-Piperazine (0.5 g, 2.68 mmol) and
diisopropyethylamine (0.69 g, 5.36 mmol) were
dissolved in CH2Cl2 (50 mL) and cooled to O0C.
4-Bromo-phenylsulphonyl chloride (0.68 g, 2.68 mmol)
in CH2Cl2 (10 mL) was added dropwise under vigorous
stirring. After stirring for 15h at r.t. the reaction
mixture was washed with saturated aqueous NaHCO3(2x20
mL), brine, then dried (Na2SO4) and concentrated to
dryness. The solid residue was recrystallized from
heptane/EtOAc mixture (2:1), filtered and washed with
cold heptane. The title compound was obtained (0.8 g,
74%) as a white solid. 1H NMR (CDCl3, 300 MHz) d 7.68
(d, J = 8.4 Hz, 2 H), 7.61 (d, J = 8.4 Hz, 2 H),
3.54-3.47 (m, 4 H), 3.01-2.94 (m, 4 H), 1.41 (s, 9 H).
Example 33(b)
5-Fluoro-4-[2-methyl-l-(tetrahydro-2H-pyran-4-yl)-lH-i
midazol-5-yl]-N-
[4-(piperazin-l-ylsulfonyl)phenyl]pyrimidir i-2-amine
hydrochloride 5-Fluoro-4-[2-methyl-l-(tetrahydro-2
H-pyran-4-yl)-l -imidazol-5-yl]pyrimidin-2-amine
(obtained from Example 7(e)) (45 mg, 0.162 mmol) and
l-( ert-butoxycarbonyl)-4-(4-
bromo-benzenesulfonyl)-piperazine (62 mg, 0.154 mmol)
were dissolved in dioxane (3 mL). Cesium carbonate
(105 mg, 0.324 mmol) was added and nitrogen gas was
bubbled throw the stirred suspension for 2-3 min
followed by the addition of Pd2(dba)3 (7.5 mg, 0.0081
mmol) and X-Phos (7.7 g, 0.0162 mmol). The vessel was
closed and heated to +90 0C and stirred at this
temperature for 20 h. The cooled mixture was diluted
with chloroform (15 ml) and water (20 mL), the aqueous
layer was separated and extracted with chloroform 



(2OmL). The combined organic layers were dried
(Na2SO4) and the solvent was removed in vacuo. The
residue was purified by flash chromatography using
CH2Cl2ZMeOH (40:1) as eluent. Product-containing
fractions were concentrated, dissolved in MeOH (20 mL)
and treated with HCl (37% aqueous, 0.5 mL). The
mixture was stirred overnight at r.t. and concentrated
to dryness. Diluted with chloroform (20 mL) and water
(20 mL) and the aqueous layer was separated and
extracted with chloroform (3c20mL). The combined
organic layers were dried (Na2SO4), the solvents were
removed in vacuo and the residue was purified by flash
chromatography using CH2Cl2/MeOH/aqueous NH3 (150:10:1
to 100:10:1) as eluent, obtaining the base (22 mg, 28
%) as an oil. The base of the title compound was
dissolved in chloroform/ether (1:1) and treated with
IM HCl in ether. Theresulting precipitate was
collected by filtration and washed with ether to
obtain of the title compound (13 mg) as a solid. 1H
NMR (DMS0-<4 300 MHz) d 10.45 (s, 1 H), 9.12 (br s, 1
H), 8.90 (s, 1 H), 8.07 (s, 1 H), 7.96 (d, J = 8.7 Hz,
2 H), 7.70 (d, J = 8.7 Hz, 2 H), 5.03-4.93 (m, 1 H),
3.89-3.81 (m, 2 H), 3.65-3.40 (m, 2 H), 3.28-3.09 (m,
8 H), 2.82 (s, 3 H), 2.22-2.10 (m, 2 H), 2.00-1.92 (m,
2 H); MS (ES) m/z 502 (M+l). Example 34
5-FIuoro-7V-{4-[(4-methylpiperazin-l-yl)sulfonyl]pheny
l}-4-[l-(tetrahydro-2 -pyran-
4-yl)-2-(trifluoromethyl)-lJ
-imidazol-5-yl]pyrimidin-2-amine hydrochloride Example
34(a) 5-Acetyl-l-(tetrahydro-2H-pyran-4-yl)-
2-trtfluoromethyl-lH-imidazole
5-Methyl-4-amino-isoxazole (1.7 g, 17.25 mmol) and
acetic acid (1.1 g, 19 mmol) were dissolved in
methanol (50 mL). Tetrahydro-2H-pyran-4-one (1.9 g, 19
mmol) was added and the mixture was cooled to 0 - (-5)
C and stirred for 1 h. Sodium cyanoborohydride (0.812
g, 12.9 mmol) was added in portions to the reaction
mixture at - 5 C, causing weak exothermic and gas
evolution. The cooling bath was removed and the
mixture was stirred at r.t. for 2 h followed by
addition of water (20 mL). The methanol was removed
from the reaction mixture by vacuum distillation, and
the intermediate amine was extracted with ethyl
acetate (3x80 mL). The combined organic layers were
dried (Na2SO4), concentrated to dryness, dissolved in
toluene and re-concentrated. The crude intermediate
amine, was dissolved in CH Cl2 (20 mL) and pyridine (2
mL, 26 mmol) was added. The mixture was cooled to 0C
and trifluoroacetic anhydride (4.35 g, 20.7 mmol) was
added dropwise. The mixture was continued stirring for
2 h at r.t. then washed with water and saturated
NaHCO3. The aqueous layer was extracted with CH2Cl2
(2x30 mL), the organic extracts were dried (Na2SO4)
and concentrated to dryness to give a second crude
intermediate, 4- [
-(tetrahydro-2Jf-pyran-4-yl)]-L-trifluoroacetyl-amino-
5-methylisoxazole. MS (ES) m/z 279 (M++l). The title
compound was prepared in accordance with the general
method ofExample 7 (b) using the intermediate
4-[N-(tetrahydro-2H-pyran-4-yl)]-iV-trifluoroacetylami
no- 5-methylisoxazole (max 17.25 mmol), with the
exception that the product was purified by flash
chromatography (heptane/EtOAc 3:2), giving the title
compound (3.03 g, 67%) as an oil. 1H NMR (CDCl3, 300
MHz) d 7.85 (s, 1 H), 4.89-4.75 (m, 1 H), 4.17-4.07
(m, 2 H)5 3.54- 3.44 (m, 2 H), 2.75-2.60 (m, 2 H),
2.56 (s, 3 H), 1.72-1.63 (m, 2 H); MS (ES) m/z 263
(M+l). (b)
(2E)-3-Dimethylamino-l-[l-(tetrahydro-2H-pyran-4-yl)-2
-trifluoromethyl-lHimidazol- 5-yl]prop-2-en-l-one The
title compound was prepared in accordance with the
general method of Example 7 (c), with the exception
that the product was purified by flash chromatography
(EtOAc). Using 5-acetyl-l-(tetrahydro-2 H-pyran-4-yl)-
2-trifluoromethyl-l/i-imidazole (3.03 g, 11.55 mmol,
obtained from Example 34(a)) the title compound was
obtained (3.2 g, 87 %) as an oil. 1H NMR (CDCl3, 300
MHz) d 7.72 (d, J = 12.3 Hz, 1 H), 7.49 (s, 1 H), 5.50
(d, J = 12.3 Hz, 1 H), 4.89-4.75 (m, 1 H), 4.14-4.05
(m, 2 H), 3.54-3.44 (m, 2 H), 3.16 (br. s, 3 H), 2.93
(br. s, 3 H), 2.86-2.72 (m, 2 H), 1.80-1.72 (m, 2 H);
MS (ES) m/z 318 (M+l). Example 34(c)
(2Z)-3-Dimethylamino-2-fluoro-l-[l-(tetrahydro-2H-pyra
n-4-yl)-2-
trtfluoromethyl-lH-imidazol-5-yl]prop-2-en-l-one
Selectfluor (0.370 g, 1.04 mmol) was added in portions
to a stirred solution of (2E)-3- dimethylamino-
1-[1-(tetrahydro-2H-pyran-4-yl)-2-trifluoromethyl-
lH-imidazol-5-yl]prop2-en-l-one (0.300 g, 0.946 mmol,
obtained from Example 34(b)) in MeCN (20 mL) at 0 C.
After stirring for 0.5 h at r.t. more Selectfluor
(0.050 g, 0.14 mmol) was added, and the mixture was
stirred for 0.5 h. The solvent was evaporated in
vacuo, diluted with 3% aqueous NH3 (20 mL) and
extracted with CHCl3 (3x20mL). The organic extracts
were dried (Na2SO4), evaporated in vacuo and the crude
product was purified by flash chromatography
(heptane/EtOAc 1:2), followed by neat EtOAc) to obtain
the title compound (0.170 g, 53 %) as an oil. 1H NMR
(CDCl3 5 300 MHz) d 7.34 (s, 1 H), 6.85 (d, J = 26.7
Hz, 1 H), 4.67-4.54 (m, 1 H), 4.11-4.03 (m, 2 H),
3.50-3.38 (m, 2 H), 3.14 (s, 6 H), 2.72-2.56 (m, 2 H)5
1.83-1.74 (m, 2 H); MS (ES) m/z 336 (M+l). Example
34(d)
5-Fluoro-4-[l-(tetrahydro-2H-pyran-4-yl)-2-(trifluorom
ethyl)-lHimidazol- 5-yl]pyrimidin-2-amine The title
compound was prepared in accordance with the general
method B with the exception that guanidine carbonate
was used. Using (2Z)-3-dimethylamino-2-fluoro-l-[l-
(tetrahydro-2H-pyran-4-yl)-2-trifluoromethyl-
lH-imidazol-5-yl]prop-2-en- 1-one (0.330 g, 1.0 mmol,
obtained from Example 34(c)) and guanidine carbonate
(0.45 g, 2.50 mmol). After purification by flash
chromatography (heptane/EtOAc 1:2), the title compound
was obtained (0.170 g, 5 1 %) as a white solid. 1HNMR
(CDCl3 5 300 MHz) d 8.29 (s, 1H)5 7.63 (d, J = 2.7 Hz,
1H)5 5.10 (br.s., 2 H)5 4.88-4.76 (m, 1 H), 4.16-4.07
(m, 2 H)5 3.53-3.42 (m52 H)52.80-2.65 (m, 2 H),
1.89-1.81 (m, 2 H); MS (ES) m/z 332 (M+l). Example
34(e)
5-Fluoro-N-{4-[(4-methylpiperazin-l-yl)sulfonyl]phenyl
}-4-[l-(tetrahydro-
2H-pyran-4-yl)-2-(trifluoromethyl)-lH-imidazol-5-yl]py
rimidin-2-amine hydrochlorideThe title compound was
prepared in accordance with the general method of
Example 33(b). Using 5-fluoro-4-[l-(tetrahydro-2
H-pyran-4-yl)-2-(trifluoromethyl)-l -imidazol-5-
yl]pyrimidin-2-amine (33 mg, 0.100 mmol, obtained from
Example 34(d)) and l-(4- s
bromo-benzenesulfonyl)-4-methylpiperazine (described
in WO 2003004472) (29 mg, 0.090 mmol), the base of the
title compound was obtained (48 mg, 94 %) after
purification by flash chromatography (CH2Cl2MeOH 30:1
to 15:1). The hydrochloride of the title compound was
prepared in accordance with the general method D. 1H
NMR (DMSO-d6, 300 MHz) d 10.68 (br s, 1 H), 10.41 (s,
1 H), 8.87 (s, 1 H), 7.97 (d, J 



o = 8.4 Hz, 2 H), 7.71 (d, J = 8.4 Hz, 2 H), 7.57 (s,
1 H), 4.84-4.75 (m, 1 H), 3.89-3.80 (m, 2 H),
3.77-3.68 (m, 2 H), 3.47-3.39 (m, 2 H), 3.33-3.23 (m,
2 H), 3.16-3.08 (m, 2 H), 2.73 (s, 3 H), 2.68-2.59 (m,
2 H), 2.20-2.10 (m, 2 H)5 1.97-1.90 (m, 2 H); MS (ES)
m/z 570 (M+l). s Example 35
N-{4-[(Dimethylamino)methyl]phenyl}-5-fluoro-4-[2-meth
yl-l-(tetrahydro-2H-pyran-
4-yl)-lH-imidazol-5-yl]pyrimidin-2-amine
5-Fluoro-4-[2-methyl-l-(tetrahydro-2H-pyran-4-yl)-lH-i
midazol-5-yl]pyrimidin-2-amine 0 (50 mg, 180 mmol,
obtained from 7(e)) and
l-(4-bromophenyl)-N,N-dimethyhnethanamine (38.6 mg,
180 mmol) in dry dioxane (2.3 mL) were purged with Ar
(gas) for 10 min. Pd2(dba)3 (8.3 mg, 9 mmol), X-Phos
(8.6 mg, 18 mmol) and Cs2CO3 (102 mg, 289 mmol) were
added and Ar (gas) was bubbled through the mixture for
5 min prior to heating at +90 C for 47 h. The mixture
was allowed to cool, diluted with CH2Cl2 and filtered
through 5 diatomaceous earth. The organics were washed
with water, dried (Na2SO4), filtered andconcentrated.
The crude was purified by flash silica gel
chromatography CHCl3ZMeOH 9:1 - 4:1 to give 50 mg
(68%). 1H NMR (400 MHz, DMSOd 6) d 9.52 (s, 1 H), 8.56
(d, 1 H), 7.53 (d, 2 H), 7.34 (d, 1 H), 7.18 (d, 2 H),
5.04 (m, 1 H), 3.79 (m, 2 H), 3.35 (s, 2 H), 3.06 (t,
2 H), 2.53 (s, 3 H), 2.21- s 2.1 1 (m, 8 H), 1.78 (m,
2 H); MS (ES) m/z 409 (M-I). Example 36
5-Fluoro-4-[2-methyl-l-(tetrahydro-2H-pyran-4-yl)-lH-i
midazol-5-yl]-N-[4-(lmorpholin-
4-ylethyl)phenyl]pyrimidin-2-amine
5-Fluoro-4-[2-methyl-l-(tetrahydro-2H-pyran-4-yl)-lH-i
midazol-5-yl]pyrimidin-2-amine (50 mg, 180 mmol,
obtained from Example 7(e)) and 4-[l-(4-
bromophenyl)ethyl]morpholine (obtained from Example
36(a)) (48.7 mg, 180 mmol) in dry dioxane (2.3 mL)
were purged with Ar (gas) for 10 min. Pd2(dba)3 (8.3
mg, 9 mmol), XI 5 Phos (8.6 mg, 18 mmol) and Cs2CO3
(102 mg, 289 mmol) were added and Ar (g) was bubbled
through the mixture for 5 min prior to heating at +90
C for 45 h. The mixture was allowed to cool, diluted
with CH2Cl2 and filtered through diatomaceous earth.
The organics were washed with water, dried (Na2SO ),
filtered and concentrated. The crude was purified
twice by flash silica gel chromatography CHCl3/MeOH
20:1 and EtOAc/MeOH 40:1 - 20 20:1 to give 53 mg of
the title compound (63%). 1H NMR (400 MHz, DMSO-d6) d
9.51 (s, 1 H), 8.55 (d, 1 H), 7.52 (d, 2 H), 7.33 (d,
1 H), 7.18 (d, 2 H), 5.05 (m, 1 H), 3.80 (m, 2 H),
3.54 (t, 4 H), 3.28 (q, 1 H), 3.08 (t, 2 H), 2.53 (s,
3 H), 2.37 (m, 2 H), 2.28-2.1 1 (m, 4 H), 1.78 (m, 2
H), 1.26 (d, 3 H); MS (ES) m/z 465 (M-I). 25 Example
36(a) 4-[l-(4-Bromophenyl)ethyl]morpholineDIPEA (1.98
mL, 11.4 mmol) and morpholine (398 mL, 4.56 mmol) were
added to 1- bromo-4-(l-chloroethyl)benzene (Woolman et
al. J. Chem. Soc. 1943, 99-101) (500 mg, 2.28 mmol) in
dry MeCN (2.5 mL) and the solution was heated at +60
0C for 72 h. The mixture was allowed to cool,
concentrated and diluted in CH2Cl2. The organics were
washed by water, brine and water, dried (Na SO4),
filtered and concentrated to give 616 mg (100%) of the
desired product. 1H NMR (400 MHz, DMSO-(I ) d 7.50 (m,
2 H), 7.26 (m, 2 H), 3.54 (m, 4 H), 3.33 (q, 1 H),
2.38 (m, 2 H), 2.24 (m, 2 H), 1.24 (d, 3 H); MS (ES)
m/z 270/272 (M/M+2). Example 37
N-[4-(l-Azetidin-l-ylethyl)phenyl]-5-fluoro-4-[2-methy
l-l-(tetrahydro-2H-pyran-4-
yl)-lH-imidazol-5-yl]pyrimidin-2-amine
5-Fluoro-4-[2-methyl- 1-(tetrahydro-2H-pyran-4-yl)-
1H-imidazol-5-yl]pyrimidin-2-amine (50 mg, 180 mmol,
obtained from Example 7(e)) and
l-[l-(4-bromophenyl)ethyl]azetidine (obtained from
Example 37(a)) (43.3 mg, 180 mmol) in dry dioxane (2.3
mL) were purged with Ar (gas) for 10 min. Pd2(dba)3
(8.3 mg, 9 mmol), X-Phos (8.6 mg, 18 mmol) and Cs2CO3
(102 mg, 289 mmol) were added and Ar (g) was bubbled
through the mixture for 5 min prior to heating at +90
0C for 5 1 h. The mixture was allowed to cool, diluted
with CH2Cl2 and filtered through diatomaceous earth.
The organics were washed with water, dried (Na2SO4),
filtered and concentrated. The crude was purified by
flash silica gel chromatography CHCl3ZMeOH 9:1- 3:1 to
give 40 mg (51%). 1R NMR (600 MHz, CD3OD) d 8.39 (d, 1
H), 7.55 (d, 2 H), 7.42 (d, 1 H), 7.26 (d, 2 H), 5.21
(m, 1 H), 3.91 (m 2 H), 3.52 (m, 1 H), 3.41 (m, 2 H),
3.25 (m, 2 H), 3.19 (t, 2 H), 2.61 (s, 3 H)52.34 (m, 2
H)5 2.11 (quintet, 2 H)5 1.86 (m52 H), 1.27 (d, 3 H);
MS (ES) m/z 435 (M-I).Example 37(a)
l-[l-(4-Bromophenyl)ethyl]azetidine DIPEA (1.98 mL,
11.4 mmol) and azetidine (307 mL, 4.56 mmol) were
added to 1-bromo- 4-(l-chloroethyl)benzene (Woolman et
al. J Chem. Soc. 1943, 99-101) (500 mg, 2.28 mmol) in
dry MeCN (2.5 mL) and the solution was heated at +60 C
for 74 h. More azetidine (100 mL, 1.48 mmol) was
added, and after heating for 23 more hours even more
azetidine (100 mL, 1.48 mmol) and DIPEA (500 mL, 2.87
mmol) were added and the mixture was heated for a
further 27 h. After cooling and concentration the
crude was diluted with CH2Cl2. The organics were
washed with water, brine and water, dried (Na2SO4),
filtered and concentrated to give 481 mg (87%) of the
desired product. 1H NMR (400 MHz, DMSO-de) d 7.47 (m,
2 H), 7.24 (m, 2 H), 3.22 (q, 1 H), 3.04 (m, 2 H),
2.96 (m, 2 H), 1.88 (quintet, 2 H), 1.05 (d, 3 H); MS
(ES) m/z 240/242 (MZM+2). Example 38
5-Fluoro-4-[2-methyl-l-(tetrahydro-2H-pyran-4-yl)-lH-i
midazoI-5-yI]-N-[4-(2-
morpholin-4-ylethyl)phenyl]pyrimidin-2-amine
5-Fluoro-4-[2-methyl- 1-(tetrahydro-2H-pyran-4-yl)-
1H-imidazol-5-yl]pyrimidin-2-amine (50 mg, 180 mmol,
obtained from Example 7(e)) and 4-[2-(4-
bromorhenyl)ethyl]morpholine (King et al. Tet. Lett.
2005, 46, 1471-1474) (48.7 mg, 180 mmol) in dry
dioxane (2.3 mL) were purged with Ar (gas) for 10 min.
Pd2(dba)3 (8.3 mg, 9 mmol), X-Phos (8.6 mg, 18 mmol)
and Cs2CO3 (102 mg, 289 mmol) were added and Ar (g)
was bubbled through the mixture for 5 min prior to
heating at +90 0C for 72 h. The mixture was allowed to
cool, diluted with CH2Cl2 and filtered through
diatomaceous earth. The organics were washed with
water, dried (Na SO4), filtered and concentrated. The
crude was purified by flash silica gel chromatography
EtOAc/MeOH 20:1- 5:1, the residue wasdissolved in
CHCl3 and filtered through tightly packed glass wool
and concentrated to give 4 1 mg of the title compound
(49%). 1H NMR (400 MHz, DMSO-d ) d 9.42 (s, 1 H), 8.53
(d, 1 H), 7.46 (d, 2 H), 7.33 (d, 1 H), 7.12 (d, 2 H),
5.03 (m, 1 H), 3.80 (m, 2 H), 3.57 (t, 4 H), 3.03 (t,
2 H), 2.68 (t, 2 H), 2.53 



