
MORPHOLINO PYRIMIDINE DERIVATIVES,AND THEIR USE IN
THERAPY The present invention relates to morpholino
pyrimidine derivatives, processes for their
preparation, pharmaceutical compositions containing
them and their use in therapy, 5 for example in the
treatment of proliferative disease such as cancer and
particularly in disease mediated by an mTOR kinase
and/or one or more PDK enzyme. It is now well
understood that deregulation of oncogenes and
tumour-suppressor genes contributes to the formation
of malignant tumours, for example by way of increased
cell proliferation or increased cell survival. It is
also known that signalling pathways o mediated by the
PI3K/mT0R families have a central role in a number of
cell processes including proliferation and survival,
and deregulation of these pathways is a causative
factor in a wide spectrum of human cancers and other
diseases. The mammalian target of the macrolide
antibiotic Rapamycin (sirolimus) is the enzyme mTOR.
This enzymes belongs to the phosphatidylinositol (PI)
kinase-related s kinase (PIKK) family of protein
kinases, which also includes ATM, ATR, DNA-PK and
hSMG-1. mTOR, like other PIKK family members, does not
possess detectable lipid kinase activity, but instead
functions as a serine/threonine kinase. Much of the
knowledge of mTOR signalling is based upon the use of
Rapamycin. Rapamycin first binds to the 12 kDa
immunophilin FK506-binding protein (FKBP 12) and this
complex inhibits mTOR 0 signalling (Tee and Blenis,
Seminars in Cell and Developmental Biology, 2005, 16,
29- 37). The mTOR protein consists of a catalytic
kinase domain, an FKBP12-Rapamycin . binding (FRB)
domain, a putative repressor domain near the
C-terminus and up to 20 tandemly-repeated HEAT motifs
at the JV-terminus, as well as FRAP-ATM-TRRAP (FAT)
and FAT C-terminus domain (Huang and Houghton, Current
Opinion in Pharmacology, 2003, 3, 371-377). mTOR
kinase is a key regulator of cell growth and has been
shown to regulate a wide range of cellular functions
including translation, transcription, mRNA turnover,
protein stability, actin cytoskeleton reorganisation
and autophagy (Jacinto and Hall, Nature Reviews
Molecular and Cell Biology, 2005, 4, 117-126). mTOR
kinase integrates signals 0 from growth factors (such
as insulin or insulin-like growth factor) and
nutrients (such as amino acids and glucose) to
regulate cell growth. mTOR kinase is activated by
growth factors through the PI3K-Akt pathway. The most
well characterised function of mTORkinase in mammalian
cells is regulation of translation through two
pathways, namely activation of ribosomal S6K1 to
enhance translation of niRNAs that bear a 5'-terminal
oligopyrimidine tract (TOP) and suppression of 4E-BP1
to allow CAP-dependent mRNA translation. Generally,
investigators have explored the physiological and
pathological roles of mTOR using inhibition with
Rapamycin and related Rapamycin analogues based on
their specificity for mTOR as an intracellular target.
However, recent data suggests that Rapamycin displays
variable inhibitory actions on mTOR signalling
functions and suggest that direct inhibition of the
mTOR kinase domain may display substantially broader
anticancer activities than that achieved by Rapamycin
(Edinger et al. , Cancer Research, 2003, 63,
8451-8460). For this reason, potent and selective
inhibitors of mTOR kinase activity would be useful to
allow a more complete understanding of mTOR kinase
function and to provide useful therapeutic agents.
There is now considerable evidence indicating that the
pathways upstream of mTOR, such as the P13K pathway,
are frequently activated in cancer (Vivanco and
Sawyers, Nature Reviews Cancer, 2002, 2, 489-501;
Bjornsti and Houghton, Nature Reviews Cancer, 2004, 4,
335-348; Inoki etal, Nature Genetics, 2005, 37,
19-24). For example, components of the PI3K pathway
that are mutated in different human tumours include
activating mutations of growth factor receptors and
the amplification and/or overexpression of PI3K. and
Akt. In addition there is evidence that endothelial
cell proliferation may also be dependent upon mTOR
signalling. Endothelial cell proliferation is
stimulated by vascular endothelial cell growth factor
(VEGF) activation of the PI3K-Akt-mTOR signalling
pathway (Dancey, Expert Opinion on Investigational
Drugs, 2005, 14, 313-328). Moreover, mTOR kinase
signalling is believed to partially control VEGF
synthesis through effects on the expression of
hypoxia-inducible factor- la (HIF- la) (Hudson et al.
, Molecular and Cellular Biology, 2002, 22,
7004-7014). Therefore, tumour angiogenesis may depend
on mTOR kinase signalling in two ways, through
hypoxia-induced synthesis of VEGF by tumour and
stromal cells, and through VEGF stimulation of
endothelial proliferation and survival through
PI3K-Akt-mTOR signalling. These findings suggest that
pharmacological inhibitors of mTOR kinase should be of
therapeutic value for treatment of the various forms
of cancer comprising solid tumourssuch as carcinomas
and sarcomas and the leukaemias and lymphoid
malignancies. In particular, inhibitors of mTOR kinase
should be of therapeutic value for treatment of, for
example, cancer of the breast, colorectum, lung
(including small cell lung cancer, nonsmall cell lung
cancer and bronchioalveolar cancer) and prostate, and
of cancer of the bile duct, bone, bladder, head and
neck, kidney, liver, gastrointestinal tissue,
oesophagus, ovary, pancreas, skin, testes, thyroid,
uterus, cervix and vulva, and of leukaemias (including
ALL and CML), multiple myeloma and lymphomas. In
addition to tumourigenesis, there is evidence that
mTOR kinase plays a role in an array of hamartoma
syndromes. Recent studies have shown that the tumour
suppressor proteins such as TSCl, TSC2, PTEN and LKBl
tightly control mTOR kinase signalling. Loss of these
tumour suppressor proteins leads to a range of
hamartoma conditions as a result of elevated mTOR
kinase signalling (Tee and Blenis, Seminars in Cell
and Developmental Biology, 2005, 16, 29-37). Syndromes
with an established molecular link to dysregulation of
mTOR kinase include Peutz-Jeghers syndrome (PJS),
Cowden disease, Bannayan-Riley-Ruvalcaba syndrome
(BRRS), Proteus syndrome, Lhermitte-Duclos disease and
Tuberous Sclerosis (TSC) (Inoki et al., Nature
Genetics, 2005, 37, 19-24). Patients with these
syndromes characteristically develop benign
hamartomatous tumours in multiple organs. Recent
studies have revealed a role for mTOR kinase in other
diseases (Easton & Houghton, Expert Opinion on
Therapeutic Targets, 2004, 8, 551-564). Rapamycin has
been demonstrated to be a potent immunosuppressant by
inhibiting antigen-induced proliferation of T cells, B
cells and antibody production (Sehgal, Transplantation
Proceedings, 2003, 35, 7S-14S) and thus mTOR kinase
inhibitors may also be useful immunosuppressives.
Inhibition of the kinase activity of mTOR may also be
useful in the prevention of restenosis, that is the
control of undesired proliferation of normal cells in
the vasculature in response to the introduction of
stents in the treatment of vasculature disease (Morice
et al., New England Journal of Medicine, 2002, 346,
1773-1780). Furthermore, the Rapamycin analogue,
everolimus, can reduce the severity and incidence of
cardiac allograft vasculopathy (Eisen et al, New
England Journal of Medicine, 2003, 349, 847-858).
Elevated mTOR kinase activity has been associated with
cardiac hypertrophy, which is of clinicalimportance as
a major risk factor for heart failure and is a
consequence of increased cellular size of
cardiomyocytes (Tee & Blenis, Seminars in Cell and
Developmental Biology, 2005, 16, 29-37). Thus mTOR
kinase inhibitors are expected to be of value in the
prevention and treatment of a wide variety of diseases
in addition to cancer. It is also believed that a
number of these morpholino pyrimidine derivatives may
have inhibitory activity against the
phosphatidylinositol (PI) 3-kinases family of kinases.
Phosphatidylinositol (PI) 3-kinases (PBKs) are
ubiquitous lipid kinases that function both as signal
transducers downstream of cell-surface receptors and
in constitutive intracellular membrane and protein
trafficking pathways. All PI3Ks are dual-specificity
enzymes with a lipid kinase activity that
phosphorylates phosphoinositides at the 3- hydroxy
position, and a less well characterised protein kinase
activity. The lipid products of PI3K-catalysed
reactions comprising phosphatidylinositol
3,4,5-trisphosphate [PI(3,4,5)P3],
phosphatidylinositol 3,4-bisphosphate [PI(3,4)P2] and
phosphatidylinositol 3-monophosphate [PI(3)P]
constitute second messengers in a variety of signal
transduction pathways, including those essential to
cell proliferation, adhesion, survival, cytoskeletal
rearrangement and vesicle trafficking. PI(3)P is
constitutively present in all cells and its levels do
not change dramatically following agonist stimulation.
Conversely, PI(3,4)P2 and PI(3,4,5)P3 are nominally
absent in most cells but they rapidly accumulate on
agonist stimulation. The downstream effects of
PI3K-produced 3-phosphoinositide second messengers are
mediated by target molecules containing
3-phosphoinositide binding domains such as the
pleckstrin homology (PH) domain and the recently
identified FYVE and phox domains. Well-characterised
protein targets for PI3K include PDKl and protein
kinase B (PKB). In addition, tyrosine kinases like Btk
and Itk are dependent on PI3K activity. The PI3K
family of lipid kinases can be classified into three
groups according to their physiological substrate
specificity (Vanhaesebroeck et al, Trends in Biol.
Sci., 1997, 22, 267). Class III PI3K enzymes
phosphorylate PI alone. In contrast, Class II PI3K
enzymes phosphorylate both PI and PI 4-phosphate
[PI(4)P]. Class I PI3K enzymes phosphorylate PI,
PI(4)P and PI 4,5-bisphosphate [PI(4,5)P2], although
only PI(4,5)P2 is believed to be the physiological
cellular substrate. Phosphorylation of PI(4,5)P2
produces the lipid second messenger PI(3,4,5)P 3. More
distantly related members of the lipid
kinasesuperfamily are Class IV kinases such as mTOR
(discussed above) and DNA-dependent kinase that
phosphorylate serine/threonine residues within protein
substrates. The most studied and understood of the
PI3K lipid kinases are the Class I PDK enzymes. Class
I PBKs are heterodimers consisting of a p i 10
catalytic subunit and a regulatory subunit. The family
is further divided into Class Ia and Class Ib enzymes
on the basis of regulatory partners and the mechanism
of regulation. Class Ia enzymes consist of three
distinct catalytic subunits (pi 10a, p i l Ob and pllO
d) that dimerise with five distinct regulatory
subunits (p85a, p55a, p50a, p85b and p55g), with all
catalytic subunits being able to interact with all
regulatory subunits to form a variety of heterodimers.
Class Ia PI3Ks are generally activated in response to
growth factor-stimulation of receptor tyrosine kinases
via interaction of their regulatory subunit SH2
domains with specific phosphotyrosine residues of
activated receptor or adaptor proteins such as IRS-I.
Both p i 10a and p i l Ob are constitutively expressed
in all cell types, whereas pi l Od expression is more
restricted to leukocyte populations and some
epithelial cells. In contrast, the single Class Ib
enzyme consists of a p11Og catalytic subunit that
interacts with a p 101 regulatory subunit.
Furthermore, the Class Ib enzyme is activated in
response to G-protein coupled receptor systems (GPCRs)
and its expression appears to be limited to leukocytes
and cardiomyocytes. There is now considerable evidence
indicating that Class Ia PI3K enzymes contribute to
tumourigenesis in a wide variety of human cancers,
either directly or indirectly (Vivanco and Sawyers,
Nature Reviews Cancer, 2002, 2, 489-501). For example,
the p i 10a subunit is amplified in some tumours such
as those of the ovary (Shayesteh et al, Nature
Genetics, 1999, 21, 99-102) and cervix (Ma et al,
Oncogene, 2000, 19, 2739-2744). More recently,
activating mutations within the catalytic site of the
p i 10a catalytic subunit have been associated with
various other tumours such as those of the colorectal
region and of the breast and lung (Samuels et al,
Science, 2004, 304, 554). Tumour-related mutations in
the p85a regulatory subunit have also been identified
in cancers such as those of the ovary and colon (Philp
et ah, Cancer Research, 2001, 61, 7426-7429). In
addition to direct effects, it is believed that
activation of Class Ia PI3Ks contributes to
tumourigenic events that occur upstream in signalling
pathways, for example by way of ligand-dependent or
ligand-independent activation of receptor tyrosine
kinases,GPCR systems or integrins (Vara et al, Cancer
Treatment Reviews, 2004, 30, 193-204). Examples of
such upstream signalling pathways include
over-expression of the receptor tyrosine kinase erbB2
in a variety of tumours leading to activation of
PI3K-mediated pathways (Harari et al, Oncogene, 2000,
19, 6102-6114) and over-expression of the ras oncogene
(Kauffmann-Zeh et al, Nature, 1997, 385, 544-548). In
addition, Class Ia PDKs may contribute indirectly to
tumourigenesis caused by various downstream signalling
events. For example, loss of the effect of the PTEN
tumour-suppressor phosphatase that catalyses
conversion of PI(3,4,5)P3 back to PI(4,5)P2 is
associated with a very broad range of tumours via
deregulation of PI3K-mediated production of
PI(3,4,5)P3 (Simpson and Parsons, Exp. Cell Res.,
2001, 264, 29-41). Furthermore, augmentation of the
effects of other PI3K-mediated signalling events is
believed to contribute to a variety of cancers, for
example by activation of Akt (Nicholson and Anderson,
Cellular Signalling, 2002, 14, 381- 395). In addition
to a role in mediating proliferative and survival
signalling in tumour cells, there is evidence that
Class Ia PI3K en2ymes contribute to tumourigenesis in
tumourassociated stromal cells. For example, PI3K
signalling is known to play an important role in
mediating angiogenic events in endothelial cells in
response to pro-angiogenic factors such as VEGF (Abid
et al, Arterioscler. Thromb. Vase. Biol., 2004, 24,
294-300). As Class I PI3K enzymes are also involved in
motility and migration (Sawyer, Expert Opinion
Investig. Drugs, 2004, 13, 1-19), PI3K enzyme
inhibitors should provide therapeutic benefit via
inhibition of tumour cell invasion and metastasis. In
addition, Class I PI3K enzymes play an important role
in the regulation of immune cells contributing to
protumourigenic effects of inflammatory cells
(Coussens and Werb, Nature, 2002, 420, 860- 867).
These findings suggest that pharmacological inhibitors
of Class I PI3K enzymes will be of therapeutic value
for the treatment of various diseases including
different forms of the disease of cancer comprising
solid tumours such as carcinomas and sarcomas and the
leukaemias and lymphoid malignancies. In particular,
inhibitors of Class I PI3K enzymes should be of
therapeutic value for treatment of, for example,
cancer of the breast, colorectum, lung (including
small cell lung cancer, non-small cell lung cancer and
bronchioalveolar cancer) and prostate, and of cancer
of the bile duct, bone, bladder, head and neck,
kidney, liver, gastrointestinal tissue, oesophagus,
ovary, pancreas, skin, testes,thyroid, uterus, cervix
and vulva, and of leukaemias (including ALL and CML),
multiple myeloma and lymphomas. PI3Kg, the Class Ib
POK, is activated by GPCRs, as was finally
demonstrated in mice lacking the enzyme. Thus,
neutrophils and macrophages derived from PI3Kg-
deficient animals failed to produce PI(3,4,5)P3 in
response to stimulation with various chemotactic
substances (such as IL-8, C5a, fMLP and MIP-Ia),
whereas signalling through protein tyrosine
kinase-coupled receptors to Class Ia PDKs was intact
(Hirsch et ah, Science, 2000, 287(5455), 1049-1053; Li
etal, Science, 2002, 287(5455), 1046-1049; Sasaki
etal, Science 2002, 287(5455), 1040-1046).
Furthermore, PI(3,4,5)P3-mediated phosphorylation of
PKB was not initiated by these GPCR ligands in
PI3Kg-null cells. Taken together, the results
demonstrated that, at least in resting haematopoietic
cells, PI3Kg is the sole PI3K isoform that is
activated by GPCRs in vivo. When murine bone
marrow-derived neutrophils and peritoneal macrophages
from wild-type and PI3Kg mice were tested in vitro, a
reduced, but not completely abrogated, performance in
chemotaxis and adherence assays was observed. However,
this translated into a drastic impairment of IL-8
driven neutrophil infiltration into tissues (Hirsch et
ah, Science, 2000, 287(5455), 1049-1053.). Recent data
suggest that PI3Kg is involved in the path finding
process rather than in the generation of mechanical
force for motility, as random migration was not
impaired in cells that lacked PI3Kg (Hannigan et ah,
Proc. Nat. Acad, of Sciences of U.S.A., 2002, 99(6),
3603-8). Data linking PI3Kg to respiratory disease
pathology came with the demonstration that PI3Kg has a
central role in regulating endotoxin-induced lung
infiltration and activation of neutrophils leading to
acute lung injury (Yum et ah, J. Immunology, 2001,
167(1 1), 6601-8). The fact that although PI3Kg is
highly expressed in leucocytes, its loss seems not to
interfere with haematopoiesis, and the fact that
PI3Kg-null mice are viable and fertile further
implicates this PI3K isoform as a potential drug
target. Work with knockout mice also established that
PI3Kg is an essential amplifier of mast cell
activation (Laffargue etal., Immunity, 2002, 16(3),
441-451). Thus, in addition to tumourigenesis, there
is evidence that Class I PI3K enzymes play a role in
other diseases (Wymann et at, Trends in
Pharmacological Science, 2003, 24, 366-376). Both
Class Ia PI3K enzymes and the single Class Ib enzyme
have important roles in cells of the immune system
(Koyasu, Nature Immunology, 2003, 4, 313-319) andthus
they are therapeutic targets for inflammatory and
allergic indications. Recent reports demonstrate that
mice deficient in PI3Kg and PI3K5 are viable, but have
attenuated inflammatory and allergic responses (AIi et
/., Nature, 2004, 431(701 1), 1007-1 1). Inhibition of
PI3K is also useful to treat cardiovascular disease
via anti-inflammatory effects or directly by affecting
cardiac myocytes (Prasad et ah, Trends in
Cardiovascular Medicine, 2003, 13, 206-212). Thus,
inhibitors of Class I PI3K enzymes are expected to be
of value in the prevention and treatment of a wide
variety of diseases in addition to cancer. Several
compounds that inhibit PI3Ks and phosphatidylinositol
(PI) kinase-related kinase (POKKs) have been
identified, including wortmannin and the quercetin
derivative LY294002. These compounds are reasonably
specific inhibitors of PI3Ks and PI3KKs over other
kinases but they lack potency and display little
selectivity within the PI3K families. Accordingly, it
would be desirable to provide further effective mTOR
and/or PI3K inhibitors for use in the treatment of
cancer, inflammatory or obstructive airways diseases,
immune or cardiovascular diseases. Morpholino
pyrimidine derivatives and PI3K inhibitors are known
in the art. International Patent Application WO
2004/048365 discloses compounds that possess PI3K
enzyme inhibitory activity and are useful in the
treatment of cancer. These compounds are arylamino-
and heteroarylamino-substituted pyrimidines which
differ from the compounds of the present invention
with respect to their arylamino- and heteroarylamino
substituents. These substituents are not equivalent to
the -XR 1 substituents of the present invention.
Inhibitors of PI3K activity useful in the treatment of
cancer are also disclosed in European Patent
Application 1 277 738 which mentions 4-
morpholino-substituted bicyclic heteroaryl compounds
such as quinazoline and pyrido[3,2- cTjpyrimidine
derivatives and 4-morpholino-substituted tricyclic
heteroaryl compounds but not monocyclic pyrimidine
derivatives. A number of compounds such as
4-morpholin-4-yl-6-(phenylsulfonylmethyl)-2-
pyridin-4-yl-pyrimidine and
4-{6-[(phenylsulfonyl)metliyl]-2-pyridin-2-ylpyrimidin
-4- yl}morpholine have been registered in the Chemical
Abstracts database but no utility has been indicated
and there is no suggestion that these compounds have
mTOR and/or PI3K inhibitory activity or useful
therapeutic properties.Surprisingly, we have found
that certain morpholino pyrimidine derivatives,
including some previously known compounds possess
useful therapeutic properties. Without wishing to be
bound by theoretical constraints, it is believed that
the therapeutic usefulness of the derivatives is
derived from their inhibitory activity against mTOR
kinase and/or one or more PDK enzyme (such as the
Class Ia enzyme and/or the Class Ib enzyme). Because
signalling pathways mediated by the PDK/mTOR families
have a central role in a number of cell processes
including proliferation and survival, and because
deregulation of these pathways is a causative factor
in a wide spectrum of human cancers and other
diseases, it is expected that the derivatives will be
therapeutically useful. In particular, it is expected
that the derivatives will have antiproliferative
and/or apoptotic properties which means that they will
be useful in the treatement of proliferative disease
such as cancer. The compounds of the present invention
may also be useful in inhibiting the uncontrolled
cellular proliferation which arises from various
non-malignant diseases such as inflammatory diseases,
obstructive airways diseases, immune diseases or
cardiovascular diseases. Generally, the compounds of
the present invention possess potent inhibitory
activity against mTOR kinase but the compound may also
possess potent inhibitory activity against one or more
PI3K enzyme (such as the Class Ia enzyme and/or the
Class Ib enzyme). In accordance with one aspect of the
present invention, there is provided a compound of
formula (I) formula (I) or a salt, ester or prodrug
thereof; wherein m is 0, 1, 2, 3 or 4; X is a linker
group selected from -CR4=CR5-, -CR4 CR5CR6R7-,
-CR6R7CR5=CR4-, -C C-C CCR6R7-, -CR6R7C=C-,
-NR4CR6R7-, -OCR6R7-, -SCR6R7-, -S(O)CR 6R7-,
-S(O)2CR6R7-, -C(O)NR4CR6R7-, -NR4C(O)CR6R7-,
-NR4C(O)NR5CR6R7-, -NR4S(O)2CR6R7-, -S(O)2NR4CR6R7-,
-C(O)NR 4-, -NR4C(O)-, -NR4C(O)NR5-, -S(O)2NR4- and
-NR 4S(O)2-; 1Y and Y2 are independently N or CR8
provided that one of 1Y and Y2 is N and the other is
CR8; R is a group selected from Ci-6alkyl,
C2-6alkenyl, C2-6alkynyl, carbocyclyl, carbocyclylCi-
6alkyl, heterocyclyl and heterocyclylCi- alkyl, which
group is optionally substituted by one or more
substituent group selected from halo, cyano, nitro,
R9, -OR9, -SR9, -SOR9, -SO2R9, -COR9, -CO2R9,
-CONR9R10 , -NR9R10 , -NR 9COR10, -NR9CO2R10 ,
-NR9CONR 10R15, -NR9COCONR 10R15 and -NR 9SO2R10 ; R2
is a group selected from Ci-6alkyl, carbocyclyl and
heterocyclyl which group is optionally substituted by
one or more substituent group independently selected
from halo, cyano, nitro, -R1 1, -OR 1 1, -SR 1 1,
-SOR1 1, -SO2R1 1, -COR 1 1, -CO2R11, -CONR1 1R12 ,
-NR1 1R12 , -NR 1 1COR12 , and -NR11COCONR12R16 ; each
R3, when present, is independently selected from halo,
cyano, nitro, -R13 , -OR 13, -SR13 , -SOR13 , -SO2R13
, -COR13 , -CO2R13 , -CONR 13R14 , -NR13R14 , -NR
13COR14 , -NR 13CO2R14 and -NR13SO2R14 ; R4 and R5 are
independently hydrogen or C1-6alkyl; or R1 and R4
together with the atom or atoms to which they are
attached form a 5- to 10- membered carbocyclic or
heterocyclic ring wherein 1, 2 or 3 ring carbon atoms
is optionally replaced with N, O or S and which ring
is optionally substituted by one or more substituent
groups selected from halo, cyano, nitro, hydroxy,
Ci-6alkyl, C1-6alkoxy, ImIoC 1- 6alkyl, haloC
1-6alkoxy, hydroxyC 1-6alkyl, hydroxyC 1-6alkoxy,
C1-6alkoxyC 1-6alkyl, C1- 6alkoxyCi -6alkoxy, amino,
C1-6alkylamino, bis(C 1-6alkyl)amino, aminoC 1-6alkyl,
(C1- 6alkyl)aminoC[ -6alkyl, Hs(Ci -6alkyl)aminoCi
-6alkyl, Ci-6alkylsulfonyl, C1- 6alkylsulfonylamino,
C1-6alkylsulfonyl(Ci -6alkyl)amino, sulfamoyl,
Ci-6alkylsulfamoyl, bis(Ci -6alkyl)sulfamoyl,
Ci-6alkanoylamino, Ci-6alkanoyl(C 1-6alkyl)amino,
carbamoyl, C1- 6alkylcarbamoyl and
bis(Ci_6alkyl)carbamoyl; R6 and R7 are independently
selected from hydrogen, halo, cyano, nitro and
C1-6alkyl; R8 is selected from hydrogen, halo, cyano
and d - alkyl;R9 and R10 are independently hydrogen or
a group selected from Ci-6alkyl, carbocyclyl,
carbocyclylC 1-6alkyl, heterocyclyl and heterocyclic
i-6alkyl which group is optionally substituted by one
or more substituent groups selected from halo, cyano,
nitro, hydroxy, C[-6alkyl, Ci-6alkoxy, haloCi -6alkyl,
haloCi-6alkoxy, hydroxyCi -6alkyl, hydroxyCi -6alkoxy,
C|-6alkoxyCi -6alkyl, C1-6alkoxyCi-6alkoxy, amino,
Ci-6alkylamino, bis(Ci-6alkyl)amino, aminoCi-6alkyl,
bis(C 1-6alkyl)aminoCi -6alkyl, cyanod- alkyl,
Ci-6alkylsulfonyl, Ci-6alkylsulfonylamino,
Ci-6alkylsulfonyl(Ci -6alkyl)amino, sulfamoyl,
C1-6alkylsulfamoyl, bis(C 1-6alkyl)sulfamoyl,
C1-6alkanoylamino, Ci-6alkanoyl(Ci. 6alkyl)amino,
carbamoyl, Ci-6alkylcarbamoyl and bis(C
1-6alkyl)carbamoyl; R11 and R12 are independently
hydrogen or a group selected from C^aUcyl,
carbocyclyl, carbocyclylC 1-6alkyl, heterocyclyl and
heterocyclylCi -6alkyl which group is optionally
substituted by one or more substituent groups selected
from halo, cyano, nitro, hydroxy, CL-6alkyl,
Ci-6alkoxy, haloCi -6alkyl, haloCi-6alkoxy, hydroxyCi
-6alkyl, hydroxyCi -6alkoxy, C1-6alkoxyC1-6alkyl,
C1-6alkoxyCi_6alkoxy, amino, Ci-6alkylamino,
bis(Ci-6alkyl)amino, aminoCi-6alkyl,
(C1-6alkyl)aminoCi -6alkyl, bis(Ci -6alkyl)aminoC
-6alkyl, cyanoCi-6alkyl, Ci-6alkylsulfonyl,
Ci-6alkanoylamino, C1-6alkanoyl(Ci -6alkyl)amino,
carbamoyl, Ci- 6alkylcarbamoyl and bis(C
1-6alkyl)carbamoyl; R13, R14, R15 and R16 are
independently hydrogen or a group selected from
Ci-6alkyl, carbocyclyl, carbocyclylCi -6alkyl,
heterocyclyl and heterocycrylCi -6alkyl which group is
optionally substituted by one or more substituent
groups selected from halo, cyano, nitro, hydroxy,
C1-6alkyl, Ci-6alkoxy, haloC1-6alkyl, haloCi-6alkoxy,
hydroxyCi -6alkyl, hydroxyCi -6alkoxy, C1-6alkoxyC
1-6alkyl, C1-6alkoxyCi -6alkoxy, amino,
Ci-6alkylamino, bis(Ci-6alkyl)amino, aminoCi-6alkyl,
(Ci-6alkyl)aminoCi -6alkyl, bis(Ci-6alkyl)aminoCi_
6alkyl, cyanoCi -6alkyl, Ci-6alkylsulfonyl,
Ci-6alkylsulfonylamino, Ci-6alkylsulfonyl(Ci.
6alkyl)amino, sulfamoyl, C1-6alkylsulfamoyl, bis(C
1-6alkyl)sulfamoyl, Ci-6alkanoylamino, C1-6alkanoyl(C
1-6alkyl)amino, carbamoyl, C1-6alkylcarbamoyl and
bis(Ci-6alkyl)carbamoyl; provided that when X is
-C(O)NH-, R1 is not the groupfor use as a medicament
in the treatment of proliferative disease. In
accordance with one aspect of the present invention,
there is provided a compound of formula (I) formula
(I) or a salt, ester or prodrug thereof; wherein m is
O, 1, 2, 3 or 4; X is a linker group selected from
-CR4=CR5-, -CR4=CR5CR6R7-, -CR6R7CR5=CR4-, -C C-
-C=CCR6R7-, -CR6R7C=C-, -NR4CR6R7-, -OCR6R7-,
-SCR6R7-, -S(O)CR6R7-, -S(O)2CR6R7-, -C(O)NR4CR6R7-,
-NR4C(O)NR5CR6R7-, -S(O)2NR4CR6R7-, -C(O)NR4-,
-NR4C(O)-, -NR4C(O)NR5-, -S(O)2NR4- and -NR 4S(O)2-;
1Y and Y2 are independently N or CR8 provided that one
of 1Y and Y2 is N and the other is CR8; R1 is a group
selected from C1-6alkyl, C2-6alkenyl, C2-6alkynyl,
carbocyclyl, carbocycrylQ.. 6alkyl, heterocyclyl and
heterocyclylCi -6alkyl, which group is optionally
substituted by one or more substituent group selected
from halo, cyano, nitro, R9, -OR9, -SR9, -SOR9,
-SO2R9, -COR9, -CO2R9, -CONR9R10, -NR9R10 , -NR
9COR10, -NR9CO2R10 , -NR9CONR10R15 , -NR9COCONR10R15
and -NR 9SO2R10 ; R2 is a group selected from
C1-6alkyl, carbocyclyl and heterocyclyl which group is
optionally substituted by one or more substituent
group independently selected from halo, cyano, nitro,
-R1 1, -OR1 1, -SR11, -SOR1 1, -SO2R1 1 , -COR1 1,
-CO2R1 1, -CONR1 1R12 , -NR1 1R12 , -NR1 1COR12 , and
-NR1 1COCONR12R16 ; each R3, when present, is
independently selected from halo, cyano, nitro, -R13 ,
-OR13 , -SR13 , -SOR13 , -SO2R13 , -COR13 , -CO2R13 ,
-CONR13R14 , -NR13R14 , -NR 13COR14 , -NR13CO2R14 and
-NR 13SO2R14 ;R4 and R5 are independently hydrogen or
Ci-6alkyl; or R1 and R4 together with the atom or
atoms to which they are attached form a 5- to 10-
membered carbocyclic or heterocyclic ring wherein 1, 2
or 3 ring carbon atoms is optionally replaced with N,
O or S and which ring is optionally substituted by one
or more substituent groups selected from halo, cyano,
nitro, hydroxy, Ci-6alkyl, C1-6alkoxy, 1IaIoC 1-
6alkyl, haloCi -6alkoxy, hydroxyC 1-6alkyl, hydroxyCi-
alkoxy, Ci-6alkoxyCi -6alkyl, C1. 6alkoxyCi -6alkoxy,
amino, C1-6alkylamino, bis C alky amino, aminoCi
-6alkyl, (C1- 6alkyl)aminoC 1-6alkyl, bis(C
1-6alkyl)arninoCi -6alkyl, cyanoC 1-6alkyl,
Ci-6alkylsulfonyl, Ci- 6alkylsulfonylamino,
Ci-6alkylsulfonyl(C 1-6alkyl)amino, sulfamoyl,
Ci-6alkylsulfamoyl, bis(C 1-6alkyl)sulfamoyl,
C1-6alkanoylamino, Ci-6alkanoyl(C 1-6alkyl)amino,
carbamoyl, Ci. 6alkylcarbamoyl and bis(Ci
-6alkyl)carbamoyl; R6 and R7 are independently
selected from hydrogen, halo, cyano, nitro and
C1-6alkyl; R is selected from hydrogen, halo, cyano
and C1-6alkyl; R9 and R10 are independently hydrogen
or a group selected from C1-6alkyl, carbocyclyl,
carbocyclylCi -6alkyl, heterocyclyl and heterocyclylCi
-6alkyl which group is optionally substituted by one
or more substituent groups selected from halo, cyano,
nitro, hydroxy, Ci-6alkyl, C1-6alkoxy, haloC 1-6alkyl,
haloCi -6alkoxy, hydroxyCi- alkyl, hydroxyCi -6alkoxy,
Ci-6alkoxyCi_6alkyl, C1-6alkoxyCi -6alkoxy, amino,
Ci-6alkylamino, bis(C 1-6alkyl)amino, aminoC 1-6alkyl,
(Ci_6alkyl)aminoC 1-6alkyl, bis(Ci -6alkyl)aminoCi
-6alkyl, cyanoCi -6alkyl, C1-6alkylsulfonyl, Ci-
alkylsulfonylamino, Ci-6alkylsulfonyl(Ci
-6alkyl)amino, sulfamoyl, Ci-6alkylsulfamoyl, bis(Ci
-6alkyl)sulfamoyl, C1-6alkanoylamino, 6alkyl)amino,
carbamoyl, Ci-6alkylcarbamoyl and bis(C
1-6alkyl)carbamoyl; R11 and R12 are independently
hydrogen or a group selected from Ci-6alkyl,
carbocyclyl, carbocyclylC 1-6alkyl, heterocyclyl and
heterocyclylCi- 6alkyl which group is optionally
substituted by one or more substituent groups selected
from halo, cyano, nitro, hydroxy, C1-6alkyl,
Ci-6alkoxy, haloC 1-6alkyl, haloCi- alkoxy, hydroxyCi
-6alkyl, hydroxyC 1-6alkoxy, Ci-6alkoxyCi -6alkyl,
Ci-6alkoxyCi -6alkoxy, amino, Ci-6alkylamino,
bis(Ci_6alkyl)amino, aminoCi -6alkyl,
(Ci-6alkyl)aminoCi -6alkyl, bis(Ci -6alkyl)aminoCi
-6alkyl, cyanoC 1-6alkyl, Ci-6alkylsulfonyl,
Ci-6alkanoylamino, Ci-6alkanoyl(Ci -6alkyl)amino,
carbamoyl, Ci- 6alkylcarbamoyl and bis(Ci
-6alkyl)carbamoyl; R 13 , R14, R15 and R16 are
independently hydrogen or a group selected from
Ci-6alkyl, carbocyclyl, carbocyclylCi -6alkyl,
heterocyclyl and heterocyclylCi -6alkyl which group
isoptionally substituted by one or more substituent
groups selected from halo, cyano, nitro, hydroxy,
Ci_6alkyl, Ci-6alkoxy, haloCi -6alkyl, haloCi
-6alkoxy, hydroxyC 1-6alkyl, hydroxyCi -6alkoxy,
Ci-6alkoxyC l-6alkyl, Ci-6alkoxyC1-6alkoxy, amino,
Ci-6alkylamino, bis(C 1_6alkyl)amino, aminoCi-6alkyl,
(Ci-6alkyl)aminoCi. 6alkyl, bis(C 1-6alkyl)aminoCi-
6alkyl, cyanoCi -6alkyl, Ci-6alkylsulfonyl,
Ci-6alkylsulfonylamino, Ci-6alkylsulfonyl(Ci-
6alkyl)amino, sulfamoyl, Ci-6alkylsulfamoyl, Hs(Ci
-6alkyl)sulfamoyl, C1-6alkanoylamino, C1-6alkanoyl(C
1-6alkyl)amino, carbamoyl, Ci-6alkylcarbamoyl and
bis(Ci_6alkyl)carbamoyl; provided that when X is
-C(O)NH-, R1 is not the group for use as a medicament
in the treatment of proliferative disease. In
accordance with one aspect of the present invention,
there is provided a compound of formula (I) formula
(I) or a salt, ester or prodrug thereof; wherein m is
O, 1, 2, 3 or 4; X is a linker group selected from
-CR4=CR5-, -CR4 CR5CR6R7-, -CR6R7CR5=CR4-, -C C-, -C
CCR6R7-, -CR6R7CsC-, -NR4CR6R7-, -OCR6R7-, -SCR6R7-,
-S(O)CR6R7-, -S(O)2CR6R7-, -C(O)NR4CR6R7-,
-NR4C(O)NR5CR6R7-, -S(O)2NR4CR6R7-, -C(O)NR4-,
-NR4C(O)-, -NR4C(O)NR5-, -S(O)2NR4- and -NR 4S(O)2-;
1Y and Y2 are independently N or CR8 provided that one
of 1Y and Y2 is N and the other is CR8;R1 is a group
selected from Ci-6alkyl, carbocyclyl,
carbocyclylCi-6alkyl, heterocyclyl and heterocyclylC
i-6alkyl, which group is optionally substituted by one
or more substituent group selected from halo, cyano,
nitro, R9, -OR9, -COR9, -CONR9R10 , -NR9R10 and-
NR9COR10 ; R2 is a group selected from Ci-6alkyl,
carbocyclyl and heterocyclyl which group is optionally
substituted by one or more substituent group
independently selected from halo, cyano, nitro, -R1 1,
-OR1 1, -COR1 1, -CONR1 1R12 , -NR1 1R12 and -NR
11COR12 ; each R3, when present, is independently
selected from halo, cyano, nitro, -R13 , -OR13 ,
-COR13 , -CONR13R14, -NR13R14 and -NR 13COR14 ; R4 and
R5 are independently hydrogen or C1-6alkyl; R and R7
are independently selected from hydrogen, halo, cyano,
nitro and C alkyl; R8 is selected from hydrogen, halo,
cyano and C1-6alkyl; R9 and R10 are independently
hydrogen or a group selected from Ci-6alkyl,
carbocyclyl and heterocyclyl which group is optionally
substituted by one or more substituent groups selected
from halo, cyano, nitro, hydroxy, Ci-6alkyl,
C1-6alkoxy, haloCi-6alkyl, haloCu 



6alkoxy, hydroxyC 1-6alkyl, hydroxyCi-6alkoxy,
C1-6alkoxyCi-6alkyl, Ci-6alkoxyCi-6alkoxy, amino,
C1-6alkylamino and bis(Ci-6alkyl)amino; R11 and R12
are independently hydrogen or a group selected from
C1-6alkyl, carbocyclyl and heterocyclyl which group is
optionally substituted by one or more substituent
groups selected from halo, cyano, nitro, hydroxy,
Ci-6alkyl, Ci-6alkoxy, haloCi-6alkyl, haloC - 6alkoxy,
hydroxyCi -6alkyl, hydroxyCi- alkoxy,
Ci-6alkoxyCi-6alkyl, Ci-6alkoxyC 1-6alkoxy, amino,
C1-6alkylamino and bis(Ci-6alkyl)amino; R13 and R14
are independently hydrogen or a group selected from
C1-6alkyl, carbocyclyl and heterocyclyl which group is
optionally substituted by one or more substituent
groups selected from halo, cyano, nitro, hydroxy,
Ci-6alkyl, Ci-6alkoxy, haloCi-6alkyl, haloC . 6alkoxy,
hydroxyCi -6alkyl, hydroxyC1-6alkoxy,
Ci-6alkoxyC]-6alkyl, C1-6alkoxyCi-6alkoxy, amino,
Ci-6alkylamino and bis(Ci-6alkyl)amino; provided that
when X is -C(O)NH-, R1 is not the groupfor use as a
medicament in the treatment of proliferative disease.