s (s, 3 H), 2.47 (m, 2 H), 2.41 (m, 4 H), 2.15 (m, 2
H), 1.76 (m, 2 H); MS (ES) m/z 467 (M+l). Example 39
iV-[4-(Methylsulfonyl)phenyl]-4-[2-methyl-l-(tetrahydr
o-2fi-pyran-4-yl)-l Hio imidazol-5-yl]
pyrimidin-2-amine The title compound was prepared in
accordance with the general method E using 4-[2-
methyl- 1-(tetrahydro-2H-pyran-4-yl)-
lH-imidazol-5-yl]pyrimidin-2-amine (obtained from
Example 39(a)) (60.4 mg, 0.233 mmol),
l-bromo-4-(methylsulfonyl)benzene (54.8 mg, is 0.233
mmol), Cs2CO3 (152 mg, 0.466 mmol), Pd2(dba)3 (5 mg,
0.006 mmol) and X-Phos (7 mg, 0.012 mmol) to give the
title compound (48 mg, 50%). 1H NMR (400 MHz, CDCl3) d
ppm 8.43 (d, J=5.3 Hz, 1H) 7.96 (s, 1H) 7.78 - 7.88
(m, 4 H) 7.43 (s, 1H) 7.02 (d, J=5.3 Hz, 1H) 5.12 -
5.24 (m, 1 H) 4.04 (dd, J=I 1.5, 4.4 Hz, 2 H) 3.24 -
3.34 (m, 2 H) 3.04 (s, 3 H) 2.61 (s, 3 H) 2.39 - 2.53
(m, 2 H) 1.85 (dd, J=12.4, 2.8 20 Hz, 2 H); MS (ESI)
m/z 414 (M + 1). Example 39(a)
4-[2-Methyl-l-(tetrahydro-2H-pyran-4-yl)-lH-imidazol-5
- ylJpyrimidin-2-amine(2E)-3-Dimethylamino-
1-[2-methyl- 1-(tetrahydro-2H-pyran-4-yl)-
lH-imidazol-5-yl]prop- 2-en-l-one (described within WO
2005101997) (1.824 g, 6.925 mmol) and guanidine
carbonate (3.12 g, 17.3 1 mmol) were dissolved in
n-BuOH (3 1 mL) and MeONa ( 1.50 g, 27.70 mmol) was
added. The mixture was heated at +125C (oil bath
temperature) for 20 hours. Saturated NH4Cl (20 mL) was
added and the mixture was extracted with CH2Cl2 (3x30
mL). Drying (Na2SO ), filtration and concentration
gave a crude product which was purified by flash
chromatography (CH2Cl2/Me0H 25:1 20:1 - 15:1) to
afford a solid (1.3 g, 72%). 1H NMR (400 MHz, CDCl3) d
ppm 8.24 (d, J=5.3 Hz5 1 H) 7.37 (s, 1H) 6.83 (d,
J=5.3 Hz, 1H) 5.23 - 5.34 (m, 1H) 5.04 (s, 2 H) 4.13
(dd, J= I 1.6, 4.5 Hz, 2 H) 3.44 - 3.54 (m, 2 H) 2.60
(s, 3 H) 2.43 - 2.56 (m, 2 H) 1.85 - 1.93 (m, 2 H); MS
(ESI) m/z 260 (M + 1). Example 40
iV-{4-[(4-Methylpiperazin-l-yl)sulfonyl]phenyl}-4-[2-m
ethyl-l-(tetrahydro-2J -pyran- 4-yl)-l
Hr-imidazol-5-yl]pyrimidin-2-amine The title compound
was prepared in accordance with the general method E
using 4-[2- methyl-l-(tetrahydro-2 -pyran-4-yl)-l
-irnidazol-5-yl]pyrimidm-2-amme (64.6 mg, 0.249 mmol,
obtained Example 39(a)),
l-[(4-bromophenyl)sulfonyl]-4-methylpiperazine
(described in WO 2003004472) (79.5 mg, 0.249 mmol),
Cs2CO3 (162 mg, 0.498 mmol), Pd2(dba)3 (6 mg, 0.006
mmol) and X-Phos (7 mg, 0.013 mmol) to give the title
compound (54 mg, 43%). 1HNMR (400 MHz, CDCl3) d ppm
8.42 (d, J=5.3 Hz, 1H) 7.89 (s, 1 H) 7.75 - 7.81 (m, 2
H) 7.65 (d, J=8.8 Hz, 2 H) 7.41 (s, 1H) 7.00 (d, J=5.3
Hz, 1H) 5.12 - 5.26 (m, 1H) 4.05 (dd, J=I 1.6, 4.3 Hz,
2 H) 3.24 - 3.36 (m, 2 H) 3.02 (s, 4 H) 2.61 (s, 3 H)
2.37 - 2.53 (m, 6 H) 2.24 (s, 3 H) 1.85 (dd, J=12.1,
2.8 Hz, 2 H); MS (ESI) m/z 498 (M + 1).Example 41
-{4-[(4-Methylpiperazin-l-yl)carbonyl]phenyl}-4-[2-met
hyl-l-(tetrahydro-2J - pyr an-4-yl)-l
-imidazol-5-yl]pyr imidin-2-amine The title compound
was prepared in accordance with the general method E
using 4-[2- methyl-l-(tetrahydro-2 H-pyran-4-yl)-l
H-imidazol-5-yl]pyrimidin-2-amine (64.5 mg, 0.249
mmol, obtained Example 39(a)),
l-(4-bromobenzoyl)-4-methylpiperazine (described in WO
2003004472) (70.4 mg, 0.249 mmol), Cs2CO3 (162 mg,
0.497 mmol), Pd2(dba)3 (6 mg, 0.006 mmol) and X-Phos
(7 mg, 0.012 mmol) to give the title compound (42 mg,
37%). 1H NMR (400 MHz, CDCl3) d ppm 8.38 (d, J=5.3 Hz,
1H) 7.69 (s, 1H) 7.62 (d, J=8.6 Hz, 2 H) 7.33 - 7.42
(m, 3 H) 6.94 (d, J=5.3 Hz, 1H) 5.17 - 5.27 (m, 1H)
4.01 (dd, J=I 1.5, 4.4 Hz, 2 H) 3.64 (s, 4 H) 3.16 -
3.32 (m, 2 H) 2.60 (s, 3 H) 2.33 - 2.53 (m, 6 H) 2.31
(s, 3 H) 1.84 (dd, J=12.3, 2.7 Hz, 2 H); MS (ESI) m/z
462 (M + 1). Example 42 4-[2-Methyl-l -(tet r ahydr
o-2 T-pyr an-4-yl)-l i
-imidazol-5-yl]-iV-[4-(morpholm-4-
ylmethyl)phenyl]pyrimidin-2-amine The title compound
was prepared in accordance with the general method E
using 4-[2- methyl-l-(tetrahydro-2 H-pyran-4-yl)-l
r-imidazol-5-yl]pyrimidin-2-amine (65.8 mg, 0.254
mmol, obtained Example 39(a)),
4-(4-bromobenzyl)morpholine (65.0 mg, 0.254 mmol),
Cs2CO3 (165 mg, 0.508 mmol), Pd2(dba)3 (6 mg, 0.006
mmol) andX-Phos (7 mg, 0.013 mmol) to give the title
compound (24 mg, 21%).1HNMR (400 MHz, CDCl3) d ppm
8.29 (d, J=5.3 Hz, 1H) 7.42 (d, J=8.3 Hz, 2 H) 7.31
(s, 2 H) 7.19 (d, J=7.8 Hz, 2 H) 6.83 (d, J=5.3 Hz,
1H) 5.16 - 5.28 (m, 1H) 3.88 (dd, J I 1.6, 4.3 Hz, 2
H) 3.59 - 3.68 (m, 4 H) 3.39 (s, 2 H) 3.03 - 3.14 (m,
2 H) 2.54 (s, 3 H) 2.35 - 2.42 (m, 4 H) 2.22 - 2.35
(m, 2 H) 1.76 (dd, J=12.3, 2.4 Hz, 2 H); MS (ESI) m/z
435 (M + 1). Example 43 4-[2-methyl-l-(tetrahydro-2
ff-pyran-4-yl)-li  -imidazol-5-yl]-iV-[4-(morpholin-4-
ylsulfonyl)phenyl]pyrimidin-2-amine The title compound
was prepared in accordance with the general method E
using 4-[2- methyl- 1-(tetrahydro-2i/-pyran-4-yl)-
lH-imidazol-5-yl]pyrimidin-2-amine (66.5 mg, 0.256
mmol, obtained Example 39(a)),
4-[(4-bromorhenyl)sulfonyl]morpholine (78.5 mg, 0.256
mmol), Cs2CO3 (167 mg, 0.513 mmol), Pd2(dba)3 (6 mg,
0.006 mmol) and X-Phos (7 mg, 0.013 mmol) to give the
title compound (30 mg, 24%). 1 NMR (400 MHz, CDCl3) d
ppm 8.44 (d, J=5.3 Hz5 1H) 7.83 (d, J=8.8 Hz, 2 H)
7.69 (d, J=8.8 Hz, 2 H) 7.64 (s, 1 H) 7.45 (s, 1H)
7.03 (d, J=5.3 Hz, 1H) 5.10 - 5.24 (m, 1H) 4.09 (dd,
J=I 1.5, 4.4 Hz, 2 H) 3.69 - 3.80 (m, 4 H) 3.30 - 3.41
(m, 2 H) 2.94 - 3.07 (m, 4 H) 2.63 (s, 3 H) 2.44 -
2.59 (m, 2 H) 1.87 (dd, J=12.4, 2.8 Hz, 2 H); MS (ESI)
m/z 485 (M + 1)- Example 44
iV-(4-{[4-(2-Methoxyethyl)piperazin-l-yl]sulfonyl}phen
yl)-4-[2-methyl-l-(tetrahydro-
2i?-pyran-4-yl)-lJ?-imidazol-5-yl]pyrimidin-2-amineThe
title compound was prepared in accordance with the
general method E using 4-[2- methyl-l-(tetrahydro-2
H-pyran-4-yl)-l H-irnidazol-5-yl]pyrimidin-2-amine
(76.0 mg, 0.293 mmol, obtained from Example 39(a)),
l-[(4-bromophenyl)sulfonyl]-4-(2-
methoxyethyl)piperazine (106.5 mg, 0.293 mmol,
obtained from Example 44(a)), Cs2CO3 (191 mg, 0.586
mmol), Pd2(dba)3 (7 mg, 0.007 mmol) and X-Phos (9 mg,
0.015 mmol) to give the title compound (41 mg, 26%).
1H NMR (400 MHz, CDCl3) d ppm 8.43 (d, J=5.3 Hz, 1H)
7.78 (d, ./=9.1 Hz, 3 H) 7.66 (d, J=8.8 Hz, 2 H) 7.42
(s, 1H) 7.01 (d, J=5.3 Hz, 1H) 5.14 - 5.25 (m, 1H)
4.06 (dd, 



J=I 1.5, 4.4 Hz, 2 H) 3.43 (t, J=5.3 Hz, 2 H) 3.26 -
3.37 (m, 5 H) 3.05 (s, 4 H) 2.62 (s, 3 H) 2.55 (q,
J=5.5 Hz, 6 H) 2.40 - 2.53 (m, 2 H) 1.86 (dd, ./=12.3,
2.7 Hz, 2 H); MS (ESI) m/z 542 (M + 1). Example 44(a)
l~[(4-Bromophenyl)sulfonyl]-4-(2-methoxyethyl)piperazi
ne The title compound was prepared in accordance with
the general method F using 4- bromobenzenesulfonyl
chloride (201.7 mg, 0.789 mmol) and l-(2-
methoxyethyl)piperazine (113.8 mg, 0.789 mmol) to give
the title compound (277 mg, 97%). 1H NMR (400 MHz,
CDCl3) d ppm 7.64 - 7.69 (m, 2 H) 7.57 - 7.62 (m, 2 H)
3.47 (t, J=5.2 Hz, 2 H) 3.30 (s, 3 H) 3.08 (s, 4 H)
2.62 (d, J=4.8 Hz, 6 H); MS (ESI) m/z 364 (M + 1).
Example 45
/y_{4-[(4-Isopropylpiperazin-l-yl)sulfonyl]phenyl}-4-[
2-methyl-l-(tetrahydro-2fipyran-
4-yl)~llf-imidazol~5-yl]pyrimidin-2~amineThe title
compound was prepared in accordance with the general
method E using 4-[2-
methyl-1-(tetrahydro-2H-pyran-4-yl)-
lH-imidazol-5-yl]pyrimidin-2-amine (72.4 mg, 0.279
mmol, obtained from Example 39(a)),
l-[(4-bromophenyl)sulfonyl]-4- isopropylpiperazine
(prepared as described in Example 45a) (97.0 mg, 0.279
mmol), s Cs2CO3 ( 182.0 mg, 0.559 mmol), Pd2(dba)3 (6
mg, 0.007 mmol) and X-Phos (8 mg, 0.014 mmol) to give
the title compound (35 mg, 24%). 1H NMR (400 MHz,
CDCl3) d ppm 8.43 (d, J=5.1 Hz, 1H) 7.75 - 7.81 (m, 2
H) 7.72 (s, 1 H) 7.67 (d, J=8.6 Hz, 2 H) 7.43 (s, 1 H)
7.02 (d, J=5.1 Hz, 1H) 5.14 - 5.25 (m, 1 H) 4.07 (dd,
J=I 1.5, 4.4 Hz, 2 H) 3.27 - 3.38 (m, 2 H) 3.02 (s, 4
H) 2.64 - 2.71 (m, 1 H) 2.62 (s, 3 o H) 2.55 - 2.61
(m, 4 H) 2.41 - 2.54 (m, 2 H) 1.86 (dd, J =12.4, 2.8
Hz, 2 H) 0.99 (d, J=6.6 Hz, 6 H); MS (ESI) m/z 526 (M
+ 1). Example 45(a)
l-[(4-Bromophenyl)sulfonyl]-4-isopropylpiperazine s
The title compound was prepared in accordance with the
general method F using 4- bromobenzenesulfonyl
chloride (272.5 mg, 1.067 mmol) and
1-isopropylpiperazine (136.7 mg, 1.067 mmol) to give
the title compound (360 mg, 97%). 1H NMR (400 MHz,
CDCl3) d ppm 7.64 - 7.70 (m, 2 H) 7.59 - 7.64 (m, 2 H)
3.02 (s, 4 H) 2.64 - 2.72 (m, 1H) 2.55 - 2.63 (m, 4 H)
1.00 (d, J=6.6 Hz, 6 H); MS (ESI) m/z 348 (M + 0 1).
Example 46 4-[2-Methyl-l-(tetrahydro-2iy yran-4-yl)-li
-imidazol-5-yl]-iV-[4-(pyrrolidin-lylsulfonyl)
phenyl]pyrimidin-2-amine SThe title compound was
prepared in accordance with the general method E using
4-[2- methyl-l-(tetrahydro-2/i-pyran-4-yl)-l
-iniidazol-5-yl]pyrirnidin-2-amine (62.4 mg, 0.241
mmol, obtained from Example 39(a)),
l-[(4-bromophenyl)sulfonyl]pyrrolidine (69.8 mg, 0.241
mmol), Cs2CO3 (156.8 mg, 0.481 mmol), Pd2(dba)3 (6 mg,
0.006 mmol) and Xs Phos (7 mg, 0.012 mmol) to give the
title compound (58 mg, 51%). 1H NMR (400 MHz, CDCl3) d
ppm 8.43 (d, J=5.3 Hz, 1H) 7.86 (s, 1H) 7.72 - 7.81
(m, 4 H) 7.42 (s, 1H) 7.00 (d, J=5.3 Hz, 1H) 5.13 -
5.24 (m, 1H) 4.05 (dd, J=11.5, 4.4 Hz, 2 H) 3.26 -
3.36 (m, 2 H) 3.18 - 3.26 (m, 4 H) 2.61 (s, 3 H) 2.40
- 2.53 (m, 2 H) 1.85 (dd, J=12.3, 2.7 Hz, 2 H) 1.70 -
1.78 (m, 4 H); MS (ESI) m/z 469 (M+ 1). 0 Example 47
(iV-(l-Methylpiperidin-4-yl)-4-({4-[2-methyl-l-(tetrah
ydro-2J -pyran-4-yl)-l -
imidazol-5-yl]pyrimidin-2-yl}amino)benzenesuIfonamide
s The title compound was prepared in accordance with
the general method E using 4-[2- methyH-(tetrahydro-2
;-pyran-4-yl)-l -imidazol-5-yl]pyrimidin-2-amine (71
.5 mg, 0.276 mmol, obtained from Example 39(a)),
4-bromo-iV-(l-methylpiperidin-4- yl)benzenesulfonamide
(obtained from Example 47(a)) (91.9 mg, 0.276 mmol),
Cs2CO3 (179.7 mg, 0.552 mmol), Pd2(dba)3 (6 mg, 0.007
mmol) and X-Phos (8 mg, 0.014 mmol) to 0 give the
title compound (61 mg, 43%). 1H NMR (400 MHz, CDCl3) d
ppm 8.44 (d, J=5.3 Hz, 1H) 7.81 (q, J=9.1 Hz, 4 H)
7.45 (s, 1H) 7.04 (d, J=5.3 Hz, 1H) 5.12 - 5.24 (m,
1H) 4.10 (dd, J=I 1.6, 4.5 Hz, 2 H) 3.34 (t, J=ILl Hz,
2 H) 3.00 (s, 2 H) 2.62 - 2.68 (m, 4 H) 2.53 (dd,
J=12.6, 4.5 Hz, 4 H) 2.45 (s, 3 H) 2.02 (s, 3 H) 1.88
(dd, J=12.9, 3.3 Hz, 2 H) some overlap of protons; MS
(ESI) m/z 512 5 (M + 1).Example 47(a)
4-Bromo-N-(l-methylpiperidin-4-yl)benzenesulfonamide
The title compound was prepared in accordance with the
general method F using 4- bromobenzenesulfonyl
chloride (200.5 mg, 0.785 mmol) and
l-methylpiperidin-4-amine 5 (89.6 mg, 0.785 mmol) to
give the title compound (245 mg, 94%). 1H NMR (400 MHz
CDCl3) d ppm 7.72 - 7.78 (m, 2 H) 7.63 - 7.68 (m, 2 H)
3.1 1 - 3.22 (m, 1H) 2.70 (d, J=I 1.6 Hz, 2 H) 2.24
(s, 3 H) 2.03 (t, J=10.9 Hz, 2 H) 1.73 - 1.83 (m, 2 H)
1.44 - 1.57 (m, 2 H); MS (ESI) m/z 334 (M + 1). io
Example 48
iV-{4-[(4-Methyl-l,4-diazepan-l-yl)sulfonyl]phenyl}-4-
[2-methyl-l-(tetrahydro-2 - pyr an-4-yl)-l
T-imidazol-5-yl]pyr imidin-2-amine The title compound
was prepared in accordance with the general method E
using 4-[2- I5
methyl-l-(tetrahydro-2H-pyran-4-yl)-lH-imidazol-5-yl]p
yrimidin-2-amine (53.0 mg, 0.204 mmol, obtained from
Example 39(a)),
l-[(4-bromophenyl)sulfonyl]-4-methyl-l,4- diazepane
(as described in WO 2003004472) (75.6 mg, 0.204 mmol),
Cs2CO3 (199.8 mg, 0.613 mmol), Pd2(dba)3 (5 mg, 0.005
mmol) and X-Phos (6 mg, 0.010 mmol) to give the title
compound (15 mg, 15%). 20 1H NMR (400 MHz, CDCl3) d
ppm 8.43 (d, J=5.3 Hz, 1H) 7.69 - 7.81 (m, 4 H) 7.61
(s, 1 H) 7.44 (s, 1H) 7.02 (d, J=5.3 Hz5 1H) 5.12 -
5.24 (m, 1H) 4.08 (dd, J=I 1.6, 4.5 Hz, 2 H) 3.27 -
3.46 (m, 6 H) 2.64 - 2.73 (m5 4 H) 2.63 (s, 3 H) 2.44
- 2.57 (m5 2 H) 2.38 (s5 3 H) 1.82 - 1.94 (m, 4 H); MS
(ESI) m/z 512 (M + 1). 5Example 49
iV^V-Diethyl-4-({4-[2-methyl-l-(tetrahydro-2
H-pyran-4-yl)-li  -iinidazol-5-
yl]pyrimidin-2-yl}amino)benzenesulfonamide The title
compound was prepared in accordance with the general
method E using 4-[2- methyl-
1-(tetrahydro-2H-pyran-4-yl)-
1H-imidazol-5-yl]pyrimidm-2-amine (54.9 mg, 0.212
mmol, obtained from Example 39(a)),
4-bromo-N,N-diethylbenzenesulfonamide (as described in
J . Med. Chern., 2000, 43, 3878) (61.9 mg, 0.212
mmol), Cs2CO3 (138.0 mg, 0.423 mmol), Pd2(dba)3 (5 mg,
0.005 mmol) and X-Phos (6 mg, 0.01 1 mmol) to give the
title compound (69 mg, 69%). 