In accordance with another aspect of the present
invention, there is provided the use of a compound of
formula (I) formula (I) or a salt, ester or prodrug
thereof; wherein m is O, 1, 2, 3 or 4; X is a linker
group selected from -CR4=CR5-, -CR4 CR5CR6R7-,
-CR6R7CR5=CR4-, -C C-, -C CCR6R7-, -CR6R7CsC-,
-NR4CR6R7-, -OCR6R7-, -SCR6R7-, -S(O)CR6R7-,
-S(O)2CR6R7-, -C(O)NR4CR6R7-, -NR4C(O)CR6R7-,
-NR4C(O)NR5CR6R7-, -NR4S(O)2CR6R7-, -S(O)2NR4CR6R7-,
-C(O)NR4-, -NR4C(O)-, -NR4C(O)NR5-, -S(O)2NR4- and -NR
4S(O)2-; 1Y and Y2 are independently N or CR8 provided
that one of 1Y and Y2 is N and the other is CR8; R1 is
a group selected from Ct-6alkyl, C2-6alkenyl,
C2-6alkynyl, carbocyclyl, carbocyclylQ. 6alkyl,
heterocyclyl and heterocyclylCi-6alkyl, which group is
optionally substituted by one or more substituent
group selected from halo, cyano, nitro, -R9, -OR9,
-SR9, -SOR9, -SO2R9, -COR9, -CO2R9, -CONR9R10 ,
-NR9R10, -NR 9COR10 , -NR9CO2R10 , -NR9CONR10R15 ,
-NR9COCONR10R15 and -NR 9SO2R10 ;R2 is a group
selected from Ci-6alkyl, carbocyclyl and heterocyclyl
which group is optionally substituted by one or more
substituent group independently selected from halo,
cyano, nitro, -R1 1, -OR1 1, - SR1 1, -SOR1 1, -SO2R1
1 -COR 1 1, -CO2R1 1, -CONR1 1R12 , -NR1 1R12 , -
NR11COR12 , and -NR1 1COCONR12R16 ; each R3, when
present, is independently selected from halo, cyano,
nitro, -R13 , -OR 13 , -SR13 , -SOR 13 , -SO2R13 ,
-COR13 , -CO2R13 , -CONR 13R14 , -NR13R14 , -NR
13COR14 , -NR13CO2R14 and -NR 13SO2R14; R4 and R5 are
independently hydrogen or C1-6alkyl; or R1 and R4
together with the atom or atoms to which they are
attached form a 5- to 10- membered carbocyclic or
heterocyclic ring wherein 1, 2 or 3 ring carbon atoms
is optionally replaced with N, O or S and which ring
is optionally substituted by one or more substituent
groups selected from halo, cyano, nitro, hydroxy,
C1-6alkyl, Ci-6alkoxy, haloCigalkyl, haloC 1-6alkoxy,
hydroxyC 1-6alkyl, hydroxyC 1-6alkoxy,
Ci-6alkoxyCi-6alkyl, Ci- 6alkoxyCi -6alkoxy, amino,
Q-ealkylamino, bis(Ci -6alkyl)amino, aminoCi-6alkyl,
(C1- 6alkyl)aminoCi -6alkyl, bis(C 1-6alkyl)aminoC
1-6alkyl, cyanoC 1-6alkyl, Ci-6alkylsulfonyl, C1.
6alkylsulfonylamino, C1-6alkylsulfonyl(C
1-6alkyl)amino, sulfamoyl, Ci-6alkylsulfamoyl, bis(Ci
-6alkyl)sulfamoyl, Ci-6alkanoylamino, C1-6alkanoyl(Ci
-6alkyl)amino, carbamoyl, Ci- 6alkylcarbamoyl and
bis(Ci -6alkyl)carbamoyl; R6 and R7 are independently
selected from hydrogen, halo, cyano, nitro and
C1-6alkyl; ft R is selected from hydrogen, halo, cyano
and C1-6alkyl; R9 and R10 are independently hydrogen
or a group selected from Ci-6alkyl, carbocyclyl,
carbocyclylCi -6alkyl, heterocyclyl and heterocyclylCi
-6alkyl which group is optionally substituted by one
or more substituent groups selected from halo, cyano,
nitro, hydroxy, Ci- alkyl, Ci-6alkoxy, haloCi -6alkyl,
haloC 1-6alkoxy, hydroxyCi -6alkyl, hydroxyC
1-6alkoxy, Ci-6alkoxyCi -6alkyl, Ci-6alkoxyCi_6alkoxy,
amino, Ci-6alkylamino, bis(Ci.6alkyl)amino, aminoCi
-6alkyl, (Ci-6alkyl)aminoC]-6alkyl, bis(Ci
-6alkyl)aminoCi -6alkyl, cyanoCi -6alkyl,
Ci-6alkylsulfonyl, Ci-6alkylsulfonylamino,
Ci-6alkylsulfonyl(C 1-6alkyl)amino, sulfamoyl,
Ci-6alkylsulfamoyl, bis(Ci.6alkyl)sulfamoyl,
C1-6alkanoylamino, Ci-6alkanoyl(Ci. 6alkyl)amino,
carbamoyl, Ci-6alkylcarbamoyl and bis(Ci
-6alkyl)carbamoyl; R11 and R12 are independently
hydrogen or a group selected from C alky!,
carbocyclyl, carbocyclylC] -6alkyl, heterocyclyl and
which group is optionallysubstituted by one or more
substituent groups selected from halo, cyano, nitro,
hydroxy, Ci-6alkyl, Ci-6alkoxy, haloCi-6alkyl, haloCi
-6alkoxy, hydroxyCi- alkyl, hydroxyCi -6alkoxy,
Ci-6alkoxyCi_6alkyl, C1-6alkoxyCi-6alkoxy, amino,
Ci-6alkylamino, bis(C 1-6alkyl)amino, aminoCi -6alkyl,
(Ci-6alkyl)aminoC[-6alkyl, bis(C
1-6alkyl)aminoCi.6alkyl, cyanoCi-6alkyl,
Ci-6alkylsulfonyl, C1-6alkanoylamino, Ci-6alkanoyl(Ci.
6alkyl)amino, carbamoyl, Ci- 6alkylcarbamoyl and
bis(Ci-6alkyl)carbamoyl; R13, R14, R15 and R16 are
independently hydrogen or a group selected from
C1-6alkyl, carbocyclyl, carbocyclylC^alkyl,
heterocyclyl and heterocyclylCi -6alkyl which group is
optionally substituted by one or more substituent
groups selected from halo, cyano, nitro, hydroxy,
Ci-ealkyl, C1-6alkoxy, haloC1-6alkyl, haloC 1-6alkoxy,
hydroxyCi-6alkyl, hydroxyCi -6alkoxy, C
.6alkoxyCi-6alkyl, C1-6alkoxyCi-6alkoxy, amino,
C1-6alkylamino, bis(Ci -6alkyl)amino, aminoCi-6alkyl,
(Ci-6alkyl)aminoCi -6alkyl, bis(Ci-6alkyl)aminoCi.
6alkyl, cyanoCi -6alkyl, C1-6alkylsulfonyl,
C1-6alkylsulfonylamino, Ci-6alkylsulfonyl(Ci.
6alkyl)amino, sulfamoyl, Ci-6alkylsulfamoyl, bis(Ci
-6alkyl)sulfamoyl, C1-6alkanoylamino, Ci-6alkanoyl(C
1-6alkyl)amino, carbamoyl, Ci-6alkylcarbamoyl and
bis(Ci -6alkyl)carbamoyl; provided that when X is
-C(O)NH-, R1 is not the group in the manufacture of a
medicament for use in the treatment of proliferative
disease.In accordance with another aspect of the
present invention, there is provided the use of a
compound of formula (I) formula (I) or a salt, ester
or prodrug thereof; wherein m is O, 1, 2, 3 or 4; X is
a linker group selected from -CR4=CR5-,
-CR4=CR5CR6R7-, -CR6R7CR5 CR4-, -C C-, -CsCCR6R7-,
-CR6R7CsC-, -NR4CR6R7-, -OCR6R7-, -SCR6R7-,
-S(O)CR6R7-, -S(O)2CR6R7-, -C(O)NR4CR6R7-,
-NR4C(O)NR5CR6R7-, -S(O)2NR4CR6R7-, -C(O)NR4-,
-NR4C(O)-, -NR4C(O)NR5-, -S(O)2NR4- and -NR 4S(O)2-;
1Y and Y2 are independently N or CR8 provided that one
of 1Y and Y2 is N and the other is CR8; R1 is a group
selected from Ci-6alkyl, C2-6alkenyl, C2-6alkynyl,
carbocyclyl, carbocyclyld. 6alkyl, heterocyclyl and
heterocyclylC1-6alkyl, which group is optionally
substituted by one or more substituent group selected
from halo, cyano, nitro, -R9, -OR9, -SR9, -SOR9,
-SO2R9, -COR9, -CO2R9, -CONR9R10, -NR9R10, -NR 9COR10
, -NR9CO2R10, -NR9CONR10R15 , -NR9COCONR10R15 and -NR
9SO2R10 ; R2 is a group selected from C1-6alkyl,
carbocyclyl and heterocyclyl which group is optionally
substituted by one or more substituent group
independently selected from halo, cyano, nitro, -R1 1,
-OR11, - SR11, -SOR1 1, -SO2R1 1, -COR11, -CO2R1 1,
-CONR1 1R12 , -NR1 1R12 , -NR1 1COR12 , and -NR1
1COCONR12R16 ; each R3, when present, is independently
selected from halo, cyano, nitro, -R13, -OR13 , -SR13
, -SOR13 , -SO2R13 , -COR13 , -CO2R13, -CONR13R14 ,
-NR13R14 , -NR 13COR14 , -R13CO2R14 and -NR 13SO2R14 ;
R4 and R5 are independently hydrogen or C1-6alkyl;or
R1 and R4 together with the atom or atoms to which
they are attached form a 5- to 10- membered
carbocyclic or heterocyclic ring wherein 1, 2 or 3
ring carbon atoms is optionally replaced with N, O or
S and which ring is optionally substituted by one or
more substituent groups selected from halo, cyano,
nitro, hydroxy, Ci-6alkyl, C1-6alkoxy, haloCi. 6alkyl,
haloC 1-6alkoxy, hydroxyC i- alkyl, hydroxyC i.6alkoxy
, Ci _6alkoxy Ci-6alkyl, C1- 6alkoxyC 1-6alkoxy,
amino, Ci-6alkylamino, bis(Ci -6alkyl)amino, aminoC
1-6alkyl, (Ci- 6alkyl)aminoC 1-6alkyl, bis(Ci
-6alkyl)aminoC 1-6alkyl, cyanoCi -6alkyl,
C1-6alkylsulfonyl, C1- 6alkylsulfonylamino,
C1-6alkylsulfonyl(Ci -6alkyl)amino, sulfamoyl,
C1-6alkylsulfamoyl, bis(C 1-6alkyl)sulfamoyl,
Ci-6alkanoylamino, carbamoyl, Ci- 6alkylcarbamoyl and
bis(Ci -6alkyl)carbamoyl; R6 and R7 are independently
selected from hydrogen, halo, cyano, nitro and
Ci-6alkyl; R8 is selected from hydrogen, halo, cyano
and Ci-6alkyl; R9 and R10 are independently hydrogen
or a group selected from alkyl, carbocyclyl,
carbocyclylCi -6alkyl, heterocyclyl and heterocyclylCi
-6alkyl which group is optionally substituted by one
or more substituent groups selected from halo, cyano,
nitro, hydroxy, C1-6alkyl, C1-6alkoxy, haloCi -6alkyl,
haloC 1-6alkoxy, hydroxyC i-6alkyl, hydroxyC
1-6alkoxy, C ealkoxyC alkyl, Ci-6alkoxyCi -6alkoxy,
amino, Ci-6alkylamino, bis(C 1-6alkyl)amino, aminoC
1-6alkyl, (Ci -6alkyl)aminoC 1-6alkyl, bis(C
1-6alkyl)aminoCi -6alkyl, cyanoCi -6alkyl,
Ci-6alkylsulfonyl, C1-6alkylsulfonylamino,
Ci-6alkylsulfonyl(C 1-6alkyl)amino, sulfamoyl,
C1-6alkylsulfamoyl, bis(Ci -6alkyl)sulfamoyl,
C1-6alkanoylamino, d -alkanoyKCi. 6alkyl)amino,
carbamoyl, Ci-6alkylcarbamoyl and bis(C
1-6alkyl)carbamoyl; R11 and R12 are independently
hydrogen or a group selected from C1-6alkyl,
carbocyclyl, carbocyclylCi -6alkyl, heterocyclyl and
heterocyclylC 1-6alkyl which group is optionally
substituted by one or more substituent groups selected
from halo, cyano, nitro, hydroxy, Ci-6alkyl,
C1-OaIkOXy, haloCi -6alkyl, haloCi -6alkoxy, hydroxyC
1-6alkyl, hydroxyC 1-6alkoxy, Ci-6alkoxyCi -6alkyl,
Ci-6alkoxyCi. 6alkoxy, amino, Ci-6alkylamino, bis(C
1-6alkyl)amino, aminoC] -6alkyl, (Ci -6alkyl)aminoCi
-6alkyl, bis(Ci -6alkyl)aminoCi -6alkyl, cyanoCi
-6alkyl, Ci-6alkylsulfonyl, Ci-6alkanoylamino,
Ci-6alkanoyl(Ci -6alkyl)amino, carbamoyl, C -
6alkylcarbamoyl and bis(Ci -6alkyl)carbamoyl; R13,
R14, R15 and R16 are independently hydrogen or a group
selected from Ci- alkyl, carbocyclyl, carbocyclylCi
-6alkyl, heterocyclyl and heterocyclylC 1-6alkyl which
group is optionally substituted by one or more
substituent groups selected from halo, cyano,
nitro,hydroxy, Ci-6alkyl, Ci-6alkoxy, haloCi -6alkyl,
haloC).6alkoxy, hydroxyCi-6alkyl, hydroxyCi-6alkoxy,
Ci-6alkoxyCi -6alkyl, Ci_6alkoxyCi-6alkoxy, amino,
Ci-6alkylamino, bis(C 1-6alkyl)amino, aminoCi-6alkyl,
(Ci -6alkyl)aminoCi-6alkyl, bis(Ci-6alkyl)aminoCi-
6alkyl, cyanoCi-6alkyl, C1-6alkylsulfonyl,
Ci-6alkylsulfonylamino, Ci-6alkylsulfonyl(Ci-
6alkyl)amino, sulfamoyl, Ci-6alkylsulfamoyl,
bis(Ci-6alkyl)sulfamoyl, C1-6alkanoylamino,
Ci_6alkanoyl(Ci-6alkyl)amino, carbamoyl,
Ci-6alkylcarbamoyl and bis(Ci-6alkyl)carbamoyl;
provided that when X is -C(O)NH-, R1 is not the group
in the manufacture of a medicament for use in the
treatment of proliferative disease, In accordance with
another aspect of the present invention, there is
provided the use of a compound of formula (I) formula
(I) or a salt, ester or prodrug thereof; wherein m is
0, 1, 2, 3 or 4; X is a linker group selected from
-CR4=CR5-, -CR4=CR5CR6R7-, -CR6R7CR5=CR4-, -C C-, -C
CCR6R7-, -CR6R7C=C-, -NR4CR6R7-, -OCR6R7-, -SCR6R7-,
-S(O)CR6R7-, -S(O)2CR6R7-, -C(O)NR4CR6R7-,
-NR4C(O)NR5CR6R7-, -S(O)2NR4CR6R7-, -C(O)NR4-,
-NR4C(O)-, -NR4C(O)NR5-, -S(O)2NR4- and -NR 4S(O)2-;
1Y and Y2 are independently N or CR8 provided that one
of 1Y and Y2 is N and the other is CR8; R1 is a group
selected from C1-6alkyl, carbocyclyl,
carbocyclylC1-6alkyl, heterocyclyl and
heterocyclylC1-6alkyl, which group is optionally
substituted by one or more substituentgroup selected
from halo, cyano, nitro, R9, -OR9, -COR9, -CONR9R10 ,
-NR9R10 and - NR9COR10 ; R2 is a group selected from
Ci-6alkyl, carbocyclyl and heterocyclyl which group is
optionally substituted by one or more substituent
group independently selected from halo, cyano, nitro,
-R1 1, -OR1 1, -COR1 1, -CONR11R12 , -NR1 1R12 and -NR
11COR12 ; each R3, when present, is independently
selected from halo, cyano, nitro, -R13 , -OR13 ,
-COR13 , -CONR13R14, -NR13R14 and -NR 13COR14 ; R4 and
R5 are independently hydrogen or C1-6alkyl; R6 and R7
are independently selected from hydrogen, halo, cyano,
nitro and C1-6alkyl; R8 is selected from hydrogen,
halo, cyano and C1-6alkyl; R9 and R10 are
independently hydrogen or a group selected from
Ci-6alkyl, carbocyclyl and heterocyclyl which group is
optionally substituted by one or more substituent
groups selected from halo, cyano, nitro, hydroxy,
C1-6alkyl, C1-6alkoxy, haloC1-6alkyl, haloCi 6alkoxy,
hydroxyC1-6alkyl, hydroxyCi -6alkoxy,
Ci-6alkoxyCi-6alkyl, C1-6alkoxyCi-6alkoxy, amino,
Ci-6alkylamino and bis(Ci -6alkyl)amino; R11 and R12
are independently hydrogen or a group selected from
C1-6alkyl, carbocyclyl and heterocyclyl which group is
optionally substituted by one or more substituent
groups selected from halo, cyano, nitro, hydroxy,
Ci-6alkyl, Ci-6alkoxy, haloCi- alkyl, haloC . 6alkoxy,
hydroxyCi-6alkyl, hydroxyCi -6alkoxy,
Ci-6alkoxyC1-6alkyl, Ci-6alkoxyCi-6alkoxy, amino,
Ci-6alkylamino and bis(C 1-6alkyl)amino; R13 and R14
are independently hydrogen or a group selected from
Ci-6alkyl, carbocyclyl and heterocyclyl which group is
optionally substituted by one or more substituent
groups selected from halo, cyano, nitro, hydroxy,
C1-6alkyl, C1-6alkoxy, haloC1-6alkyl, haloCi. 6alkoxy,
hydroxyC1-6alkyl, hydroxyCi -6alkoxy,
Ci-6alkoxyC1-6alkyl, C -6alkoxyCi-6alkoxy, amino, Ci-
alkylamino and bis(Ci-6alkyl)amino; provided that when
X is -C(O)NH-, R1 is not the groupin the manufacture
of a medicament for use in the treatment of
proliferative disease. In accordance with a further
aspect of the present invention, there is also
provided a compound of formula (I) formula (I) or a
salt, ester or prodrug thereof; wherein m is O, 1, 2,
3 or 4; X is a linker group selected from -CR4=CR5-,
-CR^CR 5CR6R7-, -CR6R7CR5 CR4-, -CC- -C CCR6R7-,
-CR6R7C C-, -NR4CR6R7-, -OCR6R7-, -SCR6R7-, -S(O)CR
6R7-, -S(O)2CR6R7-, -C(O)NR 4CR6R7-, -NR4C(O)CR6R7-,
-NR4C(O)NR 5CR6R7-, -NR4S(O)2CR6R7-, -S(O) 2NR4CR6R7-,
-C(O)NR 4-, -NR4C(O)-, -NR4C(O)NR 5-, -(O)2NR4- and
-NR 4S(O)2-; 1Y and Y2 are independently N or CR8
provided that one of 1Y and Y2 is N and the other is
CR8; R1 is a group selected from Ci-6alkyl,
C2-6alkenyl, C2-6alkynyl, carbocyclyl, carbocyclylCi.
6alkyl, heterocyclyl and heterocyclylCi -6alkyl, which
group is optionally substituted by one or more
substituent group selected from halo, cyano, nitro,
-R9, -OR9, -SR9, -SOR9, -O2R9, -COR9, -CO2R9, -CONR 9R
10 , -NR9R10, -NR 9COR10, -NR9CO2R10, -NR9CONR 10R15 ,
-NR9COCONR 10R15 and NR9SO2R10 ;R2 is a group selected
from Ci-6alkyl, carbocyclyl and heterocyclyl which
group is optionally substituted by one or more
substituent group independently selected from halo,
cyano, nitro, -R1 1, -OR", -SR 1 1, -SOR 1 1, -SO2R1
1, -COR 1 1, -CO2R11, -CONR 1 1R12 , -NR 1 1R12 , -NR
11COR12 , and -NR 11COCONR 12R16 ; each R3, when
present, is independently selected from halo, cyano,
nitro, -R13 , -OR 13 , -R13 , SOR13 , -SO2R13 , -COR
13 , -CO2R13 , -CONR 13R14 , -NR 13R14 , -NR 13COR14,
-NR 13CO2R 14 and -NR 13SO2R14 ; R4 and R5 are
independently hydrogen or C1-6alkyl; or R1 and R4
together with the atom or atoms to which they are
attached form a 5- to 10- membered carbocyclic or
heterocyclic ring wherein 1, 2 or 3 ring carbon atoms
is optionally replaced with N, O or S and which ring
is optionally substituted by one or more substituent
groups selected from halo, cyano, nitro, hydroxy,
Ci-6alkyl, C1-6alkoxy, 1IaIoC 1- 6alkyl, haloC
1-6alkoxy, hydroxyC 1-6alkyl, hydroxyC 1-6alkoxy,
Ci-6alkoxyCi-6alkyl, C1- 6alkoxyCi -6alkoxy, amino,
Ci-6alkylamino, bis(Ci -6alkyl)amino, aminoC 1-6alkyl,
(C1- 6alkyl)aminoC -6alkyl, bis(C 1-6alkyl)aminoC
1-6alkyl, cyanoC 1-6alkyl, Ci-6alkylsulfonyl, C1-
6alkylsulfonylamino, Ci-6alkylsulfonyl(Ci
-6alkyl)amino, sulfamoyl, C1-6alkylsulfamoyl, bis(C
1-6alkyl)sulfamoyl, Ci.6alkanoylamino, carbamoyl, C1-
6alkylcarbamoyl and bis(Ci -6alkyl)carbamoyl; R6 and
R7 are independently selected from hydrogen, halo,
cyano, nitro and Ci-6alkyl; R8 is selected from
hydrogen, halo, cyano and Ci-6alkyl; R9 and R10 are
independently hydrogen or a group selected from
C1-6alkyl, carbocyclyl, carbocyclylC 1-6alkyl,
heterocyclyl and heterocyclylCi- alkyl which group is
optionally substituted by one or more substituent
groups selected from halo, cyano, nitro, hydroxy,
C1-6alkyl, C1-6alkoxy, haloC 1-6alkyl, haloC
1-6alkoxy, hydroxyC 1-6alkyl, hydroxyCi -6alkoxy,
Ci-6alkoxyC i_6alkyl, C1-6alkoxyC 1-6alkoxy, amino,
Ci-6alkylamino, bis(Ci -6alkyl)amino, aminoCi -6alkyl,
(Ci -6alkyl)aminoCi -6alkyl, bis(Ci -6alkyl)aminoCi.
6alkyl, cyanoC 1-6alkyl, C1-6alkylsulfonyl,
C]-6alkylsulfonylamino, Ci_6alkylsulfonyl(C]
-6alkyl)amino, sulfamoyl, C1-6alkylsulfamoyl, bis(Ci-
6alkyl)sulfamoyl, C1-6alkanoylamino, 6alkyl)amino,
carbamoyl, C1-6alkylcarbamoyl and bis(C
1-6alkyl)carbamoyl; R11 and R12 are independently
hydrogen or a group selected from C1-6alkyl,
carbocyclyl, carbocyclylCi -6alkyl, heterocyclyl and
heterocyclylCi -6alkyl which group is
optionallysubstituted by one or more substituent
groups selected from halo, cyano, nitro, hydroxy,
Ci-6alkyl, C1-6alkoxy, haloQ-ealkyl, haloCi-6alkoxy,
hydroxyCi -6alkyl, hydroxyCi-6alkoxy, Ci-6alkoxyC
1-6alkyl, Ci-6alkoxyCi_6alkoxy, amino, Ci-6alkylamino,
bis(C 1-6alkyl)amino, aminoCi-6alkyl,
(Ci-6alkyl)aminoCu 6alkyl, bis(Ci -6alkyl)aminoCi
-6alkyl, cyanoCi-6alkyl, C[.6alkylsulfonyl,
C]-6alkanoylamino, Ci.6alkanoyl(C1-6alkyl)amino,
carbamoyl, C1. 6alkylcarbamoyl and bis(Ci
-6alkyl)carbamoyl; R13, R14, R15 and R16 are
independently hydrogen or a group selected from
Ci-6alkyl, carbocyclyl, carbocyclylCi -6alkyl,
heterocyclyl and heterocyclylC 1-6alkyl which group is
optionally substituted by one or more substituent
groups selected from halo, cyano, nitro, hydroxy,
C1-6alkyl, C1-6alkoxy, haloCi-6alkyl, haloCi -6alkoxy,
hydroxyC 1-6alkyl, hydroxyC 1-6alkoxy, Ci-6alkoxyC
1-6alkyl, C1-6alkoxyCi -6alkoxy, amino,
Ci-6alkylamino, bis(C1-6alkyl)amino, aminoC1-6alkyl,
(C1-6alkyl)aminoCi -6alkyl, bis(Ci -6alkyl)aminoCi.