1HNMR (400 MHz, CDCl3) d ppm 8.41 (d, J=5.3 Hz, 1H)
7.96 (s, 1H) 7.67 - 7.77 (m, 4 H) 7.40 (s, 1H) 6.99
(d, J=5.1 Hz, 1H) 5.13 - 5.24 (m, 1H) 4.02 (dd,
J=11.5, 4.4 Hz, 2 H) 3.24 - 3.33 (m, 2 H) 3.21 (q,
J=7.2 Hz, 4 H) 2.60 (s, 3 H) 2.36 - 2.51 (m, 2 H) 1.84
(dd, J=12.4, 2.8 Hz, 2 H) 1.1 1 (t, J=7.2 Hz, 6 H); MS
(ESI) m/z All (M + 1). Example 50
-[4-(Azetidin-l-ylsulfonyl)phenyl]-4-[2-methyl-l-(tetr
ahydro-2 -pyran-4-yl)-lJ?- imidazol-5-yl]
pyrimidin-2-amine The title compound was prepared in
accordance with the general method E using 4-[2-
methyl-l-(tetrahydro-2 -pyran-4-yl)-l
-imidazol-5-yl]pyrimidin-2-amine (59.2 mg, 0.228 mmol,
obtained from Example 39(a)),
l-[(4-bromophenyl)sulfonyl]azetidine (obtained from
Example 50(a)) (63.0 mg, 0.228 mmol), Cs2CO3 (148.8
mg, 0.457 mmol),Pd2(dba)3 (5 mg, 0.006 mmol) and
X-Phos (7 mg, 0.01 1 mmol) to give the title compound
(28 mg, 27%). 1H NMR (400 MHz3CDCl3) d ppm 8.45 (d,
/=5.3 Hz, 1H) 7.81 - 7.88 (m, 2 H) 7.74 - 7.81 (m, 3
H) 7.44 (s, 1H) 7.03 (d, J=5.3 Hz, 1H) 5.13 - 5.25 (m,
1H) 4.08 (dd, J=I 1.6, 4.5 Hz, 2 H) 3.77 (t, J=7.7 Hz,
4 H) 3.28 - 3.39 (m, 2 H) 2.63 (s, 3 H) 2.43 - 2.57
(m, 2 H) 2.02 - 2.1 1 (m, 2 H) 1.87 (dd, J=YlA, 2.8
Hz, 2 H); MS (ESI) m/z 455 (M + 1). Example 50(a)
l-[(4~Bromophenyl)sulfonyl]azetidine I0 The title
compound was prepared in accordance with the general
method F using Abromobenzenesulfonyl chloride (314.4
mg, 1.230 mmol) and azetidine (70.3 mg, 1.230 mmol) to
give the title compound (315 mg, 93%). 1H NMR (400
MHz, CDCl3) d ppm 7.72 (d, J=I.5 Hz, 4 H) 3.80 (t, 4
H) 2.06 - 2.17 (m, 2 H); MS (ESI) m/z 277 (M + 1). is
Example 51
7V-{3-[(4-Methylpiperazin-l-yl)sulfonyl]phenyl}-4-[2-m
ethyl-l-(tetrahydro-2fl-pyran- 4-yl)-l
-imidazol-5-yl]pyrimidin-2-amine 20 The title compound
was prepared in accordance with the general method E
using 4-[2- methyl-l-(tetrahydro-2 H-pyran-4-yl)-l
H-imidazol-5-yl]pyrimidin-2-amine (60.1 mg, 0.232
mmol, obtained from Example 39(a)),
l-[(3-bromophenyl)sulfonyl]-4- methylpiperazine
(obtained from Example 51a) (74.0 mg, 0.232 mmol),
Cs2CO3 (151.0 mg, 0.464 mmol), Pd2(dba)3 (5 mg, 0.006
mmol) and X-Phos (7 mg, 0.012 mmol) to give 25 the
title compound (65 mg, 57%). 1H NMR (400 MHz, CDCl3) d
ppm 8.38 (d, J=5.3 Hz, 1H) 8.00 (s, 1 H) 7.96 (s, 1H)
7.86 (d, /=8.6 Hz, 1H) 7.34 - 7.46 (m, 3 H) 6.95 (d,
J=5.3 Hz, 1H) 5.12 - 5.24 (m, 1H) 3.99(dd, J=11.5, 4.2
Hz, 2 H) 3.20 (t, J 1.2 Hz, 2 H) 3.03 (s, 4 H) 2.59
(s, 3 H) 2.30 - 2.48 (m, 6 H) 2.22 (s, 3 H) 1.84 (dd,
J=12.1, 2.5 Hz, 2 H); MS (ESI) m/z 498 (M + 1).
Example 51(a)
l-[(3-Bromophenyl)sulfonyl]-4-methylpiperazine The
title compound was prepared in accordance with the
general method F using 3- bromobenzenesulfonyl
chloride (357.1 mg, 1.398 mmol) and 1-methylpiperazine
(153.9 mg, 1.537 mmol) to give the title compound (393
mg, 100%). 1H NMR (400 MHz, CDCl3) d ppm 7.90 (t,
J=1.8 Hz, 1H) 7.71 - 7.75 (m, 1H) 7.66 - 7.70 io (m,
1H) 7.41 (t, J=8.0 Hz, 1H) 3.06 (s, 4 H) 2.45 - 2.53
(m, 4 H) 2.28 (s, 3 H); MS (ESI) m/z 320 (M + 1).
Example 52
iV-{3-Chloro-4-[(4-methylpiperazin-l-yl)sulfonyl]pheny
l}-4-[2-methyl-l-(tetrahydro- The title compound was
prepared in accordance with the general method E using
4-[2- methyl-l-(tetrahydro-2 H-pyran-4-yl)-l
H-imidazol-5-yl]pyrimidin-2-amine (59.0 mg, 0.228
mmol, obtained from Example 39(a)),
l-[(4-bromo-2-chlorophenyl)sulfonyl]-4- 20
methylpiperazine (obtained from Example 52(a)) (80.5
mg, 0.228 mmol), Cs2CO3 (148.3 mg, 0.455 mmol),
Pd2(dba)3 (5 mg, 0.006 mmol) and X-Phos (7 mg, 0.01 1
mmol) to give the title compound (59 mg, 49%). 1H NMR
(400 MHz, CDCl3) d ppm 8.43 (d, J=5.3 Hz, 1H) 8.05 (s,
1 H) 8.00 (d, J=2.3 Hz, 1H) 7.90 (d, J=8.8 Hz, 1H)
7.50 (dd, J=8.7, 2.1 Hz, 1H) 7.42 (s, 1H) 7.03 (d,
J=5.3 Hz, i 1H) 5.12 - 5.24 (m, 1H) 4.05 (dd, J=11.5,
4.4 Hz, 2 H) 3.22 - 3.35 (m, 6 H) 2.61 (s, 3 H)2.37 -
2.52 (m, 6 H) 2.26 (s, 3 H) 1.87 (dd, J=12.4, 2.8 Hz,
2 H); MS (ESI) m/z 533 (M + 1). Example 52(a)
l-[(4-Bromo-2-chlorophenyl)sulfonyl]-4-metkylpiperazin
e The title compound was prepared in accordance with
the general method F using 4-bromo-
2-chlorobenzenesulfonyl chloride (326.0 mg, 1.124
mmol) and 1-methylpiperazine (123.9 mg, 1.234 mmol) to
give the title compound (406 mg, 100%). 1H NMR (400
MHz, CDCl3) d ppm 7.86 (d, J=8.6 Hz, 1 H) 7.67 (d,
J=I. 8 Hz, 1H) 7.51 io (dd, J=8.6, 2.0 Hz, 1H) 3.26 -
3.34 (m, 4 H) 2.42 - 2.49 (m, 4 H) 2.29 (s, 3 H); MS
(ESI) m/z 354 (M + 1). Example 53
iV-{3-Methyl-4-[(4-methylpiperazin-l-yl)sulfonyl]pheny
l}-4-[2-methyl-l-(tetrahydroi 5 2 -pyran-4-yl)-l
-imidazol-5-yl]pyrimidiii-2-amine The title compound
was prepared in accordance with the general method E
using 4-[2- methyl- 1-(tetrahydro-2H-pyran-4-yl)-
lH-imidazol-5-yl]pyrimidin-2-amine (60. 1 mg, 0.232
mmol, obtained from Example 39(a)),
l-[(4-bromo-2-methylphenyl)sulfonyl]-4- 20
methylpiperazine (obtained from Example 53(a)) (77.2
mg, 0.232 mmol), Cs CO3 (151.0 mg, 0.463 mmol),
Pd2(dba)3 (5 mg, 0.006 mmol) and X-Phos (7 mg, 0.012
mmol) to give the title compound (49 mg, 41%). 1H NMR
(400 MHz, CDCl3) d ppm 8.42 (d, J=5.3 Hz, 1H) 7.81 (d,
J=8.6 Hz, 1 H) 7.63 - 7.70 (m, 2 H) 7.46 (d, J=2.0 Hz,
1H) 7.42 (s, 1H) 6.99 (d, J=5.3 Hz, 1H) 5.13 - 5.25
(m, 2S 1H) 4.05 (dd, J=I 1.6, 4.3 Hz, 2 H) 3.24 - 3.35
(m, 2 H) 3.1 1 - 3.22 (m, 4 H) 2.60 (d, J=7.6Hz, 6 H)
2.38 - 2.53 (m, 6 H) 2.27 (s, 3 H) 1.84 (dd, J=12.3,
2.7 Hz, 2 H); MS (ESI) m/z 512 (M + 1). Example 53(a)
1-[(4-Bromo-2-methylphenyl)$ulfonyl]-4-methylpiperazin
e The title compound was prepared in accordance with
the general method F using 4-bromo-
2-methylbenzenesulfonyl chloride (332.6 mg, 1.234
mmol) and 1-methylpiperazine (135.9 mg, 1.357 mmol) to
give the title compound (411 mg, 100%). 1 NMR (400
MHz, CDCl3) d ppm 7.75 (d, J=8.3 Hz, 1H) 7.44 - 7.52
(m, 2 H) 3.23 (s, 4 H) 2.61 (s, 3 H) 2.49 (s, 4 H)
2.32 (s, 3 H); MS (ESI) m/z 334 (M + 1). Example 54
5-Fluoro-iV-(4-{[(3R)-3-methylmorpholiii-4-yl]sulfonyl
}phenyl)-4-[2-methyl-l- (tetrahydro-2i -pyran-4-yl)-lJ
-imidazoI-5-yl]pyrimidin-2-amine The title compound
was prepared in accordance with the general method E
using 5-Fluoro- 4-[2-methyl-l-(tetrahydro-2
H-pyran-4-yl)-l H-imidazol-5-yl]pyrimidin-2-amine
(52.0 mg, 



0.188 mmol, obtained from Example 7(e))s
(3i?)-4-[(4-bromophenyl)sulfonyl]-3- methylmorpholine
(obtained from Example 54(a)) (60.0 mg, 0.188 mmol),
Cs2CO3 (122.2 mg, 0.375 mmol), Pd2(dba)3 (4 mg, 0.005
mmol) and X-Phos (7 mg, 0.009 mmol) to give the title
compound (24 mg, 25%). 1 NMR (400 MHz, CDCl3) d ppm
8.36 (d, J=3.0 Hz, 1 H) 7.70 - 7.77 (m, 5 H) 7.68 (d,
J=3.8 Hz, 1H) 4.99 - 5.12 (m, 1H) 4.10 (dd, J=I 1.7,
4.7 Hz, 2 H) 3.92 (q, J=6.7 Hz, 1 H) 3.78 - 3.85 (m, 1
H) 3.54 - 3.63 (m, 2 H) 3.40 - 3.52 (m, 2 H) 3.34 (t,
J=I 1.6 Hz, 2 H) 3.21- 3.30 (m, 1H) 2.65 (s, 3 H) 2.48
- 2.62 (m, 2 H) 1.87 (dd, J=12.8, 3.7 Hz, 2 H) 1.17
(d, J=6.8 Hz, 3 H); MS (ESI) m/z 517 (M + 1). Example
54(a)
(3R)-4-[(4-Bromophenyl)sulfonyl]-3-methylmorpholine
The title compound was prepared in accordance with the
general method F using 4- bromobenzenesulfonyl
chloride (294.9 mg, 1.154 mmol) and
(3i?)-3-methylmorpholme (128.4 mg, 1.269 mmol) to give
the title compound (368 mg, 99%). 1H NMR (400 MHz,
CDCl3) d ppm 7.67 (d, J=2.3 Hz, 4 H) 3.80 - 3.86 (m,
1H) 3.58 (d, io J=2.3 Hz, 2 H) 3.42 - 3.50 (m, 2 H)
3.21 - 3.30 (m, 1H) 1.45 (d, J=6.6 Hz, 1H) 1.15 (d,
J=6.8 Hz, 3 H); MS (ESI) m/z 321 (M + 1). Example 55
5-Fluoro-iV-{3-methyl-4-[(4-inethylpiperaziii-l-yl)sul
fonyl]phenyl}-4-[2-methyl-lis (tetrahydro-2fl-pyr
an-4-yl)-lJ  -imidazol-5-yl] pyrimidin-2-amine The
title compound was prepared in accordance with the
general method E using 5-Fluoro-
4-[2-methyl-l-(tetrahydro-2 H-pyran-4-yl)-l
H-imidazol-5-yl]pyrimidin-2-amine (54.6 mg, 0.202
mmol, obtained from Example 7(e)),
l-[(4-bromo-2-methylphenyl)sulfonyl]-4- 20
methylpiperazine (obtained from Example 53(a)) (67.3
mg, 0.202 mmol), Cs2CO (131.6 mg, 0.404 mmol),
Pd2(dba)3 (5 mg, 0.005 mmol) and X-Phos (6 mg, 0.010
mmol) to give the title compound (46 mg, 43%). NMR
(400 MHz, CDCl3) d ppm 8.34 (d, J=2.8 Hz, 1H) 7.81 (d,
J=8.6 Hz, 1 H) 7.65 (d, J=3.8 Hz, 1H) 7.57 - 7.63 (m,
2 H) 7.42 (d, J=2.0 Hz, 1H) 5.03 - 5.14 (m, 1H) 4.07
25 (dd, J=I 1.6, 4.5 Hz52 H) 3.26 - 3.37 (m, 2 H) 3.11
- 3.23 (m, 4 H) 2.63 (s, 3 H) 2.59 (s, 3H) 2.39 - 2.57
(m, 6 H) 2.27 (s, 3 H) 1.85 (dd, J=12.1, 3.0 Hz, 2 H);
MS (ESI) m/z 530 (M + 1). Example 56
5-Fluoro-iV-(4-{[(lS,4
)-5-methyl-2,5-diazabicyclo[2.2.1]hept-2-yl]sulfonyl}p
henyl)-4- [2-methyl-l-(tetrahydro-2 Hr-pyran-4-yl)-l
fiT-iinidazol-5-yl]pyrimidin-2-amine The title
compound was prepared in accordance with the general
method E using 5-Fluoro- 4-[2-methyl-l-(tetrahydro-2
-pyran-4-yl)-l -imidazol-5-yl]pyrimidm-2-amine (53.3
mg, 0.197 mmol, obtained from Example 7(e)),
(15',45)-2-[(4-bromophenyl)sulfonyl]-5-methyl-
2,5-diazabicyclo[2.2.1]heptane (obtained from Example
56(a)) (65.3 mg, 0.197 mmol), Cs2CO3 (128.5 mg, 0.394
mmol), Pd2(dba)3 (5 mg, 0.005 mmol) and X-Phos (6 mg,
0.010 mmol) to give the title compound (60 mg, 57%).
1H NMR (400 MHz, CDCl3) d ppm 8.34 (d, J=2.8 Hz, 1H)
7.88 (s, 1H) 7.73 (s, 4 H) 7.64 (d, J=3.8 Hz, 1H) 5.00
- 5.12 (m, 1 H) 4.22 (s, 1H) 4.06 (dd, J=I 1.6, 4.5
Hz, 2 H) 3.53 (d, J=9.9 Hz, 1 H) 3.27 - 3.37 (m, 3 H)
3.00 (dd, J=9.6, 2.3 Hz, 1 H) 2.83 (dd, J=9.9, 2.5 Hz,
1 H) 2.65 (s, 1H) 2.62 (s, 3 H) 2.43 - 2.57 (m, 2 H)
2.33 (s, 3 H) 1.85 (dd, J=12.5, 3.4 Hz, 2 H) 1.67 (d,
J=9.9 Hz, 1 H) 1.12 (d, J=I 0.1 Hz, 1 H); MS (ESI) m/z
528 (M + 1). Example 56(a)
(lS,4S)-2-[(4-Bromophenyl)sulfonyl]-5-methyl-2,5-
diazabicyclo[2.2. 1] heptane The title compound was
prepared in accordance with the general method F using
4- bromobenzenesulfonyl chloride (309.0 mg, 1.209
mmol), (l,S,45)-2-methyl-2
55-diazabicyclo[2.2.1]heptane hydrobromide (364.5 mg,
1.330 mmol) and also adding Et3N (367.1 mg, 3.628
mmol) to give the title compound (400 mg, 100%). 1H
NMR (400 MHz, CDCl3) 8 ppm 7.65 - 7.73 (m, 4 H) 4.27
(s, 1 H) 3.56 (dd, J=9.6, 1.3 Hz, 1H) 3.36 (s, 1H)
3.02 (dd, J=9.6, 2.3 Hz, 1H) 2.86 (dd, J=9.9, 2.5 Hz,
1 H) 2.65 (dd, J=10.0, 1.1 Hz, 1 H) 2.36 (s, 3 H) 1.74
(d, J=9.9 Hz, 1H) 1.17 (d, J=9.9 Hz, 1 H); MS (ESI)
m/z 332 (M + 1). Example 57
4-({5-Fluoro-4-[2-methyl-l-(tetrahydro-2i?-pyran-4-yl)
-lfl-imidazol-5-yl]pyriinidin-
2-yl}amino)-i\yV-dimethylbenzenesulfonamide The title
compound was prepared in accordance with the general
method E using 5-Fluoro- 4-[2-methyl-l-(tetrahydro-2
H-pyran-4-yl)-l H-imidazol-5-yl]pyrimidin-2-amine
(54.1 mg, 0.200 mmol, obtained from Example 7(e)),
4-bromo-iV,7V-dimethylbenzenesulfonamide (52.9 mg,
0.200 mmol), Cs2CO3 (130.4 mg, 0.400 mmol), Pd2(dba)3
(5 mg, 0.005 mmol) and X-Phos (6 mg, 0.010 mmol) to
give the title compound (44 mg, 47%). 1HNMR (400 MHz,
CDCl3) d ppm 8.35 (d, J=2.8 Hz, 1 H) 7.82 (s, 1H) 7.73
- 7.78 (m, 2 H) 7.67 - 7.71 (m, 2 H) 7.65 (d, J=3.8
Hz5 1 H) 5.03 - 5.13 (m, 1H) 4.07 (dd, J=11.6, 4.5 Hz,
2 H) 3.28 - 3.38 (m, 2 H) 2.69 (s, 6 H) 2.64 (s, 3 H)
2.44 - 2.58 (m, 2 H) 1.86 (dd, J=12.1, 3.0 Hz, 2 H);
MS (ESI) m/z 461 (M + 1). Example 58
iV-[4-(Azetidin-l-ylsulfonyl)phenyl]-5-fluoro-4-[2-met
hyl-l-(tetrahydro-2 -pyran-4- yl)~l
-imidazol-5-yl]pyrimidin-2-a piineThe title compound
was prepared in accordance with the general method E
using 5-Fluoro- 4-[2-methyl-l-(tetrahydro-2
-pyran-4-yl)-l H-imidazol-5-yl]pyrimidin-2-amine (54.3
mg, 0.201 mmol, obtained from Example 7(e)),
l-[(4-bromophenyl)sulfonyl]azetidine (55.5 mg, 0.201
mmol, obtained from Example 50(a)), Cs2CO3 (130.9 mg,
0.402 mmol), Pd2(dba)3 (5 mg, 0.005 mmol) and X-Phos
(6 mg, 0.010 mmol) to give the title compound (38 mg,
40%). 1H NMR (400 MHz, CDCl3) d ppm 8.36 (d, J=3.0 Hz,
1H) 7.85 (s, 1 H) 7.73 - 7.83 (m, 4 H) 7.66 (d, J=3.8
Hz, 1H) 5.00 - 5.17 (m, 1H) 4.08 (dd, J=I 1.6, 4.8 Hz,
2 H) 3.76 (t, J=7.7 Hz, 4 H) 3.28 - 3.40 (m, 2 H) 2.64
(s, 3 H) 2.44 - 2.59 (m, 2 H) 2.01 - 2.13 (m, 2 H)
1.87 (dd, J=12.3, 3.2 Hz, 2 H); MS (ESI) m/z 473 (M +
1). Example 59 Methyl
3-{[4-(l,2-dimethyl-lH-imidazol-5-yl)-5-fluoropyrimidi
n-2-yl]amino}benzoate 2-Chloro-4-(l,2-dimethyl-l
-imidazol-5-yl)-5-fluoropyrimidine (49 mg, 0.22 mmol,
1.0 equiv., obtained from Example l(b)),
methyl-3-aminobenzoate (38 mg, 0.25 mmol, 1.15 equiv.)
and Cs2CO3 (0.1 1 g, 0.33 mmol, 1.5 equiv.) were mixed
in 1,4-dioxane (2 mL) and the mixture was flushed with
argon for 10 minutes. Pd2(dba)3 ( 1lmg, 0.012.mmol,
054 equiv.) and X-Phos ( 11 mg, 0.022 mmol,.0.10
equiv.) were added and the reaction mixture was
flushed with argon for another 10 minutes before the
reaction was stirred for 16 h at +90 C under an
atmosphere of Argon. The reaction mixture was diluted
with CH2Cl2, filtered and evaporated. The residue was
taken up in CH2Cl2 and the organic phase was 