6alkyl, cyanoC 1-6alkyl, C]-6alkylsulfonyl,
Ci-6alkylsulfonylamino, 6alkyl)amino, sulfamoyl,
Ci-6alkylsulfamoyl, bis(C 1-6alkyl)sulfamoyl,
Ci.6alkanoylamino, Ci-6alkanoyl(Ci -6alkyl)amino,
carbamoyl, Ci-6alkylcarbamoyl and
bis(Ci-6alkyl)carbamoyl; provided that the compound of
formula (I) is not a compound listed in Excluded
Compound List 1 and provided that when X is -C(O)NH-,
R1 is not the group In accordance with a further
aspect of the present invention, there is also
provided a compound of formula (I) formula (I)or a
salt, ester or prodrug thereof; wherein m is O, 1, 2,
3 or 4; X is a linker group selected from -CR4=CR5-,
-CR4 CR5CR6R7-, -CR6R7CR5=CR4-, -OC-, -C CCR6R7-, -CR
6R7C C- -NR4CR6R7-, -OCR6R7-, -SCR6R7-, -S(O)CR6R7-,
-S(O)2CR6R7-, -C(O)NR4CR6R7-, -NR4C(O)NR5CR6R7-
-S(O)2NR4CR6R7-, -C(O)NR4-, -NR4C(O)-, -NR4C(O)NR5-,
-S(O)2NR4- and -NR 4S(O)2-; 1Y and Y2 are
independently N or CR8 provided that one of 1Y and Y2
is N and the other is CR8; R1 is a group selected from
Ci-6alkyl, C2-6alkenyl, C2-6alkynyl, carbocyclyl,
carbocyclylCi. 6alkyl, heterocyclyl and heterocyclylC
1-6alkyl, which group is optionally substituted by one
or more substituent group selected from halo, cyano,
nitro, -R9, -OR9, -SR9, -SOR9, -O2R9, -COR9, -CO2R9,
-CONR9R10, -NR9R10 , -NR 9COR10, -NR9CO2R10 ,
-NR9CONR10R15 , -NR9COCONR10R15 and NR9SO2R10 ; R2 is
a group selected from C1-6alkyl, carbocyclyl and
heterocyclyl which group is optionally substituted by
one or more substituent group independently selected
from halo, cyano, nitro, -R11, -OR1 1, -SR11, -SOR1 1,
-SO2R1 1, -COR1 1, -CO2R1 1, -CONR1 1R12 , -NR1 1R12 ,
-NR11COR12 , and -NR1 1COCONR12R16 ; each R3, when
present, is independently selected from halo, cyano,
nitro, -R13 , -OR13 , -R13 , SOR13 , -SO2R13, -COR13 ,
-CO2R13 , -CONR13R14 , -NR13R14 , -NR 13COR14 ,
-NR13CO2R14 and -NR 13SO2R14 ; R4 and R5 are
independently hydrogen or Ci-6alkyl; or R1 and R4
together with the atom or atoms to which they are
attached form a 5- to 1Omembered carbocyclic or
heterocyclic ring wherein 1, 2 or 3 ring carbon atoms
is optionally replaced with N, O or S and which ring
is optionally substituted by one or more substituent
groups selected from halo, cyano, nitro, hydroxy,
C1-6alkyl, Ci-6alkoxy, haloC 6alkyl, haloC1-6alkoxy,
hydroxyCi -6alkyl, hydroxyCi-6alkoxy, Ci-6alkoxyCi
-6alkyl, C1. 6alkoxyCi-6alkoxy, amino, Ci-6alkylamino,
bis(C .6alkyl)amino, aminoCi_6alkyl, (C]-
6alkyl)aminoCi-6alkyl, bis(Ci -6alkyl)aminoCi -6alkyl,
cyanoCi -6alkyl, Ci-6alkylsulfonyl, Ci-
6alkylsulfonylamino, Ci-6alkylsulfonyl(Ci
-6alkyl)amino, sulfamoyl, Ci-6alkylsulfamoyl,
bis(Ci-6alkyl)sulfamoyl, Ci-6alkanoylamino,
Ci-6alkanoyl(Ci -6alkyl)amino, carbamoyl, Ci-
6alkylcarbamoyl and bis(Ci -6alkyl)carbamoyl;R6 and R7
are independently selected from hydrogen, halo, cyano,
nitro and R8 is selected from hydrogen, halo, cyano
and Ci-6alkyl; R9 and R10 are independently hydrogen
or a group selected from Ci-6alkyl, carbocyclyl,
carbocyclylCi -6alkyl, heterocyclyl and heterocyclylC
1-6alkyl which group is optionally substituted by one
or more substituent groups selected from halo, cyano,
nitro, hydroxy, C1-6alkyl, C1-6alkoxy, haloC1-6alkyl,
haloCi-6alkoxy, hydroxyC1-6alkyl, hydroxyCi -6alkoxy,
Ci-6alkoxyC1-6alkyl, C1-6alkoxyC1-6alkoxy, amino,
Ci-alkylamino, bis(C 1-6alkyl)amino, aminoC1-6alkyl,
(Ci-6alkyl)aminoC 1-6alkyl, bis(Ci
-6alkyl)aminoC1-6alkyl, cyanoC1-6alkyl,
C1-6alkylsulfonyl, Ci-6alkylsulfonylamino,
Ci-6alkylsulfonyl(Ci-6alkyl)amino, sulfamoyl,
C1-6alkylsulfamoyl, bis(C1-6alkyl)sulfamoyl,
Ci-6alkanoylamino, Ci-6alkanoyl(Ci.. 6alkyl)amino,
carbamoyl, C1-6alkylcarbamoyl and
bis(Ci-6alkyl)carbamoyl; R11 and R12 are independently
hydrogen or a group selected from Ci-6alkyl,
carbocyclyl, carbocyclylCi -6alkyl, heterocyclyl and
heterocyclylCi -6alkyl which group is optionally
substituted by one or more substituent groups selected
from halo, cyano, nitro, hydroxy, C1-6alkyl,
Ci-6alkoxy, haloCi-6alkyl, haloC 1-6alkoxy,
hydroxyCi-6alkyl, hydroxyCi -6alkoxy,
C1-6alkoxyCi-6alkyl, C1-6alkoxyC1-6alkoxy, amino,
C1-6alkylamino, bis(C 1-6alkyl)amino, aminoC1-6alkyl,
(C1-6alkyl)aminoC1-6alkyl,
bis(Ci-6alkyl)aminoCi-6alkyl, cyanoCi-6alkyl,
Ci-alkylsulfonyl, C1-6alkanoylamino,
C1-6alkanoyl(C1-6alkyl)amino, carbamoyl, Ci-
6alkylcarbamoyl and bis(C1-6alkyl)carbamoyl; R13 ,
R14, R15 and R16 are independently hydrogen or a group
selected from Ci-6alkyl, carbocyclyl,
carbocyclylCi-6alkyl, heterocyclyl and heterocyclylCi
-6alkyl which group is optionally substituted by one
or more substituent groups selected from halo, cyano,
nitro, hydroxy, Ci-6alkyl, Ci-6alkoxy, haloC 1-6alkyl,
haloCi-6alkoxy, hydroxyCi -6alkyl, hydroxyCi -6alkoxy,
Ci-6alkoxyC1-6alkyl, Ci.6alkoxyC1-6alkoxy, amino,
Ci-6alkylamino, bis(C 1-6alkyl)amino, aminoCi-6alkyl,
(C1-6alkyl)aminoCi-6alkyl, bis(Ci -6alkyl)aminoC 1-
6alkyl, cyanoC1-6alkyl, Ci-6alkylsulfonyl,
Ci-6alkylsulfonylamino, 6alkyl)amino, sulfamoyl, Ci
6alkylsulfamoyl, bis(Ci.6alkyl)sulfamoyl,
Ci-6alkanoylamino, Ci-6alkanoyl(C1-6alkyl)amino,
carbamoyl, Ci-6alkylcarbamoyl and bis(C
1-6alkyl)carbamoyl; provided that the compound of
formula (I) is not a compound listed in Excluded
Compound List 1 and provided that when X is -C(O)NH-,
R1 is not the groupIn accordance with a further aspect
of the present invention, there is also provided a
compound of formula (I) formula (I) or a salt, ester
or prodrug thereof; wherein m is O, 1, 2, 3 or 4; X is
a linker group selected from -CR4=CR5-,
-CR4=CR5CR6R7-, -CR6R7CR5=CR4-, -CC- -C CCR6R7-,
-CR6R7CsC-, -NR4CR6R7-, -OCR6R7-, -SCR6R7-,
-S(O)CR6R7-, -S(O)2CR6R7-, -C(O)NR4CR6R7-,
-NR4C(O)NR5CR6R7-, -S(O)2NR4CR6R7-, -C(O)NR4-,
-NR4C(O)-, -NR4C(O)NR5-, -S(O)2NR4- and -NR 4S(O)2-;
1Y and Y2 are independently N or CR8 provided that one
of 1Y and Y2 is N and the other is CR8; R1 is a group
selected from C1-6alkyl, carbocyclyl,
carbocyclylC1-6alkyl, heterocyclyl and heterocyclylC
i-6alkyl, which group is optionally substituted by one
or more substituent group selected from halo, cyano,
nitro, R9, -OR9, -COR9, -CONR9R10, -NR9R10 and
-R9COR10 ; R2 is a group selected from Ci-6alkyl,
carbocyclyl and heterocyclyl which group is optionally
substituted by one or more substituent group
independently selected from halo, cyano, nitro, -R1 1,
-OR1 1, -COR11, -CONR1 1R12, -NR1 1R12 and -NR 11COR12
; each R3, when present, is independently selected
from halo, cyano, nitro, -R13 , -OR13 ,-COR13
-CONR13R14 , -NR13R14 and -NR 13COR14 ; R4 and R5 are
independently hydrogen or Ci-6alkyl; R6 and R7 are
independently selected from hydrogen, halo, cyano,
nitro and Ci-6alkyl; R is selected from hydrogen,
halo, cyano and Q^alltyl; R9 and R10 are independently
hydrogen or a group selected from C1-6alkyl,
carbocyclyl and heterocyclyl which group is optionally
substituted by one or more substituent groups selected
from halo, cyano, nitro, hydroxy, Ci-6alkyl,
C1-6alkoxy, haloC 1-6alkyl, haloCi. 6alkoxy, hydroxyC
1-6alkyl, hydroxyC1-6alkoxy, Ci-6alkoxyCi-6alkyl,
Ci-6alkoxyC1-6alkoxy, amino, C1-6alkylamino and
bis(C1-6alkyl)amino; R11 and R12 are independently
hydrogen or a group selected from Ci-6alkyl,
carbocyclyl and heterocyclyl which group is optionally
substituted by one or more substituent groups selected
from halo, cyano, nitro, hydroxy, -alkyl, Ci-6alkoxy,
haloCi-6alkyl, haloCi. 6alkoxy, hydroxyC^alkyl,
hydroxyC1-6alkoxy, C1-6alkoxyC1-6alkyl,
Ci-6alkoxyCi-6alkoxy, amino, Ci-6alkylamino and
bis(C1-6alkyl)amino; R13 and R14 are independently
hydrogen or a group selected from Ci-6alkyl,
carbocyclyl and heterocyclyl which group is optionally
substituted by one or more substituent groups selected
from halo, cyano, nitro, hydroxy, Ci-6alkyl,
Ci-6alkoxy, haloC1-6alkyl, haloCi alkoxy, hydroxyCi
-6alkyl, hydroxyC1-6alkoxy, C1-6alkoxyCi-6alkyl,
Ci.6alkoxyC1-6alkoxy, amino, Ci-6alkylamino and
bis(Ci-6alkyl)amino; provided that the compound of
formula (I) is not a compound listed in Excluded
Compound List 1 and provided that when X is -C(O)NH-,
R1 is not the group Excluded Compound List 1:
4-{6-[(methylthio)methyl]-2-methylpyrimidin-4-yl}morph
oline;
4-(6-{[(4-chlorophenyl)thio]methyl}-2-methylpyrimidin-
4-yl)morpholine;4-(6- {[(4-chlorophenyl)thio]methyl
}-2-methylpyrimidin-4-yl)-2,6-dimethylmoipholine;
4-{6-[(phenylsulfinyl)methyl]-2-methylpyrimidin-4-yl}m
orpholine; 4-(6- {[(4-chlorophenyl)sulfinyl]methyl}
-2-methylpyrimidin-4-yl)morpholine;
4-{6-[(phenylsulfonyl)methyl]-2-niethyl
ryrimidin-4-yl}morpholine; 4-(6-
{[(4-chlorophenyl)sulfonyl]methyl}
-2-methylpyrimidin-4-yl)morpholine;
4-{6-[(metliylthio)methy1]
-2-phenylpyrimidin-4-yl}morpholine ;
4-{6-[(phenylthio)methy1]
-2-phenylpyrimidin-4-yl}morpholine ; 4-(6-
{[(4-chlorophenyl)thio]methyl}
-2-phenylpyrimidin-4-yl)morpholine; 4-(6-
{[(4-chlorobenzyl)thio]methyl}
-2-phenylpyrimidin-4-yl)morpholine;
4-(6-{[(4-chlorobenzyl)thio]methyl}-2-phenylpyrimidin-
4-yl)-2,6-dimethylmorpholine;
4-{6-[(methylsulflnyl)methyl]
-2-phenylpyrimidin-4-y1}morpholine ;
4-{6-[(phenylsulfinyl)methyl]-2-phenylpyrimidin-4-yl}m
orpholine; 4-(6- {[(4-chlorophenyl)sulfinyl]methyl}
-2-phenylpyrimidin-4-yl)morpholine;
4-{6-[(methylsulfonyl)methyl]-2-phenylpyrimidin-4-yl}m
orpholine;
4-{6-[(phenylsulfonyl)methyl]-2-phenylpyrimidin-4-yl}m
orpholine; 4-{6-[(methylthio)methy1]
-2-pyridin-2-ylpyrimidin-4-yl }morpholine ;
4-{6-[(phenylthio)methy1]
-2-pyridin-4-ylpyrimidin-4-yl }morpholine ; 4-(6-
{[(4-chlorophenyl)thio]methyl}
-2-pyridin-2-ylpyrimidin-4-yl)morpholine;
4-{6-[(methylsulfonyl)methyl]-2-pyridin-3-ylpyrimidin-
4-yl }morpholine ;
4-{6-[(methylsulfonyl)methyl]-2-pyridin-4-ylpyrimidin-
4-yl }morpholine ;
4-{6-[(phenylsulfonyl)methyl]-2-pyridin-2-ylpyrimidin-
4-yl}morpholine;
4-{6-[(phenylsulfonyl)methyl]-2-pyridin-3-ylpyrimidin-
4-yl}morpholine;
4-{6-[(phenylsulfonyl)methyl]-2-pyridin-4-ylpyrimidin-
4-yl}morpholine;
4-{6-[(methoxy)methyl]-2-methylpyrimidin-4-yl}morpholi
ne;
4-{6-[(methoxy)methyl]-2-phenylpyrimidin-4-yl}morpholi
ne;
4-{6-[(methoxy)methyl]-2-phenylpyrimidin-4-yl}-2,6-dim
ethylmorpholine;
4-{6-[(phenoxy)methyl]-2-(6-methylpyrid-2-yl)pyrimidin
-4-yl}-2,6-dimethylmorpholine; N-[5-[[3-(l
-cyano-1-methylethyl)benzoyl]amino]-2-methylphenyl]-2,
6-di-4-morpholinyl- 4-pyrimidinecarboxamide; N-[5-
[[3-(I -cyano-
1-methylethyl)benzoyl]amino]-2-methylphenyl]-6-(4-morp
holinyl)-2- (trifluoromethyl)-4-pyrimidinecarboxamide;
N-[4-fluoro-3
-[(pyrazinyloxy)methyl]phenyl]-2,6-di-4-morpholinyl-4-
pyrimidinecarboxaniide;
4-[2-niethyl-6-[(lE)-2-[3-(trifluoroniethyl)phenyl]eth
enyl]-4-pyrimidinyl]-morpholine;
4-[6-methyl-2-[(lE)-2-[3-(trifluoromethyl)plienyl]ethe
nyl]-4-pyrimidinyl]-morpholine;
3,4,5-trimethoxy-N-[4-methyl-6-(4-moipholinyl)-2-pyrim
idinyl]-benzamide;
N-(2,3-dimethyl-lH-indol-5-yl)-2,6-di-4-morpholinyl-4-
pyrimidinecarboxamide;
N-(2,3-dimethyl-lH-indol-5-yl)-4,6-di-4-morpholinyl-2-
pyridinecarboxamide;
N-(3,4-dimethylphenyl)-2,6-di-4-morpholinyl-4-pyrimidi
necarboxamide;
N-[3-(aminocarbonyl)phenyl]-2,6-di-4-morpholinyl-4-pyr
imidinecarboxamide;
N-(4,6-di-4-morpholinyl-2-pyridinyl)-N'-(3-methylpheny
l)-urea;
N-(2,3-dimethyl-lH-indol-5-yl)-4,6-di-4-morpholinyl-2-
pyridinecarboxamide; 4,6-di-4-morpholinyl-N-( 1,2,3
-trimethyl- 1H-indol-5-yl)-2-pyridinecarboxamide;
N-(2,3-dimethyl-lH-indol-5-yl)-2-[(2R,6S)-2,6-dimethyl
-4-moipholinyl]-6-(4- morpholinyl)-
4-pyrimidinecarboxamide;
2,6-di-4-morpholinyl-N-(l,2,3-trimethyl-lH-indol-5-yl)
-4-pyrimidinecarboxamide;
N-[3-(dimethylamino)phenyl]-2,6-di-4-morpholinyl-4-pyr
imidinecarboxamide;
N-[3,4,5-trimethoxyphenyl]-2,6-di-4-morpholinyl-4-pyri
midinecarboxamide;
2,6-di-4-morpholinyl-N-(6,7,8,9-tetrahydro-5H-benzocyc
lohepten-6-yl)- 4- pyrimidinecarboxamide; and
4-[2-methyl-6-[2-(5-nitro-2-furyl)vinyl]-4-pyrimidinyl
]-morpholine. Additionally, the invention provides a
compound of formula (I) as defined herein, or a salt,
ester or prodrug thereof, provided that (a) when 'Y is
CH, Y2 is N, X is -SCH2-, -S(O)CH2- or -S(O) 2CH2- and
R2 is methyl, phenyl or pyridyl, then R1 is not
methyl, phenyl, 4-chlorophenyl or 4-chlorobenzyl; and
(b) when 1Y is CH, Y2 is N, X is -OCH 2- and R2 is
methyl, phenyl or 2-methylpyrid- 2yl then R1 is not
methyl or phenyl. The following compounds from
Excluded Compound List 1 may also be identified by
their Chemical Abstracts Number
N-[5-[[3-(l-cyano-l-methylethyl)benzoyl]amino]-2-
methylphenyl]-2,6-di-4-morpholinyl-4-pyrimidinecarboxa
mide (873449-4 1-3);
N-[5-[[3-(l-cyano-l-methylethyl)benzoyl]amino]-2-methy
lphenyl]-6-(4-morpholinyl)-2-
(trifluoromethyl)-4-pyrimidinecarboxamide
(873449-50-4);N-[4-fluoro-3
-[(pyrazinyloxy)methyl]phenyl]~2,6-di-4-morpholinyl-4-



pyrimidinecarboxamide (642085-32-3);
4-[2-methyl-6-[(lE)-2-[3-(trifluoromethyl)phenyl]ethen
yl]-4-pyrimidinyl]-morpholine (425423-56-9);
4-[6-methy1-2- [(1E)-2-[3-(trifluoromethyl)pheny 1]
ethenyl]-4-pyrimidiny1] -morpholine (425423-57-0);
3,4,5-trimethoxy-N-[4-methyl-6-(4-morpholinyl)-2-pyrin
iidinyl]-benzamide (1681 97-68- 0);
N-(2,3-dimethyl-lH-indol-5-yl)-2,6-di-4-mo f
holinyl-4-pyrimidinecarboxamide (887133- 39-3);
N-(2,3-dimethyl-lH-indol-5-yl)-4,6-di-4-morpholinyl-2-
pyridinecarboxamide (887133-47- 3);
N-(3,4-dimethylphenyl)-2,6-di-4-morpholinyl-4-pyrimldi
necarboxamide (887133-68-8);
N-[3-(aminocarbonyl)phenyl]-2,6-di-4-morpholinyl-4-pyr
imidinecarboxamide (87133-69- 9); N-(4,6-di-4-mor
rholinyl-2-pyridinyl)-N l-(3-methylphenyl)-urea
(87133-93-9); N-(2,3 -dimethyl-
lH-indol-5-yl)-4,6-di-4-morpholinyl-2-pyridinecarboxam
ide (887 134-72- 7);
4,6-di-4-morpholinyl-N-(l,2,3-trimethyl-lH-indol-5-yl)
-2-pyridinecarboxamide (887134- 74-9);
N-(2,3-dimethyl-lH-indol-5-yl)-2-[(2R,6S)-2,6-dimethyl
-4-morpholinyl]-6-(4- morpholinyl)-
4-pyrimidinecarboxamide (887136-28-9);
2,6-di-4-morpholinyl-N-(l,2,3-trimethyl-lH-indol-5-yl)
-4-pyrimidinecarboxamide (887136-30-3);
N-[3-(dimethylamino)phenyl]-2,6-di-4-morpholinyl-4-pyr
imidinecarboxamide (887136- 53-0);
2,6-di-4-morpholinyl-N-(6,7,8,9-tetrahydro-5H-benzocyc
lohepten-6-yl)- 4- pyrimidinecarboxamide
(450367-63-2); and
4-[2-methyl-6-[2-(5-nitro-2-furyl)vinyl]-4-pyrimidinyl
]-niorpholine (4592-48-7). The following compound from
Excluded Compound List 1 N-[3,4,5-
trimethoxyphenyl]-2,6-di-4-morpholinyl-4-pyrimidinecar
boxamide may also be referred to as
2,6-dimorpholin-4-yl-N-(3,4,5-trimethoxyphenyl)pyrimid
ine-4-carboxamide.Certain compounds of formula (I) are
capable of existing in stereoisomeric forms. It will
be understood that the invention encompasses all
geometric and optical isomers of the compounds of
formula (I) and mixtures thereof including racemates.
Tautomers and mixtures thereof also form an aspect of
the present invention. Solvates and mixtures thereof
also form an aspect of the present invention. For
example, a suitable solvate of a compound of formula
(I) is, for example, a hydrate such as a hemi-hydrate,
a mono-hydrate, a di-hydrate or a tri-hydrate or an
alternative quantity thereof. The present invention
relates to the compounds of formula (I) as herein
defined as well as to 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) and their
pharmaceutically acceptable salts. Pharmaceutically
acceptable salts of the invention may, for example,
include acid addition salts of compounds of formula
(I) as herein defined which are sufficiently basic to
form such salts. Such acid addition salts include but
are not limited to furmarate, methanesulfonate,
hydrochloride, hydrobromide, citrate and maleate salts
and salts formed with phosphoric and sulfuric acid. In
addition where compounds of formula (I) are
sufficiently acidic, salts are base salts and examples
include but are not limited to, an alkali metal salt
for example sodium or potassium, an alkaline earth
metal salt for example calcium or magnesium, or
organic amine salt for example triethylamine,
ethanolamine, diethanolamine, triethanolamine,
morpholine, V-methylpiperidine, JV-ethylpiperidine,
dibenzylamine or amino acids such as lysine. The
compounds of formula (I) may also be provided as in
vivo hydrolysable esters. An in vivo hydrolysable
ester of a compound of formula (I) containing carboxy
or hydroxy group is, for example a pharmaceutically
acceptable ester which is cleaved in the human or
animal body to produce the parent acid or alcohol.
Such esters can be identified by administering, for
example, intravenously to a test animal, the compound
under test and subsequently examining the test
animal's body fluid. Suitable pharmaceutically
acceptable esters for carboxy include C
]-6alkoxymethyl esters for example methoxymethyl,
C1-6alkanoyloxymethyl esters for example
pivaloyloxymethyl, phthalidyl esters,
C3-8cycloalkoxycarbonyloxyCi -6alkyl esters for
example 1-cyclohexylcarbonyloxyethyl,
l,3-dioxolen-2-onylmethyl esters for example
5-methyl-l,3-dioxolen-2-onylmethyl, and
Ci-6alkoxycarbonyloxyethyl esters for
example1-methoxycarbonyloxy ethyl; and may be formed
at any carboxy group in the compounds of this
invention. Suitable pharmaceutically acceptable esters
for hydroxy include inorganic esters such as phosphate
esters (including phosphoramidic cyclic esters) and
a-acyloxyalkyl ethers and related compounds which as a
result of the in vivo hydrolysis of the ester
breakdown to give the parent hydroxy group/s. Examples
of a-acyloxyalkyl ethers include acetoxymethoxy and
2,2-dimethylpropionyloxymethoxy. A selection of in
vivo hydrolysable ester forming groups for hydroxy
include for example formyl, acetyl, benzoyl,
phenylacetyl, substituted benzoyl and phenylacetyl;
Q-^alkoxycarbonyl (to give alkyl carbonate esters),
for example ethoxycarbonyl; di-C 1-4alkylcarbamoyl and
N- (di-Ci^alkylaminoethy^- -d^alkylcarbamoyl (to give
carbamates); di-Ci- 4alkylaminoacetyl and
carboxyacetyl. Examples of ring substituents on
phenylacetyl and benzoyl include aminomethyl,
Ci-4alkylaminomethyl and di-(Ci- 4alkyl)aminomethyl,
and morpholino or piperazino linked from a ring
nitrogen atom via a methylene linking group to the 3-
or 4- position of the benzoyl ring. Other interesting
in vivo hydrolysable esters include, for example,
RAC(O)OC 1-6alkyl-CO-, wherein RA is for example,
benzyloxy-Ci- 4alkyl, or phenyl. Suitable substituents
on a phenyl group in such esters include, for example,
4-C -4piperazino-Ci- 4alkyl, piperazino-Ci- 4alkyl and
morpholino-C^alkyl. The compounds of the formula (I)
may be also be administered in the form of a prodrug
which is broken down in the human or animal body to
give a compound of the formula (I). Various forms of
prodrugs are known in the art. For examples of such
prodrug derivatives, see: a) Design of Prodrugs,
edited by H. Bundgaard, (Elsevier, 1985) and Methods
in Enzymology, Vol. 42, p. 309-396, edited by K.
Widder, et al. (Academic Press, 1985); b) A Textbook
of Drug Design and Development, edited by
Krogsgaard-Larsen and H. Bundgaard, Chapter 5 "Design
and Application of Prodrugs", by H. Bundgaard p. 113-
191 (1991); c) H. Bundgaard, Advanced Drug Delivery
Reviews, 8, 1-38 (1992); d) H. Bundgaard, et al.,
Journal of Pharmaceutical Sciences, 77, 285 (1988);
and e) N. Kakeya, et al., Chem Pharm Bull, 32, 692 (
1984). In this specification the generic term
"Cp-qalkyl" includes both straight-chain and
branched-chain alkyl groups. However references to
individual alkyl groups such as"propyl" are specific
for the straight chain version only (i.e. w-propyl and
isopropyl) and references to individual branched-chain
alkyl groups such as " r -butyl" are specific for the
branched chain version only. The prefix Cp-q in
Cp.qalkyl and other terms (where p and q are integers)
indicates the range of carbon atoms that are present
in the group, for example C1-4alkyl includes Cialkyl
(methyl), C2alkyl (ethyl), C3alkyl (propyl as ^-propyl
and isopropyl) and Gjalkyl (n-butyl, sec-butyl,
isobutyl and tert-buty). The term Cp-qalkoxy comprises
-O-C p.qalkyl groups. The term Cp-qalkanoyl comprises
-C(O)alkyl groups. The term halo includes fluoro,
chloro, bromo and iodo. "Carbocyclyl" is a saturated,
unsaturated or partially saturated monocyclic,
bicyclic or tricyclic ring system containing from 3 to
14 ring atoms, wherein a ring CH2 group may be
replaced with a C=O group. "Carbocyclyl" includes
"aryl", "Cp-qcycloalkyl" and "Cpq cycloalkenyl".
"aryl" is an aromatic monocyclic, bicyclic or
tricyclic carbcyclyl ring system. "Cp-qcycloalkenyl"
is an unsaturated or partially saturated monocyclic,
bicyclic or tricyclic carbocyclyl ring system
containing at least 1 C=C bond and wherein a ring CH
group may be replaced with a C=O group. "Cp
qcycloalkyl" is a saturated monocyclic, bicyclic or
tricyclic carbocyclyl ring system and wherein a ring
CH2 group may be replaced with a C=O group.
"Heterocyclyl" is a saturated, unsaturated or
partially saturated monocyclic, bicyclic or tricyclic
ring system containing from 3 to 14 ring atoms of
which 1, 2, 3 or 4 ring atoms are chosen from
nitrogen, sulfur or oxygen, which ring may be carbon
or nitrogen linked and wherein a ring nitrogen or
sulfur atom may be oxidised and wherein a ring CH2
group may be replaced with a C=O group. "Heterocyclyl"
includes "heteroaryl", "cycloheteroalkyl" and
"cycloheteroalkenyl". "Heteroaryl" is an aromatic
monocyclic, bicyclic or tricyclic heterocyclyl,
particularly having 5 to 10 ring atoms, of which 1, 2,
3 or 4 ring atoms are chosen from nitrogen, sulfur or
oxygen where a ring nitrogen or sulfur may be
oxidised. "Cycloheteroalkenyl" is an unsaturated or
partially saturated monocyclic, bicyclic or tricyclic
heterocyclyl ring system, particularly having 5 to 10
ring atoms, of which 1, 2, 3 or 4 ring atoms are
chosen from nitrogen, sulfur or oxygen, which ring may
be carbon ornitrogen linked and wherein a ring
nitrogen or sulfur atom may be oxidised and wherein a
ring CH2 group may be replaced with a C=O group.
"Cycloheteroalkyl" is a saturated monocyclic, bicyclic
or tricyclic heterocyclic ring system, particularly
having 5 to 10 ring atoms, of which 1, 2, 3 or 4 ring
atoms are chosen from nitrogen, sulfur or oxygen,
which ring may be carbon or nitrogen linked and
wherein a ring nitrogen or sulfur atom may be oxidised
and wherein a ring CH2 group may be replaced with a
C=O group. This specification may make use of
composite terms to describe groups comprising more
than one functionality. Unless otherwise described
herein, such terms are to be interpreted as is
understood in the art. For example
carbocyclylCp-qalkyl comprises Cpq alkyl substituted
by carbocyclyl, heterocyclylC p-qalkyl comprises
Cp-qalkyl substituted by heterocyclyl, and
bis(Cp-qalkyl)amino comprises amino substituted by 2
Cp.qalkyl groups which may be the same or different.
HaloCp-qalkyl is a Cp-qalkyl group that is substituted
by 1 or more halo substituents and particuarly 1, 2 or
3 halo substituents. Similarly, other generic terms
containing halo such as haloCp-qalkoxy may contain 1
or more halo substituents and particularly 1, 2 or 3
halo substituents. HydroxyCp-qalkyl is a Cp-qalkyl
group that is substituted by 1 or more hydroxyl
substituents and particularly by 1, 2 or 3 hydroxy
substituents. Similarly other generic terms containing
hydroxy such as hydroxyCp-qalkoxy may contain 1 or
more and particularly 1, 2 or 3 hydroxy substituents.
Cp-qalkoxyCp qalkyl is a Cp-qalkyl group that is
substituted by 1 or more Cp.qalkoxy substituents and
particularly 1, 2 or 3 Cp-qalkoxy substituents.
Similarly other generic terms containing Cp-qalkoxy
such as Cp-qalkoxyCp-qalkoxy may contain 1 or more Cpq
alkoxy substituents and particularly 1, 2 or 3
Cp-qalkoxy substituents. Where optional substituents
are chosen from " 1 or 2", from "1, 2, or 3" or from
"1, 2, 3 or 4" groups or substituents it is to be
understood that this definition includes all
substituents being chosen from one of the specified
groups i.e. all substitutents being the same or the
substituents being chosen from two or more of the
specified groups i.e. the substitutents not being the
same. Compounds of the present invention have been
named with the aid of computer software (ACD/Name
version 8.0)."Proliferative disease(s)" includes
malignant disease(s) such as cancer as well as
non-malignant disease(s) such as inflammatory
diseases, obstracutive airways diseases, immune
diseases or cardiovascular diseases. Suitable values
for any R group or any part or substituted for such
groups include: for Ci-4alkyl: methyl, ethyl, propyl,
butyl, 2-methylpropyl and tert-butyl; for Ci-6alkyl:
C1.4alkyl, pentyl, 2,2-dimethylpropyl, 3-methylbutyl
and hexyl; for C3.6cycloalkyl : cyclopropyl,
cyclobutyl, cyclopentyl and cyclohexyl; for
C3-6cycloalkylC 1-4alkyl: cyclopropylmethyl,
cyclopropylethyl, cyclobutylmethyl, cyclopentylmethyl
and cyclohexylmethyl; for aryl: phenyl and naphthyl;
for arylCi -4alkyl: benzyl, phenethyl, naphthylmethyl
and naphthylethyl; for carbocylyl: aryl, cyclohexenyl
and C3-6cycloalkyl; for halo: fluoro, chloro, bromo
and iodo; for methoxy, ethoxy, propoxy and isopropoxy;
for C1-6alkoxy: Ci-4alkoxy, pentyloxy, 1-ethylpropoxy
and hexyloxy; for Ci-6alkanoyl: acetyl, propanoyl and
2-methylpropanoyl; for heteroaryl: pyridyl,
imidazolyl, quinolinyl, cinnolyl, pyrimidinyl,
thienyl, pyrrolyl, pyrazolyl, thiazolyl, thiazolyl,
triazolyl, oxazolyl, isoxazolyl, furanyl, pyridazinyl,
pyrazinyl, indolyl, benzofuranyl, dibenzofuranyl and
benzothienyl; for heteroarylCi- 4alkyl:
pyrrolylmethyl, pyrrolylethyl, imidazolylmethyl,
imidazolylethyl, pyrazolylmethyl, pyrazolylethyl,
furanylmethyl, furanylethyl, thienylmethyl,
theinylethyl, pyridylmethyl, pyridylethyl,
pyrazinylmethyl, pyrazinylethyl, pyrimidinylmethyl,
pyrimidinylethyl, pyrimidinylpropyl, pyrimidinylbutyl,
imidazolylpropyl, imidazolylbutyl, quinolinylpropyl,
1,3,4-triazolylpropyl and oxazolylmethyl; for
heterocyclyl: heteroaryl, pyrrolidinyl, isoquinolinyl,
quinoxalinyl, benzothiazolyl, benzoxazolyl,
piperidinyl, piperazinyl, azetidinyl, morpholinyl,
tetrahydroisoquinolinyl,tetrahydroquinolinyl,
indolinyl, dihydro-2//-pyranyl and tetrahydrofurany 1.
It should be noted that examples given for terms used
in the description are not limiting, Particular values
of m, X, 1Y and Y2, R1, R2 and R3 are as follows. Such
values may be used where appropriate, in connect with
any aspect of the invention, or part thereof, and with
any of the definitions, claims or embodiments defined
herein. m In one aspect of the invention m is 0, 1, 2
or 3. In another aspect m is 0, 1 or 2. In a further
aspect m is 0 or 1. In yet another aspect m is 0 so
that R3 is absent. X In one aspect of the invention X
is a linker group selected from -NR4CR6R7-, -OCR6R7-,
-SCR6R7-, -S(O)CR 6R7-, -S(O)2CR6R7-, -C(O)NR 4CR6R7-,
-NR4C(O)NR 5CR6R7-, -S(O) 2NR4CR6R7-, -NR4C(O)-,
-C(O)NR 4-, -S(O)2NR4- and -NR4S(O)2- . In another
aspect X is a linker group selected from -NR4CR6R7-,
-OCR6R7-, -CR6R7-, -S(O)CR 6R7-, -S(O)2CR6R7-,
-C(O)NR4CR6R7-, -NR4C(O)NR 5CR6R7-, -(O)2NR4CR6R7,
-C(O)NR 4- and -NR4C(O)-. In a further aspect X is a
linker group selected from -NR4CR6R7-, -OCR6R7-,
-SCR6R7-, -S(O)CR 6R7-, -S(O)2CR6R7-, -C(O)NR 4-, and
-NR 4C(O)-. In a further aspect X is a linker group
selected from -NR4CR6R7-, -OCR6R7-, -SCR6R7-, -S(O)CR
6R7- and -S(O)2CR6R7-. In yet another aspect X is a
linker group selected from -SCR6R7-, -S(O)CR6R7- and
-S(O)2CR6R7- . In another aspect X is a linker group
selected from -NR4CH2-, -OCH2-, -SCH2-, -S(O)CH2-,
-S(O)2CH2-, -C(O)NR4-, and -NR4C(O)-. In another
aspect X is a linker group selected from -NR4CH -,
-OCH2-, -SCH2-, -S(O)CH2- and -S(O)2CH2- .In a further
aspect X is a linker group selected from -NHCH2-,
-N(CH3)CH2-, -OCH2-, -SCH2-, -S(O)CH2-, -S(O)2CH2-,
-C(O)NH-, -C(O)N(CH3)-, -NHC(O)- and- N(CH3)C(O)-. In
yet a further aspect X is a linker group selected from
-NHCH2-, -N(CH3)CH -, -OCH2-, -SCH2- and -S(O)2CH2- .
In another aspect X is -SCH2- or -S(O)2CH2-. In
another aspect X is -S(O)2CH2-. 1Y and Y2 In one
aspect of the invention 1Y is N and Y2 is CR8. In
another aspect 1Y is N and Y2 is CH. In yet another
aspect 1Y is CR8 and Y2 is N. In a further aspect 1Y
is CH or CF and Y2 is N. In yet a further aspect 1Y is
CH and Y2 is N. In one aspect of the invention R1 is a
group selected from Ci-4alkyl, C3-6Cy cloalkyl, aryl,
C3-6cycloalkylC1-4alkyl, arylC 1-4alkyl,
cycloheteroalkyl, heteroaryl,
cycloheteroalkylC1-4alkyl, which group is optionally
substituted by one or more substituent group selected
from halo, cyano, nitro, R9, -OR9, -COR9, -CONR9R10 ,
-NR9R10 and -NR9COR10 . In another aspect, R1 is a
group selected from methyl, ethyl, propyl, butyl,
isobutyl, tert-butyl, cyclopentyl, cyclohexyl, phenyl,
benzyl, phenethyl, pyrrolidinyl, pyrrolyl, imidazolyl,
pyrazolyl, furanyl, thienyl, pyridinyl, pyrimidinyl,
pyrazinyl, pyrrolidinylmethyl, pyrrolidinylethyl,
pyrrolylmethyl, pyrrolylethyl, imidazolylmethyl,
imidazolylethyl, pyrazolylmethyl, pyrazolylethyl,
furanylmethyl, furanylethyl, thienylmethyl,
thienylethyl, pyridinylmethyl, pyridinylethyl,
pyrimidinylmethyl, pyrimidinylethyl, pyrazinylmethyl
and pyrazinylethyl, which group is optionally
substituted by 1, 2 or 3 substituent group selected
from halo, cyano, nitro, R9, -OR9, -COR9, -CONR9R10 ,
-NR9R10 and -NR 9COR10 . In a further aspect, R1 is a
group selected from methyl, ethyl, propyl, butyl,
isobutyl, tert-butyl, cyclohexyl, phenyl, benzyl,
phenethyl, pyridinyl, pyrazolylethyl, furanylmethyl,
thienylmethyl, and pyrazinylethyl, which group is
optionally substituted by1 or 2 substituent group
selected from halo, cyano, methyl, methoxy,
trifluoromethyl, trifluoromethoxy, -CONH2 and -CONHCH
3. In yet another aspect R1 is a group selected from
methyl, ethyl, n-propyl, isopropyl, n-butyl,
sec-butyl, isobutyl, tert-butyl, cyclohexyl, -CH2CN,
-CH2C(O)NH2, -CH2CH2NC(O)CH3, phenyl, 4-fluorophenyl,
2-chlorophenyl, 3-chlorophenyl, 2-chloro-6-
fluorophenyl, 3-chloro-4-fluorophenyl,
4-bromo-2-fluorophenyl, 4-trifluoromtheylphenyl,
4-trifluoromethoxyphenyl, 4-cycanophenyl,
3-methoxyphenyl, 4-methoxyphenyl, 3,4-
dimethoxyphenyl, 4-(N-methylaminocarbonyl)phenyl,
ben2yl, 4-fluorobezyl, 2- chlorobenzyl,
2-chloro-6-fluorobenzyl, 4-methoxybenzyl, phenethyl,
3-trifluorophenethyl, furan-2ylmethyl,
thien-2-ylmethyl, 2-pyrazin-2-ylethyl, pyidin-3-yl,
2-methylpyridin-3-yl and 2-aminocarbonylpyridin-3-yl.
In one aspect of the invention R2 is selected from
aryl and heteroaryl which group is optionally
substituted by one or more substituent group
independently selected from halo, cyano, nitro, -R11,
-OR1 1, -COR1 1, -CONR1 1R12 , -NR11R12 and -NR 1
1COR12 . In another aspect R2 is selected from phenyl,
naphthyl, pyrrolyl, imidazolyl, pyrazolyl, furanyl,
thienyl, pyridinyl, pyrimidinyl, pyridazinyl,
azaindolyl, indolyl, quinolinyl, benzimidazolyl,
benzofuranyl, dibenzofuranyl, benzothienyl which group
is optionally substituted by one or more substituent
group independently selected from halo, cyano, nitro,
-Ru , -OR1 1, -COR1 1, -CONR1 1R12 , -NR1 1R12 and -NR
11COR12 . In another aspect R2 is selected from
phenyl, naphthyl, pyrrolyl, imidazolyl, pyrazolyl,
furanyl, thienyl, pyridinyl, pyrimidinyl, pyridazinyl,
azaindolyl, indolyl, quinolinyl, benzimidazolyl,
benzofuranyl, dibenzofuranyl, benzothienyl which group
is optionally substituted by one or more substituent
group independently selected from halo, methyl,
methoxy, hydroxymethyl, cyanomethyl, phenoxy,
pyrrolidinyl, -CONH2,- CONHCH3 and -CON(CH3)2. In yet
another aspect R2 is 3-(hydroxymethyl)phenyl,
4-(hydroxymethyl)phenyl, 4- (cyanomethyl)phenyl,
3,4-dimethoxyphenyl, 3-fluoro-4-methoxyphenyl,
4-phenoxyphenyl, 3-pyrrolidin- lylphenyl,
3-(aminocarbonyl)phenyl,
4-(dimethylaminocarbonyl)phenyl, furan-3-yl,
thien-3-yl, 5-(hydroxymethyl)thien-2-yl, pyridin-2-yl,
pyridin-4-yl, 2- methoxypyridin-5-yl,
2-methoxypyrimidin-5-yl, 2-methoxynaphth-6-yl,
5,7-diazabicyclo[4.3.0]nona-2,4,8,10-tetraenyl,
azaindolyl, indol-5-yl, l-methylindol-5-yl,
quinolin-6-yl, benzimidazolyl, benzofuran-2-yl,
dibenzofuran-1-yl and benzothien-3-yl. In another
aspect R2 is phenyl optionally substituted by -NR 1
1COR12 . In yet a further aspect R is pyridin-2-yl,
3-hydroxyphenyl, 4-hydroxyphenyl, 3-
hydroxymethylphenyl, 4-hydroxymethylphenyl or
indol-5-yl. In yet a further aspect R2 is azaindolyl,
indol-5-yl, benzimidazolyl, 3- hydroxyphenyl,
4-hydroxyphenyl, 3-hydroxymethylphenyl or
4-hydroxymethylphenyl In another aspect R2 is
pyridin-2-yl. In a further aspect R2 is
3-hydroxyphenyl or 4-hydroxyphenyl. In yet another
aspect R2 is 3-hydroxymethylphenyl or
4-hydroxymethylphenyl. In yet a further aspect R2 is
indol-5-yl. In one aspect R2 is morpholinyl. In
another aspect R2 is morpholino. Bl In one aspect of
the invention R is hydrogen or methyl. In another
aspect R4 is hydrogen. Bf In one aspect of the
invention R5 is hydrogen or methyl. In another aspect
R5 is hydrogen. R In one aspect of the invention R6 is
hydrogen or methyl. In another aspect R6 is hydrogen.