washed with H O. Residual water was removed from the
organic phase by addition of absolute EtOH before
evaporation. The crude of the product was purified by
flashchromatography (gradient from 100 % CH2Cl2 to 5 %
MeOH in CH2Cl2) to yield a solid (48 mg, 60%). 1R NMR
(400 MHz5DMSO-J 6) d ppm 9.81 (s, 1H) 8.54 (d, 1H)
8.34 (t, 1H) 7.92 (dd, 1 H) 7.59 - 7.52 (m, 2 H) 7.43
(t, 1H) 3.93 (s, 3 H) 3.85 (s, 3 H) 2.41 (s, 3 H); MS
(ESI) m/z 340 (M-I). Example 60
3-[[4-(2,3-Dimethylimidazol-4-yl)-5-fluoro-pyrimidin-2
-yl]amino]-N-(3- methoxypropyl)benzamide hydrochloride
The title compound was prepared in accordance with the
general method G using flash chromatography (gradient
from 100 % EtOAc to 5 % MeOH in EtOAc) for
purification. Using methyl 3-{[4-(1,2-dimethyl-
1H-imidazol-5 -yl)-5-fluoropyrimidin-2-
yl]amino}benzoate (44.5 mg, 0.13 mmol, obtained from
Example 59), A1(CH3)3 (94 mg, 1.3 mmol, 2.0 M in
toluene) and 3-methoxypropan-l-amine (68.9 mg, 0.78
mmol), the base of the title compound (26 mg, 46%) was
obtained as a solid. The hydrochloride was prepared in
accordance with the method described within general
method D. 1H NMR (400 MHz, DMSO-J 6) d ppm 9.97 (s,
1H) 8.76 (d, 1H) 8.45 - 8.38 (m, 1 H) 8.19 (d, 1H)
8.13 (t, 1H) 7.83 - 7.76 (m, 1H) 7.47 (d, 1H) 7.39 (t,
1H) 4.02 (s, 3 H) 3.39 - 3.29 (m, 4 H) 3.24 (s, 3 H)
2.67 (s, 3 H) 1.80 - 1.71 (m, 2 H); MS (ESI) m/z 399
(M+l). Example 61
[4-[[4-(2,3-Dimethylimidazol-4-yl)-5-fluoro-pyrimidin-
2-yl]amino]-2-
(trifluoromethoxy)phenyl]-(4-methylpiperazin-l-yl)meth
anone hydrochlorideThe title compound was prepared in
accordance with the general method G using flash
chromatography (gradient from 100 % dichloromethane to
10 % MeOH in dichloromethane) for purification. Using
methyl 4-{[4-(l,2-dimethyl-lH-imidazol-5-yl)-5-
fluoropyrimidin-2-yl]amino}-2-(trifluoromethoxy)benzoa
te (obtained from Example 61(b)) (33 mg, 0.078 mmol),
A1(CH3)3 (56 mg, 0.78 mmol, 2.0 M in toluene) and 1-
methylpiperazine (47 mg, 0.47 mmol), the base of the
title compound (18 mg, 40%) was obtained as a solid.
The hydrochloride was prepared in accordance with th
method described within general method D. 1HNMR (400
MHz, DMSOd 6) d ppm 10.34 (s, 1H) 8.82 (d, 1H) 8.16
(d, 1H) 7.91 (s, 1 H) 7.83 (dd, 1H) 7.49 (d, 1H) 4.03
(s, 3 H) 3.09 - 2.87 (m, 4 H) 2.80 (s, 3 H) 2.66 (s, 3
H); MS (ESI) m/z 493 (M+l). Example 61(a) Methyl
4-bromo-2-(trifluoromethoxy)benzoate
4-Bromo-l-iodo-2-(trifluoromethoxy)benzene (0.340 g,
0.93 mmol), Pd(OAc)2 (0.01 1 g, 0.049 mmol), dppp
(0.020 g, 0.048 mmol) and triethylamine (0.218 g, 2.15
mmol) were suspended in MeOH (10 mL) in a 300 mL glass
vessel. The vessel was evacuated and filled with
nitrogen gas (repeated 3 times) followed by evacuation
and filling with CO gas (repeated 2 times) to
establish a homogenous CO gas atmosphere at ~3.5 bar.
Heating in an oil bath at +65 C for 90 minutes
resulted in ~50 % conversion of the start material as
jugedby GCMS. After addition of more Pd(OAc)2 (0.009
g, 0.040 mmol), dppp (0.018 g, 0.044 mmol) and
triethylamine (0.58 g, 0.57 mmol) CO gas atmosphere
was established as described above and the reaction
was continued at +65 0C for another 130 minutes. When
the mixture was cool (r.t) it was filtrered through
diatomaceous earth and the solvent was evaporated. The
crude product was purified by flash chromatography
(gradient from 100 % heptane to 20 % EtOAc in heptane)
to give the title compound as a clear liquid (0.068 g,
24.5%).1H NMR (400 MHz, DMSO- 6) d ppm 7.92 - 7.85 (m,
1H) 7.84-7.76 (m, 2 H) 3.85 (s, 3 H); MS (CI) m/z 299
(79Br) (M+l). Example 61(b) Methyl
4-{[4-(l,2-dimethyl-lH-imidazol-5-yl)-5-fluoropyrimidi
n-2- yl]amino}-2-(trifluoromethoxy)benzoate The title
compound was prepared in accordance with the general
method E (workup procedure A) with the exception that
purification of the crude product was done by flash
chromatography (gradient from 100 % heptane to 100 %
EtOAc). Using 4-(l,2-DimethyllH-
imidazol-5-yl)-5-fluoropyrimidin-2-amine (obtained
from Example 25(a)) (38 mg, 0.18 mmol), methyl
4-bromo-2-(trifluoromethoxy)benzoate (obtained from
Example 6 1(a)) (64 mg, 0.21 mmol), Cs2CO3 (90 mg,
0.28 mmol), Pd2(dba)3 (8 mg, 0.009 mmol) and X-Phos (8
mg, 0.017 mmol), the title compound (33 mg, 42%) was
obtained as a solid. 1H NMR (400 MHz5DMSO-J 6) d ppm
10.25 (s, 1 H) 8.63 (d, 1H) 7.98-7.82 (m, 3 H) 7.58
(d, 1 H) 3.95 (s, 3 H) 3.81 (s, 3 H) 2.42 (s, 3 H); MS
(ESI) m/z 426 (M+l). Example 62
N-[4-(Azetidin-l-ylcarbonyl)phenyl]-5-fluoro-4-[2-meth
yl-l-(tetrahydro-2H-pyran-4-
yl)-lH-imidazol-5-yl]pyrimidin-2-amme hydrochloride
The title compound was prepared in accordance with the
general method E (Workup procedure C), with the
exception that the base of the product was purified by
flash chromatography (gradient from 100 % DCM to 5 %
MeOH in DCM). Using 5-fluoro-4-[2- methyl-
1-(tetrahydro-2H-pyran-4-yl)-
1H-imidazol-5-yl]pyrimidin-2-amine (obtained from
Example 7(e)) (53 mg, 0.19 mmol),
l-(4-chlorobenzoyl)azetidine (J. Org. Chem.,
1974,39(13), 1973) (39 mg, 0.20 mmol), Cs2CO3 (95 mg,
0.29 mmol), Pd2(dba)3 (8 mg, 0.009 mmol) and X-Phos
(10 mg, 0.02 mmol), the base of the title compound (52
mg, 62%) was obtained as a solid. The hydrochloride
was prepared in accordance with the method described
in general method D. 1H NMR (400 MHz, DMSO-J 6) d ppm
10.09 (s, 1H) 8.81 (d, 1H) 8.02 (s, 1 H) 7.69 (d, 2 H)
7.56 (d, 2 H) 5.05 - 4.90 (m, 1H) 4.40 - 4.18 (m, 2 H)
4.12 - 3.91 (m, 2 H) 3.81 (dd, 2 H) 3.16 (t, 2 H) 2.78
(s, 3 H) 2.30 - 2.07 (m, 4 H) 1.92 (dd, 2 H); MS (ESI)
m/z 437 (M+l). Example 63
N-{4-[(3,3-Difluoroazetidin-l-yl)carbonyl]phenyl}-5-fl
uoro-4-[2-methyl-l-
(tetrahydro-2H-pyran-4-yl)-lH-imidazol-5-yl]pyrimidin-
2-amine hydrochloride The title compound was prepared
in accordance with the general method E (Workup
procedure C), with the exception that the base of the
product was purified by flash chromatography (gradient
from 100 % CH2Cl2 to 5 % MeOH in CH2Cl2) . Using
5-fluoro- 4-[2-methyl-l-(tetrahydro-2 H-pyran-4-yl)-l
H-imidazol-5-yl]pyrimidin-2-amine (obtained from
Example 7(e)) (49 mg, 0.18 mmol),
l-(4-chlorobenzoyl)-3,3-difiuoroazetidine (44 mg, 0.19
mmol), Cs2CO3 (104 mg, 0.32 mmol), Pd2(dba)3 (9 mg,
0.010 mmol) and X-Phos (10 mg, 0.02 mmol), the base of
the title compound (68 mg, 64%) was obtained as a
solid. The hydrochloride was prepared in accordance
with the general method D. 1H NMR (400 MHz, DMSO-J 6)
d ppm 10.15 (s, 1H) 8.83 (d, 1 H) 8.02 (s, 1 H) 7.74
(d, 2 H) 7.63 (d, 2 H) 5.03 - 4.91 (m, 1H) 5.0 - 4.2
(m, 4 H) 3.82 (dd, 2 H) 3.18 (t, 2 H) 2.78 (s, 



3 H) 2.24 - 2.08 (m, 2 H) 1.99 - 1.85 (m, 2 H); MS
(ESI) m/z 473 (M+l). Example 63(a)
4-Bromo-2-(trifluoromethoxy)benzoic acidThionyl
chloride (5 mL) was added to 4-chloro-benzoic acid
(0.49 g, 3.1 mmol). After addition of 2 drops of
anhydrous DMF, the reaction mixture was refluxed for
~15 minutes under an atmosphere of nitrogen. The
solvent was evaporated in vacuo and the residue was
dissolved in CH2Cl2 (5 mL). 3,3-difluoroazetidine
hydrochloride (0.42 g, 3.3 mmol)) was added followed
by addition of triethylamine (0.91 mL, 6.6 mmol). The
reaction mixture was stirred at r.t. for ~15 minutes
before it was diluted with CH2Cl2, washed with i)
saturated NaHCO3 (aq.) and ii) water. To the organic
phase Abs. (absolute) EtOH was added (until a clear
solution was obtained) and the solvents were
evaporated in vacuo to give the title compound as a
solid in 94 % yield. The isolated material was used in
the next step without further purification. 1H NMR
(400 MHz, DMSO-J 6) d ppm 7.75 - 7.66 (m, 2 H) 7.58 -
7.48 (m, 2 H) 5.06 - 4.15 (m, 4 H); MS (ESI) m/z 232
(M+l). Example 64
5-Fluoro-N-[3-methyl-4-(morpholin-4-ylmethyl)phenyl]-4
-[2-methyl-l-(tetrahydro-
2H-pyran-4-yl)-lH-imidazol-5-yl]pyrimidin-2-amine
hydrochloride The title compound was prepared in
accordance with the general method E (Workup procedure
C), with the exception that the base of the product
was purified by flash chromatography (gradient from
100 % CH2Cl2 to 6 % MeOH in CH2Cl2) before final
purification by preparative HPLC. Using
5-fluoro-4-[2-methyl-l-(tetrahydro-2 H-pyran-4-
yl)-lH-imidazol-5-yl]pyrimidin-2-amine (obtained from
Example 7(e)) (70 mg, 0.25 mmol),
4-(4-chloro-2-methylbenzyl)mo f holine (obtained from
Example 64(a)) (60 mg, 0.27 mmol), Cs2CO3 (136 mg,
0.42 mmol), Pd2(dba)3 (13 mg, 0.014 mmol) and X-Phos
(15 mg, 0.03 1 mmol), the base of the title compound
was prepared and transformed into the hydrochloride in
accordance with the method described within general
method D to yield (67 mg, 53%). 1H NMR (400 MHz,
DMSO-J 6) d ppm 10.54 (br s, 1H) 9.90 (s, 1H) 8.79 (d,
1H) 8.00 (s, 1H) 7.63 - 7.50 (m, 2 H) 7.48 (d, 1H)
5.05 - 4.90 (m, 1H) 4.27 (br. s., 2 H) 3.98 - 3.75(m,
6 H) 3.1 1 - 3.24 (m, 6 H, partly obscured by HDO
signal) 2.78 (s, 3 H) 2.38 (s, 3 H) 2.24 - 2.07 (m, 2
H) 1.92 (dd, 2 H); MS (ESI) m/z 465 (M-I). Example
64(a) 4-(4-Chloro-2-methylber izyl)morpholine To a
stirred, cooled (0 C) solution of
4-chloro-2-methylbenzaldehyde (0.23 g, 1.5 mmol) in
MeOH (5 mL) was added morpholine (0.15 g, 1.7 mmol),
NaCNBH 3 (0.49 g, 7.8 mmol) and HOAc (0.063 g, 1.0
mmol) and the reaction was stirred at r.t. over night.
The solvent was removed in vacuo and the crude product
was partitioned between EtOAc / IM NaHCO3 (aq.). The
organic phase was dried (Na2SO4), filtered,
concentrated and purified twice by flash
chromatography (gradient from 100% pentane to 10%
EtOAc in pentane) to give the title compound as a
clear liquid (0.120 g, 35%). 1H NMR (400 MHz, DMSO-^
6) d ppm 7.27 - 7.21 (m, 2 H) 7.20 - 7.14 (m, 1H) 3.57
- 3.49 (m, 4 H) 3.38 (s, 2 H) 2.36 - 2.31 (m, 4 H)
2.31 (s, 3 H); MS (ESI) m/z 226 (M+l). Example 65
5-Fluoro-N-[4-(morpholin-4-ylmethyl)phenyl]-4-[3-oxan-
4-yl-2-
(trifluoromethyl)imidazol-4-yl]-pyrimidin-2-amine
hydrochloride The title compound was prepared in
accordance with the general method E and work-up
procedure B. The product was purified by flash
chromatography (CH2Cl2/Me0H 20: 1). Using
5-Fluoro-4-[l-(tetrahydro-2H-pyran-4-yl)-2-(trifluorom
ethyl)-lH-imidazol-5- yl]pyrimidin-2-amine (obtained
from Example 34(d)) (38 mg, 0.1 15 mmol), 4-(4-
bromobenzyl)-morpholine (0.028 g, 0.11 mmol), Cs2CO3
(75 mg, 0.23 mmol), Pd2(dba)3 (8 mg, 0.0086 mmol) and
X-Phos (8.2 mg, 0.017 mmol), the base of the title
compound (42 mg, 76%) was obtained as a solid. The
hydrochloride was prepared in accordance with the
method described in general method D.1H NMR (400 MHz,
DMSO-(I6) d 9.74 (s, 1 H), 8.73 (d, 1 H), 7.55-7.53
(m, 3 H), 7.21 (d, 2 H), 4.81 (m, 1 H), 3.78 (m, 2 H)3
3.55 (t, 4 H), 3.39 (s, 2 H), 3.18 (t, 2 H), 2.32 (m,
4 H), 2.13 (m, 2 H), 1.86 (m, 2 H); MS (ES) m/z 505
(M-I). Example 66
5-Fluoro-N-{4-[(4-fluoropiperidin-l-yl)carbonyl]phenyl
}-4-[2-methyl-l-(tetrahydro-
2H-pyran-4-yl)-lH-imidazol-5-yl]pyrimidin-2-amine
hydrochloride To a solution of lithium
4-({5-fluoro-4-[2-methyl-l-(tetrahydro-2H-pyran-4-yl)-
lHimidazol- 5-yl]pyrimidin-2-yl}amino)benzoate
(obtained from Example 66(a)) (50 mg, 0.12 mmol) in
anhydrous DMF (0.5 niL) was added a solution of HBTU
(56 mg, 0.15 mmol) in DMF (0.5 mL) and the mixture was
shaken for Ih at r.t. 4-Fluoropiperidine hydrochloride
(22 mg, 0.16 mmol) was then added followed by the
addition of DIPEA (65 mg, 0.50 mmol) and the reaction
mixture was shaken o.n. (over night) at r.t. The crude
of the base product was purified using preparative
HPLC and was transferred into the hydrochloride in
accordance with the method described within general
method D to yield the title compound (37 mg, 54%) as a
solid. 1H NMR (400 MHz, DMSO-J 6) d ppm 10.02 (s, 1H)
8.80 (d, 1H) 8.02 (s, 1 H) 7.66 (d, 2 H) 7.35 (d, 2 H)
4.79 - 5.04 (m, 2 H) 3.81 (dd, 2 H) 3.57 (br.s., 2 H)
3.14 (t, 2 H) 2.78 (s, 3 H) 2.23 - 2.07 (m, 2 H) 1.99
- 1.79 (m, 4 H) 1.7 1 (br.s., 2 H); MS (ESI) m/z 483
(M+l). Example 66(a) Lithium
4-({5-fluoro-4-[2-methyl-l-(tetrahydro-2H-pyran-4-yl)-
lHimidazol- 5-yl]pyrimidin-2-yl}amino)benzoateEthyl
4-({5-fluoro-4-[2-methyl-l-(tetrahydro-2H-pyran-4-yl)-
lH-imidazol-5-yl]pyrimidin- 2-yl}amino)benzoate
(obtained from Example 67) (1.16 g, 2.73 mmol) and
LiOH x H2O (115 mg, 2.74 mmol) were slurried in EtOH
(15 mL) and H2O (4.4 mL). The slurry was heated at
+50-60C under an atmosphere of Argon for 20 h then the
reaction mixture was allowed to stand for 6 days at
r.t. The solvents were then evaporated and the residue
was slurried in THF / H2O 9:1 and heated at +6O0C for
24 h. No more conversion of the ester was seen (LCMS).
LiOH x H2O (59 mg, 1.16 mmol) was added in two
portions and the slurry was heated at +60C for ~20 h.
Removal of the solvents in vacuo gave the title
compound as a solid (1.17 g). The isolated material
was used in amidation reactions without further
purification. 1H NMR (400 MHz, DMSO- 6) d ppm 9.49 (s,
1 H) 8.54 (d, 1H) 7.75 (d, 2 H) 7.45 (d, 2 H) 7.32 (d,
1H) 5.1 1 - 4.98 (m, 1H) 3.78 (dd, 2 H) 3.05 (t, 2 H)
2.53 (s, 3 H) 2.24 - 2.08 (m, 2 H) 1.78 (dd, 2 H); MS
(ESI) m/z 398 (M+l). Example 67 Ethyl
4-({5-fluoro-4-[2-methyl-l-(tetrahydro-2H-pyran-4-yl)-
lH-imidazol-5- yl]pyrimidin-2-yl}amino)benzoate The
title compound was prepared in accordance with the
general method E (Workup 



procedure C), with the exception that the base of the
product was purified by flash chromatography (gradient
from 100 % CH2Cl2 to 5 % MeOH in CH2Cl2) . Using
5-fluoro- 4-[2-methyl-l-(tetrahydro-2 H-pyran-4-yl)-l
H-imidazol-5-yl]pyrimidin-2-amine (obtained from
Example 7(e)) (794 mg, 2.86 mmol), ethyl
4-iodobenzoate (820 mg, 2.97 mmol), Cs2CO3 (1.48 g,
4.54 mmol), Pd2(dba)3 (59 mg, 0.064 mmol) and X-Phos
(63 mg, 0.13 mmol), the title compound (1.16 g, 95%)
was obtained as a solid. 1R NMR (400 MHz, DMSO- 6) d
ppm 9.97 (s, 1 H) 8.64 (d, 1H) 7.86 (d, 2 H) 7.76 (d,
2 H) 7.35 (d, 1 H) 5.08 - 4.96 (m, 1H) 4.27 (q, 2 H)
3.81 (dd, 2 H) 3.12 (t, 2 H) 2.54 (s, 3 H) 2.27 - 2.1
1 (m, 2 H) 1.82 (dd, 2 H) 1.30 (t, 3 H); MS (ESI) m/z
426 (M+l).Example 68
iV^V-Diethyl^-CiS-fluoro^-fl-methyl-l-Ctetrahydro-ljy-
pyran^-y^-L -imidazol-Syl]
pyrimidin-2-yl}ammo)benzamide hydrochloride To a
solution of lithium
4-({5-fluoro-4-[2-methyl-l-(tetrahydro-2H-pyran-4-yl)-
lHimidazol- 5-yl]pyrimidin-2-yl}amino)benzoate
(obtained from Example 66(a)) (50 mg, 0.12 mmol) in
anhydrous DMF (0.5 mL) was added a solution of HBTU
(56 mg, 0.15 mmol) in DMF (0.5 mL) and the mixture was
shaken for Ih at r.t. Diethyl amine (13 mg, 0.18 mmol)
was then added followed by the addition of DIPEA (48
mg, 0.37 mmol) and the reaction mixture was shaken
over night at r.t.. The crude of the base product was
purified using preparative HPLC and was transferred
into the hydrochloride in accordance with the method
described in the general method D to yield the title
compound (34 mg, 56%) as a solid. 1H NMR (400 MHz,
DMSO-J 6) d ppm 9.99 (s, 1H) 8.81 (d, 1 H) 8.03 (s,
1H) 7.66 (d, 2 H) 7.29 (d, 2 H) 5.05-4.92 (m, 1H) 3.82
(dd, 2 H) 3.16 (t, 3 H) 2.78 (s, 3 H) 2.24-2.08 (m, 2
H) 1.97-1.86 (m, 2 H) 1.10 (t, 6 H); MS (ESI) m/z 453
(M+l). Examples 69-91 The following Examples were
prepared according to the procedure described in
Examples 66 and 68 except that the quantity of DIPEA
used in each case was adjusted depending on whether
the starting amine was a free base, mono- or higher
salt. 3 equivalents of DIPEA were used for amines that
were freebases and one additional equivalent was added
for every additional salt. The group R is an amine
connected via the nitrogen to form an amide.Modulators
The present invention relates to compositions and
pharmaceutical compositions for treating
fibroproliferative disease. Excessive fibroblast
proliferation and the deposition of excess collagen
are characteristics of fibroproliferative diseases
such as scleroderma, pulmonary fibrosis, keloid
scarring and surgical adhesions among others. One
potential treatment of fibroproliferative disease is
inhibitors of sulfated glycosaminoglycans (GAG). It is
known that inhibitors of GAG demonstrated inhibition
of fibroproliferative tissue and decreased collagen
expression in several fibroproliferative disease
models. However, currently there appear to be no
suitable treatments in use for fibroproliferative
diseases. Wound healing is a regulated yet a complex
event including the breakdown of fibrin clots,
degradation of extracellular matrix (ECM), promotion
of angiogenesis, and the migration and proliferation
of cells. In the case of cutaneous injury
keratinocytes and fibroblasts are the cells found to
proliferate and migrate cocktails of chemokines,
cytokines, and growth factors, are secreted temporally
and spatially to direct appropriate response from
neutrophils, macrophages, keratinocytes, and
fibroblasts to facilitate normal wound healingjhi the
event of excessive cutaneous wound healing, scar
formation occurs, ranging from hypertrophic scars to
keloid scars. Keloid scars represent the most extreme
example of cutaneous scarring that uniquely afflicts
humans, a pathological response to wound healing with
largely effete treatment strategies due to its
recurrent nature. The term "keloid" was coined in 1806
to describe the crab clawlike appearance of the scar.
Keloid scars are defined as scars that spread beyond
the boundaries of the original wound and do not
regress spontaneously. In contrast, hypertrophic scars
do not develop beyond the periphery of wound, with
spontaneous softening and flattening. Keloid scars
afflict humans exclusively, and inciting skin trauma
can range from small injuries such as ear piercing and
abrasions, to more severe trauma such as surgery or
burns.Keloid scars are aggressive in nature and seem
to be more common in Africans and Asians. Treatment
and management of keloid scars have been difficult due
to their recurrence, and although a myriad of
treatments are available, none alone is satisfactory.
Known treatments for a keloid scar gives the best
results if started soon after the keloid appears.
Available treatments include:  Removal with
conventional surgery is an unreliable technique. It
requires great care, as keloids that return after
being removed may be larger than the original. Keloids
return in more than 45 percent of people when they are
removed surgically (Cosman et al. 1961);  Moist wound
coverings or dressings made of silicone gel sheets
have been shown in studies to reduce keloid prominence
over time. This treatment is safe and painless;
Injections with Corticosteroid such as triamcinolone
acetonide or another corticosteroid medicine typically
are repeated at intervals of four to six weeks. This
treatment may reduce keloid size and irritation, but
injections are uncomfortable;  Compression using a
bandage or tape to apply continuous pressure 24 hours
a day for a period of six to 12 months. Such
compression can provide a thinning effect on the skin;
Cryosurgery or freezing treatment with liquid nitrogen
is repeated every 20 to 30 days. It can cause a side
effect of lightening the skin color, which limits this
treatment's usefulness (Alster & Tanzi 2003);
Radiation therapy is controversial because radiation
increases the risk of cancer. Radiation treatments may
reduce scar formation if they are used soon after a
surgery, during the time a surgical wound is healing
(Ragoowansi etal. 2001);  Laser therapy is an
alternative to conventional surgery for keloid
removal. There is no good evidence that keloids are
less likely to recur after laser 