El In one aspect of the invention R7 is hydrogen or
methyl. In another aspect R7 is hydrogen. In one
aspect of the invention R8 is hydrogen or halo. In
another aspect R8 is hydrogen or fluoro. In a further
aspect R8 is hydrogen. R 9In one aspect of the
invention R9 is hydrogen or Ci-4alkyl optionally
substituted by 1, 2 or 3 substituent groups selected
from halo, cyano, nitro, hydroxy, C1.4all.oxy, amino,
Ci-4alkylamino and bis(Ci-4alkyl)amino. In another
aspect R9 is hydrogen or Ci-4alkyl optionally
substituted by 1, 2 or 3 halo substituents. In a
further aspect R9 is hydrogen, methyl or
trifluoromethyl. R10 In one aspect of the invention
R10 .is hydrogen. In one aspect of the invention R1 1
is hydrogen or a group selected from C1-4alkyl, aryl
and cycloheteroalkyl which group is optionally
substituted by 1, 2 or 3 groups selected from halo,
hydroxy and cyano. In another aspect R1 1 is hydrogen,
methyl optionally substituted with hydroxy or cyano,
phenyl or pyrrolidinyl. In another aspect R11 is
hydrogen or methyl. R In one aspect of the invention
R12 is hydrogen or methyl. In a particular class of
compound of formula (I), or a salt, ester or prodrug
thereof; m is O, 1, 2, 3 or 4; X is a linker group
selected from -NR4CR6R7-, -OCR6R7-, -SCR6R7-,
-S(O)CR6R7-, -S(O)2CR6R7-, -C(O)NR4CR6R7-,
-NR4C(O)NR5CR6R7-, -S(O)2NR4CR6R7-, -NR4C(O)-,
-S(O)2NR4- and -NR 4S(O)2-; 1Y and Y2 are
independently N or CR8 provided that one of 1Y and Y2
is N and the other is CR8; R1 is a group selected from
C1-6alkyl, carbocyclyl, carbocyclylC 1-6alkyl,
heterocyclyl and heterocyclylCi-6alkyl, which group is
optionally substituted by one or more substituent
group selected from halo, cyano, nitro, R9, -OR9,
-COR9, -CONR9R10, -NR9R10 and - NR9COR10 ; R2 is
selected from aryl and heteroaryl which group is
optionally substituted by one or more substituent
group independently selected from halo, cyano, nitro,
-R1' , -OR1\ -COR1 1, -CONR1 1R12 , -NR1 1R12 and -NR
1 1COR12 ;each R3, when present, is independently
selected from halo, cyano, nitro, -R13 , -OR13 ,
-COR13 , -CONR13R14, -NR13R14 and -NR 13COR14 ; R4 and
R5 are independently hydrogen or C1-6alkyl; R6 and R7
are independently selected from hydrogen, halo, cyano,
nitro and C1-6alkyl; R is selected from hydrogen,
halo, cyano and Ci-6alkyl; R9 and R10 are
independently hydrogen or a group selected from
Ci-6alkyl, carbocyclyl and heterocyclyl which group is
optionally substituted by one or more substituent
groups selected from halo, cyano, nitro, hydroxy,
C1-6alkyl, C1-6alkoxy, haloC 1-6alkyl, haloCi-
6alkoxy, hydroxyC1-6alkyl, hydroxyC 1-6alkoxy,
C1-6alkoxyC1-6alkyl, C1-6alkoxyCi-6alkoxy, amino,
C1-6alkylamino and bis(C 1-6alkyl)amino; R11 and R12
are independently hydrogen or a group selected from
Ci-6alkyl, carbocyclyl and heterocyclyl which group is
optionally substituted by one or more substituent
groups selected from halo, cyano, nitro, hydroxy,
C1-6alkyl, Ci-6alkoxy, haloCi-6alkyl, haloCi. 6alkoxy,
hydroxyC1-6alkyl, hydroxyC 1-6alkoxy,
C1-6alkoxyCi-6alkyl, C1-6alkoxyC1-6alkoxy, amino,
C1-6alkylamino and bis(C 1-6alkyl)amino; R13 and R14
are independently hydrogen or a group selected from
Ci-6alkyl, carbocyclyl and heterocyclyl which group is
optionally substituted by one or more substituent
groups selected from halo, cyano, nitro, hydroxy,
Ci-6alkyl, C1-6alkoxy, haloCi-6alkyl, haloCi. 6alkoxy,
hydroxyC1-6alkyl, hydroxyC1-6alkoxy, Ci-6alkoxyC
1-6alkyl, C .6alkoxyCi-6alkoxy, amino, C1-6alkylamino
and bis(C 1-6alkyl)amino; provided that (a) when 1Y is
CH, Y2 is N, X is -SCH2-, -S(O)CH2- or -S(O) 2CH2- and
R2 is methyl, phenyl or pyridyl, then R1 is not
methyl, phenyl, 4-chlorophenyl or 4-chlorobenzyl; and
(b) when 1Y is CH, Y2 is N, X is -OCH 2- and R2 is
methyl, phenyl or 2-methylpyrid- 2yl then R1 is not
methyl or phenyl. In another particular class of
compound of formula (I), or a salt, ester or prodrug
thereof; m is O, 1, 2, 3 or 4; X is a linker group
selected from -NR4CR6R7-, -OCR6R7-, -SCR6R7-,
-S(O)CR6R7-, -S(O)2CR6R7-, -C(O)NR4CR6R7-,
-NR4C(O)NR5CR6R7-, -S(O)2NR4CR6R7 and-NR4C(O)-; 1Y is
CR8 and Y2 is N; R1 is a group selected from Chalky.,
C3-6cycloalkyl, aryl, C3-6cycloalkylCi -4alkyl,
arylCi. 4alkyl, cycloheteroalkyl, heteroaryl,
cycloheteroalkylC 1-4alkyl, heteroarylCi -4alkyl,
which group is optionally substituted by one or more
substituent group selected from halo, cyano, nitro,
R9, -OR9, -COR9, -CONR9R10 , -NR9R10 and -NR 9COR10 .
R2 is selected from aryl and heteroaryl which group is
optionally substituted by one or more substituent
group independently selected from halo, cyano, nitro,
-R1 1, -OR11 , -COR1 1, -CONR11R12, -NR1 1R12 and -NR
11COR12 . each R3, when present, is independently
selected from halo, cyano, nitro, -R13 , -OR13 ,
-COR13 , -CONR13R14, -NR13R14 and -NR 13COR14 ; R4 and
R5 are independently hydrogen or C1-6alkyl; R6 and R7
are independently selected from hydrogen, halo, cyano,
nitro and C1-6alkyl; R8 is selected from hydrogen,
halo, cyano and Ci-6alkyl; R9 and R10 are
independently hydrogen or a group selected from
Ci-6alkyl, carbocyclyl and heterocyclyl which group is
optionally substituted by one or more substituent
groups selected from halo, cyano, nitro, hydroxy,
C1-6alkyl, Ci-6alkoxy, haloCi -6alkyl, haloQ. 6alkoxy,
hydroxyC1-6alkyl, hydroxyCi- alkoxy,
C1-6alkoxyCi-6alkyl, Ci-6alkoxyCi-6alkoxy, amino,
C1-6alkylamino and bis(C 1-6alkyl)amino; R11 and R12
are independently hydrogen or a group selected from
Ci-6alkyl, carbocyclyl and heterocyclyl which group is
optionally substituted by one or more substituent
groups selected from halo, cyano, nitro, hydroxy,
C1-6alkyl, C1-6alkoxy, haloC 1-6alkyl, haloCi.
6alkoxy, hydroxyC1-6alkyl, hydroxyCi -6alkoxy,
Ci-6alkoxyCi-6alkyl, d - alkoxyC -alkoxy, amino,
Ci-6alkylamino and bis(Ci-6alkyl)amino; R13 and R14
are independently hydrogen or a group selected from
C1-6alkyl, carbocyclyl and heterocyclyl which group is
optionally substituted by one or more substituent
groups selected from halo, cyano, nitro, hydroxy,
C1-6alkyl, Ci-6alkoxy, haloCi -6alkyl, haloCi.
6alkoxy, hydroxyC1-6alkyl, hydroxyCi-6alkoxy,
Ci-6alkoxyC]-6alkyl, Ci-6alkoxyCi-6alkoxy, amino,
Ci-6alkylamino and bis(Ci -6alkyl)amino; provided
that(a) when 1Y is CH, Y2 is N5X is -SCH2-, -S(O)CH2-
or -S(O) 2CH2- and R2 is methyl, phenyl or pyridyl,
then R1 is not methyl, phenyl, 4-chlorophenyl or
4-chlorobenzyl; and (b) when 1Y is CH, Y2 is N, X is
-OCH 2- and R2 is methyl, phenyl or 2-methylpyrid- 2yl
then R1 is not methyl or phenyl. In a further
particular class of compound of formula (I), or a
salt, ester or prodrug thereof; m is Oso that R3 is
absent X is a linker group selected from -NR4CR6R7-,
-OCR6R7-, -SCR6R7-, -S(O)CR6R7- and -S(O)2CR6R7-. 1Y
is CH or CF and Y2 is N. R1 is a group selected from
methyl, ethyl, propyl, butyl, isobutyl, tert-butyl,
cyclohexyl, phenyl, benzyl, phenethyl, pyridinyl,
pyrazolylethyl, furanylmethyl, thienylmethyl, and
pyrazinylethyl, which group is optionally substituted
by 1 or 2 substituent group selected from halo, cyano,
methyl, methoxy, trifluoromethyl, trifiuoromethoxy,
-CONH2 and - CONHCH3. R2 is selected from phenyl,
naphthyl, pyrrolyl, imidazolyl, pyrazolyl, furanyl,
thienyl, pyridinyl, pyrimidinyl, pyridazinyl, idolyl,
quinolinyl, benzofuranyl, dibenzofuranyl, benzothienyl
which group is optionally substituted by one or more
substituent group independently selected from halo,
methyl, methoxy, hydroxymethyl, cyanomethyl, phenoxy,
pyrrolidinyl, -CONH2, -CONHCH 3 and -CON(CH 3)2. R4 is
hydrogen or methyl; R6 is hydrogen or methyl; R7 is
hydrogen or methyl; provided that (a) when 1Y is CH,
Y2 is N, X is -SCH2-, -S(O)CH2- or -S(O) 2CH2- and R2
is methyl, 



phenyl or pyridyl, then R1 is not methyl, phenyl,
4-chlorophenyl or 4-chlorobenzyl; and (b) when 'Y is
CH, Y2 is N, X is -OCH 2- and R2 is methyl, phenyl or
2-methylpyrid- 2yl then R1 is not methyl or phenyl.
Another aspect of the invention provides a compound,
or a combination of compounds, selected from:
4-(methylsulfonylmethyl)-6-morpholin-4-yl-2-thiophen-3
-yl-pyrimidine;
2-benzofuran-2-yl-4-(methylsulfonylmethyl)-6-morpholin
-4-yl-pyrimidine;
2-dibenzofuran-l-yl-4-(methylsulfonylmethyl)-6-morphol
in-4-yl-pyrimidine;
5-[4-(methylsulfonylmethyl)-6-morpholin-4-yl-pyrimidin
-2-yl]-lH-indole;
2-(6-methoxypyridin-3-yl)-4-(methylsulfonylmethyl)-6-m
orpholin-4-yl-pyrimidine;
2-(6-methoxynaphthalen-2-yl)-4-(methylsulfonylmethyl)-
6-morpholin-4-yl-pyrimidine;
[3-[4-(methylsulfonylmethyl)-6-niorpholin-4.-yl-pyrimi
din-2-yl]phenyl]methanol;
[4-[4-(methylsulfonylmethyl)-6-morpholin-4-yl-pyrimidi
n-2-yl]phenyl]methanol;
N,N-dimethyl-4-[4-(methylsulfonylmethyl)-6-morpholin-4
-yl-pyrimidin-2-yl]-benzamide;
2-(2-methoxypyrimidin-5-yl)-4-(methylsulfonylmethyl)-6
-morpholin-4-yl-pyrimidine;
6-[4-(methylsulfonylmethyl)-6-morpholin-4-yl-pyrimidin
-2-yl]quinoline;
3-[4-(methylsulfonylmethyl)-6-niorpholin-4-yl-pyrimidi
n-2-yl]benzamide;
4-(benzenesulfonylmethyl)-6-morpholin-4-yl-2-tliiophen
-3-yl-pyrimidine;
4-(benzenesulfonylmethyl)-2-(3,4-dimethoxyphenyl)-6-mo
rpholin-4-yl-pyrimidine;
4-(benzenesulfonylmethyl)-2-(3-furyl)-6-morpholin-4-yl
-pyrimidine;
4-(benzenesulfonylmethyl)-2-benzothiophen-3-yl-6-morph
olin-4-yl-pyrimidine;
4-(benzenesulfonylmethyl)-6-morpholin-4-yl-2-(4-phenox
yphenyl)pyrimidine;
2-[4-[4-(benzenesulfonylmethyl)-6-morpholin-4-yl-pyrim
idin-2-yl]phenyl]acetonitrile;
4-(benzenesulfonylmethyl)-2-(3-fluoro-4-methoxy-phenyl
)-6-morpholin-4-yl-pyrimidine;
[5-[4-(benzenesulfonylmethyl)-6-morpholin-4-yl-pyrimid
in-2-yl]thiophen-2-yl]methanol;
4-(benzenesulfonylmethyl)-6-mof
holin-4-yl-2-(3-pyrrolidin-l-ylphenyl)pyrimidine;
5-[4-(benzenesulfonylmethyl)-6-morpholin-4-yl-pyrimidi
n-2-yl]-l-methyl-indole;
5-[4-(benzenesulfonylmethyl)-6-mof
holin-4-yl-pyrimidin-2-yl]-lH-indole;
4-(benzenesulfonylmethyl)-2-(6-methoxypyridin-3-yl)-6-
morpholin-4-yl-pyrimidine;
4-morpholin-4-yl-6-(phenylsulfanylmethyl)-2-pyridin-2-
yl-pyrimidine;
4-(2-furylmethylsulfanylniethyl)-6-morpholin-4-yl-2-py
ridin-2-yl-pyrimidine;
4-[(4-methoxyphenyl)sulfanylmethyl]-6-morpholin-4-yl-2
-pyridin-2-yl-pyrimidine;
4-(butan-2-ylsulfanylmethyl)-6-morpholin-4-yl-2-pyridi
n-2-yl-pyrimidine;
4-(butylsulfanylmethyl)-6-morpholin-4-yl-2-pyridin-2-y
l-pyrimidine;
4-morpholin-4-yl-2-pyridin-2-yl-6-(tert-butylsulfanylm
ethyl)pyrimidine;
4-morpholin-4-yl-6-(propan-2-ylsulfanylmethyl)-2-pyrid
in-2-yl-pyrimidine;
4-[(2-chloro-6-fluoro-phenyl)methylsulfanylmethyl]-6-m
orplioHn-4-yl-2-pyridin-2-ylpyrimidine;
4-(cyclohexylsulfanylmethyl)-6-morpholin-4-yl-2-pyridi
n-2-yl-pyrimidine;
4-[(4-fluorophenyl)sulfanylmethyl]-6-morpholin-4-yl-2-
pyridin-2-yl-pyrimidine;
4-(ethylsulfanylniethyl)-6-morpholin-4-yl-2-pyridin-2-
yl-pyrimidine;
4-[(4-fluorophenyl)methylsulfanylmethyl]-6-morpholin-4
-yl-2-pyridin-2-yl-pyriniidine;
4-[(4-methoxyphenyl)methylsulfanylmethyl]-6-morpholin-
4-yl-2-pyridin-2-yl-pyriniidine;
4-morpholin-4-yl-6-(phenethylsulfanylinetliyl)-2-pyrid
i-2 yl-pyrimidine;
4-[(6-morpholin-4-yl-2-pyridin-2-yl-pyriniidin-4-yl)me
thylsulfanyl]benzonitrile;
4-(2-methylpropylsulfanylmethyl)-6-morpholin-4-yl-2-py
ridin-2-yl-pyrimidine;
4-morpholin-4-yl-6-(2-pyrazin-2-ylethylsulfanylmethyl)
-2-pyridin-2-yl-pyrimidine;
4-morpholin-4-yl-2-pyridin-2-yl-6-(thiophen-2-ylmethyl
sulfanylmethyl)pyrimidine;
4-(2-furylmethylsulfonylmethyl)-6-morpholin-4-yl-2-pyr
idin-2-yl-pyrimidine;
4-[(4-methoxyphenyl)sulfonylmethyl]-6-morpholin-4-yl-2
-pyridin-2-yl-pyrimidine;
4-(butan-2-ylsulfonylmethyl)-6-morpholin-4-yl-2-pyridi
n-2-yl-pyrimidine;
4-(2-methylpropylsulfonylmetliyl)-6-morpholin-4-yl-2-p
yridin-2-yl-pyrimidine;
4-morpholm-4-yl-6-(propylsulfonylmethyl)-2-pyridin-2-y
l-pyrimidine;
4-(butylsulfonylmethyl)-6-morpholin-4-yl-2-pyridin-2-y
l-pyrimidine;
4-morpholin-4-yl-6-(propan-2-ylsulfonylmethyl)-2-pyrid
in-2-yl-pyrimidine; 4-moipholin-4-yl-2-pyridin-2-yl-6-
[[3-(trifluoromethyl)phenyl]sulfonylmethyljpyrimidine;
4-morpholin-4-yl-6-(2-pyrazin-2-ylethylsulfonylmethyl)
-2-pyridin-2-yl-pyrimidine; 4-mof
holin-4-yl-2-pyridin-2-yl-6-(thiophen-2-ylmethylsulfon
ylmethyl)pyrimidine;
4-(cyclohexylsulfonylmethyl)-6-mof
holin-4-yl-2-pyridin-2-yl-pyrimidine;
4-[(4-fluorophenyl)sulfonylmethyl]-6-morpholin-4-yl-2-
pyridin-2-yl-pyrimidine;
4-(ethylsulfonylmethyl)-6-morpholin-4-yl-2-pyridin-2-y
l-pyrimidine;
4-[(4-fluorophenyl)methylsulfonylmethyl]-6-morpholin-4
-yl-2-pyridin-2-yl-pyrimidine;
4-morpholin-4-yl-2-pyridin-2-yl-6-[[4-
(trifluoromethoxy)phenyl]sulfonylmethyl]pyrimidine;
4-[(4-methoxyphenyl)methylsulfonylmethyl]-6-morpholin-
4-yl-2-pyridin-2-yl-pyrimidine;
4-[(3,4-dimethoxyphenyl)sulfonylmethyl]-6-morpholin-4-
yl-2-pyridin-2-yl-pyrimidine;
4-[(4-bromo-2-fluoro-phenyl)sulfonylmethyl]-6-morpholi
n-4-yl-2-pyridin-2-yl-pyrimidine;
N-methyl-2-[(6-morpholin-4-yl-2-pyridin-2-yl-pyrimidin
-4-yl)methylsulfonyl]benzamide;
4-morpholin-4-yl-6-(phenethylsulfonylmethyl)-2-pyridin
-2-yl-pyrimidine; 4-mof holin-4-yl-2-pyridin-2-yl-6-
[2-[3-
(trifluoromethyl)phenyl]ethylsulfonylmethyl]pyrimidine
;4-[(6-morpholin-4-yl-2-pyridin-2-yl-pyrimidin-4-yl)me
thylsulfonyl]benzonitrile;
4-[(2-chloro-4-fluoiO-phenyl)sulfonylmethyl]-6-morphol
in-4-yl-2-pyridin-2-yl-pyrimidine;
4-[(3-methoxyphenoxy)methyl]-6-morpholin-4-yl-2-pyridi
n-2-yl-pyrimidin;
4-morpliolin-4-yl-6-(phenoxymethyl)-2-pyridin-2-yl-pyr
imidine;
4-morpholin-4-yl-6-(phenylmethoxymethyl)-2-pyridin-2-y
l-pyrimidine;
4-(ethoxymethyl)-6-morpholin-4-yl-2-pyridin-2-yl-pyrim
idine;
4-[(2-chlorophenoxy)methyl]-6-morpholin-4-yl-2-pyridin
-2-yl-pyrimidine;
4-[(3-chlorophenoxy)methyl]-6-morpholin-4-yl-2-pyridin
-2-yl-pyrimidine;
4-[(3-methoxyphenoxy)methyl]-6-morpholin-4-yl-2-pyridi
n-2-yl-pyrimidine; 4-[(4-methoxyphenoxy)methyl]-6-mof
holin-4-yl-2-pyridin-2-yl-pyrimidine;
4-[(2-chlorophenyl)methoxymethyl]-6-mof
holin-4-yl-2-pyridin-2-yl-pyrimidine;
3-[(6-morpholin-4-yl-2-pyridin-2-yl-pyrimidin-4-yl)met
hoxy]pyridine-2-carboxamide;
4-[(2-methylpyridin-3-yl)oxymethyl]-6-morpholin-4-yl-2
-pyridin-2-yl-pyrimidine;
4-morpholin-4-yl-2-pyridin-2-yl-6-(pyridin-3-yloxymeth
yl)pyrimidine; N-benzyl-N-methyl-
1-(6-morpholin-4-yl-2-pyridin-2-yl-pyrimidin-4-yl)meth
anamine;
N-[(6-morpholin-4-yl-2-pyridin-2-yl-pyrimidin-4-yl)met
hyl]propan-2-amine;
l-(2-chlorophenyl)-N-[(6-morpholin-4-yl-2-pyridin-2-yl
-pyrimidin-4- yl)methyl]methanamine;
4-(benzenesulfonylmethyl)-5-fluoro-6-morpholin-4-yl-2-
pyridin-2-yl-pyrimidine;
5-fluoro-4-(methylsulfonylmethyl)-6-morpholin-4-yl-2-p
yridin-2-yl-pyrimidine;
6-morpholin-4-yl-N-phenyl-2-pyridin-2-yl-pyrimidine-4-
carboxamide;
N,N-dimethyl-6-morpholin-4-yl-2-pyridin-2-yl-pyrimidin
e-4-carboxamide;
5-[4-(methylsulfonylmethyl)-6-moipholin-4-yl-pyrimidin
-2-yl]- 1,3-dihydroindol-2-one; methyl
2-amino-5-[4-(methylsulfonylmethyl)-6-morpholin-4-yl-p
yrimidin-2-yl]benzoate;
[2-metlioxy-5-[4-(methylsulfonylmethyl)-6-morpholin-4-
yl-pyrimidin-2- yl]phenyl]methanol;
2-methyl-5-[4-(methylsulfonylmethyl)-6-morpholin-4-yl-
pyrimidin-2-yl]-lHbenzoimidazole;
5-[4-(methylsulfonylmethyl)-6-morpholin-4-yl-pyrimidin
-2-yl]-l,3-dihydrobenzoimidazol- 2-one;
[5-[4-(methylsulfonylmethyl)-6-morpholin-4-yl-pyrimidi
n-2-yl]-1H-indazol-3- yl]methanol;
6-[4-(methylsulfonylmethyl)-6-morpholin-4-yl-pyrimidin
-2-yl]cliroman-4-ol;
l-acetyl-5-[4-(methylsulfonylmethyl)-6-morpholin-4-yl-
pyrimidin-2-yl]-2H-indol-3-one;
l-methyl-4-[4-(methylsulfonylniethyl)-6-morpholin-4-yl
-pyrimidin-2-yl]piperazin-2-one;
l-(4-chlorophenyl)-4-[4-(methylsulfonylmethyl)-6-morph
olin-4-yl-pyrimidin-2- yl]piperazin-2-one;
2-[3-(4,4-dimethyl-5H-l,3-oxazol-2-yl)-4-methoxy-pheny
l]-4-(methylsulfonylmethyl)-6-
morpholin-4-yl-pyrimidine;
N-(lH-benzoimidazol-5-yl)-2,6-dimorpholin-4-yl-pyrimid
ine-4-carboxamide;
N-(5-methyl-2H-pyrazol-3-yl)-2,6-dimoipholin-4-yl-pyri
midine-4-carboxamide;
N-(lH-indol-5-yl)-2,6-dimorpholin-4-yl-pyrimidine-4-ca
rboxamide; N-[5-(methoxymethyl)-
1,3,4-thiadiazol-2-yl]-2,6-dimorpholin-4-yl-pyrimidine
-4- carboxamide;
5-[4-(methylsulfonylmethyl)-6-morpholin-4-yl-pyriniidi
n-2-yl]-lH-indazole;
3-methyl-5-[4-(methylsulfonylmethyl)-6-morpholin-4-yl-
pyrimidin-2-yl]-lH-indazole;
5-[2-(methylsulfonylmethyl)-6-morpholin-4-yl-pyrimidin
-4-yl]-lH-indole;
5-[4-(methylsulfonylmethyl)-6-moipholin-4-yl-pyrimidin
-2-yl]-lH-benzoimidazole;
4-[4-(methylsulfonylmethyl)-6-morpholin-4-yl-pyrimidin
-2-yl]-lH-indole; 3-[4-(methylsulfonylmethyl)-6-mo f
holin-4-yl-pyrimidin-2-yl]-5,7- diazabicyclo[4.3
.Ojnona- 1,3,5,8-tetraene;
4-[4-(methylsulfonylmethyl)-6-morpholin-4-yl-pyrimidin
-2-yl]aniline;
2-(lH-indol-5-yl)-6-morpholin-4-yl-pyrimidine-4-carbox
ylic acid;
[2-(lH-indol-5-yl)-6-morpholin-4-yl-pyrimidin-4-yl]met
hanol; 5-[4-morpholin-4-yl-6-(mo f
holin-4-ylmethyl)pyrimidin-2-yl]-lH-indole;
N-[[2-(lH-indol-5-yl)-6-morpholin-4-yl-pyrimidin-4-yl]
methyl]-l-(4- methoxyphenyl)methanamine;
l-(4-chlorophenyl)-N-[[2-(lH-indol-5-yl)-6-morpholin-4
-yl-pyrimidin-4- yl]methyl]methanamine;
5-[4-[(2-methylpyridin-3-yl)oxymethyl]-6-morpholin-4-y
l-pyrimidin-2-yl]-lH-indole;
5-[4-(methoxymethyl)-6-morpholin-4-yl-pyrimidin-2-yl]-
lH-indole;
5-[4-(2-furylmethylsulfonylmethyl)-6-morpholin-4-yl-py
rimidin-2-yl] -1H-indole;
5-[4-(ethylsulfonylmethyl)-6-morpholin-4-yl-pyrimidin-
2-yl]-lH-indole;
5-[4-[(4-methoxyphenyl)sulfonylmethyl]-6-morpholin-4-y
l-pyrimidin-2-yl]-lH-indole;
5-[4-morpholin-4-yl-6-(propan-2-ylsulfonylmethyl)pyrim
idin-2-yl]-lH-indole;
5-[4-(butan-2-ylsulfonylmethyl)-6-morpholin-4-yl-pyrim
idin-2-yl]-lH-indole;
5-[4-[(2-chloro-4-fluoro-phenyl)sulfonylmethyl]-6-morp
holin-4-yl-pyrimidin-2-yl]-lHindole;
2-[[2-(lH-indol-5-yl)-6-morpholin-4-yl-pyrimidin-4-yl]
methylsulfonyl]-N,N-dimethylacetamide;
5-[4-[(5-chloro-l,2,4-thiadiazol-3-yl)methylsulfonylme
tliyl]-6-morpholin-4-yl-pyrimidin- 2-yl]-lH-indole;
5-[4-morpholin-4-yl-6-(l,3-thiazol-4-ylmethylsulfonylm
ethyl)pyrimidin-2-yl]-lH-indole;
3-[[2-(lH-indol-5-yl)-6-morpholin-4-yl-pyrimidin-4-yl]
methylsulfonyl]propanenitrile;
2-[[2-(lH-indol-5-yl)-6-morpholin-4-yl-pyrimidin-4-yl]
methylsulfonyl]-l-morpholin-4-ylethanone;
5-[4-[(3,5-dimethyl-l,2-oxazol-4-yl)methylsulfonylmeth
yl]-6-morpholin-4-yl-pyrimidin-2- yl]-lH-indole;
(2S)-l-[2-[[2-(lH-indol-5-yl)-6-morpholin-4-yl-pyrimid
in-4-
yl]methylsulfonyl]acetyl]pyrrolidine-2-carbonitrile;
5-[4-mof
holin-4-yl-6-(pyridin-3-ylmethylsulfonylmethyl)pyrimid
in-2-yl]-lH-indole;
5-[4-(2-imidazol-l-ylethylsulfonylmethyl)-6-morpholin-
4-yl-pyrimidin-2-yl]-lH-indole; 5-[4- [(5-ethyl-
1H-imidazol-4-yl)methylsulfonylmetliy1]
-6-morpholin-4-yl-pyrimidin-2-y1] - lH-indole;
5-[4-(2-fluoroethylsulfonylmethyl)-6-morpholin-4-yl-py
rimidin-2-yl]-lH-indole;
4-[[2-(lH-indol-5-yl)-6-morpholin-4-yl-pyrimidin-4-yl]
methylsulfonylmethyl]-2Hplithalazin- 1-one;
4-[[2-(lH-indol-5-yl)-6-morpholin-4-yl-pyrimidin-4-yl]
methylsulfonyl]butanenitrile;
2-[[2-(lH-indol-5-yl)-6-morpholin-4-yl-pyrimidin-4-yl]
methylsulfonyl]-l-pyrrolidin-l-ylethanone;
2-[[2-(lH-indol-5-yl)-6-morpholin-4-yl-pyrimidin-4-yl]
methylsulfonyl]-N-propan-2-ylacetamide;
5-[4-[2-(2-methoxyethoxy)ethylsulfonylmethyl]-6-morpho
lin-4-yl-pyrimidin-2-yl]-lHindole;
5-[4-[(2-methyl-l,3-thiazol-4-yl)methylsulfonylmethyl]
-6-morpholin-4-yl-pyriniidin-2-yl]- lH-indole;
2-[[2-(lH-indol-5-yl)-6-morpholin-4-yl-pyrimidin-4-yl]
methylsulfonyl]-N-propylacetamide;
5-[4-(2,2-difluoroethylsulfonylmethyl)-6-moi-pholin-4-
yl-pyrimidin-2-yl]-lH-indole;
5-[4-morpholin-4-yl-6-[(5-tert-butyl-l,3,4-thiadiazol-
2- yl)methylsulfonylmethyl]pyrimidin-2-yl]-lH-indole;;
5-[4-(3-methoxypropylsulfonylmethyl)-6-morpholin-4-yl-
pyrimidin-2-yl]-lH-indole;
5-[4-morpholin-4-yl-6-(prop-2-ynylsulfonylmethyl)pyrim
idin-2-yl]-lH-indole;
5-[4-morpholin-4-yl-6-(2-morpholin-4-ylethylsulfonylme
thyl)pyrimidin-2-yl]-lH-indole;
N-[4-[[2-(lH-indol-5-yl)-6-morpholin-4-yl-pyrimidin-4-
yl]methylsulfonylmethyl]phenyl]acetamide;
2-[[2-(lH-indol-5-yl)-6-morpholin-4-yl-pyrimidin-4-yl]
methylsulfonyl]-N-tert-butylacetamide;
5-[4-morpholin-4-yl-6-(3-morpholin-4-ylpropylsulfonylm
ethyl)pyrimidin-2-yl]-lH-indole; 2-[[2-(
lH-indol-5-yl)-6-morpholin-4-yl-pyrimidin-4-yl]methyls
ulfonyl]- 1-(1- piperidyl)ethanone;
5-[4-(2-ethoxyethylsulfonylmethyl)-6-morpholin-4-yl-py
rimidin-2-yl]-lH-indole;
5-[4-morpholin-4-yl-6-(oxolan-2-ylmethylsulfonylmethyl
)pyrimidin-2-yl]-lH-indole;
3-[[2-(lH-indol-5-yl)-6-morpholin-4-yl-pyrimidin-4-yl]
methylsulfonyl]-N,N-dimethylpropan- 1 -amine;
N,N-diemyl-2-[[2-(lH-mdol-5-yl)-6-morpholin-4-yl-pyrim
idin-4- yljmethylsulfonyl]acetamide ;
5-[4-morpholin-4-yl-6-(propylsulfonylmethyl)pyrimidin-
2-yl]- 1H-indole;
2-[[2-(lH-indol-5-yl)-6-morpholin-4-yl-pyrimidin-4-yl]
methylsulfonylmethyl]-lHbenzoimidazole;
3-[[2-(lH-indol-5-yl)-6-morpholin-4-yl-pyrimidin-4-yl]
methylsulfonylmethyl]benzonitrile;
8-[[2-(lH-indol-5-yl)-6-morpholin-4-yl-pyrimidin-4-yl]
methylsulfonylmethyl]-5-methyll,
7-diazabicyclo[4.3.0]nona-2,4,6,8-tetraene;
N-benzyl-2- [[2-(1H-indol-5
-yl)-6-morpholin-4-yl-pyrimidin-4-
yl]methylsulfonyl]acetamide;
2-[[2-(lH-indol-5-yl)-6-morpholin-4-yl-pyrimidin-4-yl]
methylsulfonyl]-N-methyl-Nphenyl- acetamide;
5-[4-(butylsulfonylmethyl)-6-morpholin-4-yl-pyrimidin-
2-yl]-lH-indole;
5-[4-[(5-methyl-l,3,4-oxadiazol-2-yl)methylsulfonylrne
thyl]-6-morpholin-4-yl-pyrimidin- 2-yl]-lH-indole;
2-[[2-(lH-indol-5-yl)-6-morpholin-4-yl-pyrimidin-4-yl]
methylsulfonyl]acetamide;
3-[[2-(lH-indol-5-yl)-6-morpholin-4-yl-pyrimidin-4-yl]
methylsulfonyl]piOpanamide; 5
2-[[2-(lH-indol-5-yl)-6-morpholin-4-yl-pyrimidin-4-yl]
methylsulfonyl]acetonitrile;
5-amino-l-[2-[[2-(lH-indol-5-yl)-6-morpholin-4-yl-pyri
midin-4-
yl]methylsulfonyl]ethyl]pyrazole-4-carbonitrile;
2-[[2-(lH-indol-5-yl)-6-morpholiii-4-yl-pyrimidin-4-yl
]methylsulfonyl]-N-(2- methoxyethyl)acetamide; io
5-[4-(2-cyclohexylethylsulfonylmethyl)-6-morpholin-4-y
l-pyrimidin-2-yl] -1H-indole;
5-[4-[3-(4-chlorophenyl)propylsulfonylmethyl]-6-morpli
olin-4-yl-pyrimidin-2-yl]-lHindole; N-[2-
[[2-(1H-indol-5-yl)-6-morpholin-4-yl-pyrimidin-4-
yl]methylsulfonyl]ethyl]acetamide; 15
2-[[2-(lH-indol-5-yl)-6-morpholin-4-yl-pyrimidin-4-yl]
methylsulfonylmethyl]-3Hquinazolin- 4-one;
5-[4-(cyclohexylmethylsulfonylmethyl)-6-morpholin-4-yl
-pyrimidin-2-yl]- 1H-indole;
5-[4-[3-(4-fluorophenoxy)propylsulfonylmethyl]-6-morph
olin-4-yl-pyrimidin-2-yl]-lHindole; 20
5-[4-(5-methylhexylsulfonylmethyl)-6-mof
holin-4-yl-pyrimidin-2-yl]-lH-indole;
4-morpholin-4-yl-2-pyridin-2-yl-6-(tert-butylsulfonylm
ethyl)pyriniidine;
2-methyl-5-[4-(methylsulfonylmethyl)-6-morpholin-4-yl-
pyrimidin-2-yl]-lH-indole;
4-[(5-methyl-2H-pyrazol-3-yl)oxymethyl]-6-morpholin-4-
yl-2-pyridin-2-yl-pyrimidine;
2-(3-furyl)-4-(methylsulfonylmethyl)-6-mof
holin-4-yl-pyrimidine; 25
4-(methylsulfonylmethyl)-6-morpholin-4-yl-2-naphthalen
- 1-yl-pyrimidine; or a salt, ester or prodrugs
thereof and particularly a pharmaceutically salt
thereof. Further compounds of the invention include:
N-(lH-benzoimidazol-5-yl)-2,6-dimorpholin-4-yl-pyrimid
ine-4-carboxamide;
N-(5-methyl-2H-pyrazol-3-yl)-2,6-dimorpholin-4-yl-pyri
midine-4-carboxamide; 30 or a salt, ester or prodrugs
thereof and particularly a pharmaceutically salt
thereof. In certain aspects of the invention such as a
compound of formula (I) for use as a medicament for
the treatment of proliferative disease; or the use of
a compound of formula(I) in the manufacture of a
medicament for use in the treatment of proliferative
disease; a compound of formular (I) may be
4-morpholin-4-yl-6-(phenylsulfonylmethyl)-2-pyridin-4-
yl-pyrimidine or
4-{6-[(phenylsulfonyl)methyl]-2-pyridin-2-ylpyrimidin-
4-yl}moipholine. The invention also provides processes
for the preparation of a compound of formula (I) or a
salt, ester or prodrug thereof. A compound of formula
(I), wherein X is -S(O)2CR6R7-, may be prepared by
oxidising a compound of formula (I), wherein X is -SCR
6R7-, for example by using Oxone(r) at room
temperature in a mixed solvent system of water and
ethanol. According to a further aspect of the present
invention there is provided a process for preparing a
compound of formula (I) as defined in Claim 1, wherein
X is -S(O)2CR6R7- , by reacting a compound of formula
(I), wherein X is -SCR 6R7-, with an oxidising agent
(for example by using Oxone(r) at room temperature in
a mixed solvent system of water and ethanol). A
compound of formula (I), wherein X is - X1CR6R7- and
X1 is -NR 4-, -O-, -S-, -S(O)-, or -S(O) 2- may be
prepared from a compound of formula (II), wherein L1
is a leaving group such as halo (for example chloro),
tosyl, mesyl etc., by reaction with a compound of
formula (III) in the presence of a suitable base such
as triethylamine and a solvent such as tetrahydrofuran
or -dimethylfopnamide: (HD (H) (I)According to a
further aspect of the present invention there is
provided a process for preparing a compound of formula
(I) according to Claim 1, wherein X is - X1CR6R7- and
X1 is -NR 4-, -O-, -S-, -S(O)-, Or-S(O) 2-, (I)
comprising reaction a compound of formula (II),
wherein L1 is a leaving group (such as halo (for
example chloro), tosyl, mesyl etc.,) with a compound
of formula (III) RJ-X1H (III) (optionally in the
presence of a suitable base such as triethylamine and
a solvent such as tetrahydrofuran or
iV,iV-dimethylformamide). A compound of formula (II)
may be prepared from a compound of formula (IV),
wherein L2 is a leaving group such as halo (for
example chloro), tosyl, mesyl etc.:by reaction with a
compound of formula (V) (V) This reaction may be
performed in solvent such as tetrahydrofuran in the
presence of a suitable base such as triethylamine.