therapy than after regular surgery (Alster & Tanzi
2003);  Experimental treatments with medicines such as
various types of interferon and 5-fluorouracil and
bleomycin have also been tested.These treatments are
largely unreliable and require great care. Keloid
scars return in many cases and may be larger than the
original scar. Keloid scars are characterized by
excessive deposition of collagen and other ECM
components such as fibronectin by dermal fibroblasts,
and increased fibroblast proliferation upon wounding.
There are conflicting reports on the mRNA expression
levels of procollagen in keloid scars. Overproduction
of type I procollagen mRNA without alteration of type
III procollagen mRNA level was shown to reverse the
ratio of type TJIlI procollagen mRNA in keloid
fibroblast compared to normal fibroblast cultures
(Uitto et al. 1985 and Abergel et al. 1985). However,
a later publication reported that procollagen III mRNA
was also upregulated to 20-fold in keloid tissues
(Naitoh et al. 2001). Elevated IL-6 (Xue et al. 2000)
and VEGF (Wu et al. 2004) expressions have also been
observed in keloid fibroblasts. The exact mechanism
for keloid pathogenesis due to cutaneous injury is
still unclear. Increased levels of cytokines and
growth factors, or their receptors, and sensitization
of mitogenic response to these secreted factors after
wounding in keloid fibroblasts have been suggested.
TGF-bl and TGF-b2, but not TGF-b3, were elevated in
keloid fibroblasts (Lee et al. 1999), and increased
sensitivity to TGF-bl in keloid fibroblasts increased
fibronectin (Babu et al. 1992) and collagen
production, as well as cell proliferation. PDGF a
receptor expression was enhanced in keloid
fibroblasts, which corresponded to increased mitotic
response in response to all three PDGF isoforms (Haisa
et al. 1994). Overexpresison of IGF-I receptor
detected in keloid fibroblasts enhanced their
invasiveness, but not fibroproliferation (Yoshimoto et
al. 1999). Besides dermal fibroblasts, overlying
epidermis of keloid tissues also showed excessive
cytokine expression, such as VEGF (Gira et al 2004). i
addition, aberrant epidermal-mesenchymal interactions
have also been implicated in keloid pathogenesis,
evidenced by increased proliferation (Lim e t al.
2001) and secretion of collagen I and III (Lim et al.
2002) in normal fibroblasts when cocultured with
keloid-derived keratinocytes compared to coculture
with normal human keratinocytes. Keloid fibroblasts
cocultured with keloid keratinoytes also showed
increased expression of TGF-bl ,TGF-b2, TGF-b receptor
1, Smad2, type I collagen, connective tissue growth
factor (CTGF), and IGF-II receptor, while keloid
keratinocytes cocultured with keloid fibroblasts
showed increased TGF-b1, TGF-b3, and TGF-b receptor 1
expression (Xia et al. 2004). Mutations in regulatory
genes have also been proposed in scar fibrosis, such
as p53 (Saed et al. 1998). STAT proteins perform the
dual function of Signal Transduction and Activation of
Transcription. STAT proteins are a family of
cytoplasmic proteins that function as secondary
messengers and transcription factors. They play a
fundamental role in normal cell signaling in response
to cytokines and growth factors. There are seven STAT
proteins currently known in mammals (STAT 1, 2, 3, 4,
5a, 5b, and 6) each encoded in a distinct gene but
subject to alternative RNA splicing or
posttranslational proteolytic processing which account
for additional variants of STAT in malignant cells.
Most notably STAT 3 and 5 are found constitutively
activated in breast cancer and head & neck cancer,
melanoma, multiple myeloma, among other malignancies.
Aberrant signaling through a number of upstream
pathways can result in constitutively activated STAT
in tumor cells, leading to malignant progression via a
few common biologic mechanisms involving prevention of
apoptosis by upregulation of the BcI gene expression
and dysregulation of cellcycle progression by
upregulation of Cyclin Dl gene expression. It is known
that inhibition of STAT3 is effective at blocking
cancer and has been shown to work effectively against
head and neck cancer (Leong et al. 2003) and skin
cancer (Chan et al. 2004 and Pedranzini et al. 2004).
Signal transducers and activators of transcription 3
(STAT 3) is a latent transcription factor that is
involved in diverse processes, including cell
proliferation and migration, inflammation, immune
response, and cell survival. It is activated by
various growth factors and cytokines (Darnell 1997) by
obligatory Tyr705 phosphorylation which enables the
dimerization via its phosphotyrosine residue and
reciprocal SH2 domain of its dimmer partner. STAT 3
can homodimerize or heterodimerize with Statl, and the
dimer then translocates to the nucleus to bind to
target DNA sequence, effecting the transcription of
target genes (Darnell et al 1994). While Tyr705
phosphorylation is essential for STAT 3activation,
Ser727 phosphorylation was shown to be required for
maximal gene activation (Wen et al 1995). For cytokine
receptors that lack intrinsic tyrosine kinase
activity, Tyr705 phosphorylation was achieved by
receptor-associated Janus kinases (Jaks) (Darnell
1997). STAT 3 knockout resulted in embryonic lethality
(Takeda et al. 1997), prompting further conditional
tissue or cell-specific knockout analyses (Takeda et
al. 2000). It was previously reported that STAT 3-
disrupted keratinocytes displayed delayed wound
healing, hi particular, using Cre recombinase driven
by keratin 5-specific promoter, STAT 3 expression
disrupted in keratinocytes showed impaired wound
healing and growth factor-dependent migration of STAT
3-deficient epidermal cells in mice, although
development of epidermis and hair follicles appeared
normal, and proliferation remained unaffected (Sano et
al 1999). Recently, overexpression of Stat3C in A549
carcinoma cells followed by microarray analyses
revealed that Stat3 regulated genes are common to both
wound healing and cancer, including cell
invasion/migration, angiogenesis, and remodeling of
ECM (Dauer et al. 2005). A number of studies have
implicated STAT activation, particularly STAT 3 in
tumor progression. Strategies have been used to block
the action of STAT proteins in tumor cells, including
antisense methods (US patent 6,727,064), interfering
peptides such as the low molecular weight composition
STA-21 (Song et al 2005) and phosphototyrosyl peptides
(Turkson et al 2001), STAT 3 decoy oligonucleotide
(Leong et al 2003), and Cucurbitacin compositions such
as Cucurbitacin I (Blaskovich et al 2003) and
Cucurbitacin Q (Blaskovich et al 2005). 



We investigated keloid scar pathogenesis by examining
skin tissues, keratinocytes and fibroblasts from
normal and keloid patients. hi summary, we have shown
for the first time, a novel role of STAT in the
pathogenesis of fibroproliferative disease.A first
aspect of the invention provides the use of a
composition that modulates a STAT in the manufacture
of a medicament for treating or preventing a
fibroproliferative disease. Preferably the
fibroproliferative disease comprises keloid scarring.
Preferably the term modulates refers to the
activation, inhibition, delay, repression or
interference of one or more of; the activity of STAT;
the RNA splicing or posttranslational processing to
STAT; the phosphorylation of STAT; the level of
expression of STAT including both mRNA expression and
protein expression; or the sub-cellular localisation
of STAT. More preferably the term modulates refers to
reduction in STAT 3 mediated signalling. Modulation of
STAT may be assessed using the methods described in
the examples below or by those commonly used in the
art such as the methods in the papers referred to on
pages 4 and 5 above. Preferably the STAT comprises
STAT 3. STAT 3 is a well known protein in biology
particularly in the field of cancer (Wen et al. 1995).
Some of the attributes of STAT 3 are described on page
5 above. The Genbank Accession number for human STAT 3
is NM_139276. In one embodiment preferably the
composition is an SiRNA of STAT preferably STAT 3.
Small interfering Ribonucleic Acid SiRNA or RNA
interference (RNAi) has emerged as a novel cellular
mechanism regulating gene expression at the
posttranscriptional level and as a powerful tool to
control gene function. Improved criteria for selecting
effective siRNA sequences, and the generation of
vectors for the delivery of siRNAs for silencing of
genes in mammalian cells, tissues and animals have
developed. There are several methods for preparing
siRNA, such as chemical synthesis, in vitro
transcription, siRNA expression vectors, and PCR
expression cassettes. Irrespective of which method one
uses, the first step in designing a siRNA is to choose
the siRNA target gene site. The selection of an
optimal siRNA results from the in vitro testing of
several siRNA designed to specifically target a gene.
Usually, such in vitro tests consist in the
transfection ofthe several siRNA duplexes in a cell
expressing stably the gene of interest (Nencioni et
al. 2004). Specifically designed SiRNA may be able to
modulate levels of STAT expression. Preferably the
SiRNA of STAT 3 comprises SEQ ID 1, SEQ ID 2 or SEQ ID
3 (shown below). These were designed against STAT 3
from the sequence STAT 3 Genbank Accession number
NM_139276. The STAT 3 sequence is 4978 base pairs
long. 3 sequences along the STAT 3 sequence which
inhibit STAT 3 in an SiRNA system have been
identified. The 3 targets are named: STAT 3 siRNA 1
(nt. 461-480), SEQ ID 1: AGTCGAATGTTCTCTATCA,; STAT 3
siRNA 2 (nt. 1264-1283), SEQ ID 2 GGCGTCCAGTTCACTACTA;
and STAT 3 siRNA 4 (nt. 1662-1681) SEQ ID 3
GCGTCCATCCTGTGGTACA. In one embodiment the SiRNA of
STAT 3 comprises SEQ ID 4 and or 5,or SEQ ID 6 and or
7 or SEQ ID 8 and or 9. A hairpin loop is conserved
and flanked upstream by one of the 3 target sequences
SEQ ID 1, or SEQ ID 2, or SEQ ID 3 in the sense
orientation (underlined) mentioned above and down
stream by a complementary anti-sense sequence
(italics). Excess base pairs may then be added to the
3' and 5' ends preferably T rich sequences. The
corresponding primers create an SiRNA hairpin loop to
be broken by RNAi. It would be understood by those in
the field that as long as the sequences flanking the
hairpin sequence are complementary to a 19 base pair
section of the STAT 3 mRNA then the SiRNA is expected
to interfere with the translation of STAT 3. A
9-nuceotide short sequence was used in this case to
form the hairpin loop (bold), however, various
research groups have reported successful gene
silencing results using hairpin siRNAs with loop size
ranging between 3 to 23 nucleotides. The following is
a summary of loop size and specific loop sequences
used by various research groups:SEQ ID 4: (nt.
461-480) F15'GATCCCC AGTCGAATGTTCTCTATCAT TCAAGAGA
TGATAGAGAAC ATTCGACT TTTTTC3' (Forward strand) SEQ ID
5: (nt. 461-480) Rl 5TCGAGAAAA AAGTCGAATGTTCTCTATCAT
CTCTTGAA TGATAGA GAACATTCGACT GGG3 , (Reverse strand)
SEQ ID 6: (nt. 1264-1283) F2 5'GATCCCC
GGCGTCCAGTTCACTACTAT TCAAGAGA TAGTAGTGAACTG
GACGCCTTTTTC3 ' (Forward strand) SEQ ID 7: (nt.
1264-1283) R25'TCGAGAAAA AGGCGTCCAGTTCACTACTAT
CTCTTGAA TAGTAGT GAACTGGACGCCQQQV (Reverse strand),
SEQ ID 8: (nt. 1662-1681)
5'GATCCCCGCGTCCATCCTGTGGTACATTCAAGAGATGTACCACAGGA
TGGACGCTTTTTC3'(Forward strand), SEQ ID 9: 5'TCGAGAAAA
AGCGTCCATCCTGTGGTACAT CTCTTGAA TGTACCACA
GGATGGACGCGGG3' (Reverse strand). It would be
understood by those in the art that a variant SiRNA
could be used to modulate STAT 3 activity where
"variant" refers to an SiRNA wherein at one ormore
positions there have been nuceotide insertions,
deletions, or substitutions, either conservative or
non-conservative, provided that such changes result in
a SiRNA whose basic properties, for example modulating
activity have not significantly been changed.
"Significantly" in this context means that one skilled
in the art would say that the properties of the
variant may still be different but would not be
unobvious over the ones of the original SiRNA. 



In one embodiment the SiRNA of STAT 3 is selected from
the group of SEQ ID 4 and or 5, SEQ ID 6 and or 7 and
SEQ ID 8 and or 9. Vectors can be prepared using
techniques known in the art. One example described in
the examples below Vectors of the SiRNA were
constructed containing STAT 3 SiRNA targets and empty
vector were transfected into 293T-based Phoenix-Ampho
packaging cell line for 7-9 h, and the amphotropic
retroviruses were harvested 48 h later, pelleted to
remove nonadherent cells and cellular debris, and
filtered through a 0.45 mM cellulose acetate membrane.
It would be understood by someone skilled in the art
of molecular biology that many vectors and packaging
cell lines are available for delivering the SiRNA that
could be used for treatment. Typical prokaryotic
vector plasmids are: rUC18, rUC19, rBR322 and rBR329
available from Biorad Laboratories (Richmond, CA,
USA); prrc99A, pKK223-3, pKK233-3, pDR540 and pRIT5
available from Pharmacia (Piscataway, NJ, USA); pBS
vectors, Phagescript vectors, Bluescript vectors,
pNH8A, pNH16A, pNH18A, rNH46A available from
Stratagene Cloning Systems (La Jolla, CA 92037, USA).
A typical mammalian cell vector plasmid is pSVL
available from Pharmacia (Piscataway, NJ, USA). This
vector uses the SV40 late promoter to drive expression
of cloned genes, the highest level of expression being
found in T antigen-producing cells, such as COS-I
cells. An example of an inducible mammalian expression
vector is pMSG, also available from Pharmacia
(Piscataway, NJ, USA). This vector uses the
glucocorticoid-inducible promoter of the mouse mammary
tumour virus long terminal repeat to drive expression
of the cloned gene.Useful yeast plasmid vectors are
pRS403-406 and pRS413-416 and are generally available
from Stratagene Cloning Systems (La Jolla, CA 92037,
USA). Plasmids pRS403, pRS404, pRS405 and rRS406 are
Yeast Integrating plasmids (Yips) and incorporate the
yeast selectable markers HIS3, TRPl, LEU2 and URAS.
Plasmids pRS413-416 are Yeast Centromere plasmids
(YCps). Methods well known to those skilled in the art
can be used to construct expression vectors. One such
method involves ligation via homopolymer tails.
Homopolymer polydA (or polydC) tails are added to
exposed 3' OH groups on the DNA fragment to be cloned
by terminal deoxynucleotidyl transferases. The
fragment is then capable of annealing to the polydT
(or polydG) tails added to the ends of a linearised
plasmid vector. Another method involves ligation via
cohesive ends. Compatible cohesive ends can be
generated on the nucleic acid fragment and vector by
the action of suitable restriction enzymes. These ends
will rapidly anneal through complementary base pairing
and remaining nicks can be closed by the action of
ligases. Synthetic linkers containing a variety of
restriction endonuclease sites are commercially
available from a number of sources including
International Biotechnologies Inc, New Haven, CN, USA.
In one embodiment preferably the composition is a
cucurbitacin. Cucurbitacin, C32 H46 O8, is a
photochemical mostly isolated from cucurbits such as
squash. Cucurbitacin Q inhibits the activation of STAT
3 but not JAK2; Cucurbitacin A inhibits JAK2 but not
STAT 3 activation; and Cucurbitacin B, E, and I,
inhibit the activation of both. Conversion of the C3
carbonyl of the cucurbitacins to a hydroxyl results in
loss of anti-JAK2 activity, whereas addition of a
hydroxyl group to CIl of the cucurbitacins results in
loss of anti-STAT 3 activity. Cucurbitacin Q inhibits
selectively the activation of STAT 3 and induces
apoptosis without inhibition of JAK2, Src, Akt, Erk,
or JNK activation. Furthermore, Cucurbitacin Q induces
apoptosis more potently in human and murine tumors
that contain constitutively activated STAT3 as
compared to thosethat do not (Blaskovich et al 2005).
By inhibiting STAT phosphorylation the STAT dimer may
not be able to move to the nucleus inhibiting the STAT
from binding to DNA and inhibiting the regulation of
genes via such a pathway. Preferably the cucurbitacin
comprises cucurbitacin I or Cucurbitacin Q.
Cucurbitacin I was identified (JSI-124) from the
National Cancer Institute Diversity Set to suppress
the levels of phosphotyrosine STAT 3 in
v-Srctransformed NIH 3T3 cells and human cancer cells
potently and rapidly, within 1 to 2 hours. The
suppression of phosphotyrosine STAT 3 levels resulted
in the inhibition of STAT 3 DNA binding and STAT
3-mediated but not serum response element-mediated
gene transcription. Cucurbitacin I also decreased the
levels of tyrosine-phosphorylated Janus kinase (JAK)
but not those of Src. Cucurbitacin I was highly
selective for JAK/STAT 3 and did not inhibit other
oncogenic and tumor survival pathways such as those
mediated by Akt, extracellular signalregulated kinase
1/2, or c-Jun NH(2)-terminal kinase. Cucurbitacin I
potently inhibited growth in models which express high
levels of constitutively activated STAT 3, but it did
not affect the growth of oncogenic tumors that are
STAT 3 independent (Blaskovich et al. 2003). Compared
to inhibition in cancer cells, there may be a higher
sensitivity of Cucurbitacin I in fibroproliferative
cells. Inhibition of both Jak2 and Stat3 by
Cucurbitacin I may exert a more potent inhibitory
effect on cell proliferation and migration, compared
to inhibition of STAT 3 expression alone. hi one
embodiment preferably the composition comprises a STAT
3 decoy oligonucleotide. The STAT 3 decoy comprises a
15-mer double-stranded oligonucleotide, which
corresponds closely to the Stat3 response element
within the c-fos promoter. The STAT 3 decoy binds
specifically to activated Stat3 and blocks binding of
Stat3 to a STAT 3 binding element. The STAT 3 decoy
oligonucleotide sequence is: SEQ ID 5:
5'CATTTCCCGTAAATCS' 3'GTAAAGGGCATTTACS' In one
embodiment preferably the composition is a
phosphotyrosyl peptide and more preferably the
phosphotyrosyl peptide comprises XY*L or AY*L.
Smallmolecule phosphotyrosyl peptides inhibitors of
Stat3 disrupt the ability of the Stat3 SH2
domain-binding peptide, PY*LKTK (where Y* represents
phosphotyrosine). The presence of PY*LKTK, but not
PYLKTK or PFLKTK, in nuclear extracts results in
significant reduction in the levels of DNA binding
activities of STAT 3, to a lesser extent of STAT 1,
and with no effect on that of STAT 5. Analyses of
alanine scanning mutagenesis and deletion derivatives
of PY*LKTK reveal that the Leu residue at the Y+l
position and a substituent at the 



Y-I position (but not necessarily Pro) are essential
for the disruption of active STAT 3, thereby mapping
the minimum active sequence to the tripeptide, XY*L.
Studies involving bead-coupled PY*LKTK peptide
demonstrate that this phosphopeptide directly
complexes with STAT 3 monomers in vitro, suggesting
that PY*LKTK disrupts STAT 3:STAT 3 dimers. As
evidence for the functional importance of
peptide-directed inhibition of STAT 3, PY*LKTK-mts
(mts, membrane translocating sequence) selectively
inhibits constitutive and ligandinduced STAT 3
activation in vivo. Furthermore, PY*LKTK-mts
suppresses transformation by the Src oncoprotein,
which has been shown previously to require
constitutive STAT 3 activation. XY*L is a minimal
peptide that inhibits STAT 3 signaling. A STAT 3 SH2
domain-binding phosphopeptide, PY*LKTK, and its
tripeptide derivatives, PY*L and AY*L (where Y*
represents phosphotyrosine) inhibit STAT 3 biochemical
activity and biological function. Based on variations
of PY*L (or AY*L) with substitution of the Y-I residue
by benzyl, pyridyl, or pyrazinyl new derivatives were
5-fold more potent in disrupting STAT 3 activity in
vitro than the PY*L or AY*L tripeptides (Turkson et
al. 2001). In one embodiment preferably the
composition is STA-21 a small low molecular weight
composition. STA-21 inhibits Stat3 DNA binding
activity, Stat3 dimerization, and Stat3-dependent
luciferase activity. Moreover, STA-21 reduces the
survival of breast carcinoma cells with constitutive
Stat3 signaling but has minimal effect on the cells in
which constitutive Stat3 signaling is absent (Song et
al. 2005).In one embodiment preferably the composition
comprises a composition that modulates STAT 3 as
described above and a pharmaceutically acceptable
carrier. Preferably, the composition is a unit dosage
containing a daily dose or unit, daily sub-dose or an
appropriate fraction thereof, of the active
ingredient. Generally, in humans, oral or topical
administration of the compositions is the preferred
route, being the most convenient. In circumstances
where the recipient suffers from a swallowing disorder
or from impairment of drug absorption after oral
administration, the drug may be administered
parenterally, e.g. sublingually or buccally. The
compositions of the invention will normally be
administered topically or by any parenteral route, in
the form of a pharmaceutical composition comprising
the active ingredient, optionally in the form of a
non-toxic organic, or inorganic, acid, or base,
addition salt, in a pharmaceutically acceptable dosage
form. Depending upon the fibroproliferative disease
and patient to be treated, as well as the route of
administration, the compositions may be administered
at varying doses. In human therapy, the compositions
can be administered alone but will generally be
administered in admixture with a suitable
pharmaceutical excipient diluent or carrier selected
with regard to the intended route of administration
and standard pharmaceutical practice. In one
embodiment preferably the composition is suitable for
topical application to a patient. For application
topically to the skin, the compositions can be
formulated as a suitable ointment containing the
active composition suspended or dissolved in, for
example, a mixture with one or more of the following:
mineral oil, liquid petrolatum, white petrolatum,
propylene glycol, polyoxyethylene polyoxypropylene
composition, emulsifying wax and water. Alternatively,
they can be formulated as a suitable lotion or cream,
suspended or dissolved in, for example, a mixture of
one or more of the following: mineral oil, sorbitan
monostearate, a polyethylene glycol, liquid paraffin,
polysorbate 60, cetyl esters wax, cetearyl alcohol,
2-octyldodecanol, benzyl alcohol and water.
Thecomposition may be applied topically in the form of
a lotion, solution, cream, ointment or dusting powder.
In one embodiment preferably the pharmaceutical
composition further comprises a silicone gel. This may
be in the form of medical grade polysiloxane
composition sheeting. It may be reusable. It may be a
substantially water free composition in the form of a
liquid gel. The silicone gel may be in the form of an
admixture with the composition or the silicone gel may
be placed on the patient after the application of the
composition. In another aspect of the invention a kit
of parts comprising a composition that modulates a
STAT and a silicone gel. Preferable the composition
modulates STAT 3 as described above. Compositions
suitable for topical administration in the mouth
include lozenges comprising the active ingredient in a
flavoured basis, usually sucrose and acacia or
tragacanth; pastilles comprising the active ingredient
in an inert basis such as gelatin and glycerin, or
sucrose and acacia; and mouth-washes comprising the
active ingredient in a suitable liquid carrier. The
compositions of the invention can also be administered
parenterally, for example, intravenously,
intra-arterially, intraperitoneally, intrathecally,
intraventricularly, intrasternally, intracranially,
intra-muscularly or subcutaneously, or they may be
administered by infusion techniques. They are best
used in the form of a sterile aqueous solution which
may contain other substances, for example, enough
salts or glucose to make the solution isotonic with
blood. The aqueous solutions should be suitably
buffered (preferably to a pH of from 3 to 9), if
necessary. The preparation of suitable parenteral
compositions under sterile conditions is readily
accomplished by standard pharmaceutical techniques
well-known to those skilled in the art. Compositions
suitable for parenteral administration include aqueous
and non aqueous sterile injection solutions which may
contain anti-oxidants, buffers,bacteriostats and
solutes which render the composition isotonic with the
blood of the intended recipient; and aqueous and
non-aqueous sterile suspensions which may include
suspending agents and thickening agents. The
compositions may be presented in unit-dose or
multi-dose containers, for example sealed ampoules and
vials, and may be stored in a f eeze-dried
(lyophilised) condition requiring only the addition of
the sterile liquid carrier, for example water for
injections, immediately prior to use. Extemporaneous
injection solutions and suspensions may be prepared
from sterile powders, granules and tablets of the kind
previously described. 



In one embodiment preferably the pharmaceutical
composition further comprises a corticosteroid.
Parenteral administration with Corticosteroid such as
triamcinolone acetonide or another corticosteroid
medicine may typically be repeated at intervals of
four to six weeks. The Corticosteroid may be in the
form of an admixture with the composition or the
corticosteroid may be administered perenterally to the
patient after the application of the composition. In
another aspect of the invention a kit of parts
comprising a composition that modulates a STAT and a
corticosteroid. Preferably the composition modulates
STAT 3 as described above. The compositions may also
be transdermally administered, for example, by the use
of a skin patch. In one embodiment preferably the
composition may be administered transdermally.
Transdermal administration may be via membranes,
patches or sheets placed on the patients skin. The
membranes may be designed for slow release application
of the composition, which may include corticosteroids
or other admixtures. The membranes may also be
designed to have the advantage of a substantially
water free composition. The preparation of suitable
membrane compositions under sterile conditions is
readily accomplished by standard transdermal
techniques well-known to those skilled in the art. hi
one embodiment the composition comprises a formula
suitable for aerosol delivery to a patient. The
compositions of the invention can also be administered
intranasally or by inhalation and are conveniently
delivered in the form of a drypowder inhaler or an
aerosol spray presentation from a pressurised
container, pump, spray or nebuliser with the use of a
suitable propellant, e.g. dichlorodifluoromethane,
trichlorofluoromethane, dichlorotetrafluoro-ethane, a
hydrofluoroalkane such as 1,1,1,2-tetrafluoroethane
(HFA 134A3 or 1,1,1,2,3,3,3- heptafluoropropane (HFA
227EA3), carbon dioxide or other suitable gas. hi the
case of a pressurised aerosol, the dosage unit may be
determined by providing a valve to deliver a metered
amount. The pressurised container, pump, spray or
nebuliser may contain a solution or suspension of the
active composition, e.g. using a mixture of ethanol
and the propellant as the solvent, which may
additionally contain a lubricant, e.g. sorbitan
trioleate. Capsules and cartridges (made, for example,
from gelatin) for use in an inhaler or insufflator may
be formulated to contain a powder mix of a composition
of the invention and a suitable powder base such as
lactose or starch. Aerosol or dry powder compositions
are preferably arranged so that each metered dose or
"puff' contains at least 1mg of a composition of the
invention for delivery to the patient. It will be
appreciated that the overall daily dose with an
aerosol will vary from patient to patient, and may be
administered in a single dose or, more usually, in
divided doses throughout the day. Aerosol
administration may be particularly suitable for
patients with pulmonary fibrosis. For example, the
compositions of the invention can be administered
orally, buccally or sublingually in the form of
tablets, capsules, ovules, elixirs, solutions or
suspensions, which may contain flavouring or colouring
agents, for immediate-, delayed- or controlled-release
applications. The preparation of suitable oral
compositions under sterile conditions is readily
accomplished by standard pharmaceutical techniques
well-known to those skilled in the art. The
compositions of invention may also be administered via
intracavernosal injection. Alternatively, the
compositions of the invention can be administered in
the form of a suppository or pessary.Compositions may
also be administered by the ocular route, particularly
for treating fibroproliferative diseases of the eye.
For ophthalmic use, the compositions of the invention
can be formulated as micronised suspensions in
isotonic, pH adjusted, sterile saline, or, preferably,
as solutions in isotonic, pH adjusted, sterile saline,
optionally in combination with a preservative such as
a benzylalkonium chloride. Alternatively, they may be
formulated in an ointment such as petrolatum. A
further aspect of the invention comprises a method for
identifying a composition expected to be useful for
treating a fibroproliferative disease, the method
comprising the steps of: treating a fibroproliferative
cell with a test composition; and assessing the effect
of the test composition on STAT. The method preferably
comprises the step of selecting a composition that
modulates STAT. More preferably the composition
modulates one or more of; STAT activity;
phosphorylation of STAT; the level of mRNA or protein
expression of STAT; or sub-cellular localisation of
the STAT. The composition that modulates the activity
of STAT may be selected. For example, a composition
that decreases the activity of STAT may be selected or
may be a starting point for further investigations or
compound design. The composition selected should more
preferably reduce the activity of STAT 3 mediated
signalling. Modulation of STAT may be assessed using
the methods described in the examples below or by
those commonly used in the art such as the methods in
the papers referred to on pages 4 and 5 above. hi one
embodiment preferably STAT is STAT 3. La a further
embodiment preferably the fibroproliferative cell is
derived from human keloid tissue. The method of the
invention may further comprise the steps of providing,
synthesising , purifying and/or formulating a
composition selected using computer modelling, as
known by those in the art; and of assessing whether
thecomposition modulates the activity of STAT. The
composition may be formulated for pharmaceutical use,
for example for use in in vivo trials in animals or
humans. In one embodiment preferably assessing the
effect of the test composition further comprises
assessing the amount or activity of a polypeptide
regulated by STAT. The ability of the composition to
modulate the activity or level of a protein such as
collagen or genes that can be up regulated by STAT 3
such as cyclin Dl, Myc, McI-I, SOCS3, Bcl2, and
Bcl-xLmay be assessed. For example, activity or level
of Myc may be assesed using known assays. Such
assessment may also be carried out in a microtitre
plate format or other format suitable for high
throughput screening. The assessment may be carried
out using enzyme assay techniques well known to those
skilled in the art. 



As noted above, the selected or designed composition
may be synthesised (if not already synthesised) or
purified and tested for its effect on STAT. The
composition may be tested in an in vitro screen for
its effect on a Collagen expression that may include
Collagen I and or Collagen III either at the mRNA
level and or at the polypeptide level or on a cell or
tissue in which collagen is present. The cell or
tissue may contain endogenous collagen and/or may
contain exogenous collagen (including collagen
expressed as a result of manipulation of endogenous
nucleic acid encoding collagen). The composition may
be tested in an ex vivo or in vivo screen, which may
use a transgenic animal or tissue. Suitable tests will
be apparent to those skilled in the art and examples
include more biologically relevant or pathway
assessments eg measurement of cell proliferation,
production of fibrotic polypeptides; reporter gene
activity. Compositions may also be subjected to other
tests, for example toxicology or metabolism tests, as
is well known to those skilled in the art. m one
embodiment preferably the effect of the test
composition further comprises assessing the amount of
cell proliferation, and or the amount of cell
migration. Inhibitors of STAT 3 were able to suppress
the collagen production, cellproliferation and
migration of keloid fibroblasts, to a comparable level
to normal fibroblasts. A further aspect of the
invention provides for a method of aiding assessment
of a patients risk of developing a fibroproliferative
disease, or assessing the severity of a
fibroproliferative disease, comprising the step of
measuring the level of, STAT expression or STAT
activity in a sample. A preferred embodiment provides
for determining whether the level indicates that a
patient has a low, a medium or a high risk of
developing a fibroproliferatinve disease for example
after surgery or injury. Figure 2 A is an example of
low (NS31, NS32, NS33, NS34, NS35), medium (KS53,
KS56) or high (KS51, KS52, KS54, KS55, KS57, KS58)
risk patients that can be determined from the level of
STAT expression and activity. In one embodiment the
sample has been obtained from the patient a short time
after surgery, but before it can otherwise be
determined if the scar will form into a keloid. In one
embodiment the sample has been obtained from a scar.
Particularly if there is uncertainty as to whether the
scar is hypertrophic or keloid as defined above.
Preferably STAT is STAT 3. The invention will now be
described with reference to the following none
limiting figures and examples. AUreferences herein
mentioned are hereby incorporated by reference. Figure
1 Stat3 expression and activation are elevated in
keloid skin tissues. (A) H&E stain of paraffin tissue
sections of normal skin (NSl) and keloid scar (KS28).
D, E andK indicate dermis, epidermis, and keratin,
respectively. (B) Cryosections of normal skin and
keloid scar tissue were stained with either
anti-rabbit IgG (a- rabbit IgG) or polyclonal
anti-Stat3 (C-20) (a-Stat3) and counterstained with
DAPI. (C) Cryosections were probed with anti-mouse IgG
(a-mouse IgG) or monoclonal anti-pStat3 (cc-pStat3)
and counterstained with DAPI. (D) Counterstain between
anti-Stat3 (C-20) (a-Stat3) or anti-pStat3 (a-pStat3)
with DAPI shows nuclear colocalization of Stat3 and
pStat3. Pictures were taken together with phase
contrast and all scale bars represent 50 mM. Figure 2
Enhanced Stat3 phosphorylation and expression in
keloid tissue lysates and keloid fibroblasts. (A)
Tissue lysates from normal skin (NS) and keloid
samples (KS) were subjected to Western blot analysis
with anti-pY705 Stat3 antibody. The blot was stripped
and reprobed with anti-pS727 Stat3, and subsequently
with anti- Stat3, anti-collagen I, II, III, and
anti-actin. (B) Western blot analysis of total cell
lysates from normal fibroblasts (NF) and keloid
fibroblasts (KF) with antibodies as indicated. The
graph on the right illustrates the pY705Stat3 level
normalized to Stat3 expression. (C) Normal fibroblast,
NF7, and keloid fibroblast, KF48, were cultured in
serum-free media for 2 days before stimulating with
10% FBS. Total cell lysates were harvested at day 1 to
day 5 and Western blot analysis was performed as
mentioned in (A). (D) NF4 and KF48 fibroblasts were
cultured in serum-free DMEM for 2 days before
harvesting daily over 5 days to investigate the
serum-independent phosphorylation of Stat3. Total cell
lysates were subjected to Western blot analysis with
antibodies as indicated. Arrowheads indicate the
position of the protein bands. Figure 3 Stat3
phosphorylation by Jak2 but not Jakl. Total cell
lysates from normal fibroblast, NF103, and keloid
fibroblast, KF48, were resolved in SDS-PAGE and
Western blot analysis was performed using phosphoJakl
(pJakl) or phosphoJak2 (pJak2) antibodies. The blot
was stripped and reprobed with Jakl and Jak2
antibodies respectively, and subsequently with
anti-actin for normalization. Arrows indicate the
position of the protein bands. Figure 4Increased
Tyr705 Stat3 phosphorylation in proliferating, but not
in differentiating, keloid keratinocytes. (A) Normal
keratinocyte, NKl 03, and keloid keratinocyte, KK48,
were cultured in growth media until nearly confluent,
and cells were harvested daily over 5 days. Arrowhead
indicates the position of the pY705Stat3 protein. The
bands below it in KK48 samples and the strong bands in
NKl 03 are non-specific. (B) Six normal keratinocytes
(NK) and six keloid keratinocytes (KK) were cultured
in growth media before subjecting the keratinocytes to
stratify and undergo terminal differentiation. Western
blot analyses were performed as described in Figure 2.
Figure 5 Inhibition of Stat3 decreases collagen
production. (A) Four targets of Stat3 siRNA were
cloned into pSuper.retro.puro vector and transfected
into amphotropic 293Tbased retroviral packaging cell
line, including vector alone. Retrovirus harvested 48
h after transfection was used to infect KF48. Total
cell lysates from both amphotropic packaging cell line
(left panel) and KF48 (right panel) were 



harvested and analyzed for Stat3, actin and collagen
expressions in Western blot analyses. (B) KF48 were
left untreated, or treated with DMSO or various doses
of Cucurbitacin I (5 mM, 10 mM, 20 mM, or 30 mM) for
30 min, followed by further incubation in 10% FBS/DMEM
for 48 h before harvesting. Total cell lysates
resolved in SDS-PAGE were examined for the
phosphorylation and expression of Stat3, expression of
actin, and production of collagen, in Western blot
analyses. Arrows/arrowheads indicate the position of
the protein bands. Figure 6 Inhibition of Stat3
decreases cell proliferation. (A) Increase cell
proliferation in keloid fibroblasts compared to normal
fibroblasts. Normal fibroblasts, NF2 and NF4, and
keloid fibroblasts, KF48 and KF107, were seeded at
3,000 cells/well in 96-well plates in quadruplicates
in normal growth media, and cell proliferation was
examined daily up to 6 days using XTT cell
proliferation kit according to manufacturer's
instruction. (B) KF48 fibroblasts were seeded in
96-well plates, infected with retroviral Stat3 siRNAs
the next day for 18 h, before changing to 10%
FBS/DMEM. Cell proliferation was examined daily from
the day of infection. (C) KF48 fibroblasts were seeded
in 96-well plates and either leftuntreated, or treated
with DMSO or various doses of Cucurbitacin I, and cell
proliferation was examined daily over 4 days. Figure 7
Increase cell migration in keloid fibroblasts compared
to normal fibroblasts. (A) Three normal fibroblasts,
NF2, NF4 and NF103, and three keloid fibroblasts,
KF43, KF48 and KF107, were grown in 60 mm dishes until
confluent, and treated with 10 mg/ml mitomycin C for 2
h, before a scratch wound was introduced using a
yellow pipette tip. Cells were incubated for a further
14 h in normal growth media. Pictures were taken at 0
h and 14 h after wounding. (B) Pictures from three
non-overlapping fields from (A) were taken and cells
migrated into the wound site were quantitated and data
are presented as mean  SD. * P <0.05, ** P < 0.005 and
*** P < 0.001, refer to three NFs vs. KF43, KF48 and
KF107, respectively, by Student's t-test. (C) Cell
migration was also examined using Transwell assay,
performed in triplicates. KF48 cells were seeded in
serum-free DMEM at the top of the insert with 10%
FBS/DMEM as chemoattractant in the bottom chamber.
Cells from three non-overlapping fields from each
replicate that migrated from top to bottom of the
insert after 48 h were counted and the mean of the
triplicates  SD was presented in the graph. * P <
0.001 and ** P < 0.005 indicate three NFs vs. KF43,
and KF48 and KFl 07, respectively, by Student's
t-test. Figure 8 Decrease cell migration due to
inhibition of Stat3. (A) KF48 cells were infected with
retrovirus expressing Stat3 siRNAs, and scratch-wound
assay was performed as previously described in Figure
7A. Pictures were taken at 0 h and 15 h after
wounding. (B) Data represent mean  SD of cells
migrated into the wounding site from three
non-overlapping fields from (A). P < 0.005 refers to
Stat3 siRNA 1, 2 and 4 vs. vector, by Student's -test,
and n.s. indicates not significant. Inhibition of
Stat3 by Stat3 siRNAs in Western blot is shown at the
right panel. (C) KF48 cells were infected with
retrovirus harboring Stat3 siRNAs and similar cell
migration assay using Transwell inserts was performed
as mentioned in Figure 7C. * P < 0.001 in comparison
to vector by Student's t-test, and n.s. indicates not
significant. Inhibition of Stat3 by Stat3 siRNAs is
shown in Western blot at the right panel. (D) KF48
cells were pretreated with 10 mg/ml mitomycin C for 2
h,followed by either DMSO or 1 mM Cucurbitacin I for
30 min, before cells were wounded using yellow pipette
tips. Cells were further incubated in 10% FBS/DMEM
normal growth media, and pictures were taken at 0 h,
22 h and 48 h after wounding. (E) Data represent mean
SD of cells migrated into wounding sites from three
non-overlapping fields from (D). * P <0.001 by
Student's -test. Table 1 Profiles of Normal and Keloid
Skin Tissue/Fibroblasts/Keratinocytes study.
Tissue/Fibroblasts/ MZF Race Age of Origin Age of
Keratinocytes "Donor Scar NORMAL NS/NK (cj 12) F
Chinese 12 years old Groin NS/NF/NK (tph) F Chinese 54
years old Breast NS/NF/NK (ear) M Chinese 3 years old
Earlobe NF (clw) F Chinese 35 years old Breast NF
(eye) F Chinese 18 years old Eyelid NF/NK (cffin) M
Caucasian 30 years old Groin NF2 M Indian 38 years old
Abdominal NS31 F Malay 28 years old Breast NS32 M
Chinese 20 years old Forearm NS33 M Chinese 29 years
old Thigh NS34 F Indian 30 years old Abdominal NS35 F
Indian 33 years old Breast NF/NK103 M Chinese 8 months
old Hand NKl 04 M Malay 4 years old Groin KELOID KK17
F Malay 2 1 years old Earlobe 0.5 yaers KK20 M Chinese
38 years old Shoulder (L) 0.5 years KF23 M Indian 37
years old Chest 1 year KF24 F Chinese 23 years old
Earlobe 1.5 years KS25 M Indian 38 years old Face 1.5
years KS26 F Chinese 16 years old Earlobe 2 years KS28
F Chinese 29 years old Abdominal 1.5 yearsKK29 M
Indian 32 years old Arm (L) 1 year KS/KK31 F Chinese
17 years old Earlobe 0.5 years KF33 F Chinese 19 years
old Earlobe 1.5 years KF43 M Chinese 34 years old
Elbow 1 year KK46 M Chinese 36 years old Forearm 1
year KS/KF/KK48 F Indian 23 years old Earlobe 1.5
years KS51 F Indian 17 years old Earlobe 1 year 