Compounds of formula (V) are commercially available or
may be prepared using convenient methods described in
the literature, known to the skilled person or
described in the Examples herein. A compound of
formula (IV) may be prepared from a compound of
formula (VI): (VI) When L2 is halo such as chloro, a
compound of formula (IV) may be prepared using a
chlorinating agent such as phosphorous oxychloride at
a high temperature such as from 5O0C to 15O0C,
particularly from 750C to 1250C and more particularly
at approximately 100C. A compound of formula (VI) may
be prepared by reacting a compound of formula (VII):
(VII) with a compound of formula (VIII)
(VIII)Compounds of formula (VII) and compounds of
formula (VIII) are commercially available or may be
prepared using convenient methods described in the
literature, known to the skilled person or described
in the Examples herein. A compound of formula (I),
wherein X is -S(O) CR6R7-, may also be prepared by
reacting a compound of formula (IX) with a suitable
organo-metallic reagent (such as the activated ester
of boronic acid R2B(OR) wherein R is C1-4alkyl such as
methyl), in the presence of a suitable metal catalyst
(such as palladium or copper) using a solvent (such as
an organic solvent eg 1,4-dioxane). A compound of
formula (IX) may be prepared by reacting a compound of
formula (X) (X) with a compound of formula (XI) in
solvent such as tetrahydrofuran or
N,Ndimethylformamide. O Ri -S-Na O (XI) A compound of
formula (X) may be prepared by reacting a compound of
formula (XII)with a compound of formula (V) (V) This
reaction may be performed in solvent such as
tetrahydrofuran in the presence of a suitable base
such as triethylamine. A compound of formula (XII) may
be prepared from a compound of formula (XIII): (XIII)
When L2 is halo such as chloro, a compound of formula
(XII) may be prepared using a chlorinating agent such
as phosphorous oxychloride at a high temperature such
as from 5O0C to 15O0C, particularly from 750C to 1250C
and more particularly at approximately 100C. A
compound of formula (XII) may be prepared by reacting
a compound of formula (VII) (VII)with a compound of
formula (XIV) (XIV) Compounds of formula (VII) and
compounds of formula (XIV) are commercially available
or may be prepared using convenient methods described
in the literature, known to the skilled person or
described in the Examples herein. A compound of
formula (I) wherein X is -C(O)NR 4CR6R7-, -NR4C(O)NR
5CR6R7- or -S(O) NR4CR6R7- may be prepared by reacting
a compound of formula (I) wherein X is -NH2CR6R7- with
the appropriate compound of formula (XVI) in the
presence of a suitable base such as triethylamine.
(XVI) Similarly, a compound of formula (I), wherein X
is -C(O)NR 4-, -NR4C(O)NR 5- or -S(O) 2NR4-, may be
prepared by reacting a compound of formula (XV) with
the appropriate compound of formula (XVI) in the
presence of a suitable base such as
triethylamine.(XVI) A compound of formula (XV) may be
prepared by reacting a compound of formula (XVII) with
diphenylphosphoryl azide and triethylamine in a
solvent such as V5 - dimethylacetamide. Where R is
C1-6alkyl, this step may be followed by alkylation of
the resulting amine using reductive amination
conditions, such as an aldehyde in the presence of
sodium cyanoborohydride in a solvent such as
dichloromethane. A compound of formula (XVII) may be
prepared by reacting a compound of formula (XVIII)
with a base such as sodium hydroxideA compound of
formula (XVIII) may be prepared by reacting a compound
of formula (XIX) wherein L3 is a leaving group such as
halo (for example chloro) or trifluoromethane
sulfonate. with a suitable organo-metallic reagent
such as the tributyltin derivative or the zincate of
formula (XX) wherein Y can be halo such as chloro.
Where R2 is unsaturated such as optionally substituted
aryl or heteroaryl, the tributyltin derivative should
be used whilst the zincate should be used for cases
when R2 is saturated. R2-SnR3 or R2-Zn-Y (XX) This
reaction is performed in the presence of a suitable
metal catalyst such as palladium or copper in a
solvent such as tetrahydrofuran, at a high temperature
such as 100C. A compound of formula (XIX) may be
prepared by reacting a compound of formula (XXI)
wherein L2 is a leaving group such as halo (for
example chloro), tosyl, mesyl etc. L2with a compound
of formula (V) (V) This reaction may be performed in
solvent such as tetrahydrofuran in the presence of a
suitable base such as triethylamine. A compound of
formula (XXI) may be prepared from a compound of
formula (XXII) When L2 and L3 are chloro, chlorination
may be performed using phosphorous oxychloride at a
high temperature such as 1000C. Compounds of formula
(VII) and compounds of formula (VIII) are commercially
available or may be prepared using convenient methods
described in the literature, known to the skilled
person or described in the Examples herein. A compound
of formula (I) may also be prepared by reacting a
compound of formula (XXIII) L2with a compound of
formula (V) (V) This reaction may be performed in
solvent such as tetrahydrofuran in the presence of a
suitable base such as triethylamine. A compound of
formula (XXIII), wherein X is -CR4=CR5-,
-CR4=CR5CR6R7-, -CR6R7CR5 CR4-, -C C-, -C CCR6R7- or
-CR 6R7C C-, may be prepared by reacting a compound of
formula (XXIV) (XXIV) with the appropriate compound of
formula (XXV) where M is a metal. For alkynyl
compounds M may be hydrogen as well as a metal. R CR
=CR -M R' - CR6R7-M R CR CR -M R1- = M R CR CR CR M
Ri-CR6R7 M (XXV) Typically a tributyltin derivative is
used in the presence of a suitable metal catalyst such
as palladium or copper in a organic solvent such as
tetrahydrofuran at a high temperature such as IQO0C.A
compound of formula (XXIV) may be prepared from a
compound of formula (XXVI) (XXVI) Where L1 and L2 are
chloro, a chlorinating agent such as phosphorous
oxychloride may be used. A compound of formula (XXVI)
may be prepared by reacting a compound of formula
(XXVII) wherein PG1 and PG2 are Ci-6alkyl groups such
as methyl or ethyl: (XXVII) with a compound of formula
(VIII) (VIII) Compounds of formula (XXVII) and
compounds of formula (VIII) are commercially available
or may be prepared using convenient methods described
in the literature, known to the skilled person or
described in the Examples herein.A compound of formula
(I) wherein X is -NR 4C(O)- may be prepared by
reacting a compound of formula (XVII) with an amine R
NH2 and a suitable activating reagent such as
O-(7-azabenzotriazol-l-yl)- L
iV,iV',L^-tetramethyluronium hexafluorophosphate using
a base such as diisopropylethyl amine and a solvent
such as tetrahydrofuran. A compound of formula (XVII)
may be prepared as described herein. A compound of
formula (I), wherein X is -S(O) 2CR6R7-, may be
prepared by oxidising a compound of formula (I),
wherein X is -SCR 6R7-, for example by using Oxone (r)
at room temperature in a mixed solvent system of water
and ethanol. A compound of formula (I), wherein X is -
X1CR6R7 and X1 is -NR 4-, -O-, -S-, -S(O)-, may be
prepared by reacting a compound of formula (XXVIII)
L2with a compound of formula (V) (V) This reaction may
be performed in solvent such as tetrahydrofuran in the
presence of a suitable base such as triethylamine. A
compound of formula (XXVIII) may be prepared by
reacting a compound of formula (XXIX) wherein L3 is a
leaving group such as halo (for example chloro), V -
(XXIX) with a suitable organo-metallic reagent such as
the tributyltin derivative or the zincate of formula
(XX) wherein Y can be halo such as chloro. Where R2 is
unsaturated such as optionally substituted aryl or
heteroaryl, the tributyltin derivative should be used
whilst the zincate should be used for cases when R2 is
saturated. R2-SnR3 or R2-Zn-Y (XX) A compound of
formula (XXIX) may be prepared from a compound of
formula (XXX) XXX When L and L are chloro, a
chlorinating agent such as phosphorous oxychloride may
be used. A compound of formula (XXX) may be prepared
by reacting a compound of formula (XXVII) wherein PG1
and PG2 are C1-6alkyl such as methyl or ethyl:(XXVII)
with a compound of formula (XXXI) (XXXI) Compounds of
formula (XXVII) and compounds of formula (XXXI) are
commercially available or may be prepared using
convenient methods described in the literature, known
to the skilled person or described in the Examples
herein. A compound of formula (I) wherein X is
-C(O)NR4CR6R7-, -NR4C(O)NR5CR6R7- or -S(O)2NR CR R7-
may be prepared by reacting a compound of formula (I)
wherein X is -NH2CR R7- with the appropriate compound
of formula (XVI) in the presence of a suitable base
such as triethylamine. (XVl) Similarly, a compound of
formula (I) wherein X is -C(O)NR4-, -NR4C(O)NR5- or
-S(O) NR4- may be prepared by reacting a compound of
formula (XXXII) with an appropriate compound of
formula (XVI):(XVI) A compound of formula (XXXII) may
be prepared by reacting a compound of formula (XXXIII)
(XXXIII) with a compound of formula (V) (V) This
reaction may be performed in solvent such as
tetrahydrofuran in the presence 



of a suitable base such as triethylamine. A compound
of formula (XXXIII) may be prepared by reacting a
compound of formula (XXXVI) wherein L is a leaving
group such as halo (for example chloro), (XXXIV) with
a suitable organo-metallic reagent such as the
tributyltin derivative or the zincate of formula (XX)
wherein Y can be halo such as chloro. Where R2 is
unsaturated such asoptionally substituted aryl or
lieteroaryl, the tributyltin derivative should be used
whilst the zincate should be used for cases when R2 is
saturated. R2-SnR 3 or R2-Zn-Y (XX) A compound of
formula (XXXIV) may be prepared from a compound of
formula (XXXV) (XXXV) When L2 and L3 are chloro, a
chlorinating agent such as phosphorous oxychloride may
be used. A compound of formula (XXXV) may be prepared
by reacting a compound of formula (XXVII) wherein PG1
and PG2 are C1-4alkyl such as methyl or ethyl. (XXVII)
with a compound of formula (XXXVI) (XXXI) In an
analogous manner, compounds wherein X is -NR 4S(O) -
may be prepared starting from a compound of formula
(XXVII) and a compound of formula (XXXVI) wherein PG3
is a thiol protecting group.(XXXVI) A compound of
formula (I), wherein X is - X1CR6R7- and X1 is -NR 4-,
-O-, -S-, -S(O)-, or -S(O) - may be prepared from a
compound of formula (XXXVII), wherein L1 is a leaving
group such as halo (for example chloro), tosyl, mesyl
etc., by reaction with a compound of formula (XXXVIII)
in the presence of a suitable base such as
triethylamine or sodium hydride and a solvent such as
tetrahydrofuran or 7V,iV-dimethylformamide: (XXXVIII)
(XXXVII) (I) A compound of formula (I), wherein X is -
X1CR6R7- and X1 is -S- may be prepared from a compound
of formula (XXXIX), by reaction with a compound of
formula (XXXVIII) in the presence of a suitable base
such as sodium hydroxide and a solvent suchA compound
of formula (XXXIX), may be prepared from a compound of
formula (II), by reaction with thiourea in a suitable
solvent such as ethanol. A compound of formula (I),
wherein X is - X1CR6R7- and X1 is -NR 4-, -O-, -S-,
-S(O)-, or -S(O) 2- may be prepared by the reaction of
a compound of formula (XXXX), with a suitable
organo-metallic reagent (such as a the activated ester
of boronic acid R B(OR)3 wherein R is Ci-4alkyl such
as methyl), in the presence of a suitable metal
catalyst (such as palladium or copper) using a solvent
such as 1,4-dioxane. A compound of formula (XXXX) may
be prepared by reacting a compound of formula (XXXXI)
with a compound of formula (V). (XXXXI) (XXXX) A
compound of formula (XXXXII), wherein X1 is -S-,
-S(O)-, -S(O) 2-, -NR4SO2- or -NR 4C(O)- may be
prepared from a compound of formula (I) by reaction
with compounds of formula (XXXXIII) and formula
(XXXXIV), wherein L1 and L2 are leavinggroups such as
halo (for example chloro), tosyl, mesyl etc., in the
presence of a suitable base such as sodium hydride and
a solvent such as tetrahydrofuran. (XXXXII) A compound
of formula (XXXXII) may be prepared from a compound of
formula (XXXXV) by the reaction with a compound of
formula (III) (XXXXII) or by the reaction of a
compound of formula (XXXXVI) with a compound of
formula (XXXVIII).A compound of formula (XXXXV) may be
prepared by standard functional group interconversions
well known in the literature, from a compound of
formula (XXXXVII). (XXXXV) (XXXXVII) A compound of
formula (XXXXVII) may be prepared from a compound of
formula (XVIII), or suitable derivative thereof, such
as an N-methoxy-iV-methyl amide, with suitable
organometallic reagents, such as R6MgBr and R7MgBr,
either in a single or a two stage process. (XVIII)
(XXXXVII) A compound of formula (I), wherein X is
-NR4C(O)-, -NR4C(O)CR6R7-, -NR4S(O) -, or
-NR4S(O)2CR6R7-, may be prepared from a compound of
formula (XXXXVIII), wherein X1 is -C(O)-, -C(O)CR6R7-,
-S(O)2-,or -S(O)2CR6R7- and L1 is a suitable leaving
groups such as chloro or an activated ester, with an
amine of formula (XXXXIX), in the presence of a
suitable base such as triethylamine.A compound of
formula (I), wherein X is -NR CHR6- may be prepared by
the reaction of a compound of formula (XXXXX) with an
amine of formula (XXXXIX) in the presence of a
suitable reducing agent such as NaCNBH3. 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.
For example compounds of formula (I) my be converted
into further compounds of formula (I) by standard
aromatic substitution reactions or by conventional
functional group modifications. 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 halogen 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 alkylsulfmyl or
alkylsulfonyl. 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. Green, Protective Groups in Organic
Synthesis, John Wiley and Sons, 1991). 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
tez^-butoxycarbonyl group, an arylmethoxycarbonyl
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,
sulfuric 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(trifluoroacetate). 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,
forexample, 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-on-carbon. 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 tert-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. Many of the
intermediates defined herein are novel and these are
provided as a further feature of the invention.
Biological Assays The following assays can be used to
measure the effects of the compounds of the present
invention as mTOR kinase inhibitors, as PI3 kinase
inhibitors, as inhibitors in vitro of the activation
of PB kinase signalling pathways and as inhibitors in
vitro of the proliferation of MDA-MB-468 human breast
adenocarcinoma cells. (a) In VitromTOR Kinase Assay
The assay used AlphaScreen technology (Gray et ah,
Analytical Biochemistry, 2003, 313: 234-245) to
determine the ability of test compounds to inhibit
phosphorylation by recombinant mTOR. A C-terminal
truncation of mTOR encompassing amino acid residues
1362 to 2549 of mTOR (EMBL Accession No. L34075) was
stably expressed as a FLAG-tagged fusion in HEK293
cells as described by Vilella-Bach et al, Journal of
Biochemistry, 1999, 274, 4266-4272. The HEK293
FLAG-tagged mTOR (1362-2549) stable cell line was
routinely maintained at 37C with 5% CO2 up to a
confluency of 70-90% in Dulbecco's modified Eagle's
growth medium (DMEM; Invitrogen Limited, Paisley, UK
Catalogue No. 41966- 029) containing 10%
heat-inactivated foetal calf serum (FCS; Sigma, Poole,
Dorset, UK, Catalogue No. F0392), 1% L-glutamine
(Gibco, Catalogue No. 25030-024) and 2 mg/ml
Geneticin(G418 sulfate; Invitrogen Limited, UK
Catalogue No. 1013 1-027). Following expression in the
mammalian HEK293 cell line, expressed protein was
purified using the FLAG epitope tag using standard
purification techniques. Test compounds were prepared
as 10 mM stock solutions in DMSO and diluted into
water as required to give a range of final assay
concentrations. Aliquots (2 ml) of each compound
dilution were placed into a well of a Greiner 384-well
low volume (LV) white polystyrene plate (Greiner
Bio-one). A 30 ml mixture of recombinant purified mTOR
enzyme, 1 mM biotinylated peptide substrate
(Biotin-Ahx-Lys-Lys-Ala-Asn-Gln-Val-Phe-
Leu-Gly-Phe-Tlir-Tyr-Val-Ala-Pro-Ser-Val-Leu-Glu-Ser-V
al-Lys-Glu-NH 2; Bachem UK Ltd), ATP (20 mM) and a
buffer solution [comprising Tris-HCl pH7.4 buffer (50
mM), EGTA (0.1 mM), bovine serum albumin (0.5 mg/mL),
DTT (1.25 mM) and manganese chloride (10 mM)] was
agitated at room temperature for 90 minutes. Control
wells that produced a maximum signal corresponding to
maximum enzyme activity were created by using 5% DMSO
instead of test compound. Control wells that produced
a minimum signal corresponding to fully inhibited
enzyme were created by adding EDTA (83 mM) instead of
test compound. These assay solutions were incubated
for 2 hours at room temperature. Each reaction was
stopped by the addition of 10 ml of a mixture of EDTA
(50 mM), bovine serum albumin (BSA; 0.5 mg/mL) and
Tris-HCl pH7.4 buffer (50 mM) containing p70 S6 Kinase
(T389) 1A5 Monoclonal Antibody (Cell Signalling
Technology, Catalogue No. 9206B) and AlphaScreen
Streptavidin donor and Protein A acceptor beads (200
ng; Perkin Elmer, Catalogue No. 6760002B and 6760137R
respectively) were added and the assay plates were
left for about 20 hours at room temperature in the
dark. The resultant signals arising from laser light
excitation at 680 nm were read using a Packard
Envision instrument. Phosphorylated biotinylated
peptide is formed in situ as a result of mTOR mediated
phosphorylation. The phosphorylated biotinylated
peptide that is associated with AlphaScreen
Streptavidin donor beads forms a complex with the p70
S6 Kinase (T389) 1A5 Monoclonal Antibody that is
associated with Alphascreen Protein A acceptor beads.
Upon laser light excitation at 680 nm, the donor bead
: acceptor bead complex produces a signal that can be
measured. Accordingly, the presence of mTOR kinase
activity results in an assay signal. In the presence
of an mTOR kinase inhibitor, signal strength is
reduced.mTOR enzyme inhibition for a given test
compound was expressed as an ICs0 value, (b) In Vitro
PI3K Enzyme Assay The assay used AlphaScreen
technology (Gray et al , Analytical Biochemistry,
2003, 313: 234-245) to determine the ability of test
compounds to inhibit phosphorylation by recombinant
Type I PI3K enzymes of the lipid PI(4,5)P2. DNA
fragments encoding human PI3K catalytic and regulatory
subunits were isolated from cDNA libraries using
standard molecular biology and PCR cloning techniques.
The selected DNA fragments were used to generate
baculovirus expression vectors. In particular, full
length DNA of each of the p i 10a, p i l Ob and p i l
Od Type Ia human PI3K p i 10 isoforms (EMBL Accession
Nos. HSU79143, S67334, Yl 0055 for p i 10 a, pi l Ob
and p i l Od respectively) were sub-cloned into a
pDESTIO vector (Invitrogen Limited, Fountain Drive,
Paisley, UK). The vector is a Gateway-adapted version
of Fastbacl containing a 6-His epitope tag. A
truncated form of Type Ib human PI3K p i l Og isoform
corresponding to amino acid residues 144-1 102 (EMBL
Accession No. X8336A) and the full length human p85a
regulatory subunit (EMBL Accession No. HSP13KIN) were
also sub-cloned into pFastBacl vector containing a
6-His epitope tag. The Type Ia p i 10 constructs were
co-expressed with the p85a regulatory subunit.
Following expression in the baculovirus system using
standard baculovirus expression techniques, expressed
proteins were purified using the His epitope tag using
standard purification techniques. DNA corresponding to
amino acids 263 to 380 of human general receptor for
phosphoinositides (Grpl) PH domain was isolated from a
cDNA library using standard molecular biology and PCR
cloning techniques. The resultant DNA fragment was
subcloned into a pGEX 4Tl E. coli expression vector
containing a GST epitope tag (Amersham Pharmacia
Biotech, Rainham, Essex, UK) as described by Gray et
al. , Analytical Biochemistry . 2003, 3L3: 234-245).
The GST-tagged Grpl PH domain was expressed and
purified using standard techniques. Test compounds
were prepared as 10 mM stock solutions in DMSO and
diluted into water as required to give a range of
final assay concentrations. Aliquots (2 ml) of each
compound dilution were placed into a well of a Greiner
384-well low volume (LV) white polystyrene plate
(Greiner Bio-one, Brunei Way, Stonehouse,
Gloucestershire, UKCatalogue No. 784075). A mixture of
each selected recombinant purified PBK enzyme (15 ng),
DiC8-PI(4,5)P2 substrate (40 mM; Cell Signals Inc.,
Kinnear Road, Columbus, USA, Catalogue No. 901),
adenosine triphosphate (ATP; 4 mM) and a buffer
solution [comprising Tris-HCl pH7.6 buffer (40 niM, 10
ml), 3-[(3- cholamidopropyl)dimethylammonio]-
1-proranesulfonate (CHAPS; 0.04%), dithiothreitol
(DTT; 2 niM) and magnesium chloride (10 mM)] was
agitated at room temperature for 20 minutes. Control
wells that produced a minimum signal corresponding to
maximum enzyme activity were created by using 5% DMSO
instead of test compound. Control wells that produced
a maximum signal corresponding to fully inhibited
enzyme were created by adding wortmannin (6 mM;
Calbiochem / Merck Bioscience, Padge Road, Beeston,
Nottingham, UK, Catalogue No. 681675) instead of test
compound. These assay solutions were also agitated for
20 minutes at room temperature. Each reaction was
stopped by the addition of 10 ml of a mixture of EDTA
( 100 mM), bovine serum albumin (BSA, 0.045 %) and
Tris-HCl pH7.6 buffer (40 mM).
Biotinylated-DiC8-PI(3,4,5)P3 (50 nM; Cell Signals
Inc., Catalogue No. 107), recombinant purified
GST-Grpl PH protein (2.5 nM) and AlphaScreen Anti-GST
donor and acceptor beads (100 ng; Packard Bioscience
Limited, Station Road, Pangbourne, Berkshire, UK,
Catalogue No. 6760603M) were added and the assay
plates were left for about 5 to 20 hours at room
temperature in the dark. The resultant signals arising
from laser light excitation at 680 nm were read using
a Packard AlphaQuest instrument. PI(3,4,5)P3 is formed
in situ as a result of PI3K mediated phosphorylation
of PI(4,5)P2. The GST-Grpl PH domain protein that is
associated with AlphaScreen Anti- GST donor beads
forms a complex with the biotinylated PI(3,4,5)P3 that
is associated with Alphascreen Streptavidn acceptor
beads. The enymatically-produced PI(3,4,5)P3 competes
with biotinylated PI(3,4,5)P3 for binding to the PH
domain protein. Upon laser light excitation at 680 nm,
the donor bead : acceptor bead complex produces a
signal that can be measured. Accordingly, PI3K enzme
activity to form PI(3,4,5)P3 and subsequent
competition with biotinylated PI(3,4,5)P3 results in a
reduced signal. In the presence of a PI3K enzyme
inhibitor, signal strength is recovered.PBK enzyme
inhibition for a given test compound was expressed as
an IC50 value, (c) In Vitro phospho-Ser473 Akt assay
This assay determines the ability of test compounds to
inhibit phosphorylation of Serine 473 in Akt as
assessed using Acumen Explorer technology (Acumen
Bioscience Limited), a plate reader that can be used
to rapidly quantitate features of images generated by
laser-scanning. A MDA-MB-468 human breast
adenocarcinoma cell line (LGC Promochem, Teddington,
Middlesex, UK, Catalogue No. HTB-132) was routinely
maintained at 37C with 5% CO2 up to a confluency of
70-90% in DMEM containing 10% heat-inactivated FCS and
1% L-glutamine. For the assay, the cells were detached
from the culture flask using 'Accutase' (Innovative
Cell Technologies Inc., San Diego, CA, USA; Catalogue
No. ATI 04) using standard tissue culture methods and
resuspended in media to give 1.7x105 cells per mL.
Aliquots (90 ml) were seeded into each of the inner 60
wells of a black Packard 96 well plate (PerkinElmer,
Boston, MA, USA; Catalogue No. 6005182) to give a
density of -15000 cells per well. Aliquots (90 ml) of
culture media were placed in the outer wells to
prevent edge effects. The cells were incubated
overnight at 37C with 5% CO2 to allow them to adhere.
On day 2, the cells were treated with test compounds
and incubated for 2 hours at 37C with 5% CO2. Test
compounds were prepared as 10 mM stock solutions in
DMSO and serially diluted as required with growth
media to give a range of concentrations that were
10-fold the required final test concentrations.
Aliquots (10 ml) of each compound dilution were placed
in a well (in triplicate) to give the final required
concentrations. As a minimum reponse control, each
plate contained wells having a final concentration of
100 mM LY294002 (Calbiochem, Beeston, UK, Catalogue
No. 440202). As a maximum response control, wells
contained 1% DMSO instead of test compound. Following
incubation, the contents of the plates were fixed by
treatment with a 1.6% aqueous formaldehyde solution
(Sigma, Poole, Dorset, UK, Catalogue No. F 1635) at
room temperature for 1 hour. All subsequent aspiration
and wash steps were carried out using a Tecan 96 well
plate washer (aspiration speed 10 mm/sec). The fixing
solution was removed and the contents of the plates
were washed with phosphate-buffered saline (PBS; 50
ml; Gibco,Catalogue No. 10010015). The contents of the
plates were treated for 10 minutes at room temperature
with an aliquot (50 ml) of a cell permeabilisation
buffer consisting of a mixture of PBS and 0.5%
Tween-20. The 'permeabilisation' buffer was removed
and non-specific binding sites were blocked by
treatment for 1 hour at room temperature of an aliquot
(50 ml) of a blocking buffer consisting of 5% dried
skimmed milk ['Marvel' (registered trade mark);
Premier Beverages, Stafford, GB] in a mixture of PBS
and 0.05% Tween-20. The 'blocking' buffer was removed
and the cells were incubated for 1 hour at room
temperature with rabbit anti phospho-Akt (Ser473)
antibody solution (50 ml per well; Cell Signalling,
Hitchin, Herts, U.K., Catalogue No 9277) that had been
diluted 1:500 in 'blocking' buffer. Cells were washed
three times in a mixture of PBS and 0.05% Tween-20.
Subsequently, cells were incubated for 1 hour at room
temperature with Alexafluor488 labelled goat
anti-rabbit IgG (50 ml per well; Molecular Probes,
Invitrogen Limited, Paisley, UK, Catalogue No. Al
1008) that had been diluted 1:500 in 'blocking'
buffer. Cells were washed 3 times with a mixture of
PBS and 0.05% Tween-20. An aliquot of PBS (50 ml) was
added to each well and the plates were sealed with
black plate sealers and the fluorescence signal was
detected and analysed. Fluorescence dose response data
obtained with each compound were analysed and the
degree of inhibition of Serine 473 in Akt was
expressed as an IC5O value. (d) In VitroMDA-MB-468
human breast adenocarcinoma Proliferation Assay This
assay determines the ability of test compounds to
inhibit cell proliferation as assessed using Cellomics
Arrayscan technology. A MDA-MB-468 human breast
adenocarcinoma cell line (LGC Promochem, Catalogue No.
HTB-132) was routinely maintained as described in
Biological Assay (b) herein. For the proliferation
assay, the cells were detached from the culture flask
using Accutase and seeded into the inner 60 wells of a
black Packard 96 well plate at a density of 8000 cells
per well in 100 ml of complete growth media. The outer
wells contained 100 ml of sterile PBS. The cells were
incubated overnight at 370C with 5% CO2 to allow them
to adhere. On day 2, the cells were treated with test
compounds and incubated for 48 hours at 370C with 5%
CO2. Test compounds were prepared as 10 mM stock
solutions in DMSOand serially diluted as required with
growth media to give a range of test concentrations.
Aliquots (50 ml) of each compound dilution were placed
in a well and the cells were incubated for 2 days at
37C with 5% CO2. Each plate contained control wells
without test compound. s On day 4, BrdU labelling
reagent (Sigma, Catalogue No. B9285) at a final
dilution of 1:1000 was added and the cells were
incubated for 2 hours at 370C. The medium was removed
and the cells in each well were fixed by treatment
with 100 ml of a mixture of ethanol and glacial acetic
acid (90% ethanol, 5% glacial acetic acid and 5%
water) for 30 minutes at room temperature. The cells
in each well were washed twice with PBS (100 o ml).
Aqueous hydrochloric acid (2M, 100 ml) was added to
each well. After 20 minutes at room temperature, the
cells were washed twice with PBS. Hydrogen peroxide
(3%, 50 ml; Sigma, Catalogue No. Hl 009) was added to
each well. After 10 minutes at room temperature, the
wells were washed again with PBS. BrdU incorporation
was detected by incubation for 1 hour at room
temperature with s mouse anti-BrdU antibody (50 ml;
Caltag, Burlingame, CA, US; Catalogue No. MD5200) that
was diluted 1:40 in PBS containing 1% BSA and 0.05%
Tween-20. Unbound antibody was removed with two washes
of PBS. For visualisation of incorporated BrdU, the
cells were treated for 1 hour at room temperature with
PBS (50 ml) and 0.05% Tween- 20 buffer containing a
1:1000 dilution of Alexa fluor 488-labelled goat
anti-mouse IgG. 0 For visualisation of the cell
nucleus, a 1:1000 dilution of Hoechst stain (Molecular
Probes, Catalogue No. H3570) was added. Each plate was
washed in turn with PBS. Subsequently, PBS (100 ml)
was added to each well and the plates were analysed
using a Cellomics array scan to assess total cell
number and number of BrdU positive cells. Fluorescence
dose response data obtained with each compound were
analysed and $ the degree of inhibition of MDA-MB-468
cell growth was expressed as an IC 0 value. Although
the pharmacological properties of the compounds of
formula (I) vary with structural change as expected,
in general, it is believed that activity possessed by
compounds of formula (I) may be demonstrated at the
following concentrations or doses in one or more of
the above tests (a) to (d) :- 0 Test (a):- IC50 versus
mTOR kinase at less than 10 mM, in particular 0.001 -
0.5 mM for many compounds; for example 65 the IC50
wasmeasured on three occasions, the values were 3.9,
4.1 and 8.2mM, resulting in a mean value of 5.4mM.
Test (b):- IC50 versus p i l Og Type Ib human PI3K at
less than 10 mM, in particular 0.001 - 0.5 mM for many
compounds; and IC50 versus p i 10a Type Ia human PI3K
at less than 10 mM, in particular 0.001 - 0.5 mM for
many compounds; for example 65 the IC50 was measured
on three occasions, the values were 1.9, 13.0 and 5.7
mM, resulting in a mean value of 6.8mM. Test (c):-
IC50 versus Serine 473 in Akt at less than 10 mM, in
particular 0.1 - 20 mM for many compounds); for
example 44 the IC50 was measured on five occasions,
the values were 12.5, 5.6, 9.7, 10.3 and 6.1 mM,
resulting in a mean value of 8.84 mM Test (d) :- IC50
at less than 20 mM; The compounds of the present
invention are advantageous in that they possess
pharmacological activity. In particular, the compounds
of the present invention modulate (in particular,
inhibit) mTOR kinase and/or phosphatidylinositol-3
-kinase (PI3K) enzymes, such as the Class Ia PI3K
enzymes (e.g. PDKalpha, PDKbeta and PBKdelta) and the
Class Ib PI3K enzyme (PDKgamma). More particularly
compounds of the present invention modulate (in
particular, inhibit) mTOR kinase. More particularly
compounds of the present invention modulate (in
particular, inhibit) one or more PI3K enzyme. The
inhibitory properties of compounds of formula (I) may
be demonstrated using the test procedures set out
herein and in the experimental section. Accordingly,
the compounds of formula (I) may be used in the
treatment (therapeutic or prophylactic) of
conditions/diseases in human and non-human animals
which are mediated by mTOR kinase and/or one or more
PI3K enzyme(s), and in particular by mTOR kinase. The
invention also provides a pharmaceutical composition
comprising a compound of formula (I), or a
pharmaceutically acceptable salt thereof, as defined
herein in association with a pharmaceutically
acceptable diluent or carrier. The compositions of the
invention may be in a form suitable for oral use (for
example as tablets, lozenges, hard or soft capsules,
aqueous or oily suspensions, emulsions, dispersible
powders or granules, syrups or elixirs), for topical
use (for example as creams,ointments, gels, or aqueous
or oily solutions or suspensions), for administration
by inhalation (for example as a finely divided powder
or a liquid aerosol), for administration by
insufflation (for example as a finely divided powder)
or for parenteral administration (for example as a
sterile aqueous or oily solution for intravenous,
subcutaneous, intraperitoneal or intramuscular dosing
or as a suppository for rectal dosing). The
compositions of the invention may be obtained by
conventional procedures using conventional
pharmaceutical excipients, well known in the art.
Thus, compositions intended for oral use may contain,
for example, one or more colouring, sweetening,
flavouring and/or preservative agents. The amount of
active ingredient that is combined with one or more
excipients to produce a single dosage form will
necessarily vary depending upon the host treated and
the particular route of administration. For example, a
formulation intended for oral administration to humans
will generally contain, for example, from 1mg to 1 g
of active agent (more suitably from 1 to 250 mg, for
example from 1 to 100 mg) compounded with an
appropriate and convenient amount of excipients which
may vary from about 5 to about 98 percent by weight of
the total composition. The size of the dose for
therapeutic or prophylactic purposes of a compound of
formula I will naturally vary according to the nature
and severity of the disease state, the age and sex of
the animal or patient and the route of administration,
according to well known principles of medicine. In
using a compound of formula (I) for therapeutic or
prophylactic purposes it will generally be
administered so that a daily dose in the range, for
example, 1 mg/kg to 100 mg/kg body weight is received,
given if required in divided doses. In general, lower
doses will be administered when a parenteral route is
employed. Thus, for example, for intravenous
administration, a dose in the range, for example, 1
mg/kg to 25 mg/kg body weight will generally be used.
Similarly, for administration by inhalation, a dose in
the range, for example, 1 mg/kg to 25 mg/kg body
weight will be used. Typically, unit dosage forms will
contain about 10 mg to 0.5 g of a compound of this
invention. As stated herein, it is known that mTOR
kinase and the PI3K enzymes have roles in
tumourigenesis as well as numerous other diseases. We
have found that the compounds of formula (I) possess
potent anti-tumour activity which it is believed is
obtained by way of inhibition of mTOR kinase and/or
one or more of the PI3K enzymes.Accordingly, the
compounds of the present invention are of value as
anti-tumour agents. Particularly, the compounds of the
present invention are of value as anti proliferative,
apoptotic and/or anti-invasive agents in the
containment and/or treatment of solid and/or liquid
tumour disease. Particularly, the compounds of the
present invention are expected to be useful in the
prevention or treatment of those tumours which are
sensitive to inhibition of mTOR and/or one or more of
the PDK enzymes such as the Class Ia PI3K enzymes and
the Class Ib PBK enzyme. Further, the compounds of the
present invention are expected to be useful in the
prevention or treatment of those tumours which are
mediated alone or in part by mTOR and/or one or more
of the PI3K enzymes such as the Class Ia PI3K enzymes
and the Class Ib PI3K enzyme. The compounds may thus
be used to produce an mTOR enzyme inhibitory effect in
a warm-blooded animal in need of such treatment.
Certain compounds may be used to produce an PI3K
enzyme inhibitory effect in a warm-blooded animal in
need of such treatment. As stated herein, inhibitors
of mTOR kinase and/or one or more PI3K enzymes should
be of therapeutic value for the treatment of
proliferative disease such as cancer and in particular
solid tumours such as carcinoma and sarcomas and the
leukaemias and lymphoid malignancies and in particular
for treatment of, for example, cancer of the breast,
colorectum, lung (including small cell lung cancer,
non-small cell lung cancer and bronchioalveolar
cancer) and prostate, and of cancer of the bile duct,
bone, bladder, head and neck, kidney, liver,
gastrointestinal tissue, oesophagus, ovary, pancreas,
skin, testes, thyroid, uterus, cervix and vulva, and
of leukaemias [including acute lymphoctic leukaemia
(ALL) and chronic myelogenous leukaemia (CML)],
multiple myeloma and lymphomas. According to a further
aspect of the invention there is provided a compound
of formula (I), or a pharmaceutically acceptable salt
thereof, as defined herein for use as a medicament in
a warm-blooded animal such as man. According to a
further aspect of the invention, there is provided a
compound of formula (I), or a pharmaceutically
acceptable salt thereof, as defined herein for use in
the production of an anti-proliferative effect in a
warm-blooded animal such as man. According to a
further aspect of the invention, there is provided a
compound of 



formula (I), or a pharmaceutically acceptable salt
thereof, as defined herein for use in the production
of an apoptotic effect in a warm-blooded animal such
as man.According to a further feature of the invention
there is provided a compound of formula (I), or a
pharmaceutically acceptable salt thereof, as defined
herein for use in a warm-blooded animal such as man as
an anti-invasive agent in the containment and/or
treatment of proliferative disease such as cancer.
According to a further aspect of the invention, there
is provided the use of a compound of formula (I), or a
pharmaceutically acceptable salt thereof, as defined
herein for the production of an anti-proliferative
effect in a warm-blooded animal such as man. According
to a further feature of this aspect of the invention
there is provided the use of a compound of formula
(I), or a pharmaceutically acceptable salt thereof, as
defined herein in the manufacture of a medicament for
use in the production of an anti-proliferative effect
in a warm-blooded animal such as man. According to a
further aspect of the invention, there is provided the
use of a compound of formula (I), or a
pharmaceutically acceptable salt thereof, as defined
herein for the production of an apoptotic effect in a
warm-blooded animal such as man. According to a
further feature of this aspect of the invention there
is provided the use of a compound of formula (I), or a
pharmaceutically acceptable salt thereof, as defined
herein in the manufacture of a medicament for use in
the production of an apoptotic effect in a
warm-blooded animal such as man. According to a
further feature of the invention there is provided the
use of a compound of formula (I), or a
pharmaceutically acceptable salt thereof, as defined
herein in the manufacture of a medicament for use in a
warm-blooded animal such as man as an anti-invasive
agent in the containment and/or treatment of
proliferative disease such as cancer. According to a
further feature of this aspect of the invention there
is provided a method for producing an
anti-proliferative effect in a warm-blooded animal,
such as man, in need of such treatment which comprises
administering to said animal an effective amount of a
compound of formula (I), or a pharmaceutically
acceptable salt thereof, as defined herein. According
to a further feature of this aspect of the invention
there is provided a method for producing an
anti-invasive effect by the containment and/or
treatment of solid tumour disease in a warm-blooded
animal, such as man, in need of such treatment
whichcomprises administering to said animal an
effective amount of a compound of formula (I), or a
pharmaceutically acceptable salt thereof, as defined
herein. According to a further aspect of the invention
there is provided the use of a compound of formula
(I), or a pharmaceutically acceptable salt thereof, as
defined herein in the manufacture of a medicament for
use in the prevention or treatment of proliferative
disease such as cancer in a warm-blooded animal such
as man. According to a further feature of this aspect
of the invention there is provided a method for the
prevention or treatment of proliferative disease such
as cancer in a warm-blooded animal, such as man, in
need of such treatment which comprises administering
to said animal an effective amount of a compound of
formula (I), or a pharmaceutically acceptable salt
thereof, as defined herein. According to a further
aspect of the invention there is provided a compound
of formula (I), or a pharmaceutically acceptable salt
thereof, as defined herein for use in the prevention
or treatment of those tumours which are sensitive to
inhibition of mTOR kinase and/or one or more PDK
enzymes (such as the Class Ia enzymes and/or the Class
Ib PI3K enzyme) that are involved in the signal
transduction steps which lead to the proliferation,
survival, invasiveness and migratory ability of tumour
cells. According to a further feature of this aspect
of the invention there is provided the use of a
compound of formula (I), or a pharmaceutically
acceptable salt thereof, as defined herein in the
manufacture of a medicament for use in the prevention
or treatment of those tumours which are sensitive to
inhibition of mTOR kinase and/or one or more PBK
enzymes (such as the Class Ia enzymes and/or the Class
Ib PBK enzyme) that are involved in the signal
transduction steps which lead to the proliferation,
survival, invasiveness and migratory ability of tumour
cells. According to a further feature of this aspect
of the invention there is provided a method for the
prevention or treatment of those tumours which are
sensitive to inhibition of mTOR kinase and/or one or
more PBK enzymes (such as the Class Ia enzymes and/or
the Class Ib PBK enzyme) that are involved in the
signal transduction steps which lead to the
proliferation, survival, invasiveness and migratory
ability of tumour cells which comprises administering
to said animal an effective amount of a compound of
formula (I), or a pharmaceutically acceptable salt
thereof, as defined herein.According to a further
aspect of the invention there is provided a compound
of formula (I), or a pharmaceutically acceptable salt
thereof, as defined herein for use in providing a mTOR
kinase inhibitory effect and/or a PI3K enzyme
inhibitory effect (such as a Class Ia PBK enzyme or
Class Ib PI3K enzyme inhibitory effect). According to
a further feature of this aspect of the invention
there is provided the use of a compound of formula
(I), or a pharmaceutically acceptable salt thereof, as
defined herein in the manufacture of a medicament for
use in providing a mTOR kinase inhibitory effect
and/or a PI3K enzyme inhibitory effect (such as a
Class Ia PI3K enzyme or Class Ib PI3K enzyme
inhibitory effect). According to a further aspect of
the invention there is also provided a method for
providing a mTOR kinase inhibitory effect and/or a
PI3K enzyme inhibitory effect (such as a Class Ia PI3K
enzyme or Class Ib PI3K enzyme inhibitory effect)
which comprises administering an effective amount of a
compound of formula I, or a pharmaceutically
acceptable salt thereof, as defined herein. According
to a further feature of the invention there is
provided a compound of formula I, or a
pharmaceutically acceptable salt thereof, as defined
herein for use in the treatment of cancer,
inflammatory diseases, obstructive airways diseases,
immune diseases or cardiovascular diseases. According
to a further feature of the invention there is
provided a compound of formula I, or a
pharmaceutically acceptable salt thereof, as defined
herein for use in the treatment of solid tumours such
as carcinoma and sarcomas and the leukaemias and
lymphoid malignancies. According to a further feature
of the invention there is provided a compound of
formula I, or a pharmaceutically acceptable salt
thereof, as defined herein for use in the treatment of
cancer of the breast, colorectum, lung (including
small cell lung cancer, nonsmall cell lung cancer and
bronchioalveolar cancer) and prostate. According to a
further feature of the invention there is provided a
compound of formula (I), or a pharmaceutically
acceptable salt thereof, as defined herein for use in
the treatment of cancer of the bile duct, bone,
bladder, head and neck, kidney, liver,
gastrointestinal tissue, oesophagus, ovary, pancreas,
skin, testes, thyroid, uterus, cervix and vulva, and
of leukaemias (including ALL and CML), multiple
myeloma and lymphomas.According to a further feature
of the invention there is provided the use of a
compound of formula (I), or a pharmaceutically
acceptable salt thereof, as defined herein in the
manufacture of a medicament for use in the treatment
of cancer, inflammatory diseases, obstructive airways
diseases, immune diseases or cardiovascular diseases.
According to a further feature of the invention there
is provided the use of a compound of formula (I), or a
pharmaceutically acceptable salt thereof, as defined
herein in the manufacture of a medicament for use in
the treatment of of solid tumours such as carcinoma
and sarcomas and the leukaemias and lymphoid
malignancies. According to a further feature of the
invention there is provided the use of a compound of
formula (I), or a pharmaceutically acceptable salt
thereof, as defined herein in the manufacture of a
medicament for use in the treatment of cancer of the
breast, colorectum, lung (including small cell lung
cancer, non-small cell lung cancer and
bronchioalveolar cancer) and prostate. According to a
further feature of the invention there is provided the
use of a compound of formula (I), or a
pharmaceutically acceptable salt thereof, as defined
herein in the manufacture of a medicament for use in
the treatment of cancer of the bile duct, bone,
bladder, head and neck, kidney, liver,
gastrointestinal tissue, oesophagus, ovary, pancreas,
skin, testes, thyroid, uterus, cervix and vulva, and
of leukaemias (including ALL and CML), multiple
myeloma and lymphomas. According to a further feature
of the invention there is provided a method for
treating cancer, inflammatory diseases, obstructive
airways diseases, immune diseases or cardiovascular
diseases in a warm blooded animal such as man that is
in need of such treatment which comprises
administering an effective amount of a compound of
formula (I), or a pharmaceutically acceptable salt
thereof, as defined herein. According to a further
feature of the invention there is provided a method
for treating solid tumours such as carcinoma and
sarcomas and the leukaemias and lymphoid malignancies
in a warm blooded animal such as man that is in need
of such treatment which comprises administering an
effective amount of a compound of formula (I), or a
pharmaceutically acceptable salt thereof, as defined
herein. According to a further feature of the
invention there is provided a method for treating
cancer of the breast, colorectum, lung (including
small cell lung cancer, non-small cell lung cancer and
bronchioalveolar cancer) and prostate in a warm
blooded animal suchas man that is in need of such
treatment which comprises administering an effective
amount of a compound of formula (I)5 or a
pharmaceutically acceptable salt thereof, as defined
herein. According to a further feature of the
invention there is provided a method for treating
cancer of the bile duct, bone, bladder, head and neck,
kidney, liver, gastrointestinal tissue, oesophagus,
ovary, pancreas, skin, testes, thyroid, uterus, cervix
and vulva, and of leukaemias (including ALL and CML),
multiple myeloma and lymphomas in a warm blooded
animal such as man that is in need of such treatment
which comprises administering an effective amount of a
compound of formula (I), or a pharmaceutically
acceptable salt thereof, as defined herein. As stated
herein, the in vivo effects of a compound of formula
(I) may be exerted in part by one or more metabolites
that are formed within the human or animal body after
administration of a compound of formula (I). The
invention further relates to combination therapies
wherein a compound of formula (I), or a
pharmaceutically acceptable salt thereof, or a
pharmaceutical composition or formulation comprising a
compound of formula (I) is administered concurrently
or sequentially or as a combined preparation with
another treatment of use in the control of oncology
disease. In particular, the treatment defined herein
may be applied as a sole therapy or may involve, in
addition to the compounds of the invention,
conventional surgery or radiotherapy or chemotherapy.
Accordingly, the compounds of the invention can also
be used in combination with existing therapeutic
agents for the treatment of cancer. Suitable agents to
be used in combination include :- (i)
antiproliferative/antineoplastic drugs and
combinations thereof, as used in medical oncology such
as alkylating agents (for example cis-platin,
carboplatin, cyclophosphamide, nitrogen mustard,
melphalan, chlorambucil, busulphan and nitrosoureas);
antimetabolites (for example antifolates such as
fluoropyrimidines like 5-fluorouracil and tegafur,
raltitrexed, methotrexate, cytosine arabinoside,
hydroxyurea and gemcitabine); antitumour antibiotics
(for example anthracyclines like adriamycin,
bleomycin, doxorubicin, daunomycin, epirubicin,
idarubicin, mitomycin-C, dactinomycin and
mithramycin); antimitotic agents (for example vinca
alkaloids like vincristine, vinblastine, vindesine and
vinorelbine and taxoids like paclitaxel and taxotere);
and topoisomerase inhibitors (forexample
epipodophyllotoxins like etoposide and teniposide,
amsacrine, topotecan and camptothecins); (ii)
cytostatic agents such as antioestrogens (for example
tamoxifen, toremifene, raloxifene, droloxifene and
iodoxyfene), oestrogen receptor down regulators (for
example fulvestrant), antiandrogens (for example
bicalutamide, flutamide, nilutamide and cyproterone
acetate), LHRH antagonists or LHRH agonists (for
example goserelin, leuprorelin and buserelin),
progestogens (for example megestrol acetate),
aromatase inhibitors (for example as anastrozole,
letrozole, vorazole and exemestane) and inhibitors of
5a-reductase such as finasteride; (iii) anti-invasion
agents (for example c-Src kinase family inhibitors
like 4-(6-chloro-
2,3-methylenedioxyanilino)-7-[2-(4-methylpiperazin-l-y
l)ethoxy]-5-tetrahydropyran- 4-yloxyquinazoline
(AZD0530; International Patent Application WO
01/94341) and
iV-(2-chloro-6-methylphenyl)-2-{6-[4-(2-hydroxyethyl)p
iperazin- 1-yl]-2-methylpyrimidin-
4-ylamino}thiazole-5-carboxamide (dasatinib,
BMS-354825; J . Med. Chem.. 2004, 47, 6658-6661), and
metalloproteinase inhibitors like marimastat and
inhibitors of urokinase plasminogen activator receptor
function); (iv) inhibitors of growth factor function:
for example such inhibitors include growth factor
antibodies and growth factor receptor antibodies (for
example the anti-erbB2 antibody trastuzumab
[Herceptin(tm)] and the anti-erbBl antibody cetuximab
[C225]); such inhibitors also include, for example,
tyrosine kinase inhibitors, for example inhibitors of
the epidermal growth factor family (for example EGFR
family tyrosine kinase inhibitors such as
iV-(3-chloro-4-fluorophenyl)-7-methoxy-6-(3-morpholino
propoxy)quinazolin-4-amine (geftinib, ZDl 839),
-(3-ethynylphenyl)-6,7-bis(2-methoxyethoxy)quinazolin-
4-amine (erlotinib, OSI-774) and
6-acrylamido-7V-(3-chloro-4-fluorophenyl)-7-(3-
morpholinopropoxy)quinazolin-4-amine (CI 1033) and
erbB2 tyrosine kinase inhibitors such as lapatinib),
inhibitors of the hepatocyte growth factor family,
inhibitors of the platelet-derived growth factor
family such as imatinib, inhibitors of
serine/threonine kinases (for example Ras/Raf
signalling inhibitors such as farnesyl transferase
inhibitors, for example sorafenib (BAY 43-9006)) and
inhibitors of cell signalling through MEK and/or Akt
kinases;(v) antiangiogenic agents such as those which
inhibit the effects of vascular endothelial growth
factor, [for example the anti-vascular endothelial
cell growth factor antibody bevacizumab (Avastin(tm))
and VEGF receptor tyrosine kinase inhibitors such as
4-(4- bromo- 2-fluoroanilino)-6-methoxy-7-(l
-methylpiperidin-4-ylmethoxy)quinazoline (ZD6474;
Example 2 within WO 01/32651),
4-(4-fluoro-2-methylindol-5-yloxy)-6-methoxy-
7-(3-pyrrolidin-l-yl rropoxy)quinazoline (AZD2171;
Example 240 within WO 00/47212), vatalanib (PTK787; WO
98/35985) and SUl 1248 (sunitinib; WO 01/60814), and
compounds that work by other mechanisms (for example
linomide, inhibitors of integrin avb3 function and
angiostatin)]; (vi) vascular damaging agents such as
combretastatin A4 and compounds disclosed in
International Patent Applications WO 99/02166, WO
00/40529, WO 00/41669, WO 01/92224, WO 02/04434 and WO
02/08213; (vii) antisense therapies, for example those
which are directed to the targets listed above, such
as ISIS 2503, an anti-ras antisense agent; (viii) gene
therapy approaches, including approaches to replace
aberrant genes such as aberrant p53 or aberrant BRCAl
or BRCA2, GDEPT (gene-directed enzyme pro-drug
therapy) approaches such as those using cytosine
deaminase, thymidine kinase or a bacterial
nitroreductase enzyme and approaches to increase
patient tolerance to chemotherapy or radiotherapy such
as multi-drug resistance gene therapy; and (ix)
immunotherapeutic approaches, including ex-vivo and
in-vivo approaches to increase the immunogenicity of
patient tumour cells, such as transfection with
cytokines such as interleukin 2, interleukin 4 or
granulocyte-macrophage colony stimulating factor,
approaches to decrease T-cell anergy, approaches using
transfected immune cells such as cytokine-transfected
dendritic cells, approaches using cytokine-transfected
tumour cell lines and approaches using anti-idiotypic
antibodies. The invention will now be further
explained by reference to the following illustrative
examples. Unless stated otherwise, starting materials
were commercially available. All solvents and
commercial reagents were of laboratory grade and were
used as received. In the examples 1H NMR spectra were
recorded on a Bruker DPX 300 (300 MHz), Bruker DRX 400
(400 MHz) instrument or a Bruker DRX 500 (500 MHz)
instrument. Thecentral peaks of chloroform-d (5H 7.27
ppm), dimethylsulfoxide-d 6 (5H 2.50 ppm) or
acetone-d6 (5H 2.05 ppm) were used as internal
references. The following abbreviations have been
used: s, singlet; d, doublet; t, triplet; q, quartet;
m, multiplet; br, broad. Column chromatography was
carried out using silica gel (0.04-0.063 mm, Merck).
In general, a Kromasil KR-100-5-C18 reversed-phase
column (250 x 20 mm, Akzo Nobel) was used for
preparative HPLC with mixtures of acetonitrile and
water [containing 0.1% trifluoroacetic acid (TFA)]
used as the eluent at a flow rate of 10 mL/min. The
following methods were used for liquid chromatography
(LC) / mass spectral (MS) analysis :- HPLC: Agilent
1100 or Waters Alliance HT (2790 & 2795) Mass
Spectrometer: Waters ZQ ESCi HPLC Column The standard
HPLC column used is the Phemonenex Gemini Cl 8 5mm, 50
x 2 mm. Acidic HPLC Methods The mobile phases used
are: Mobile phase A: Water Mobile Phase B:
Acetonitrile Mobile Phase C: 1% Formic Acid in 50:50
WatepMeCN (v/v) Each method is followed by a rapid
equilibration using a 5 niL flow rate for 0.45 min.
Four generic HPLC methods are available; 5 Minute
Monitor Acidic methodEarly Acidic method for early
cluting compounds Mid Acidic method for middle eluting
compounds Late Acidic method for late eluting
compounds Basic HPLC methods In some instances the
standard acidic methods may be unsuitable for either
the compound ionisation or the chromatography
separation required. In such cases four comparable
Basic HPLC methods are available. The mobile phases
used are: Mobile phase A: Water Mobile Phase B:
Acetonitrile Mobile Phase D: 0.1% 880 Ammonia in
acetonitrileEach method is followed by a rapid
equilibration using a 5 inL flow rate for 0.45 min.
Minute Monitor Basic method Early Basic method for
early eluting compounds Mid Basic method for middle
eluting compoundsLate Basic method for late eluting
compounds The following method was used for liquid
chromatography (LC) / mass spectral (MS) analysis :-
Instrument: Agilent 1100; Column: Waters 'Symmetry'
2.1 x 30 mm; Mass Spectral analysis using chemical
ionisation (APCI); Flow rate: 0.7 mL/min; Absorption
Wavelength: 254 nm; Solvent A: water + 0.1% TFA;
Solvent B: acetonitrile + 0.1% TFA ; Solvent Gradient:
15-95% Solvent B for 2.7 minutes followed by 95%
Solvent B for 0.3 minutes. The following methods were
used for LC analysis :- Method A :- Instrument:
Agilent 1100; Column: Kromasil C18 reversed-phase
silica, 100 x 3 mm, 5mm particle size; Solvent A: 0.1%
TFA/water, Solvent B: 0.08% TFA/acetonitrile; Flow
Rate: 1 mL/min; Solvent Gradient: 10-100% Solvent B
for 20 minutes followed by 100% Solvent B for 1
minute; Absorption Wavelengths: 220, 254 and 280 nm.
In general, the retention time of the product was
noted. Method B :- Instrument: Agilent 1100; Column:
Waters 'Xterra' C8 reversed-phase silica, 100 x 3 mm,
5mm particle size; Solvent A: 0.01 5M ammonia in
water, Solvent B: acetonitrile; Flow Rate: 1 ml/min,
Solvent Gradient: 10-100% Solvent B for 20 minutes
followed by 100% Solvent B for 1 minute; Absorption
Wavelength: 220, 254 and 280 nm. In general, the
retention time of the product was noted. The following
abbreviations are used herein or within the following
illustrative examples :-HPLC High Performance Liquid
Chromatography HBTU O-(benzotriazol- 1-yl)- , , ',
'-tetramethyluronium hexafluorophosphate; HATU
<9-(7-azabenzotriazol- 1-yl)-iV, ,
',7V-tetramethyluronium hexafluorophosphate; HOBT
1-hydroxybenzotriazole; HOAT
l-hydroxy-7-azabenzotriazole; DIEA A
iV-diisopropylethylamine; NMP
JV-methylpyrrolidin-2-one; DMSO dimethylsulfoxide; DMF
tV,iV-dimethylformamide; DMA iV, -dimethylacetamide;
THF tetrahydrofuran; DME 1,2-dimethoxyethane; DCCI
dicyclohexylcarbodiimide; MeOH methanol; MeCN
acetonitrile; DCM dichloromethane; DIPEA
iV,iV-diisopropylethylamine. The chemical names were
generated by software which used the Lexichem Toolkit
(v. 1.40) from OpenEye Scientific Software
(www.eyesopen.com) to generate IUPAC conforming names.
Example 1:
4-(methylsulfonylmethyI)-6-morphoIin-4-yI-2-thiophen-3
-yI-pyrimidine
2-methylsulfanyl-4-(methylsulfonylmethyl)-6-morpholin-
4-yl-pyrimidine (151 mg, 0.5 mmol),
thiophene-3-boronic acid (141mg, 1.1 mmol),
copper(I)thiophene-2-carboxylate (248 mg, 1.3 mmol),
palladium tetrakis triphenylphosphine (47 mg, 0.04
mmol) and 1,4-dioxane added (5 ml) were added to a
microwave vessel. The system was degassed with
nitrogen, sealed and heated in a microwave reactor at
130 C for 45 minutes. The resulting products were
solubilised with NMP and purified by SCX
chromatography, eluting the desired compounds with 7N
methanol ammonia. The product was further purified
using reverse phase preparative HPLC (see purification
details after table) to afford the title compound,
(4.3 mg). LCMS Spectrum: MH+ 340.5, Retention Time
1.86, Method: See details after table below. NMR
Spectrum : 1HNMR (300.132 MHz, DMSO) 53.20 (s, 3H),
3.71 (s, 8H), 4.47 (s, 2H), 6.83 (s, IH), 7.60 (dd,
IH), 7.76 (dd, IH), 8.29 (dd, IH) The starting
material
2-methyIsulfanyl-4-(methylsuIfonyImethyl)-6-morpholin-
4-yIpyrimidine was prepared as follows:
2-methylsulfanyl-4-(methylsuIfonylmethyl)-6-morpholin-
4-yI- pyrimidine
2-methylsulfanyl-6-(methylsulfonylmethyl)pyrimidin-4-o
l (15 g, 63.97 mmol) was heated at reflux in
phosphorous oxychloride (100 ml) for approximately 1
hour. Phosphorous oxychloride was evaporated and the
residue was neutralised with sodium hydroxide solution
and extracted into ethyl acetate. The resultant
mixture was then dried over magnesium sulfate,
filtered and evaporated to dryness to afford the crude
4-chloro-2-
methylsulfanyl-6-(methylsulfonylmethyl)pyrimidine.
This was then dissolved in DCM, morpholine (319 mmol,
28 ml) was added and the reaction stirred at room
temperature. Upon completion the resulting precipitate
was collected as a white solid. Concentration of the
filtrate afforded more solid
2-methylsulfanyl-4-(methylsulfonylmethyl)-6-morpholin-
4- yl- pyrimidine (total 13.7g). LCMS Spectrum : MH+
304.50, Retention Time 1.49, Method: Monitor Base NMR
Spectrum : 1H NMR (300.132 MHz, DMSO) 52.45 (s, 3H),
3.49 - 3.74 (m, 8H), 4.37 (s, 2H), 6.66 (s, IH)
ppm.2-methylsulfanyI-6-(methylsulfonylmethyl)pyrimidin
-4-ol 6-(chloromethyl)-2-methylsulfanyl-pyrimidin-4-ol
(19.07 g, 100 mmol) was suspended in acetonitrile (400
ml). To this stirring suspension was added
methanesulfinic acid sodium salt (12.255g, 120 mmol)
and DMF (100 ml). The reaction was then heated to 100
C to give a dark suspension and monitored by LCMS.
Once complete, the solvents were removed and the
resultant product added to 1:1MeOH:DCM (200 ml) and
acidified with acetic acid (10 ml). The resultant
precipitate was collected, washed with water (200 ml)
and MeOH ( 100 ml) and dried overnight in vacuo to
afford the title compound as a white solid, (16.45g).
LCMS Spectrum : MH+ 235.2, Retention Time 0.5, Method:
Early Base NMR Spectrum : 1H NMR (300.132 MHz, DMSO)
52.50 (s, 3H), 3.12 (s, 3H), 4.39 (s, 2H), 6.25 (s,
IH), 13.09 (s, IH) ppm.
6-(chloromethyl)-2-methylsulfanyl-pyrimidin-4-ol
S-Methyl-2-thiopseudourea sulfate (20 g, 71.85 mmol),
ethyl 4-chloroacetoacetate (10.755 ml, 79.04 mmol) and
sodium carbonate (13.925 g, 107.78 mmol) were
dissolved in water (100 ml) and stirred at room
temperature overnight. The reaction was monitored by
TLC, and once complete, the reaction precipitate was
collected and the supernatant was neutralised with 6N
hydrochloric acid to yield more reaction precipitate
which was also collected. The accumulated precipitate
was then washed with water (x3) and an off-white solid
was obtained. This was dried in vacuo at 60 C for 48
hours to yield the desired compound as a pale
yellow/white solid, (43 .2g). Mass Spectrum :M+ 190
NMR Spectrum : 1H NMR (300.132 MHz, CDCl3) d 2.59 (s,
3H), 4.35 (s, 2H), 6.41 (s, IH), 12.70 (s, IH) ppmThe
compounds shown in table 1 were prepared in an
analogous manner to 4-
(methylsulfonylmethyl)-6-morpholin-4-yl-2-thiophen-3-y
l-pyrimidine (example 1), except where noted. Table
1:CHEMICAL COMPOUNDS BACKGROUND OF THE INVENTION EDG
(endothelial differentiation gene) receptors belong to
a family of closely related, lipid activated G-protein
coupled receptors. EDG-I, EDG-3, EDG-5, EDG-6, and
EDG-8 (also known as SlPl, S1P3, S1P2, S1P4, and S1P5)
are identified as receptors specific for sphingosine-1
-phosphate (SIP). EDG2, EDG4, and EDG7 (known also as
LPAl, LPA2, and LPA3, respectively) are receptors
specific for lysophosphatidic (LPA). Among the SIP
receptor isotypes, EDG-I, EDG-3 and EDG-5 are widely
expressed in various tissues, whereas the expression
of EDG-6 is confined largely to lymphoid tissues and
platelets, and that of EDG-8 to the central nervous
system. EDG receptors are responsible for signal
transduction and are thought to play an important role
in cell processes involving cell development,
proliferation, maintenance, migration,
differentiation, plasticity and apoptosis. Certain EDG
receptors are associated with diseases mediated by the
de novo or deregulated formation of vessels-for
example, for diseases caused by ocular
neovascularisation, especially retinopathies (diabetic
retinopathy, age-related macular degeneration);
psoriasis; haemangioblastomas such as
"strawberry-marks"; various inflammatory diseases,
such as arthritis, especially rheumatoid arthritis,
arterial atherosclerosis and atherosclerosis occurring
after transplants, endometriosis or chronic asthma;
and tumor diseases. EDG receptors are also associated
with various inflammatory diseases, such as arthritis,
especially rheumatoid arthritis, arterial
atherosclerosis and atherosclerosis occurring after
transplants, endometriosis or chronic asthma; and,
especially, tumor diseases or by lymphocyte
interactions, for example, in transplantation
rejection, autoimmune diseases, inflammatory diseases,
infectious diseases and cancer. An alteration in EDG
receptor activity contributes to the pathology and/or
symptomology of these diseases. Accordingly, molecules
that themselves alter the activity of EDG receptors
are useful as therapeutic agents in the treatment of
such diseases. SUMMARY OF THE INVENTION In accordance
with the present invention, the applicants have hereby
discovered novel compounds that are Edg-1 antagonists.
These compounds of the present invention provide a
method for treating a variety of angiogenesis-related
diseases that may be characterized by any abnormal,
undesirable or pathological angiogenesis, for example,
tumor-related angiogenesis.The compounds may be used
to produce an anti-cancer effect mediated alone or in
part by antagonism of Edg- 1. Such a compound of the
invention is expected to possess a wide range of
activity in angiogenesis-related diseases including,
but not limited to, non-solid tumors such as leukemia,
multiple myeloma, hematologic malignancies or
lymphoma, and also solid tumors and their metastases
such as melanoma, non-small cell lung cancer, glioma,
hepatocellular (liver) carcinoma, glioblastoma,
carcinoma of the thyroid, bile duct, bone, gastric,
brain/CNS, head and neck, hepatic, stomach, prostrate,
breast, renal, testicular, ovarian, skin, cervical,
lung, muscle, neuronal, esophageal, bladder, lung,
uterine, vulval, endometrial, kidney, colorectal,
pancreatic, pleural/peritoneal membranes, salivary
gland, and epidermoid tumors. The compounds of the
invention are accordingly useful for their
anti-angiogenic (such as anti-cancer) activity and are
therefore useful in methods of treatment of the human
or animal body. The invention also relates to
processes for the manufacture of said compounds, to
pharmaceutical compositions containing them and to
their use in the manufacture of medicaments for use in
the production of an anti-cancer effect, for example
an anti-proliferative effect, in warm-blooded animals
such as man. The present invention includes
pharmaceutically acceptable salts of such compounds.
Also in accordance with the present invention
applicants provide pharmaceutical compositions and a
method to use such compounds in the treatment of
cancer. DETAILED DESCRIPTION OF THE INVENTION
Accordingly, the present invention provides a compound
of formula (I) (I) or a pharmaceutically acceptable
salt thereof, wherein Ri is aryl, heteroaryl, C
-6alkyl, ar(Ci-6alkyl), or heteroar(Ci- 6alkyl)
wherein Ri may be optionally substituted on carbon by
one or more substituents selected from Ci-3alkyl, halo
Ci-3alkyl, C3-6cycloalkyl, Ci-3alkoxy, Ci-3alkylthio,
-0(CH 2) 1.5CF3, halo, nitro, cyano, =0, =S, -OH, -SH,
-CF3, -OCF3, -CO2H, -CO2C,-C6alkyl, -NH2,
-NH(Ci-6alkyl),-CONR'R", or -N(Ci- 6alkyl) 2 where R'
and R" are independently C^aUcyl or aryl, or together
with the nitrogen to which they are attached form a 4-
to 7-membered ring and wherein if said heteroaryl or
heteroar(Ci -6alkyl) contain an -NH- moiety that
nitrogen may be optionally substituted by a group
selected from Ci-6alkyl, Ci-6alkanoyl,
Ci-6alkylsulphonyl, Ci- alkoxycarbonyl, carbamoyl,
JV-(Ci-6alkyl)carbamoyl, N,iV-(C1-6alkyl)carbamoyl,
benzyl, benzyloxycarbonyl, benzoyl and
phenylsulphonyl; R2 is Ci-6alkyl, C2-6alkenyl,
C2-6alkynyl, C3-6cycloalkyl, C3-6cycloalkyl(Ci-
6alkyl), aryl, heteroaryl, ar(C]- 6alkyl), or
heteroar(Ci- 6alkyl) wherein R2 may be optionally
substituted on carbon by one or more substituents
selected from Ci-3alkyl, haloCi- 3alkyl,
C3-6cycloalkyl, Cr 3alkoxy, Ci-3alkylthio, -0(CH 2)
I-5CF3, halo, nitro, cyano, =0, =S, -OH, -SH, -CF3,
-OCF3, - CO2H, -CO2Cr C6alkyl, -NH2, -NH(C 1-6alkyl),
-CONR'R", or -N(C r 6alkyl) 2 where R' and R" are
independently Ci- 6alkyl or aryl, or together with the
nitrogen to which they are attached form a 4- to
7-membered ring and wherein if said heteroaryl or
heteroar(Ci-6alkyl) contain an -NH- moiety that
nitrogen may be optionally substituted by a group
selected from Ci_6alkyl, Ci-6alkanoyl,
Ci-6alkylsulphonyl, Ci.6alkoxycarbonyl, carbamoyl,
-(Ci -6alkyl)carbamoyl, JV,iV-(Ci-6alkyl)carbamoyl,
benzyl, benzyloxycarbonyl, benzoyl and
phenylsulphonyl; R3 is Ci-6alkyl, C3-6Cy cloalkyl,
C3-6cycloalkyl(Ci- 6alkyl), heterocyclylCi- 6alkyl,
ar(Ci- 6alkyl), C3-6alkenyl, C -6alkynyl, or
heteroar(Ci-6alkyl) wherein R3 may be optionally
substituted on carbon by one or more substituents
selected from Ci- 3alkyl, haloCi- 3alkyl, C3-
ecycloalkyl, Ci- 3alkoxy, C1-3alkylthio,
-O(CH2)i-5CF3, halo, nitro, cyano, =0, =S, -OH, -SH, -



CF3, -OCF3, -CO2H, -CO2Cr C6alkyl, -NH2, -NH(d-
6alkyl), -CONR'R", or -N(C -6alky I)2 where R' and R"
are independently Ci- alkyl or aryl, or together with
the nitrogen to which they are attached form a 4- to
7-membered ring and wherein if said heterocyclyl(Ci-
6alkyl) or heteroar(Ci- 6alkyl) contain an -NH- moiety
that nitrogen may be optionally substituted by a group
selected from Ci-6alkyl, Ci-6alkanoyl,
Ci-6alkylsulphonyl, Ci- alkoxycarbonyl, carbamoyl,
7V-(Ci-6alkyl)carbamoyl, N,N-(Ci -6alkyl)carbamoyl,
benzyl, benzyloxycarbonyl, benzoyl and
phenylsulphonyl; R* is H, Ci- alkyl, C3-6cycloalkyl,
aryl, C-linked heteroaryl, C-linked heterocyclyl,
C3-6alkenyl, C3-6alkynyl, ar(Ci-6alkyl), heteroar(Ci-
alkyl), cycloalkyl(Ci-6alkyl), heterocyclyl(Ci-
6alkyl), acyl, Ci- 6alkoxycarbonyl(Ci- 6alkyl), cyano
or cyanoalkyl wherein R may be optionally substituted
on carbon by one or more substituents selected from
Ci-3alkyl,haloCi- 3alkyl, C3-6cycloaIkyl, Ci- 3alkoxy,
Ci-3alkylthio, -0(CH 2) I-5CF3, halo, nitro, cyano,
=0, =S, -OH, -SH, -CF3, -OCF3, -CO2H, -CO2Ct-C6alkyl,
-NH2, -NH(Ci- 6alkyl), -CONR'R", or - N(Ci- 6alkyl) 2
where R' and R" are independently Ci- 6alkyl or aryl,
or together with the nitrogen to which they are
attached form a 4- to 7-membered ring and wherein if
said C-linked heteroaryl, C-linked heterocyclyl,
heterocyclyl(Ci- 6alkyl) or heteroar(Ci- 6alkyl)
contain an -NH- moiety that nitrogen may be optionally
substituted by a group selected from Ci-6alkyl, Ci-
alkanoyl, Ci-6alkylsulphonyl, carbamoyl, N-(Ci.