KS52 F Indian 18 years old Earlobe 1.5 years KS53 F
Chinese 19 years old Earlobe 1 year KS54 M Malay 27
years old Chest 1 year KS55 F Chinese 22 years old
Earlobe (R) 1 year KS56 F Chinese 22 years old Earlobe
(L) 1 year KS57 M Indian 28 years old Forearm 1 year
KS58 M Malay 22 years old Earlobe 1 year KF107 M Malay
11 years old Face 1 year Normal skin (NS), keloid skin
(KS), normal fibroblasts (NF), keloid fibroblasts
(KF), normal keratinocytes (NK), and keloid
keratinocytes (KK) that were presented in this study.
Example 1 We observed enhanced expression and
phosphorylation of STAT 3 in epidermal and dermal
cells in keloid tissues, and in keloid fibroblasts.
Inhibition of STAT 3 expression and phosphorylation by
siRNA or Cucurbitacin I resulted in concurrent loss of
collagen production, impaired cell proliferation and
delayed cell migration in keloid fibroblasts. We show
for the first tinie, a role of STAT 3 in keloid
pathogenesis, and novel regulation of collagen
production. Inhibitors of STAT 3 may be useful
therapeutics for the prospective treatment of keloid
scars and presumably other fibroproliferative
diseases. In this example, we addressed whether STAT 3
is involved in keloid scar pathogenesis. Moreover,
STAT 3 is a key molecule activated by various cytokine
and growth factors, ligands which are known to be
secreted by various cell components in response to
tissue injury during wound healing. Our results showed
an enhancement of STAT 3 expression and/or
phosphorylation in keloid tissues, keloid-derived
fibroblasts andkeratinocytes in proliferative
condition. We detected concomitant increased
activation of tyrosine kinases Jak2, but not Jakl, in
keloid fibroblasts compared to normal dermal
fibroblasts. In addition, we observed increased
collagen production by keloid fibroblasts, cell
proliferation and migration in keloid fibroblasts,
which were suppressed by STAT 3 inhibition through
STAT 3 siRNA and an inhibitor of Jak2/STAT 3,
Cucurbitacin I. These data revealed an important role
of STAT 3 in the pathogenesis of keloid scars, which
could be ameliorated by inhibition of STAT 3, and may
be useful as a therapeutic target for the treatment of
keloid fibrosis. Keloid scars do not occur
spontaneously, but are the result of excessive wound
healing after cutaneous injuries, exhibiting
abnormalities in cell migration, proliferation,
inflammation, synthesis and secretion of collagen and
other ECM components, and remodeling of the wound
matrix. We investigated the role of STAT 3 in keloid
pathogenesis in both normal skin and keloid tissue
sections, as well as in fibroblast and keratinocyte
cell cultures. Our data showed that in keloid tissue,
STAT 3 is phosphorylated in the stratum basale, but
less so in the more superficial differentiated layers
of the epidermis (Figure 1C). This is substantiated by
enhanced Tyr705 STAT 3 phosphorylation in keloid
keratinocytes maintained in the proliferative rather
than in differentiating condition (Figure 4). In the
dermis, we showed that both STAT 3 expression and
phosphorylation are enhanced in keloid tissue
sections, tissue lysates and fibroblasts (Figure IB,
1C, and T). Increased collagen production, fibroblast
proliferation and migration, have previously been
reported in keloid scars. Hence, we further
investigated whether the increased STAT 3 expression
and phosphorylation we observed has a role in any of
these processes in keloid pathogenesis, by means of
STAT 3 siRNA or by an inhibitor of Jak2/Stat3
activation, Cucurbitacin I. Indeed, we found that
inhibition of Stat3 phosphorylation and expression by
either method decreased the keloid fibroblast collagen
production, proliferation and migration, to a level
comparable to that of normal fibroblasts (Figure 5-8).
STAT 3 siRNA 4 was the most effective among the siRNAs
tested, and Cucurbitacin I concentration as low as 1
mM was effective in decreasing the rates of keloid
fibroblast proliferation and migration to that of
normal fibroblasts. Although higher doses of
Cucurbitacin Iwas efficient in inhibiting Tyr705 and
Ser727 STAT 3 phosphorylations and collagen production
(Figure 5B), we also observed cell morphology changes
and the beginning of some cell death at higher doses
(Figure 6C and 8D). As has been previously reported,
treatment of A549 human lung carcinoma cells with 10
mM Cucurbitacin I for 24 h induced 33% tumor cell
death and 9.8% apoptosis, and also 55.4% inhibition of
A549 tumor growth in nude mice (Sun et al. 2005).
However, compared to these cancer cells, we observed a
higher sensitivity of Cucurbitacin I in our primary
cells, even at 1 mM exposure for 30 min. Cucurbitacin
I was shown to be a more potent inhibitor of pJak2
than pSTAT 3, and we observed increased pJak2 but not
pJakl activation in keloid fibroblasts compared to
normal fibroblasts (Figure 3). Inhibition of both Jak2
and STAT 3 by Cucurbitacin I seemed to exert a more
potent inhibitory effect on cell proliferation and
migration, compared to inhibition of STAT 3 expression
alone by siRNA. The process of cutaneous wound healing
can be arbitrarily divided into three phases -
inflammation, tissue formation (reepithelialization,
formation of granulation tissue, neovascularization)
and tissue remodeling, events which are governed by a
well-orchestrated temporal and spatial secretion of
various chemokines, cytokines and growth factors by
different cell components. STAT 3 is a key molecule
activated in response to most of these ligands. Here,
we observed enhanced expression and phosphorylation of
STAT 3 in keloid tissues, fibroblasts and
keratinocytes, suggesting a lack of a stop signal or
its downregulation, and/or an incessant stimulation by
cytokines or growth factors. Indeed, some cytokines
that activate STAT 3 have been reported to be enhanced
in keloid tissue such as IL-6 (Xue et al. 2000). On
the other hand, whether there is any mutation in STAT
3 in keloid tissues that predisposes to its
overexpression remains to be determined. Since Stat3
is involved in all the different phases of wound
healing, we speculate that normal regulation of Stat3
is required throughout the process, and dysregulation
of Stat3 signaling will tip the balance towards
impaired wound healing and fibrosis. Activation of
Stat3 by proinflammatory cytokines also suggests a
role of Stat3 in the progression of 



scarring at the inflammation phase, since fetal
tissues that lack inflammationundergo perfect scarless
wound healing, and scarring ensued in the presence of
an acute inflammatory infiltrate (Yang et al. 2003).
Fibroblasts are responsible for the synthesis,
deposition, and remodeling of the ECM. We report here
that overexpression and phosphorylation of Stat3 plays
a novel role in the excessive collagen deposition by
fibroblasts, leading to fibrotic tissue such as
keloids. Inhibition of STAT 3 expression by siRNA or
Cucurbitacin I showed a corresponding decline in
collagen expression (Figure 5), suggesting that
collagen production may be regulated by STAT 3 at the
transcriptional level. Preliminary scanning of the
promoter region of both collagen type I al , COLlAl,
and collagen type III al , COL3A1, revealed some
putative STAT 3 binding sites. It will be interesting
to investigate whether Stat3 has a direct effect on
the transcription of procollagen type I and III, the
two collagens that are found highly synthesized in
keloids. STAT 3 was shown to possess oncogenic
potential, as overexpression of a
constitutively-dimerized/active STAT 3 mutant (STAT
3C) caused cellular transformation and tumor
formation. Recently, overexpression of STAT 3C in A549
carcinoma cells followed by microarray analyses
revealed that STAT 3 regulated genes are common to
both wound healing and cancer, including cell
invasion/migration, angiogenesis, and remodeling of
ECM, based on the concept that tumors are "wounds that
do not heal". This supports our observation that
hyperactive STAT 3 plays a role in fibroproliferative
disease or wound healing gone awry, as seen in
keloids. However, there is still a distinct difference
between wound healing and skin cancer, as cancer cells
metastasize and scars do not. It is still unclear how
STAT 3 plays a differential role between wound healing
and skin cancer. Keratinocyte-specifc STAT 3-deficient
mice exhibited impaired wound healing, suggesting that
either expression and/or activation of Stat3 in
keratinocytes plays a critical role in that process.
On the other hand, introduction of the active STAT 3C
into keratinocytes spontaneously led to psoriasis in
mice by 2 weeks (Sono et al. 2005). However, the
psoriatic lesions developed by tapestripping wounding
require both the activated Stat3 in keratinocytes and
thepresence of activated T lymphocytes, demonstrating
that active STAT 3 in keratinocytes alone is
insufficient to impair wound healing. We have shown
that STAT 3 is hyperactive in keloid fibroblasts and
proliferating keratinocytes, but it remains to be
determined if T cells are also required for keloid
scarring. As for skin cancer, STAT 3 was completely
resistant to the development of skin tumor in the
keratinocyte-specific Stat3 -deficient mice subjected
to a two-step model of chemically-induced skin
carcinogenesis, and STAT 3 inhibitor applied topically
into transgenic mice expressing v-Ha-ras in
keratinocytes inhibited the papilloma formation (Chan
et al. 2004 and Pedranzini et al. 2004). The
involvement of T cell activation in tumor progression
was not addressed in these reports, and further
investigation using T cell-deficient nude mice will be
required to answer this question. Recently,
unphosphorylated STAT 3 has been proposed in
oncogenesis and transcriptional regulation. We
observed strong expression of STAT 3 in both
keratinoctyes and fibroblasts in normal and keloid
tissues, and superimposition with the nuclear stain,
DAPI, showed strong nuclear localization of STAT 3.
Yet, with the pSTAT 3 staining, we could not determine
just how much of the STAT 3 was phosphorylated. While
it has been very well established that pTyr705 STAT 3
translocates to the nucleus, binds to target DNA
sequences and regulates gene transcription, the role
of unphosphorylated Stat3 is less clear. We consider
that unphosphorylated STAT 3, cytoplasmic or nuclear,
may play a role in keloid pathogenesis, but most
likely in a different manner than that of the pTyr705
STAT 3 subpopulation. However, the mechanism remains
ambiguous and warrants further investigation. In
summary, we have shown for the first time, a novel
role of STAT 3 in the pathogenesis of keloid scars.
Inhibitors of STAT 3 expression or phosphorylation
were able to suppress keloid fibroblast collagen
production, cell proliferation and migration to a
level comparable to normal fibroblasts. Besides siRNA
and Cucurbitacin I, other STAT 3 inhibitors are
considered to be useful, including other
pharmacological agents such as Cucurbitacin Q which is
an analogue of Cucurbitacin I and a selective STAT 3
inhibitor (Sun et al. 2005),STA-21 (Song et al. 2005),
STAT 3 decoy oligonucleotide (Leong et al. 2003), or
phosphotyrosyl peptides (Turkson et al. 2001), all of
which exhibited either anti tumor activity, increased
apoptosis, inhibited proliferation, or suppressed cell
transformation of cancer-derived or v-Src-transformed
cell lines. These potential cancer therapeutic agents
that target the inhibition of STAT 3 or any other
compositions that inhibit STAT 3 are also considered
to be useful for the prospective clinical treatment of
fibroproliferative disease including keloid scars.
Characterisation of fibroproliferative tissue Normal
and keloid tissue. Ethical approvals from National
University of Singapore Institutional Review Board and
National Healthcare Group Domain Specific Review
Boards, and informed consent from patients, were
obtained before surgical excision of skin and keloid
tissue. All patients had received no prior treatment
for keloid lesions. A full history was taken and
physical examination was performed in addition to
color-slide photodocumentation of all keloid lesions.
Normal skin and keloid scar tissue mentioned in this
paper are listed in Table 1. Cell culture. Normal and
keloid-derived fibroblasts and keratinocytes mentioned
in this work are listed in Table 1. Isolated
fibroblasts were grown in DMEM containing 4,500 mg/ml
glucose, supplemented with 10% FBS (GIBCO BRL Life
Technologies, NY, USA), 2 mM L-glutamine, 100 U/ml
penicillin and 100 ng/ml streptomycin (Sigma, MO,
USA). Isolated keratinocytes were cultured in either
Keratinocyte Growth Media (KGM; Clonetics, NY, USA) or
EpiLife medium (Cascade Biologies Inc., OR, USA). To
allow keratinocytes to stratify and reach terminal
differentiation, cells in serum-free KGM were
maintained till 100% confluent in monolayer, followed
by DMEM supplemented with 10% FCS for 4 days, before
subjecting them to air-liquid interface (Lim et al.
2001). 



Enhanced Stat3 expression and phosphorylation in
keloid scar tissue versus normal skin tissue in vivo.
In normal skin, a thin layer of epidermis underlies a
very thin layer of keratin, hi contrast, the keratin
and epidermal layers of keloidtissue are thicker, as
shown by the H&E staining of paraffin sections (Figure
IA). The dermis is also considerably thicker, with
compacted and irregular connective tissue compared to
normal skin which appears more uniformly stacked and
regular. Haematoxylin and eosin staining. Tissue
sections were fixed with 4% paraformaldehyde in PBS,
embedded in paraffin and sectioned. Tissue sections
were stained with Haematoxylin for 5-8 min, washed
with running water, quick destained with acid ethanol
containing 1% hydrochloric acid and 70% enthanol,
washed with running water, and counterstained with
eosin-ethanol for 3-5 min. Tissue sections were then
rehydrated by gradual immersion in 70%, 80%, 95% and
100% ethanol, cleared with xylene, and finally mounted
in entellan. Pictures were taken with Leica DM4000 B
microscope. Immunofluorescence. Cryo sections of the
tissue samples were fixed with 4% paraformaldehyde in
PBS for 15-30 min at room temperature, washed thrice
with 0.1% Triton X-100 in PBS for 10 min each, and
blocked with buffer containing 5% normal goat serum,
2% fetal bovine serum, 2% bovine serum albumin, 1 mM
CaCk, 1mM MgCk in PBS. Tissue sections were washed as
above and incubated for 1 h at room temperature, with
primary antibody diluted 1:200 in FDB to 1 mg/ml for
monoclonal p-Stat3 (B7), polyclonal Stat3 (C-20),
anti-mouse IgG, or anti-rabbit IgG antibodies. Tissue
sections were washed again as described and incubated
for 1 h at room temperature, with either FluoroLink
Cy3-labelled goat anti-rabbit IgG (PA43004; Amersham
Biosciences, Buckinghamshire, UK) or anti-mouse
IgG-Cy3 (AP124C; Chemicon International, Temecula,
California, USA) diluted at 1:400 in FDB. Sections
were washed again and mounted with Vectashield
mounting medium containing DAPI (H- 1200; Vector
Laboratories, Inc., Burlingame, California, USA).
Pictures were taken with Leica DM4000 B microscope.
Assessment of STAT modulationAssessment of STAT
expression. To examine the expression of Stat3,
cryosections from normal skin and skin overlying
keloid scar were subjected to immunofluorescence using
a polyclonal Stat3 (C-20) antibody, performed in
parallel with anti-rabbit IgG as controls. As
illustrated in Figure IB, Stat3 could be detected in
both normal skin and keloid tissue, whereas weak
fluorescence was observed with anti-rabbit IgG
antibody. Stat3 expression was easily detected in the
epidermal layer in both skin types, which is
predominantly populated with keratinocytes. In the
dermal layer, the connective tissue is interspersed
with cellular components comprised primarily of
fibroblasts, which are involved in the deposition of
collagen fibers and other ECM components. A small
population of fibroblast cells in the dermal layer of
normal skin 3 and 4 also showed Stat3 expression,
whereas a higher number of fibroblasts in keloid
samples 25, 26, 31 and 48 showed Stat3 expression. The
Stat3 immunofluorescence appeared more intense in
keloid compared to normal skin, indicating a higher
Stat3 expression in the cell population in both
epidermis and dermis in keloid samples. Retroviral
Stat3 siRNA. Four different targets designed against
STAT 3 were selected and cloned into BgRl and Xhol
into pSUPER.retro.puro from OligoEngine, and sequenced
(STAT 3 Genbank Accession number NM l 39276). The four
targets are named STAT 3 siRNA 1 (nt. 461-480) SEQ ID
1, STAT 3 siRNA 2 (nt. 1264-1283) SEQ ID 2, STAT 3
siRNA 3 (nt. 364-383) GATTGGGCATATGCGGCCA, and STAT 3
siRNA 4 (nt. 1662-1681) SEQ ID 3. The corresponding
primers with a 9-nt short hairpin in the middle (bold)
are SEQ ID 4:
FIS'GATCCCCAGTCGAATGTTCTCTATCATTCAAGAGATGATAGAGAA
CATTCGACTTTTTTC3' and SEQ ID 5:
5'TCGAGAAAAAAGTCGAATGTTCTCTATCATCTCTTGAATGATAGAG
AACATTCGACTGGG3 ' , SEQ ID 6: F2 5'GATCCCC
GGCGTCCAGTTCACTACTATTCAAGAGATAGTAGTGAACTGGACGCCT
TTTTC3' andSEQ ID 7:
5'TCGAGAAAAAGGCGTCCAGTTCACTACTATCTCTTGAATAGTAGTG
AACTGGACGCCGGG3' , siRNA 3
5'GATCCCCGATTGGGCATATGCGGCCATTCAAGAGATGGCCGCA
TATGCCCAATCTTTTTC3' and
5'TCGAGAAAAAGATTGGGCATATGCGGCCATCTCTTGAATGGCCGCA
TATGCCCAATCGGG3' , SEQ ID 8: F4
5'GATCCCCGCGTCCATCCTGTGGTACATTCAAGAGATGTACCACAGG
ATGGACGCTTTTTC3', and SEQ ID 9:
5'TCGAGAAAAAGCGTCCATCCTGTGGTACATCTCTTGAATGTACCAC
AGGATGGACGCGGG3' . These vectors containing Stat3
siRNA targets and empty vector were transfected into
293T-based Phoenix-Ampho packaging cell line for 7-9
h, and the amphotropic retroviruses were harvested 48
h later, pelleted to remove nonadherent cells and
cellular debris, and filtered through a 0.45 mM
cellulose acetate membrane. The keloid fibroblasts
were infected overnight in the presence of 4 mg/ml
polybrene, and replaced with fresh 10% FBS/DMEM the
following day. Cells were assayed for Western blot 48
h after infection, or for XTT cell proliferation, or
for migration assay which was performed by replating
the cells into 8 mM Transwell membrane and fixed 24 h
later as described above. Of the four different
targets for Stat3 siRNA selected, three displayed an
inhibitory effect on Stat3 expression, namely Stat3
siRNA 1, 2 and 4, but not siRNA 3, in 293T-based
amphotropic packaging cell line (Figure 5A, left
panel). 



Assessment of STAT phosphorylation, activity, and
sub-cellular localisation. Activation of Stat3 was
also examined using phosphoStat3 (pStat3) monoclonal
antibody, performed in parallel with anti-mouse IgG as
controls. Weak pStat3staining was observed in normal
skin 4 (Figure 1C). In contrast, activation of Stat3
was significantly increased in both dermis and
epidermis in keloid 26. Assessing sub-cellular
localization. Superimposing the Stat3 stain with
nuclear DAPI stain in keloid 31 showed colocalization
of the dot-like Stat3 stain with the nucleus (Figure
ID, upper panels), with amorphous stain indicating
cytoplasmic localization. This reinforced the
suggestion that more activated Stat3 was present in
keloid-derived cells. Similar nuclear localization was
also observed in keloid 26, stained with anti-pStat3
antibody and DAPI (Figure ID, lower panels). Closer
examination of keloid 26 revealed that nuclear
staining of Stat3 was detected predominantly in the
stratum basale, with less staining in both the stratum
spinosum and stratum granulosum layers. This indicates
that activation of Stat3 is more enhanced in keloid
keratinocytes compared to normal keratinocytes in the
stratum basale adjacent to the basement membrane,
suggesting a role of activated Stat3 in cell
proliferation rather than cell differentiation in
keloid keratinocytes. Increased Stat3 activation in
keloid fibroblasts and tissue lysates compared to
normal skinfibroblasts and tissue lysates. To further
verify the data above, tissue lysates of normal skin
from five individuals and keloid scars from eight
individuals were investigated for phosphorylation and
expression of Stat3. Three samples from normal skin
showed low Tyr705 Stat3 phosphorylation, whereas two
showed moderate Tyr705 Stat3 phosphorylation (Figure
2A). hi contrast, all keloid tissue lysates, except
for one, showed moderate to very high Tyr705 Stat3
phosphorylation. The degree of Tyr705 Stat3
phosphorylation correlated well with the level of
Stat3 expression, hi addition, six out of eight keloid
tissue samples showed an increase in Ser727 Stat3
phosphorylation compared to all five normal skin
samples. Collagen production was elevated in the same
six of eight keloid tissue samples, whereas the
remaining two showed a similar expression to those
from the normal skin samples. The epidermis is
populated with 95% keratinocytes and 5%
nonkeratinocyte cells comprising melanocytes,
Langerhans cells, and Merkel cells (33), whereas
fibroblasts are the predominant cells in the dermis,
along with someendothelial and mast cells. To further
investigate the activation of Stat3, primary
fibroblasts derived from normal skin and keloid
tissues were further examined. Two normal fibroblast
(NF) and three keloid fibroblast (KF) strains were
examined for Stat3 activation. Tyr705 phosphorylation
of Stat3 was elevated from 2.3 to 4.3-fold in keloid
fibroblasts compared to normal fibroblasts after
normalization with Stat3 expression (Figure 2B). Tyr
phosphorylation of Statl and Stat5 were undetectable
in any of the samples. Statl protein expression was
present, whereas Stat5 expression was weak, in all of
the samples. To further examine the kinetics of Tyr705
and Ser727 Stat3 phosphorylation, normal and keloid
fibroblasts were cultured for 5 days under normal
growth conditions. In normal fibroblast, NF7, Tyr705
Stat3 phosphorylation was hardly detectable at day 1,
but was observed at day 2 and sustained until day 5
(Figure 2C). hi contrast, Tyr705 Stat3 phosphorylation
was observed in keloid fibroblast, KF48, at day 1,
which increased and peaked at day 3, and gradually
decreased to day 1 levels at day 5. The Ser727 Stat3
phosphorylation profile was similar to Tyr705 Stat3
phosphorylation in both normal and keloid fibroblasts.
In addition, an elevated Stat3 expression was observed
in KF48 compared to NF7. This data correlated well
with the observations seen in tissue sections and
tissue lysates (Figure IB-D and Figure 2A). Stat3
phosphorylation was also examined in serum-free
condition. NF4 and KF48 were cultured to 90%
confluence, washed extensively with serum-free DMEM,
and further incubated in serum-free DMEM for 2 days.
Fresh serum-free DMEM was added, and cells were
harvested every 24 h up to day 5. We observed strong
constitutive Tyr705 and Ser727 Stat3 phosphorylation
in KF48 throughout the 5 days, with very weak
phosphorylation in NF4 (Figure 2D). Although actin
expression was similar in all samples, Stat3
expression was slightly elevated in KF48 compared to
NF4. Overall, phosphorylations and expression of Stat3
were augmented in keloid fibroblasts and tissue
lysates compared to the samples from normal skin.
Tyr705 and Ser727 Stat3 phosphorylations in keloid
fibroblasts also occur in a constitutive and
serum-independent manner.Jak2 but not Jakl activation
is increased in keloid fibroblasts. The enhanced
Tyr705 Stat3 phosphorylation in keloid fibroblasts
prompted us to investigate the activation of known Tyr
kinases of Stat3, namely Jaks, Src and EGF receptor.
Nearly confluent normal and keloid fibroblasts were
maintained in serum-free media and harvested, and
activation of endogenous Jakl and Jak2 was examined in
Western blot analysis using anti-phosphoJakl or
anti-phosphoJak2 antibody. As shown in Figure 3,
increased pJak2 was detected in KF48 compared to
NF103, whereas pJakl signal was hardly detectable in
either normal or keloid fibroblasts, although Jakl
expression was present in both cell types. On the
other hand, phosphoSrc (Tyr416) and phosphoEGFR
(Tyr845) signals were hardly detectable in both NF and
KF (data not shown). Inhibition of Stat3 was also
evaluated by incubating KF48 for 30 min with various
doses of Cucurbitacin I, an inhibitor of Jak2/Stat3
activation (32), or with DMSO alone as a control,
followed by further incubation in normal growth media
for 48 h. As shown in Figure 5B, a dose-dependent
inhibition of pY705 Stat3, pS727 Stat3, and collagen
production was observed by Cucurbitacin I, with
effective concentration as low as 1 mM. A
dose-dependent decrease of Stat3 expression was also
observed, although actin expression was rather similar
in all samples. Cucurbitacin I was acquired from
Galchimia (A Coruna, Spain). Stat3 activation in
keloid keratinocytes. Stat3 activation was also
examined in keratinocyte cell lines derived from
normal and keloid tissue. Keratinocytes were cultured
in growth medium and harvested daily up to day 5.
Tyr705 Stat3 phosphorylation was detectable in KK48
(Figure 4A, middle band indicated by arrowhead), but
not in NKl 03. On the other hand, Ser727 Stat3
phosphorylation 



was higher in NKl 03 compared to KK48 over days 1 to
4, with a reversal of phosphorylation level at day 5.
Stat3 immunoblot showed equal expression between NKl
03 and KK48. Keratinocytes grown in growth media
represent keratinocytes of the stratum basale in the
proliferative phase. The results above are consistent
with the pStat3staining in the stratum basale in
keloid 26 (Figure 1C). To further investigate whether
Stat3 activation occurred in the other stratified
layers of epidermis in vivo, keratinocytes were
cultured in differentiation condition. Interestingly,
while Tyr705 Stat3 phosphorylation was comparatively
high in all of the six normal keratinocyte samples, it
was significantly weak in all six keloid keratinocyte
samples examined (Figure 4B). hi addition, 50% of the
normal keratinocytes displayed a slightly enhanced
Ser727 Stat3 phosphorylation compared to keloid
keratinocytes, while Stat3 and actin expressions were
similar in all samples. The decreased Tyr705 Stat3
phosphorylation in differentiating keloid
keratinocytes was also consistent with poor rStat3
staining in both stratum spinosum and granulosum in
keloid 26 (Figure 1C). Antibodies and reagents
Antibodies to all 7 STAT family members including a
panel of phospholelation specific antibodies to STAT
1, STAT 3, and STAT 6 are commercially available form
Acris Antibodies GmbH, (Hiddenhausen Im Himmelreich,
Germany). AU of these can be used for western blotting
and some can be used for immunohistochemical staining.
In addition a number of other companies have one or
more STAT antibodies available. Polyclonal
anti-phosphoTyr705 Stat3, monoclonal antiphosphoSer727
Stat3, polyclonal anti-phosphoJakl (Tyrl 022/1023) and
polyclonal antiphosphoJak2 (Tyrl 007/1 008) antibodies
were purchased from Cell Signaling (Beverly,
Massachusetts, USA), whereas monoclonal pStat3 (B7)
(sc-8059), polyclonal Stat3 (C- 20) (sc-482) antibody,
anti-mouse IgG (sc-2025), and anti-rabbit IgG
(sc-2027) were acquired from Santa Cruz Biotechnology,
Inc. (Santa Cruz, California, USA). Monoclonal
anti-Stat3 antibody was purchased from BD Transduction
Laboratories (Lexington, Kentucky, USA), and
polyclonal anti-actin antibody was purchased from
Sigma (Saint Louis, Missouri, USA). Western blot.
Cells were either harvested in radioimmune
precipitation assay (RIPA) buffer (150 mMNaCl, 50
mMTris-HCl, pH 7.2, 1% deoxycholic acid, 1% Triton
X-100, 0.25 mM EDTA, pH 8.0) containing protease
inhibitor cocktail(Roche Diagnostics Corporation,
Indianapolis, Indiana, USA), or lysis buffer
containing 150 mM NaCl, 10 mM Tris-HCl, pH 7.4, 0.5%
Triton-X-100, 0.5% NP-40, 1 mM EDTA, 0.2 mM sodium
vanadate, supplemented with protease inhibitor tablet.
Total cell lysates were collected after centrifugation
for 10 min at 4oC, and resolved in 7.5 % or 10%
polyacrylamide gel electrophoresis, and transferred to
PVDF membranes (Bio-Rad Laboratories, Hercules,
California, USA). The membranes were blotted with
anti-phosphoTyr705 Stat3 antibody (1:1000 dilution;
Cell Signaling, Beverly, Massachusetts, USA) overnight
at 4oC overnight in PBS containing 1% BSA and 0.1%
Tween 20, washed with PBS containing 0.2% Tween 20,
and incubated with secondary anti-rabbit IgG antibody
(1:2000 dilution; Sigma, Saint Louis, Missouri, USA)
for 1 h at room temperature, washed with PBS
containing 0.2% Tween 20, followed by enhanced
chemiluminescence (Amersham Biosciences,
Buckinghamshire, UK) or Lumi- Light (Roche Diagnostics
Corporation, Indianapolis, USA), and autoradiography.
The membranes were stripped with Restore Western
Blotting Stripping Buffer (Pierce, Rockford, Illinois,
USA) according to manufacturer's instructions and
reblotted with anti-rhosphoSer727 Stat3 (1:1000
dilution; Cell Signaling, Beverly, Massachusetts, USA)
and secondary anti-mouse IgG antibody (1:2000
dilution; Sigma, Saint Louis, Missouri, USA). The
stripping and reblotting procedure was repeated with
monoclonal anti-Stat3 (1:1000 dilution; BD
Transduction Laboratories), polyclonal anti-actin
(1:1000 dilution; Sigma) and monoclonal anticollagen
antibody (1:1000 dilution; MONOSAN).
Fibroproliferative cells derived from human keloid
tissue Isolation of fibroblasts and keratinocytes. The
procedure for the isolation and culture of fibroblasts
and keratinocytes from skin specimens was as described
previously (Lim et al. 2002). Methods of assessing
polypeptides regulated by STAT Collagen may be
regulated by STAT 3 activation, monoclonal anti-human
collagen I, II, III was purchased from M0NQ&4N (Uden,
Netherlands).Fibronectin and mitomycin C were
purchased from Sigma (Saint Louis, Missouri, USA).
These were detected via western blot as described
above. Collagen production was elevated in six of
eight keloid tissue samples (Figure 2A), whereas the
remaining two showed a similar expression to those
from the normal skin samples. Inhibition of Stat3
downregulates collagen production. Secretion of
collagen by fibroblasts occurs during the process of
tissue remodeling in wound healing, and enhanced
collagen production has been implicated in fibrosis.
To investigate whether STAT 3 plays any role in keloid
collagen production, keloid fibroblasts were infected
with retrovirus expressing STAT 3 SiRNAs. Of the four
different targets for Stat3 siRNA selected, three
displayed an inhibitory effect on Stat3 expression,
namely Stat3 siRNA 1, 2 and 4, but not siRNA 3, in
293T-based amphotropic packaging cell line (Figure 5A,
left panel). Inhibition of Stat3 expression by these
three Stat3 siRNAs correlated with the inhibition of
collagen production in KF48 (Figure 5A, right panel).
Taken together, inhibition of Stat3 expression by
Stat3 siRNA, or Stat3 activation by Cucurbitacin I,
resulted in equivalent inhibition of collagen
production. Methods of assessing cell migration Cell
migration in keloid fibroblasts is inhibited by Stat3
siRNA and Cucurbitacin I . To examine the role of
Stat3 in cell migration of skin fibroblasts, KF48
cells were infected with retrovirus expressing Stat3
siRNAs and scratch assays were performed as previously
descri bed hi Figure 8A, Stat3 siRNA 1, 2 and 4, all
of which inhibit Stat3 expression, were able to impede
the rate of cell migration of KF48, whereas vector
alone or Stat3 siRNA 3 did not. Three non-overlapping 



fields were acquired, and graphically illustrated as
mean  SD in Figure 8B. Transmembrane cell migration
assays were also performed in triplicates as described
earlier, and quantified as mean  SD (Figure 8C). In
agreement with the scratch assay, Stat3 siRNA 1, 2 and
4, were able to hinder the cell migration of KF48,
whereas vector and Stat3 siRNA 3 did not. The right
panels in Figure 8Band 8C depict immunoblots of Stat3
and actin to show the efficiencies of inhibition by
the Stat3 siRNAs. The role of Stat3 in cell migration
was also examined using Cucurbitacin I in the scratch
assay. KF48 cells were first incubated with 10 mg/ml
mitomycin C for 2 h, before treating for 30 min with
DMSO or 1 mM Cucurbitacin I. The scratchwound was
performed, followed by further incubation in normal
growth media. Pictures were taken at 0 h, 22 h and 48
h after wounding. As shown in Figure 8D, inhibition of
Stat3 activation by Cucurbitacin I decelerated the
migration of KF48, compared to DMSO control.
Quantification of the mean  SD of three nonoverlapping
fields is depicted in Figure 8E, which showed a
significant reduction in cell migration at 22 h and a
delayed migration at 48 h by Cucurbitacin I compared
to DMSO control (*P < 0.001). Increased cell migration
in keloidfibroblasts. Wound healing is a complex
multistep process. It involves the migration and
proliferation of keratinocytes and fibroblasts to
resurface areas of skin loss. We further examined the
migration potential of normal and keloid fibroblasts
using the scratch assay. Cells were first cultured to
full confluence, and treated with 10 mg/ml mitomycin C
for 2 h before scratch-wounding with a yellow pipette
tip. Pictures were taken at 0 h and 14 h later (Figure
7A). Three non-overlapping fields were captured and
quantitated as mean  SD, and results are presented in
Figure 7B. All three keloid fibroblasts, KF43, KF48
and KF107, showed enhanced cell migration rates
towards the midline of scratch wound compared to three
normal fibroblasts, NF2, NF4 and NF103. Cell migration
was also examined by the transmembrane assay using the
8.0 mM pore size polyvinylpropylene-free polycarbonate
Transwell membranes, performed in triplicates. Three
non-overlapping fields per replicate were captured and
quantitated as the mean of the total migrating cells
in the triplicates. Once again, the three KF samples
showed increased migration compared to the three NF
samples (Figure 7C).Migration assay. For migration
assay using the scratch method, cells were grown to
confluence and incubated with 10 mg/ml mitomycin C for
2 h, before a scratch wound was introduced using a
yellow pipette tip. Cells were further incubated in
normal growth media and pictures were taken at 0 h, 14
h, 15 h, 22 h, or 48 h after wounding. Three
non-overlapping fields were captured by Axiovert 135
microscope from Zeiss and cells migrated into the
wound site were counted and presented as mean  SD.
Migration assay was also performed using the Transwell
8.0 mM pore size polycarbonate membrane (Corning
Inc.). I X l O4 cells/well were seeded at the top of
the insert in 0.2 ml serum-free DMEM, with 0.5 ml 10%
FBS/DMEM in the bottom chamber as chemoattractant. 24
h later, cells were washed once in cold PBS, before
fixing with 4% paraformaldehyde in PBS for 15 min at
room temperature. Cells were permeabilized with 0.1%
Triton X-100 in PBS for 3 min at room temperature, and
stained with haematoxylin for 10 min at room
temperature, followed by destain with water thrice.
Cells from the top of the inserts were removed by
cotton swabs, and inserts were left to dry. The
inserts were mounted onto slides and three
non-overlapping fields of cells migrated to the bottom
of the inserts were captured using Leica DM4000 B
microscope. Methods of assessing cell proliferation
Inhibition ofStatS decreases cell proliferation.
Enhanced fibroblast proliferation is a characteristic
of keloid tissue, hi agreement with this, keloid
fibroblasts grown in normal culture conditions
proliferated faster than normal fibroblasts, as
observed in KF48 and KF107 compared to NF2 and NF4
(Figure 6A). To investigate whether Stat3 is involved
in the enhanced keloid fibroblast proliferation, KF48
was infected with retrovirus expressing Stat3 siRNAs,
and cell proliferation was examined. As shown in
Figure 6B, inhibition of Stat3 by Stat3 siRNA 4
decreased cell proliferation of KF48, compared to a
noninfected control, vector control and Stat3 siRNA 3,
which does not inhibit Stat3.XTT proliferation assay.
Cells seeded at 3,000 cells/well in 96-well plates and
grown in normal growth conditions, or infected with
retroviral Stat3 siRNAs, were assayed for
proliferation using the XTT proliferation kit (Roche)
according to the manufacturer's instructions. The
readings were taken at 450 nm and referenced against
690 nm, 2 h after the addition of the XTT reagent.
Each sample was performed at quadruplicates in two to
three independent experiments. Data are presented as
mean  SD Cell proliferation was also investigated by
treating KF48 cells with various doses of Cucurbitacin
I or with DMSO control, before incubating in normal
growth media and examined daily over 4 days.
Cucurbitacin I concentration as low as 1 mM was able
to inhibit cell proliferation of KF48 compared to DMSO
and untreated control (0 mM)5 whereas Cucurbitacin I
exposure at 5 mM and above seemed to cause cell death
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of a composition that modulates a STAT in the
manufacture of a medicament for treating or preventing
a fibroproliferative disease. 2. The Use of claim 1
wherein the fibroproliferative disease comprises
keloid scarring. 3. The use of claim 1 or 2 wherein
the composition modulates one or more of; activity;
phosphorylation; level of expression; or sub-cellular
localisation of the STAT. 4. The use of any one of
claims 1 to 3 wherein the STAT is STAT 3. 5. The use
of any one of claims 1 to 4 wherein the composition
comprises an SiRNA of STAT 3. 6. The use of claim 5
wherein the SiRNA of STAT 3 comprises SEQ ID 1, or SEQ
ID 2 or SEQ ID 3. 7. The use of claim 6 wherein the
SiRNA of STAT 3 comprises SEQ ID 4 and or SEQ ID 5, or
SEQ ID 6 and or SEQ ID 7, or SEQ ID 8 and or SEQ ID 9.
8. The use of claim 7 wherein the SiRNA of STAT 3 is
selected from the group of SEQ ID4 and or SEQ ID 5, or
SEQ ID 6 and or SEQ ID 7 or SEQ ID 8 and or SEQ ID 9.
9. The use of any one of claims 1 to 4 wherein the
composition comprises a cucurbitacin. 10. The use of
claim 9 wherein the composition comprises cucurbitacin
I or cucurbitacin Q. 11. The use of any one of claims
1 to 4 wherein the composition comprises a STAT 3
decoy oligonucleotide. 12. The use of any one of
claims 1 to 4 wherein the composition comprises a
phosphotyrosyl peptide. 13. The use of claim 12
wherein the phosphotyrosyl peptide comprises XY*L
orAY*L. 14. The use of any one of the preceding claims
wherein the composition comprises a pharmaceutical
composition and a pharmaceutically acceptable
carrier.15. The use of claim 14 wherein the
composition is suitable for topical application to a
patient. 16. The use of claim 14 wherein the
composition is suitable for transdermal administration
to a patient. 17. The use of claim 14 wherein the
composition is suitable for parenteral administration
to a patient. 18. The use of claim 14 wherein the
composition is suitable for aerosol administration to
a patient. 19. The use of any one of claims 14 to 16
wherein the composition comprises a silicone gel or
wherein the medicament is for administering to a
patient who is also administered a silicone gel. 20.
The use of any one of claims 14 to 19 wherein the
composition comprises a corticosteroid or wherein the
medicament is for administering to a patient who is
also administered a corticosteroid. 2 1. A method for
identifying a composition expected to be useful for
treating a fibroproliferative disease, the method
comprising the steps of: treating a fibroproliferative
cell with a test composition; and assessing the effect
of the test composition on STAT. 22. The method of
claim 2 1 wherein the composition modulates STAT. 23.
The method of claim 2 1 wherein the composition
modulates one or more of; activity; phosphorylation;
level of expression; or sub-cellular localisation of
the STAT. 24. The method of claim 2 1 wherein assesing
the effect of the test composition comprises assessing
the amount or activity of polypeptide regulated by 



STAT. 25. The method of anyone of claims 2 1 to 24
wherein STAT comprises STAT 3. 26. The method of any
one of claims 2 1 to 25 wherein assesing the effect of
the test composition comprises assessing the amount of
cell proliferation, and or the amount of cell
migration. 27. The method of any one of claims 2 1 to
26 wherein the fibroproliferative cell is derived from
human keloid tissue. 28. A kit comprising a
composition that modulates a STAT and a silicone
gel.29. A kit comprising a composition that modulates
a STAT and a corticosteroid. 30. The kit of claim 28
or 29 wherein the composition modulates one or more
of; activity; phosphorylation; level of expression; or
sub-cellular localisation of the STAT. 31. The kit of
any one of claims 28 to 30 wherein the STAT is STAT 3.
32. The kit of any one of claims 28 to 3 1 wherein the
composition comprises an SiRNA of STAT 3. 33. The kit
of claim 32 wherein the SiRNA of STAT 3 comprises SEQ
ID 1, or SEQ ID 2 or SEQ ID 3. 34. The kit of claim 33
wherein the SiRNA of STAT 3 comprises SEQ ID 4 and or
SEQ ID 5, or SEQ ID 6 and or SEQ ID 7, or SEQ ID 8 and
or SEQ ID 9. 35. The kit of claim 34 wherein the SiRNA
of STAT 3 is selected from the group of SEQ ID 4 and
or SEQ ID 5, or SEQ ID 6 and or SEQ ID 7, or SEQ ID 8
and or SEQ ID 9. 36. The kit of any one of claims 28
to 3 1 wherein the composition comprises a
cucurbitacin. 37. The kit of claim 36 wherein the
composition comprises cucurbitacin I or cucurbitacin
Q. 38. The kit of any one of claims 28 to 3 1 wherein
the composition comprises a STAT 3 decoy
oligonucleotide. 39. The kit of any one of claims 28
to 3 1 wherein the composition comprises a
phosphotyrosyl peptide. 40. The kit of claim 39
wherein the phosphotyrosyl peptide comprises XY*L or
AY*L. 41. A method of aiding assessment of a patient's
risk of developing a fibroproliferative disease, or
assessing the severity of a fibroproliferative
disease, comprising the step of measuring the level
of, STAT expression or STAT activity in a sample. 42.
The method of claim 4 1 comprising determining whether
the level indicates that a patient has a low, a medium
or a high risk of developing a fibroproliferatinve
disease for example after surgery or injury.43. The
method of claim 42 wherein the sample has been
obtained from the patient a short time after surgery .
44. The method of claim 4 1 or 42 wherein the sample
comes from a scar. 45. The method of any one of claims
4 1 to 44 wherein STAT is STAT 3. 