6alkyl)carbamoyl, ]V,iV-(Ci_6alkyl)carbamoyl, benzyl,
benzyloxycarbonyl, benzoyl and phenylsulphonyl
provided the compound is notiv ~-[l-(4-propyl-4
H-l,2,4-triazol-3-yl)ethyl]benzenesulfonamide. In
another embodiment the invention is directed to a
compound of formula (II) (H) or a pharmaceutically
acceptable salt thereof, wherein Ri is aryl,
heteroaryl, -alkyl, ar(Ci- 6alkyl), or heteroa^Cr
alkyl) wherein Ri may be optionally substituted on
carbon by one or more substituents selected from Ci-
3alkyl, halo Ci- 3alkyl, C3-6cycloalkyl, Ci- 3alkoxy,
Ci-3alkylthio, -O(CH2) i-5CF3, halo, nitro, cyano, =0,
=S, -OH, -SH, -CF3, -OCF3, -CO2H, -CO2Ci-C 6alkyl,
-NH2, -NH(C r 6alkyl), -CONR'R", or -N(Ci- 6alkyl) 2
where R' and R" are independently Ci- alkyl or aryl,
or together with the nitrogen to which they are
attached form a 4- to 7-membered ring and wherein if
said heteroaryl or heteroar(Ci -6alkyl) contain an
-NH- moiety that nitrogen may be optionally
substituted by a group selected from Ci-6alkyl,
Ci-6alkanoyl, Ci-6alkylsulphonyl, Ci-6alkoxycarbonyl,
carbamoyl, iV-(Ci- alkyl)carbamoyl, N
N-(C1-6alkyl)carbamoyl, benzyl, benzyloxycarbonyl,
benzoyl and phenylsulphonyl; R2 is heteroar(Ci-
6alkyl) wherein R2 may be optionally substituted on
carbon by one or more substituents selected from Ci-
3alkyl, halo Ci-3alkyl, C3-6cycloalkyl, Ci- 3alkoxy,
Ci- 3alkylthio, -0(CH 2)I-5CF3, halo, nitro, cyano,
=0, =S, -OH, -SH, -CF3, -OCF3, -CO2H, - CO2C C6alkyl,
-NH2, -NH(d- 6alkyl), -CONR'R", or -N(d- 6alkyl) 2
where R' and R" areindependently Ci- 6alkyl or aryl,
or together with the nitrogen to which they are
attached form a 4- to 7-membered ring and wherein if
said heteroar(Ci- 6alkyl) contains an -NH- moiety that
nitrogen may be optionally substituted by a group
selected from Ci-6alkyl, Ci_6alkanoyl, Ci.
alkylsulphonyl, Ci-6alkoxycarbonyl, carbamoyl, N-(C].
6alkyl)carbamoyl, N,N~(Ci-6alkyl)carbamoyl, benzyl,
benzyloxycarbonyl, benzoyl and phenylsulphonyl; R3 is
Ci- 6alkyl, C3-6cycloalkyl, C3-6cycloalkyl(Ci-
6alkyl), heterocyclic i-6alkyl, a C - alkyl),
C3-6alkenyl, C3-6alkynyl, or heteroar(Ci- 6alkyl)
wherein R may be optionally substituted on carbon by
one or more substituents selected from Ci- 3alkyl,
haloCi- 3alkyl, C3- 6cycloalkyl, d -3alkoxy, Ci-
3alkylthio, -O(CH 2)i-5CF3, halo, nitro, cyano, =0,
=S, -OH, -SH, - CF3, -OCF 3, -CO2H, -CO2C1-Qalkyl,
-NH2, -NH(Ci- 6alkyl), -CONR'R", or -N(C 1- aIlCyI)2
where R' and R" are independently Ci- 6alkyl or aryl,
or together with the nitrogen to which they are
attached form a 4- to 7-membered ring and wherein if
said heterocyclyl(Ci- 6alkyl) or heteroar(Ci- 6alkyl)
contain an -NH- moiety that nitrogen may be optionally
substituted by a group selected from Ci-6alkyl,
C1-6alkanoyl, Ci-6alkylsulphonyl, Ci-6alkoxycarbonyl,
carbamoyl, -(C i-6alkyl)carbamoyl, N N-(C
[.6alkyl)carbamoyl, benzyl, benzyloxycarbonyl, benzoyl
and phenylsulphonyl; and R4 is H, Ci- 6alkyl,
C3-6cycloalkyl, aryl, heteroaryl, heterocyclyl,
C3~6alkenyl, C3-6alkynyl, ar(Ci- 6alkyl), heteroar(Ci-
6alkyl), C3-6cycloalkyl(Ci- 6alkyl), heterocyclyl(Ci-
6alkyl), acyl, acyloxy, acylamino, Ci-
6alkoxycarbonyl(Ci- 6alkyl), cyano or cyano(Ci-
6alkyl) wherein R may be optionally substituted on
carbon by one or more substituents selected from
Ci-3alkyl, haloC^alkyl, C3-6cycloalkyl, Ci-3alkoxy,
Ci- 3alkylthio, -0(CH ) I-SCFs, halo, nitro, cyano,
=0, =S, -OH, -SH, -CF3, -OCF3, -CO2H, -CO2Ci-C 6alkyl,
-NH2, -NH(Ci- 6alkyl), -CONR'R", or - N(Ci- 6alkyl) 2
where R' and R" are independently Ci- 6alkyl or aryl,
or together with the nitrogen to which they are
attached form a 4- to 7-membered ring and wherein if
said heteroaryl, heterocyclyl, heteroar(Ci- 6alkyl), C
- cycloalkyKA-ealkyl) or heterocyclyl(Ci- 6alkyl)
contain an -NH- moiety that nitrogen may be optionally
substituted by a group selected from Ci_6alkyl,
C1-6alkanoyl, Ci-6alkylsulphonyl, Ci- alkoxycarbonyl,
carbamoyl, N-(Ci-6alkyl)carbamoyl, N- Ci.
alkyOcarbamoyl, benzyl, benzyloxycarbonyl, benzoyl and
phenylsulphonyl.In another embodiment the invention is
directed to a compound of formula (Ia) (Ia) or a
pharmaceutically acceptable salt thereof, wherein the
definitions of Ri, R2, R3 and R* are as defined for
formula (I), above. In a still further embodiment the
invention is directed to a compound of formula (Ha)
(Ha) or a pharmaceutically acceptable salt thereof,
wherein the definitions of R1, R2, R3 and R4 are as
defined for formula (II), above. A further aspect of
the invention are compounds of formula (3) (3) or a
pharmaceutically acceptable salt thereof, wherein: Ri
is aryl, heteroaryl, (Ci-Chalky 1, aralkyl, or
heteroaralkyl; R is H, (Ci-C6)alkyl, aryl, heteroaryl,
aralkyl, or heteroaralkyl; R2' is H or (Ci-C6)alkyl;
R3 is (Ci-C6)alkyl, cycloalkylalkyl, heterocyclyl,
aralkyl, (C3-C )alkenyl, (C3-C )alkynyl, or
heteroaralkyl;R* is (Ci-C6)alkyl, aryl, heteroaryl,
heterocyclyl, (C3-C6)alkenyl, (C3-C6)alkynyl, aralkyl,
heteroaralkyl, cycloalkylalkyl, heterocyclylalkyl,
acyl, acyloxy, acylamino, or
(Ci-C6)alkoxycarbonyl(Ci-C 6)alkyl, cyano, cyanoalkyl;
or R* is X-R5, wherein X is S, O, OrNR6, wherein R6 is
H or (Ci-C6)alkyl; and R5 is H, (Ci-C6)alkyl, aryl,
heteroaryl, heterocyclyl, (C3-C )alkenyl,
(C3-C6)alkynyl, aralkyl, heteroaralkyl,
cycloalkylalkyl, heterocyclylalkyl, acyl, acyloxy,
acylamino, (Ci-C6)alkoxycarbonyl(Ci-C 6)alkyl, cyano,
or cyanoalkyl; wherein Ri, R2, R2' , R3 and R* may be
optionally substituted on carbon by one or more
substituents selected from (Ci-C3)alkyl,
(Ci-C3)haloalkyl, (Ci-C 3)alkoxy, alkylthio, - 0(CH
2)I-5CF3, halo, nitro, cyano, =0, =S, -OH, -SH, -CF 3,
-OCF 3, -CO 2H, COaQ-Cealkyl, -NH 2,-NHQ-C
6alkyl,-CONR'R", or -N(C -C6alkyl)2 where R' and R"
are independently alkyl or aryl, or together with the
nitrogen to which they are attached form a 4- to
7-membered ring. What is also provided is a compound
of formula 3a or 3b or a pharmaceutically acceptable
salt thereof, wherein: Ri is aryl, heteroaryl, (Ci-C
)alkyl, aralkyl, or heteroaralkyl; R is H,
(Ci-C6)alkyl, aryl, heteroaryl, aralkyl, or
heteroaralkyl; R2 is H or (Ci-C6)alkyl; R3 is
(Ci-C6)alkyl, cycloalkylalkyl, heterocyclyl, aralkyl,
(C3-C6)alkenyl, (C3-C6)alkynyl, or heteroaralkyl; R*
is (Ci-Cd)alkyl, aryl, heteroaryl, heterocyclyl,
(C3-C6)alkenyl, (C3-C6)alkynyl, aralkyl,
heteroaralkyl, cycloalkylalkyl, heterocyclylalkyl,
acyl, acyloxy, acylamino, (Ci-C6)alkoxycarbonyl(Ci-C
6)alkyl, cyano, or cyanoalkyl; or R* is X-R5, wherein
X is S, O, or NR6, wherein R6 is H or (Ci-C6)alkyl;
and R5 is H, (Ci-C6)alkyl, aryl, heteroaryl,
heterocyclyl, (C3-Ce)alkenyl, (C3-C6)alkynyl, aralkyl,
heteroaralkyl, cycloalkylalkyl, heterocyclylalkyl,
acyl, acyloxy, acylamino, (C)-C6)alkoxycarbonyl(Ci-C
6)alkyl, cyano, or cyanoalkyl;wherein Ri, R2, R2', R3
and R* may be optionally substituted on carbon by one
or more substituents selected from (Ci-C3)alkyl,
(Ci-C3)haloalkyl, (Ci-C3)alkoxy, alkylthio, - 0(CH 2)
I-5CF3, halo, nitro, cyano, =0, =S, -OH, -SH, -CF 3,
-OCF 3, -CO 2H, CO2Ci-C6alkyl, -NH 2,-NHCr C6alkyl,
-CONR'R", or -N(C!-C6alkyl)2 where R' and R" are
independently alkyl or aryl, or together with the
nitrogen to which they are attached form a 4- to
7-membered ring. Unless otherwise stated, the
following terms used in the specification and claims
have the following meanings. "Halo" means fluoro,
chloro, bromo or iodo. "(Ci-C6)Alkyl" means a linear
saturated monovalent hydrocarbon radical of one to six
carbon atoms or a branched saturated monovalent
hydrocarbon radical of three to six carbon atoms,
e.g., methyl, ethyl, propyl, 2-propyl, tert-butyl,
sec-butyl, n-pentyl, n-hexyl, and the like. An
"alkylene," "alkenylene," or "alkynylene" group is an
alkyl, alkenyl, or alkynyl group, respectively, that
is positioned between and serves to connect two other
chemical groups. Thus, "(Ci-C )alkylene" means a
linear saturated divalent hydrocarbon radical of one
to six carbon atoms or a branched saturated divalent
hydrocarbon radical of three to six carbon atoms,
e.g., methylene, ethylene, propylene,
2-methylpropylene, pentylene, and the like.
"(C2-C6)Alkenylene" means a linear divalent
hydrocarbon radical of two to six carbon atoms or a
branched divalent hydrocarbon radical of three to six
carbon atoms, containing at least one double bond, for
example, as in ethenylene, 2,4-pentadienylene, and the
like. "(C2-C6)Alkynylene" means a linear divalent
hydrocarbon radical of two to six carbon atoms or a
branched divalent hydrocarbon radical of three to six
carbon atoms, containing at least one triple bond, for
example, as in ethynylene, propynylene, and the like.
"(C3-C6)Cycloalkyl" means a hydrocarbon ring
containing from 3 to 6 carbon atoms for example,
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl.
Where possible, the cycloalkyl group may contain
double bonds, for example, 3-cyclohexen-l-yl. Examples
of substituted cycloalkyl groups include
fluorocyclopropyl, 2-iodocyclobutyl,
2,3-dimethylcyclopentyl, 2,2-dimethoxycyclohexyl, and
3-phenylcyclopentyl. "(Cs-C^Cycloalky^Q-C^alkyl" means
a (C3-C )cycloalkyl group covalently attached to a
(Ci-C6)alkylene group, both of which are defined
herein. The term "heterocyclyl" means a monocyclic,
fused, bridged, or spiro bicyclic heterocyclic ring
system(s) which may be saturatedor partially
unsaturated and which optionally may be substituted
with up to 4 groups selected from those recited above
as substituents for alkyl. Monocyclic heterocyclic
rings contain from about 3 to 12 ring atoms, with from
1 to 5 heteroatoms selected from N, O, and S, and
preferably from 3 to 7 member atoms, in the ring.
Bicyclic heterocycles contain from 7 to 17 member
atoms, preferably 7 to 12 member atoms, in the ring.
Bicyclic heterocycles contain from about 7 to about 17
ring atoms, preferably from 7 to 12 ring atoms.
Bicyclic heterocyclic(s) rings may be fused, spiro, or
bridged ring systems. Examples of heterocyclic groups
include cyclic ethers (oxiranes) such as
ethyleneoxide, tetrahydrofuran, dioxane, and
substituted cyclic ethers. Typical substituted cyclic
ethers include propyleneoxide, phenyloxirane (styrene
oxide), cis-2-butene-oxide (2,3-dimethyloxirane),
3-chlorotetrahydrofuran, 2,6-dimethyl-l,4-dioxane, and
the like. Heterocycles containing nitrogen are groups
such as pyrrolidine, piperidine, piperazine,
tetrahydrotriazine, tetrahydropyrazole, and
substituted groups such as 3-aminopyrrolidine,
4-methylpiperazin-l-yl, and the like. Typical sulfur
containing heterocycles include tetrahydrothiophene,
dihydro-l,3-dithiol-2-yl, and hexahydrothiepin-4-yl.
Other commonly employed heterocycles include
dihydro-oxathiol-4-yl, tetrahydro-oxazolyl,
tetrahydro-oxadiazolyl, tetrahydrodioxazolyl,
tetrahydro-oxathiazolyl, hexahydrotriazinyl,
tetrahydro-oxazinyl, morpholinyl, thiomorpholinyl,
tetrahydropyrimidinyl, dioxolinyl,
octahydrobenzofuranyl, octahydrobenzimidazolyl, and
octahydrobenzothiazolyl. For heterocycles containing
sulfur, the oxidized sulfur heterocycles containing SO
or SO2 groups are also included. Examples include the
sulfoxide and sulfone forms of tetrahydrothiophene.
"C-linked heterocyclyl" means that the heterocyclyl
group is attached to the triazole ring via a carbon
atom of the heterocyclyl group. "Heterocyclyl(Ci-C
6)alkyl" means a heterocyclyl group covalently
attached to a (Ci-C )alkylene group, both of which are
defined herein. The term "aryl" means a cyclic or
polycyclic aromatic ring having from 5 to 12 carbon
atoms. The term aryl includes both monovalent species
and divalent species. Examples of aryl groups include,
but are not limited to, phenyl, biphenyl, naphthyl,
2-chlorophenyl, 3-chlorophenyl, 4-chlorophenyl,
2-methylphenyl, 3-methylphenyl, 4-methylphenyl,
2-methoxyphenyl, 3-methoxyphenyl, 4-methoxyphenyl,
2-chloro-3-methylphenyl, 2-chloro-4-methylphenyl,
2-chloro-5-methylphenyl, 3-chloro-2-methylphenyl,
3-chloro-4-methylphenyl,
4-chloro-2-methylrhenyl,4-chloro-3-methylphenyl,
5-chloro-2-methylphenyl, 2,3-dichlorophenyl,
2,5-dichlorophenyl, 3,4-dichlorophenyl,
2,3-dimethyIphenyl, 3,4-dimethylphenyl,
4-trifluoromethyl and the like. Ar(Ci-C 6)alkyl means
an aryl group covalently attached to a (Ci-C
6)alkylene group, both of which are defined herein.
Examples of aralykl groups include benzyl,
phenylethyl, 3-(3-chlorophenyl)-2-methylpentyl, and
the like The term "heteroaryl" means an aromatic
mono-, bi-, or polycyclic ring incorporating one or
more (i.e. 1-4) heteroatoms selected from N, O, and S.
The term heteroaryl includes both monovalent species
and divalent species. Examples of monocyclic
heteroaryl include, but are not limited to substituted
or unsubstituted thienyl, furanyl, pyrrolyl,
imidazolyl, pyrazolyl, isothiazolyl, isoxazolyl,
triazolyl, tetrazolyl, pyridinyl, pyrazinyl,
pyrimidinyl, piperidinyl, pyrrolidinyl, piperazinyl,
azetidinyl, aziridinyl, morpholinyl, thietanyl,
oxetaryl. Monocyclic diheterocycles include, but are
not limited to, 1-, 2-, 4-, or 5-imidazolyl, 1-, 3-,
4-, or 5-pyrazolyl, 3-, 4-, or 5-isothiazolyl, 3-, A-,
or 5-isoxazolyl, 1,3-, or 5-triazolyl, 1-, 2-, or
3-tetrazolyl, 2-pyrazinyl, 2-, 4-, or 5-pyrimidinyl,
1- or 2-piperazinyl, 2-, 3-, or 4-morpholinyl.
Examples of bicyclic and polyclic heteroaryl groups
include, but are not limited to include but are not
limited to 1-, 2-, 3-, 5-, 6-, 7-, or 8-indolizinyl,
1-, 3-, 4-, 5-, 6-, or 7-isoindolyl, 2-, 3-, A-,
5-,6-, or 7-indolyl, 2-, 3-, A-, 5-, 6-, or
7-indazolyl, 2-, A-, 5-, 6-, 7-, or 8-purinyl, 1-, 2-,
3-, A-, 6-, 7-, 8-, or 9-quinolizinyl, 2-, 3-, A-, 5-,
6-, 7-, or 8-quinolinyl, 1-, 3-, A-, 5-, 6-, 7-, or
8-isoquinolinyl, 1-, 4-, 5-, 6-, 7-, or
8-phthalazinyl, 2-, 3-, A-, 5-, or 6-naphthyridinyl,
2-, 3-, 5-, 6-, 7-, or 8-quinazolinyl, 3-, 4-, 5-, 6-,
7-, or 8-cinnolinyl, 2-, A-, 6-, or 7-pteridinyl, 1-,
2-, 3-, A-, 5-, 6-, 7-, or 8-4aH carbazolyl, 1-, 2-,
3-, A-, 5-, 6-, 7-, or 8-carbazolyl, 1-, 3-, A-, 5-,
6-, 7-, 8-, or 9-carbolinyl, 1-, 2-, 3-, 4-, 6-, 7-,
8-, 9-, or 10-phenanthridinyl, 1-, 2-, 3-, A-, 5-, 6-,
7-, 8-, or 9-acridinyl, 1-, 2-, A-, 5-, 6-, 7-, 8-, or
9-perimidinyl, 2-, 3-, A-, 5-, 6-, 8-, 9-, or
10-phenathrolinyl, 1-, 2-, 3-, 4-, 6-, 7-, 8-, or
9-phenazinyl, 1-, 2-, 3-, A-, 6-, 7-, 8-, 9-, or
10-phenothiazinyl, 1-, 2-, 3-, A-, 6-, 7-, 8-, 9-, or
10-phenoxazinyl, 2-, 3-, 4-, 5-, 6-, or 1-, 3-, A-,
5-, 6-, 7-, 8-, 9-, or lO-benzisoquinolinyl, 2-, 3-,
4, or thieno[2,3-b]furanyl, 2-, 3-, 5-, 6-, 7-, 8-,
9-, 10-, or ll-7H-pyrazino[2,3-c]carbazolyl, 2-, 3-,
5-, 6-, or 7-2H-furo[3,2-b]-pyranyl, 2-, 3-, 4-, 5-,
7-, or 8-5H-pyrido[2,3-d]-o-oxazinyl, 1-, 3-, or
5-lH-pyrazolo[4,3-d]-oxazolyl, 2-, A-, or
5-4H-imidazo[4,5-d]thiazolyl, 3-, 5-, or
8-pyrazino[2,3-d]pyridazinyl, 2-, 3-, 5-, or
6-imidazo[2,l-b]thiazolyl, 1-, 3-, 6-, 7-, 8-, or
9-furo[3,4-c]cinnolinyl, 1-, 2-, 3-, 4-, 5-, 6-, 7-,
8-, 9-, 10, or ll-4H-pyrido[2,3-c]carbazolyl, 2-, 3-,
6-, or 7-imidazo[l,2-b][l,2,4]triazinyl,
7-benzo[b]thienyl, 2-, 4-, 5-, 6-, or 7-benzoxazolyl,
2-,A-, 5-, 6-, or 7-benzimidazolyl, 2-, A-, 5-, 6-, or
7-benzothiazolyl, 1-, 2-, 4-, 5-, 6-, 7-, 8-, or
9-benzoxapinyl, 2-, 4-, 5-, 6-, 7-, or 8-benzoxazinyl,
1-, 2-, 3-, 5-, 6-, 7-, 8-, 9-, 10-, or
1l-lH-pyrrolo[l,2-b][2]benzazapinyl. Typical fused
heteroaryl groups include, but are not limited to 2-,
3-, A-, 5-, 6-, 7-, or 8-quinolinyl, 1-, 3-, A-, 5-,
6-, 7-, or 8-isoq iiinolinyl, 2-, 3-, 4-, 5-, 6-, or
7-indolyl, 2-, 3-, 4-, 5-, 6-, or 7-benzo[b]thienyl,
2-, 4-, 5-, 6-, or 7-benzoxazolyl, 2-, A-, 5-, 6-, or
7-benzimidazolyl, 2-, 4-, 5-, 6-, or 7-benzothiazolyl.
"C-linked heteroaryl" means that the heteroaryl group
is attached to the triazole ring via a carbon atom of
the heteroaryl group. "Heteroar(Ci-C 6alkyl)" means an
heteroaryl group covalently attached to a (Ci-C
)alkylene group, both of which are defined herein.
Examples of heteroaralkyl groups include
pyridin-3-ylmethyl, 3-(benzofuran-2-yl)propyl, and the
like. "Haloalkyl" means alkyl substituted with one or
more same or different halo atoms, e.g., -CH 2Cl, -CF
3, -CH 2CF3, CH2CCl3, and the like. "Optionally
substituted" means that the group at issue is
optionally substituted as provided. Some compounds of
the formula (I) may have chiral 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
that possess Edg-1 antagonistic activity. The
invention relates to any and all tautomeric forms of
the compounds of the formula (I) that possess Edg-1
antagonistic activity. It is also to be understood
that certain compounds of the formula (I) can exist in
solvated as well as unsolvated forms such as, for
example, hydrated forms. It is to be understood that
the invention encompasses all such solvated forms
which possess Edg-1 antagonistic activity. Particular
values of variable groups are as follows. Such values
may be used where appropriate with any of the
definitions, claims or embodiments defined
hereinbefore or hereinafter unless specifically
indicated otherwise. Ri is aryl wherein aryl may be
optionally substituted on carbon by one or more
substituents selected from Ci- 3alkyl, haloCi- 3alkyl,
C3-6cycloalkyl, Ci- 3alkoxy, Ci- 3alkylthio, - 0(CH 2)
I-5CF3, halo, nitro, cyano, =0, =S, -OH, -SH, -CF3,
-OCF3, -CO2H, -CO2C1-C6alkyl, - NH2, -NH(Ci- 6alkyl),
-CONR'R", or -N(C (-6alkyl)2 where R' and R" are
independently Ci- 6alkyl or aryl, or together with the
nitrogen to which they are attached form a 4- to
7-membered ring.Ri is heteroaryl wherein heteroaryl
may be optionally substituted on carbon by one or more
substituents selected from Ci- 3alkyl, haloCi- 3alkyl,
C3-6cycloalkyl, C]-3alkoxy, Ci- 3alkylthio, -O(CH2)
i-5CF3s halo, nitro, cyano, =0, =S, -OH, -SH, -CF3,
-OCF 3, -CO2H, - C0 2d-C 6alkyl, -NH2, -NH(Ci-
6alkyl), -CONR'R 11 , or -N(C,- 6alkyl) 2 where R' and
R" are independently C]-6alkyl or aryl, or together
with the nitrogen to which they are attached form a 4-
to 7-membered ring and wherein if said heteroaryl
contains an -NH- moiety that nitrogen may be
optionally substituted by a group selected from
Ci-6alkyl, Ci-6alkoxycarbonyl, carbamoyl, -(Ci
-6alkyl)carbamoyl, A JV-(Ci-6alkyl)carbamoyl, benzyl,
benzyloxycarbonyl, benzoyl and phenylsulphonyl. Ri is
aryl wherein aryl may be optionally substituted on
carbon by one or more halo. Ri is phenyl wherein
phenyl may be optionally substituted on carbon by one
or more substituents selected from Ci-3alkyl, haloCi-
3alkyl, C3-6cycloalkyl, Ci- 3alkoxy, Ci- 3alkylthio, -
0(CH 2) I-5CF3, halo, nitro, cyano, =0, =S, -OH, -SH,
-CF3, -OCF3, -CO2H, -CO2Cr C6alkyl, - NH2, -NH(Ci-
6alkyl), -CONR'R", or where R' and R" are
independently C,- 6alkyl or aryl, or together with the
nitrogen to which they are attached form a 4- to
7-membered ring, Ri is phenyl wherein phenyl may be
optionally substituted on carbon by one or more halo.
Ri is phenyl wherein phenyl may be optionally
substituted on carbon by chloro. Ri is p-chlorophenyl.
For compounds of formula (I) and (Ia) values for R2
are as follows: R2 is Ci-6alkyl wherein Ci-6alkyl may
be optionally substituted on carbon by one or more
substituents selected from C]-3alkyl, haloCi- 3alkyl,
C3-6cycloalkyl, Ci-3alkoxy, Ci- 3alkylthio, -0(CH 2)
I-5CF3, halo, nitro, cyano, =0, =S, -OH, -SH, -CF3,
-OCF3, -CO2H, -CO2Ci-C6alkyl, - NH2, -NH(C r 6alkyl),
-CONR'R", or -N(C r 6alkyl) 2 where R' and R" are
independently Cr 6alkyl or aryl, or together with the
nitrogen to which they are attached form a 4- to
7-membered ring. R2 is Ci- 6alkyl. R2 is Ci- 6alkyl,
C2-6alkenyl, C2-6alkynyl, C3-6cycloalkyl(Ci- 6alkyl),
ar(Ci- 6alkyl), or heteroar(Ci- 6alkyl) wherein R2 may
be optionally substituted on carbon by one or more
substituents selected from Ci-3alkyl, haloCi- 3alkyl,
C3-6cycloalkyl, Ci-3alkoxy, Ci- 3alkylthio, - 0(CH 2)
I-5CF3, halo, nitro, cyano, =0, =S, -OH, -SH, -CF3,
-OCF3, -CO2H, -COzd-Qalkyl, - NH2, -NH(Ci- 6alkyl),
-CONR'R", or -N(C r 6alkyl) 2 where R' and R" are
independently Cr 6alkyl or aryl, or together with the
nitrogen to which they are attached form a 4- to
7-membered ringand wherein if said heteroar(Ci
-galley1) contains an -NH- moiety that nitrogen may be
optionally substituted by a group selected from
Ci-6alkyl, Ci-6alkanoyl, Ci-6alkylsulphonyl,
Ci-6alkoxycarbonyl, carbamoyl,
iV-(Ci.6alkyl)carbamoyl, benzyl, benzyloxycarbonyl,
benzoyl and phenylsulphonyl. R2 is C]-6alkyl,
C2-6alkenyl, C2-6aIkynyl, C3-6cycloalkyl(Ci- 6alkyl),
or heteroar(C i-6alky 1) . R is C2-6alkenyl wherein
C2-6alkenyl may be optionally substituted on carbon by
one or more substituents selected from Ci-3alkyl,
haloCi- 3alkyl, C3-6cycloalkyl, Ci- 3alkoxy,
Ci-3alkylthio, -O(CH 2) 1-5CF3, halo, nitro, cyano,
=0, =S, -OH, -SH, -CF3, -OCF3, -CO2H, - CO2C!-C6alkyl,
-NH2, -NH(Ci- 6alkyl), -CONR'R", or -N(Ci- 6alkyl) 2
where R' and R" are independently Ci- alkyl or aryl,
or together with the nitrogen to which they are
attached form a 4- to 7-membered ring. R2 is
C2-6alkenyl. R is C3-6cycloalkyl(Ci- 6alkyl) wherein
C3-6cycloalkyl(Ci- 6alkyl) may be optionally
substituted on carbon by one or more substituents
selected from Ci-3alkyl, haloCi- 3alkyl, C3-
6cycloalkyl, C 3alkoxy, Ci- 3alkylthio, -O(CH2)
i-5CF3, halo, nitro, cyano, =0, =S, -OH, -SH, - CF3,
-OCF3, -CO2H, -CO2Ci-C 6alkyl, -NH2, -NH(Ci- 6alkyl),
-CONR'R", or -N(Ci- 6alkyl) 2 where R' and R" are
independently Ci-6alkyl or aryl, or together with the
nitrogen to which they are attached form a 4- to
7-membered ring. R2 is C3-6cycloalkyl(Ci- 6alkyl). R2
is ar(Ci- 6alkyl) wherein ar(Ci- 6alkyl) may be
optionally substituted on carbon by one or more
substituents selected from Ci-3alkyl, haloCi- 3alkyl,
C3-6cycloalkyl, Ci-3alkoxy, C,- 3alkylthio, -O(CH 2)
,-5CF3, halo, nitro, cyano, =0, =S, -OH, -SH, -CF3,
-OCF3, -CO2H, - CO2Cl -C6alkyl, -NH2, -NH(Ci- 6alkyl),
-CONR'R 11, or -N(d- 6alkyl) 2 where R' and R" are
independently Ci- alkyl or aryl, or together with the
nitrogen to which they are attached form a 4- to
7-membered ring. R2 is ar(Ci- 6alkyl). R2 is benzyl
wherein benzyl may be optionally substituted on carbon
by one or more substituents selected from Ci- 3alkyl,
haloCi- 3alkyl, C3-6cycloalkyl, Ci- 3alkoxy, Ci-
3alkylthio, - 0(CH 2) I-5CF3, halo, nitro, cyano, =0,
=S, -OH, -SH, -CF3, -OCF3, -CO2H, -CO2Ci-C 6alkyl,
-NH2, -NH(C,- 6alkyl), -CONR'R", or -N(d- 6alkyl)2
where R' and R" are independently Ci-6alkyl or aryl,
or together with the nitrogen to which they are
attached form a 4- to 7-membered ring. R2 is benzyl
optionally substituted by halo. R2 is p-fluorobenzyl.
R2 is benzyl. R2 is selected from methyl, 2-propyl,
2-propenyl, benzyl, p-fluorobenzyl and cyclopropy
lmethy1. The following values for R2 may be used where
appropriate with any of the definitions, claims or
embodiments defined hereinbefore or hereinafter. R2 is
heteroar(Ci- 6alkyl) wherein heteroar(Ci- 6alkyl) may
be optionally substituted on carbon by one or more
substituents selected from Ci-3alkyl, haloC[- 3alkyl,
C3-6cycloalkyl, C^alkoxy, Ci-3alkylthio, -O(CH 2)
,-5CF3, halo, nitro, cyano, =0, =S, -OH, -SH, -CF3,
-OCF3, - CO2H, -CO2Ci-C 6alkyl, -NH2, -NH(Ci- 6alkyl),
-CONR'R", or -N(C !-6alkyl)2 where R' and R" are
independently Ci-6alkyl or aryl, or together with the
nitrogen to which they are attached form a 4- to
7-membered ring wherein if said heteroar(C]- 6alkyl)
contains an -NH- moiety that nitrogen may be
optionally substituted by a group selected from
Ci-6alkanoyl, C]-6alkylsulphonyl, Ci-6alkoxycarbonyl,
carbamoyl, iV-(Ci-6alkyl)carbamoyl,
N-(Ci-6alkyl)carbamoyl, benzyl, benzyloxycarbonyl,
benzoyl and phenylsulphonyl. R2 is heteroar(Ci-
3alkyl) wherein heteroar(Ci- 3alkyl) may be optionally
substituted on carbon by one or more substituents
selected from Ci-3alkyl, haloCi- 3alkyl,
C3-6cycloalkyl, Ci-3alkoxy, Cr 3alkylthio, -O(CH 2)
i-5CF3, halo, nitro, cyano, =0, =S, -OH, -SH, -CF3,
-OCF3, - CO2H, -CO2Ci-C6alkyl, -NH2, -NH(C 6alkyl),
-CONR'R", or -N(C r 6alkyl)2 where R' and R" are
independently C[-6alkyl or aryl, or together with the
nitrogen to which they are attached form a 4- to
7-membered ring wherein if said heteroar(Ci- 3alkyl)
contains an -NH- moiety that nitrogen may be
optionally substituted by a group selected from
C1-6alkyl, - alkanoyl, Ci-6alkylsulphonyl, Ci-
alkoxycarbonyl, carbamoyl, JV-(Ci-6alkyl)carbamoyl, L
N-(Ci -6alkyl)carbamoyl, benzyl, benzyloxycarbonyl,
benzoyl and phenylsulphonyl R2 is pyridinylmethyl
wherein pyridinylmethyl may be optionally substituted
on carbon by one or more substituents selected from
Ci-3alkyl, haloCi- 3alkyl, C3-6cycloalkyl, Ci-3alkoxy,
Ci-3alkylthio, -O(CH2) i-5CF3, halo, nitro, cyano, =O,
=S, -OH, -SH, -CF3, -OCF3, -CO2H, - CO2C,-C 6alkyl,
-NH2, -NHCQ-galkyl), -CONR'R", or -NCCrealkyl^ where
R' and R" areindependently Ci-6alkyl or aryl, or
together with the nitrogen to which they are attached
form a Ato 7-membered ring. R2 is pyridinylmethyl
wherein pyridinylmethyl may be optionally substituted
on carbon by halo. R2 is selected from
pyridin-2-ylmethyl, pyridin-3-ylmethyl and
4-fluoropyridin-2- ylmethyl. R3 is Ci-6alkyl wherein
Ci- 6alkyl may be optionally substituted on carbon by
one or more substituents selected from Ci~3alkyl,
haloCi- 3alkyl, Q-gcycloalkyl, Ci-3alkoxy, Ci-
3alkylthio, - 0(CH 2) I-5CF3, halo, nitro, cyano, =0,
=S, -OH, -SH, -CF3, -OCF3, -CO2H, -CO2Ci-C6alkyl, -
NH2, -NH(Ci- 6alkyl), -CONR'R", or -N(Ci- 6alkyl)2
where R' and R" are independently C 6alkyl or aryl, or
together with the nitrogen to which they are attached
form a 4- to 7-membered ring. R3 is Ci-3alkyl wherein
Ci- 6alkyl may be optionally substituted on carbon by
one or more substituents selected from Ci-3alkyl,
ImIoC1-3alkyl, C3-6cycloalkyl, Ci-3alkoxy,
Ci-3alkylthio, - 0(CH 2) I-5CF3, halo, nitro, cyano,
=0, =S, -OH, -SH, -CF3, -OCF3, -CO2H, -CO2Cr C6alkyl,
- NH2, -NH^realkyl), -CONR'R", or -N(C r 6alkyl)2
where R' and R" are independently C,-6alkyl or aryl,
or together with the nitrogen to which they are
attached form a 4- to 7-membered ring. R3 is
Ci-6alkyl. R3 is Ci-3alkyl. R3 is selected from
methyl, ethyl, and isopropyl. R3 is ethyl. R is
Ci-6alkyl wherein Ci- 6alkyl may be optionally
substituted on carbon by one or more substituents
selected from Ci- 3alkyl, haloC]- 3alkyl, C3-
cycloalkyl, Ci-3alkoxy, Ci-3alkylthio, -0(CH 2)
I-5CF3, halo, nitro, cyano, =0, =S, -OH, -SH, -CF3,
-OCF3, -CO2H, -CO2Ci-C6alkyl, -NH2, -NH(C r 6alkyl),
-CONR'R", or -N(C r 6alkyl)2 where R' and R" are
independently Ci-6alkyl or aryl, or together with the
nitrogen to which they are attached form a 4- to
7-membered ring. R* is Ci-6alkyl or Ci- 3cycloalkyl
wherein R*may be optionally substituted on carbon by
one or more substituents selected from Ci- 3alkyl,
haloCi- 3alkyl, C3-6cycloalkyl, Ci-3alkoxy, Ci-
3alkylthio, -O(CH2) i-5CF3, halo, nitro, cyano, =0,
=S, -OH, -SH, -CF3, -OCF3, -CO2H, - CO2Ci-C 6alkyl,
-NH2, -NH(Ci- 6alkyl), -CONR'R", or -N(Ci-6alkyl)2
where R' and R" are independently Ci-6alkyl or aryl,
or together with the nitrogen to which they are
attached form a Ato 7-membered ring.R* is H, Ci-6alkyl
or Ci-3cycloalkyl wherein R*may be optionally
substituted on carbon by one or more substituents
selected from Ci- 3alkyl, haloCi- 3alkyl,
C3-6cycloalkyl, Ci-3alkoxy, Ci- 3alkylthio, -O(CH2)
i-sCF3, halo, nitro, cyano, =0, =S, -OH -SH, -CF3,
-OCF3, -CO2H, - CO2Ci-C 6alkyl, -NH2, -NH(Ci- 6alkyl),
-CONR'R", or -N(C,- 6alkyl)2 where R' and R" are
independently Ci-6alkyl or aryl, or together with the
nitrogen to which they are attached form a 4- to
7-membered ring. R* is Ci-6alkyl, C3-6alkenyl,
C3-6alkynyl, ar(Ci- 6alkyl), heteroar(Ci- 6alkyl),
cycloalkyl(Ci- 6alkyl), heterocyclyl(Ci- alkyl), Ci-
6alkoxycarbonyl(Ci- 6alkyl) or cyanoalkyl wherein R*
may be optionally substituted on carbon by one or more
substituents selected from Ci- 3alkyl, haloCi- 3alkyl,
C3-6cycloalkyl, Ci- 3alkoxy, Ci-3alkylthio, -O(CH2)
]-5CF3, halo, nitro, cyano, =0, =S, -OH, -SH, -CF3,
-OCF3, -CO2H, -C0 2d-C 6alkyl, -NH2, -NH(Ci -6alkyl),
-CONR'R", or -N(Ci-6alkyl)2 where R' and R" are
independently Ci- 6alkyl or aryl, or together with the
nitrogen to which they are attached form a 4- to
7-membered ring and wherein if said heterocyclyl(Ci-
6alkyl) or heteroar(Ci- 6alkyl) contain an -NH- moiety
that nitrogen may be optionally substituted by a group
selected from Ci-6alkyl, Ci-6alkanoyl,
Ci-6alkylsulphonyl, Ci-6alkoxycarbonyl, carbamoyl,
iV-(Ci-6alkyi)carbamoyl, N N-(Ci-6alkyl)carbamoyl,
benzyl, benzyloxycarbonyl, benzoyl and
phenylsulphonyl. R* is C-linked heteroaryl or C-linked
heterocyclyl wherein R may be optionally substituted
on carbon by one or more substituents selected from
Ci-3alkyl, haloCi- 3alkyl, C3- cycloalkyl, Ci-
3alkoxy, Ci-3alkylthio, -O(CH2) i-5CF3, halo, nitro,
cyano, =0, =S, -OH, -SH, - CF3, -OCF3, -CO2H,
-CO2Ci-C6alkyl, -NH2, -NH(d- 6alkyl), -CONR'R", or
-N(d- 6alkyl) 2 where R' and R" are independently
Ci-galkyl or aryl, or together with the nitrogen to
which they are attached form a 4- to 7-membered ring
and wherein if said C-linked heteroaryl or C-linked
heterocyclyl contain an -NH- moiety that nitrogen may
be optionally substituted by a group selected from
Ci.6alkyl, Ci-6alkanoyl, Ci- alkylsulphonyl, Ci-
alkoxycarbonyl, carbamoyl, -(Ci -6alkyl)carbamoyl,
,N-(Ci-6alkyl)carbamoyl, benzyl, benzyloxycarbonyl,
benzoyl and phenylsulphonyl. R* is aryl wherein aryl
may be optionally substituted on carbon by one or more
substituents selected from Ci-3alkyl, haloCi- 3alkyl,
C3-6cycloalkyl, Ci-3alkoxy, Ci-3alkylthio, - 0(CH 2)
I-5CF3, halo, nitro, cyano, =0, =S, -OH, -SH, -CF3,
-OCF3, -CO2H, -CO2C C6alkyl, -NH2, -NH(Ci-ealkyl),
-CONR'R", or -N(Ci-6alkyl)2 where R' and R" are
independently C,-6alkyl or aryl, or together with the
nitrogen to which they are attached form a 4- to
7-membered ring. R is acyl wherein acyl may be
optionally substituted on carbon by one or more
substituents selected from Cj-3alkyl, haloCi-3alkyl,
C3-6cycloalkyl, Ci-3alkoxy, Ci-3alkylthio, - 0(CH 2)
I-5CF3, halo, nitro, cyano, =0, =S, -OH, -SH, -CF3,
-OCF3, -CO2H, -CO2C,-C6alkyl, - NH2, -NH(Ci-6alkyl),
-CONR'R", or -N(Ci-6alkyl)2 where R' and R" are
independently Ci-6alkyl or aryl, or together with the
nitrogen to which they are attached form a 4- to
7-membered ring. R is Ci-6alkyl wherein Ci-6alkyl may
be optionally substituted on carbon by one or more
substituents selected from Ci-3alkyl, haloCr 3alkyl,
C3-6cycloalkyl, Ci-3alkoxy, Ci-3alkylthio, - 0(CH 2)
I-5CF3, halo, nitro, cyano, =0, =S, -OH, -SH, -CF3,
-OCF3, -CO2H, -CO2Ci-C6alkyl, - NH2, -NH^alkyl),
-CONR'R11, or -N(Ci-6alkyl)2 where R' and R" are
independently Ci-6alkyl or aryl, or together with the
nitrogen to which they are attached form a 4- to
7-membered ring. R is Ci-3alkyl wherein Ci-3alkyl may
be optionally substituted on carbon by one or more
substituents selected from Ci- alkyl, haloCi-3alkyl,
C3-6cycloalkyl, Ci-3alkoxy, Ci-3alkylthio, - 0(CH 2)
I-5CF3, halo, nitro, cyano, =0, =S, -OH, -SH, -CF3,
-OCF3, -CO2H, -C0 2d-C 6alkyl, - NH2, -NH(Ci-6alkyl),
-CONR'R", or -N(Ci-6alkyl)2 where R' and R" are
independently Cr 6alkyl or aryl, or together with the
nitrogen to which they are attached form a 4- to
7-membered ring. R is Ci-6alkyl. R4 is Ci-3alkyl. R4
is methyl. In a further aspect of the invention there
is provided a compound of formula (I) or Formula (Ia)
or a pharmaceutically acceptable salt thereof, wherein
R1 is aryl wherein aryl may be optionally substituted
on carbon by one or more substituents selected from
Ci-3alkyl, haloCi-3alkyl, C3-6cycloalkyl, Ci-3alkoxy,
C^alkylthio, - 0(CH 2) I-5CF3, halo, nitro, cyano, =0,
=S, -OH, -SH, -CF3, -OCF3, -CO2H, -CO2Ci-C6alkyl, -
NH2, -NH(Ci-6alkyl), -CONR'R", or -N(C,-6alkyl)2 where
R' and R" are independently Cr 6alkyl or aryl, or
together with the nitrogen to which they are attached
form a 4- to 7-membered ring; R2 is Ci-6alkyl,
C3-6cycloalkyl(Ci-6alkyl), ar(Ci-6alkyl), or
heteroar(Ci-6alkyl) wherein R2 may be optionally
substituted on carbon by one or more substituents
selected from Ci-3alkyl, haloCi-3alkyl,
C3-6cycloalkyl, Ci-3alkoxy, Ci-3alkylthio,
-O(CH2)i-5CF3, halo, nitro, cyano, =0, =S, -OH, -SH,
-CF3, -OCF3, -CO2H, -C0 2d-C 6alkyl, -NH2,
-NH(Ci-6alkyl), -CONR'R", or -N(Ci- 6alkyl)2 where R'
and R" are independently Ci-6alkyl or aryl, or
together with the nitrogen to which they are attached
form a 4- to 7-membered ring and wherein if said
heteroar(Ci-6alkyl) contains an -NH- moiety that
nitrogen may be optionally substituted by a group
selected from Ci-6alkyl, Ci-6alkanoyl,
Ci-6alkylsulphonyl, Ci_6alkoxycarbonyl, carbamoyl,
N-(Ci -6alkyl)carbamoyl, N, -(Ci -6alkyl)carbamoyl,
benzyl, benzyloxycarbonyl, benzoyl and
phenylsulphonyl; R3 is Ci-6alkyl wherein Ci-6alkyl may
be optionally substituted on carbon by one or more
substituents selected from C[-3alkyl, haloCi-3alkyl,
C3-6cycloalkyl, Ci-3alkoxy, Cr 3alkylthio, - 0(CH 2)
I-5CF3, halo, nitro, cyano, =0, =S, -OH, -SH, -CF3,
-OCF3, -CO2H, -CO2Cr C6alkyl, - NH2, -NH(Ci-6alkyl),
-CONR'R", or -N(C,-6alkyl)2 where R' and R" are
independently Ci-6alkyl or aryl, or together with the
nitrogen to which they are attached form a 4- to
7-membered ring; and R is H, Ci-6alkyl or
C3-6cycloalkyl wherein R may be optionally substituted
on carbon by one or more substituents selected from
Ci-3alkyl, haloCi- 3alkyl, C3-6cycloalkyl, Ci-3alkoxy,
C^alkylthio, -O(CH2)i 5CF3, halo, nitro, cyano, =0,
=S, -OH, -SH, -CF3, -OCF3, -CO2H, - COaQ-Qalkyl, -NH2,
-NH(Ci- 6alkyl), -CONR'R", or -N - alkyl where R' and
R" are independently Ci-6alkyl or aryl, or together
with the nitrogen to which they are attached form a 4-



to 7-membered ring. In a further aspect of the
invention there is provided a compound of formula (I)
or Formula (Ia) or a pharmaceutically acceptable salt
thereof, wherein Ri is phenyl wherein phenyl may be
optionally substituted on carbon by one or more
substituents selected from Ci-3alkyl, haloCt-3alkyl or
halo; R2 is Ci-6alkyl, C2-6alkenyl,
C3-6cycloalkyl(Ci-6alkyl), ar(Cr 6alkyl), or
heteroar(Ci-6alkyl) wherein R2 may be optionally
substituted on carbon by one or more substituents
selected from C -3alkyl, haloCi-3alkyl,
C3-6cycloalkyl, Ci- alkoxy, Ci-3alkylthio, - 0(CH
2)L5CF3, halo, nitro, cyano, =0, =S, -OH, -SH, -CF3,
-OCF3, -CO2H, -CO2Ci-C6alkyl, - NH2, -NH(Ci-6alkyl),
-CONR'R", or -N(C,-6alkyl)2 where R' and R" are
independently C alkyi or aryl, or together with the
nitrogen to which they are attached form a 4- to
7-membered ring and wherein if said
heteroar(Ci-oalkyl) contains an -NH- moiety that
nitrogen may be optionally substituted by a group
selected from Ci-6alkyl, Ci-6alkanoyl, C
-6alkylsulphonyl,Ci-6alkoxycarbonyl, carbamoyl,
JV-(Ci-6alkyl)carbamoyl, A N-(Ci -6alkyl)carbamoyl,
benzyl, benzyloxycarbonyl, benzoyl and
phenylsulphonyl; R3 is Ci-6alkyl wherein Ci- 6alkyl
may be optionally substituted on carbon by one or more
substituents selected from C[-3alkyl, haloCi- 3alkyl,
C3-6cycloalkyl, Ci- 3alkoxy, Ci- 3alkylthio, - O(CH2)
,-5CF3, halo, nitro, cyano, =0, =S, -OH, -SH, -CF3,
-OCF3, -CO2H, -CO2Ci-C 6alkyl, - NH2, -NH(d- 6alkyl),
-CONR'R", or -N(Ci- 6alkyl) 2 where R' and R" are
independently Ci-6alkyl or aryl, or together with the
nitrogen to which they are attached form a 4- to
7-membered ring; and R* is H, Ci-6alkyl or
C3-6cycloalkyl wherein R*may be optionally substituted
on carbon by one or more substituents selected from
Ci-3alkyl, haloCi- 3alkyl, C3-6cycloalkyl, Ci-3alkoxy,
d -3alkylthio, -O(CH2) 1-5CF3, halo, nitro, cyano, =0,
=S, -OH, -SH, -CF3, -OCF3, -CO2H, - CO2Ci-C6alkyl,
-NH2, -NH(Ci- 6alkyl), -CONR'R", or -N(Ci- 6alkyl) 2
where R' and R" are independently Q-galkyl or aryl, or
together with the nitrogen to which they are attached
form a 4- to 7-membered ring. In a further aspect of
the invention there is provided a compound of formula
(II) or Formula (Ha) or a pharmaceutically acceptable
salt thereof, wherein Ri is aryl wherein aryl may be
optionally substituted on carbon by one or more
substituents selected from Ci- 3alkyl, haloCi- 3alkyl,
C3-6cycloaIkyl, Ci- 3alkoxy, Ci-3alkylthio, - 0(CH 2)
I-5CF3, halo, nitro, cyano, =0, =S, -OH, -SH, -CF3,
-OCF3, -CO2H, -CO2C1-C6alkyl, - NH2, -NH(C!- 6alkyl),
-CONR'R", or -N(C,- 6alkyl) 2 where R' and R" are
independently Ci- 6alkyl or aryl, or together with the
nitrogen to which they are attached form a 4- to
7-membered ring; R2 is heteroar(Ci- alkyl) wherein
heteroar(Ci- alkyl) may be optionally substituted on
carbon by one or more substituents selected from
C]-3alkyl, haloCi- 3alkyl, C3-6cycloalkyl, C 3alkoxy,
Cr 3alkylthio, -0(CH 2) 1-5CF3, halo, nitro, cyano,
=0, =S, -OH, -SH, -CF3, -OCF3, - CO2H, -CO2Ci-C
6alkyl, -NH2, -NH(Ci- 6alkyl), -CONR'R", or -N(C r
6alkyl) 2 where R' and R" are independently Ci-6alkyl
or aryl, or together with the nitrogen to which they
are attached form a 4- to 7-membered ring wherein if
said heteroar(C i-6alkyl) contains an -NH- moiety that
nitrogen may be optionally substituted by a group
selected from Ci-6alkyl, Ci-6alkanoyl,
C1-6alkylsulphonyl, Ci- alkoxycarbonyl, carbamoyl,
iV-(Ci.6alkyl)carbamoyl, iY,JV-(Ci-6alkyl)carbamoyl,
benzyl, benzyloxycarbonyl, benzoyl and
phenylsulphonyl;R3 is Ci-6alkyl wherein Ci-6alkyl may
be optionally substituted on carbon by one or more
substituents selected from Cirjalkyl, haloCi- 3alkyl,
C3-6cycloalkyl, Ci-3alkoxy, Ci-3alkylthio, - 0(CH 2)
I-5CF3, halo, nitro, cyano, =0, =S, -OH, -SH, -CF3,
-OCF3, -CO2H, -CO2Ci-C6alkyl, - NH2, -NH(Ci- 6alkyl),
-CONR'R", or -N(Ci- 6alkyl)2 where R' and R" are
independently Q-salkyl or aryl, or together with the
nitrogen to which they are attached form a 4- to
7-membered ring; and R is Ci-6alkyl wherein Ci- alkyl
may be optionally substituted on carbon by one or more
substituents selected from Ci-3alkyl, haloCi- 3alkyl,
C3-6cycloalkyl, Ci-3alkoxy, Ci-3alkylthio, - 0(CH
2)I-3CF3, halo, nitro, cyano, =0, =S, -OH, -SH, -CF3,
-OCF3, -CO2H, -CO2Ci-C6alkyl, - NH2, -NH(Ci- 6alkyl),
-CONR'R", or -N(Ci-6alkyl)2 where R' and R" are
independently C,-6alkyl or aryl, or together with the
nitrogen to which they are attached form a 4- to
7-membered ring. In a further aspect of the invention
there is provided a compound of formula (II) or
Formula (Ha) or a pharmaceutically acceptable salt
thereof, wherein Ri is phenyl wherein phenyl may be
optionally substituted on carbon by one or more
substituents selected from C[-3alkyl, haloCi- 3alkyl
or halo; R is heteroar(Ci-3alkyl) wherein heteroar(Ci-
3alkyl) may be optionally substituted on carbon by one
or more substituents selected from C -3alkyl,
haloCi-3alkyl, C3-6cycloalkyl, Ci-3alkoxy,
Ci-3alkylthio, -O(CH2)i-5CF3, halo, nitro, cyano, =0,
=S, -OH, -SH, -CF3, -OCF3, - CO2H, -CO2Ci-C6alkyl,
-NH2, -NH(C1-6alkyl), -CONR'R", or -N(C,-6alkyl)2
where R' and R" are independently Ci- alkyl or aryl,
or together with the nitrogen to which they are
attached form a 4- to 7-membered ring wherein if said
heteroar(C 1-6alkyl) contains an -NH- moiety that
nitrogen may be optionally substituted by a group
selected from Ci-6alkyl, C]-6alkanoyl,
Ci-6alkylsulphonyl, Ci- alkoxycarbonyl, carbamoyl,
benzyl, benzyloxycarbonyl, benzoyl and
phenylsulphonyl; R3 is Ci-3alkyl wherein Ci-3alkyl may
be optionally substituted on carbon by one or more
substituents selected from Ci-3alkyl, haloCi- 3alkyl,
C3-6cycloalkyl, Ci-3alkoxy, Cr 3alkylthio, - 0(CH 2)
I-5CF3, halo, nitro, cyano, =0, =S, -OH, -SH, -CF3,
-OCF3, -CO2H, -CO2Ci-C6alkyl, NH2, -NH(Cr 6alkyl),
-CONR'R", or -N(d- 6alkyl)2 where R' and R" are
independently Cr 6alkyl or aryl, or together with the
nitrogen to which they are attached form a 4- to
7-membered ring; andR is Ci- 3alkyl wherein Ci-3alkyl
may be optionally substituted on carbon by one or more
substituents selected from Ci-3alkyl, haloCi- 3alkyl,
C3-6cycloalkyl, C[-3alkoxy, Ci-3alkylthio, - 0(CH 2)
I-5CF3, halo, nitro, cyano, =0, =S, -OH, -SH, -CF3,
-OCF3, -CO2H, -CO2Cr C6alkyl, - NH2, -NH(C,- 6alkyl),
-CONR'R", or -N(Ci- 6alkyl)2 where R' and R" are
independently Ci- 6alkyl or aryl, or together with the
nitrogen to which they are attached form a 4- to
7-membered ring. Another aspect of the invention is
any one of Examples 1-17 or a pharmaceutically
acceptable salt thereof. A further aspect of the
invention is any one of Examples 11, 12 or 14 or a
pharmaceutically acceptable salt thereof. A still
further aspect of the invention is any one of Examples
15, 16 or 17 or a pharmaceutically acceptable salt
thereof. Another aspect of the present invention
provides processes a and b for preparing compounds of
formula (I) and (Ia) or a pharmaceutically acceptable
salt or an in vivo hydrolyzable ester thereof which
processes (wherein variable groups are, unless
otherwise specified, as defined in formula (I) and
(II)) comprise the following: Process a) reacting a
compound of formula (Ie) (Ie) with an amine of the
formula (2) R3-NH2 (2) wherein PG is RiS02 or a
protecting group, e,g, BOC and, if PG is a protecting
group, further reacting with RiSO2Clprocess b)
reacting a compound of formula (Ie') (Ie') with a
hydrazide of formula (2a) R*-CONHNH 2 (2a) and, if PG
is a protecting group, further reacting with R1SO2CI
and thereafter if necessary: i) converting a compound
of the formula (I) or (Ia) into another compound of
the formula (I) or (Ia); ii) removing any protecting
groups; iii) forming a pharmaceutically acceptable
salt. Another aspect of the present invention provides
process c for preparing compounds of formula (II) and
(Ha) or a pharmaceutically acceptable salt or an in
vivo hydrolyzable ester thereof which processes
(wherein variable groups are, unless otherwise
specified, as defined in formula (II) comprises the
following: Process c) reacting a compound of formula
(2f) (2f>with a compound of the formula (2g) R4ONa
(2g) wherein PG is R1SO2 and thereafter if necessary:
i) converting a compound of the formula (II) or (Ha)
into another compound of the formula (II) or (Ha); ii)
removing any protecting groups; iii) forming a
pharmaceutically acceptable salt. Specific reaction
conditions for the above reactions are as follows:
Process a) Compounds of formula I e and R-NH2 are
reacted together in the presence of a suitable solvent
such as ethanol or THF. Process b) Compounds of
formula (Ie') and R*-CONHNH 2 are reacted together in
the presence of trifluoroacetic acid and a suitable
solvent like THF. Process c) Compounds of formula 2f
and 2g (R4O-Na) are reacted together in an appropriate
solvent such as THF. Compounds that have the same
molecular formula but differ in the nature or sequence
of bonding of their atoms or the arrangement of their
atoms in space are termed "isomers". Isomers that
differ in the arrangement of their atoms in space are
termed "stereoisomers". Stereoisomers that are not
mirror images of one another are termed
"diastereomers" and those that are non-superimposable
mirror images of each other are termed "enantiomers".
When a compound has an asymmetric center, for example,
it is bonded to four different groups, a pair of
enantiomers is possible. An enantiomer can be
characterized by the absolute configuration of its
asymmetric center and is described by the R- and
S-sequencing rules of Cahn and Prelog, or by the
manner in which the molecule rotates the plane of
polarized light and designated as dextrorotatory or
levorotatory (i.e., as (+) or (-)-isomers
respectively). A chiral compound can exist as either
individual enantiomer or as a mixture thereof. A
mixture containing equal proportions of the
enantiomers is called a "racemic mixture".The
compounds of this invention may possess one or more
asymmetric centers; such compounds can therefore be
produced as individual (R)- or (S)-stereoisomers or as
mixtures thereof. For example, the carbon to which R2
is attached in a compound of Formula (I) is an
asymmetric center and thus the compound of Formula (I)
can exist as an (R)- or (S)-stereoisomer relative to
that carbon. Unless indicated otherwise, the
description or naming of a particular compound in the
specification and claims is intended to include both
individual enantiomers and mixtures, racemic or
otherwise, thereof. The methods for the determination
of stereochemistry and the separation of stereoisomers
are well-known in the art (see discussion in Chapter 4
of "Advanced Organic Chemistry", 4th edition J. March,
John Wiley and Sons, New York, 2001). A
"pharmaceutically acceptable excipient" means an
excipient that is useful in preparing a pharmaceutical
composition that is generally safe, non-toxic and
neither biologically nor otherwise undesirable, and
includes an excipient that is acceptable for
veterinary use as well as human pharmaceutical use. A
"pharmaceutically acceptable excipient" as used in the
specification and claims includes both one and more
than one such excipient. A "pharmaceutically
acceptable counterion" means an ion having a charge
opposite to that of the substance with which it is
associated and that is pharmaceutically acceptable.
Representative examples include, but are not limited
to, chloride, bromide, iodide, methanesulfonate,
p-tolylsulfonate, trifluoroacetate, acetate, and the
like. 1. A "pharmaceutically acceptable salt" of a
compound means a salt that is pharmaceutically
acceptable and that possesses the desired
pharmacological activity of the parent compound. Such
salts include: acid addition salts, formed with
inorganic acids such as hydrochloric acid, hydrobromic
acid, sulfuric acid, nitric acid, phosphoric acid, and
the like; or formed with organic acids such as acetic
acid, propionic acid, hexanoic acid,
cyclopentanepropionic acid, glycolic acid, pyruvic
acid, lactic acid, malonic acid, succinic acid, malic
acid, maleic acid, fumaric acid, tartaric acid, citric
acid, benzoic acid, 3-(4-hydroxybenzoyl)benzoic acid,
cinnamic acid, mandelic acid, methanesulfonic acid,
ethanesulfonic acid, 1,2-ethane-disulfonic acid,
2-hydroxyethanesulfonic acid, benzenesulfonic acid,
4-chlorobenzenesulfonic acid, 2-napthalenesulfonic
acid, 4-toluenesulfonic acid, camphorsulfonic acid,
4-methylbicyclo[2.2.2]oct-2-ene-l-carboxylic acid,
glucoheptonic
acid,4,4'-methylenebis-(3-hydroxy-2-ene-l-carboxylic
acid), 3-phenylpropionic acid, trimethylacetic acid,
tertiary butylacetic acid, lauryl sulfuric acid,
gluconic acid, glutamic acid, hydroxynapthoic acid,
salicylic acid, stearic acid, muconic acid, and the
like; or 2. salts formed when an acidic proton present
in the parent compound either is replaced by a metal
ion, e.g., an alkali metal ion, an alkaline earth ion,
or an aluminum ion; or coordinates with an organic
base such as ethanolamine, diethanolamine,
triethanolamine, tromethamine, N-methylglucamine, and
the like. "Leaving group" has the meaning
conventionally associated with it in synthetic organic
chemistry i.e., an atom or group capable of being
displaced by a nucleophile and includes halo(such as
chloro, bromo, iodo), alkanesulfonyloxy (such as
mesyloxy or trifluorosulfonyloxy ) or arenesulfonyloxy
(such as tosyloxy), and the like. Leaving Groups are
well known in the art and are catalogued in
"Protective Groupsin Organic Synthesis 3rd Ed.",
edited by Theodora Green and Peter Wuts (John Wiley,
1999). What is also provided is a compound of formula
Ia or Ib or a pharmaceutically acceptable salt,
prodrug, or solvate thereof in association with a
pharmaceutically acceptable carrier, diluent, or
excipient. What is also provided is a compound of
formula Ia or Ib or a pharmaceutically acceptable
salt, prodrug, or solvate thereof, which is an Edg-1
antagonist useful for controlling pathologically
angiogenic diseases, thrombosis, cardiac infarction,
coronary heart diseases, arteriosclerosis, tumors,
osteoporosis, inflammations or infections. What is
also provided is a method of treating a disease or
condition mediated by Edg-1 which comprises
administering to a patient in need of such treatment a
compound of formula compound of formula Ia or Ib or a
pharmaceutically acceptable salt, prodrug, or solvate
thereof. What is also provided is a compound of
formula I or a pharmaceutically acceptable salt,
prodrug, or solvate thereof, which is an Edg-1
antagonist useful for controlling pathologically
angiogenic diseases, thrombosis, cardiac infarction,
coronary heart diseases, arteriosclerosis, tumors,
osteoporosis, inflammations or infections. The
compounds of Formula (3) may be administered in the
form of a pro-drug which is broken down in the human
or animal body to give a compound of the Formula (3).
A "Pro-drug" is any compound which releases an active
parent drug according to Formula (3) in vivo whensuch
prodrug is administered to a mammalian subject.
Prodrugs of a compound of Formula (3) are prepared by
modifying functional groups present in the compound of
Formula (3) in such a way that the modifications may
be cleaved in vivo to release the parent compound.
Examples of prodrugs include, but are not limited to
esters (e.g., acetate, formate, and benzoate
derivatives), carbamates (e.g.,
N,N-dimethylaminocarbonyl) of hydroxy functional
groups in compounds of Formula (3), and the like.
Various forms of pro-drugs are known in the art. For
examples of such pro-drug derivatives, see: 1. Design
of Prodrugs, edited by H. Bundgaard, (Elsevier, 1985)
and Methods in Enzymology, Vol. 42, p. 309-396, edited
by K. Widder, et al. (Academic Press, 1985); 2. A
Textbook of Drug Design and Development, edited by
Krogsgaard-Larsen and H. Bundgaard, Chapter 5 "Design
and Application of Prodrugs", by H. Bundgaard p.
113-191 (1991); 3. H. Bundgaard, Advanced Drug
Delivery Reviews, 8, 1-38 (1992); 4. H. Bundgaard, et
al., Journal of Pharmaceutical Sciences, 77, 285
(1988); 5. N. Kakeya, et al., Chem Pharm Bull, 32, 692
(1984); 6. K. Beaumont et. al., Current Drug
Metabolism, 4, 461 (2003). An in-vivo hydrolysable
ester of a compound of the Formula (3) containing a
carboxy or a hydroxy group is, for example, a
pharmaceutically-acceptable ester which is hydrolysed
in the human or animal body to produce the parent acid
or alcohol. Suitable pharmaceutically-acceptable
esters for carboxy include Ci-6alkoxymethyl esters for
example methoxymethyl, C1-6alkanoyloxymethyl esters
for example pivaloyloxymethyl, phthalidyl esters,
C^gcycloalkoxycarbonyloxyCi- alkyl esters for example
1-cyclohexylcarbonyloxyethyl;
l,3-dioxolen-2-onylmethyl esters, for example
5-methyl-l,3-dioxolen-2-onylmethyl; and
Ci.6alkoxycarbonyloxyethyl esters. An in-vivo
hydrolysable ester of a compound of the Formula (3)
containing a hydroxy group includes inorganic esters
such as phosphate esters (including phosphoramidic
cyclic esters) and a-acyloxyalkyl ethers and related
compounds which as a result of the in-vivo hydrolysis
of the ester breakdown to give the parent hydroxy
group/s. Examples of a-acyloxyalkyl ethers include
acetoxymethoxy and 2,2-dimethylpropionyloxy-methoxy. A
selection of in-vivohydrolysable ester forming groups
for hydroxy include alkanoyl, benzoyl, phenylacetyl
and substituted benzoyl and phenylacetyl,
alkoxycarbonyl (to give alkyl carbonate esters),
dialkylcarbamoyl and
N-(dialkylaminoethyl)-N-alkylcarbamoyl (to give
carbamates), dialkylaminoacetyl and carboxyacetyl.
"Treating" or "treatment" of a disease includes: 1.
preventing the disease, i.e. causing the clinical
symptoms of the disease not to develop in a mammal
that may be exposed to or predisposed to the disease
but does not yet experience or display symptoms of the
disease; 2. inhibiting the disease, i.e., arresting or
reducing the development of the disease or its
clinical symptoms; or 3. relieving the disease, i.e.,
causing regression of the disease or its clinical
symptoms. A "therapeutically effective amount" means
the amount of a compound that, when administered to a
mammal for treating a disease, is sufficient to effect
such treatment for the disease. The "therapeutically
effective amount" will vary depending on the compound,
the disease and its severity and the age, weight,
etc., of the mammal to be treated. Preparation of
Invention Compounds Compounds of the invention can be
prepared as provided in Schemes 1-3, below. The
skilled artisan will recognize that the invention
compounds can be prepared from chiral starting
materials or via racemic synthesis, followed by chiral
separation, to isolate the enantiomers. Pharmaceutical
Formulations Compounds of the present invention may be
administered orally, parenteral, buccal, vaginal,
rectal, inhalation, insufflation, sublingually,
intramuscularly, subcutaneously, topically,
intranasally, intraperitoneally, intrathoracially,
intravenously, epidurally, intrathecally,
intracerebroventricularly and by injection into the
joints. The dosage will depend on the route of
administration, the severity of the disease, age and
weight of the patient and other factors normally
considered by the attending physician, when
determining the individual regimen and dosage level as
the most appropriate for a particular patient.An
effective amount of a compound of the present
invention for use in therapy of infection is an amount
sufficient to symptomatically relieve in a
warm-blooded animal, particularly a human the symptoms
of infection, to slow the progression of infection, or
to reduce in patients with symptoms of infection the
risk of getting worse. For preparing pharmaceutical
compositions from the compounds of this invention,
inert, pharmaceutically acceptable carriers can be
either solid or liquid. Solid form preparations
include powders, tablets, dispersible granules,
capsules, cachets, and suppositories. A solid carrier
can be one or more substances, which may also act as
diluents, flavoring agents, solubilizers, lubricants,
suspending agents, binders, or tablet disintegrating
agents; it can also be an encapsulating material. In
powders, the carrier is a finely divided solid, which
is in a mixture with the finely divided active
component. In tablets, the active component is mixed
with the carrier having the necessary binding
properties in suitable proportions and compacted in
the shape and size desired. For preparing suppository
compositions, a low-melting wax such as a mixture of
fatty acid glycerides and cocoa butter is first melted
and the active ingredient is dispersed therein by, for
example, stirring. The molten homogeneous mixture is
then poured into convenient sized molds and allowed to
cool and solidify. Suitable carriers include magnesium
carbonate, magnesium stearate, talc, lactose, sugar,
pectin, dextrin, starch, tragacanth, methyl cellulose,
sodium carboxymethyl cellulose, a lowmelting wax,
cocoa butter, and the like. Some of the compounds of
the present invention are capable of forming salts
with various inorganic and organic acids and bases and
such salts are also within the scope of this
invention. Examples of such acid addition salts
include acetate, adipate, ascorbate, benzoate,
benzenesulfonate, bicarbonate, bisulfate, butyrate,
camphorate, camphorsulfonate, choline, citrate,
cyclohexyl sulfamate, diethylenediamine,
ethanesulfonate, fumarate, glutamate, glycolate,
hemisulfate, 2-hydroxyethylsulfonate, heptanoate,
hexanoate, hydrochloride, hydrobromide, hydroiodide,
hydroxymaleate, lactate, malate, maleate,
methanesulfonate, meglumine, 2- naphthalenesulfonate,
nitrate, oxalate, pamoate, persulfate, phenylacetate,
phosphate, diphosphate, picrate, pivalate, propionate,
quinate, salicylate, stearate, succinate, sulfamate,
sulfanilate, sulfate, tartrate, tosylate
(p-toluenesulfonate), trifluoroacetate, and
undecanoate. Base salts include ammonium salts, alkali
metal salts such as sodium, lithium and potassium
salts,alkaline earth metal salts such as aluminum,
calcium and magnesium salts, salts with organic bases
such as dicyclohexylamine salts, N-methyl-D-glucamine,
and salts with amino acids such as arginine, lysine,
ornithine, and so forth. Also, basic
nitrogen-containing groups may be quaternized with
such agents as: lower alkyl halides, such as methyl,
ethyl, propyl, and butyl halides; dialkyl sulfates
like dimethyl, diethyl, dibutyl; diamyl sulfates; long
chain halides such as decyl, lauryl, myristyl and
stearyl halides; aralkyl halides like benzyl bromide
and others. Non-toxic physiologically-acceptable salts
are preferred, although other salts are also useful,
such as in isolating or purifying the product. The
salts may be formed by conventional means, such as by
reacting the free base form of the product with one or
more equivalents of the appropriate acid in a solvent
or medium in which the salt is insoluble, or in a
solvent such as water, which is removed in vacuo or by
freeze drying or by exchanging the anions of an
existing salt for another anion on a suitable
ion-exchange resin. In order to use a compound of any
of the foregoing formula or a pharmaceutically
acceptable salt thereof for the therapeutic treatment
(including prophylactic treatment) of mammals
including humans, it is normally formulated in
accordance with standard pharmaceutical practice as a
pharmaceutical composition. In addition to the
compounds of the present invention, the pharmaceutical
composition of this invention may also contain, or be
co-administered (simultaneously or sequentially) with,
one or more pharmacological agents of value in
treating one or more disease conditions referred to
herein. The term composition is intended to include
the formulation of the active component or a
pharmaceutically acceptable salt with a
pharmaceutically acceptable carrier. For example this
invention may be formulated by means known in the art
into the form of, for example, tablets, capsules,
aqueous or oily solutions, suspensions, emulsions,
creams, ointments, gels, nasal sprays, suppositories,
finely divided powders or aerosols or nebulisers for
inhalation, and for parenteral use (including
intravenous, intramuscular or infusion) sterile
aqueous or oily solutions or suspensions or sterile
emulsions. Liquid form compositions include solutions,
suspensions, and emulsions. Sterile water or
water-propylene glycol solutions of the active
compounds may be mentioned as an example of liquid
preparations suitable for parenteral administration.
Liquid compositions can also be formulated in solution
in aqueous polyethylene glycol solution. Aqueous
solutions for oraladministration can be prepared by
dissolving the active component in water and adding
suitable colorants, flavoring agents, stabilizers, and
thickening agents as desired. Aqueous suspensions for
oral use can be made by dispersing the finely divided
active component in water together with a viscous
material such as natural synthetic gums, resins,
methyl cellulose, sodium carboxymethyl cellulose, and
other suspending agents known to the pharmaceutical
formulation art. The pharmaceutical compositions can
be in unit dosage form. In such form, the composition
is divided into unit doses containing appropriate
quantities of the active component. The unit dosage
form can be a packaged preparation, the package
containing discrete quantities of the preparations,
for example, packeted tablets, capsules, and powders
in vials or ampoules. The unit dosage form can also be
a capsule, cachet, or tablet itself, or it can be the
appropriate number of any of these packaged forms.
What is also provided is a compound of formula (I),
(Ia), (II) or (Ha) or a pharmaceutically acceptable
salt, prodrug, or solvate thereof in association with
a pharmaceutically acceptable carrier, diluent, or
excipient. According to a further aspect of the
present invention there is provided a compound of the
formula (I), (Ia), (II) or (Ha) or a pharmaceutically
acceptable salt thereof, as defined hereinbefore for
use in a method of treatment of the human or animal
body by therapy. We have found that the compounds
defined in the present invention, or a
pharmaceutically acceptable salt thereof, are
effective anti-cancer agents which property is
believed to arise from their Edg-1 antagonistic
properties. Accordingly the compounds of the present
invention are expected to be useful in the treatment
of diseases or medical conditions mediated alone or in
part by Edg-1, i.e. the compounds may be used to
produce an Edg-1 antagonistic effect in a warm-blooded
animal such as man in need of such treatment. What is
also provided is a method of treating a disease or
condition mediated by Edg-1 which comprises
administering to a patient in need of such treatment a
compound of formula compound of formula (I), (Ia),
(II) or (Ha) or a pharmaceutically acceptable salt,
prodrug, or solvate thereof. Thus the compounds of the
present invention provide a method for treating cancer
characterized by the antagonistic effect of Edg-1,
i.e. the compounds may be used to produce an
anti-cancer effect mediated alone or in part by the
antagonistic effect of Edg-1.Thus the compounds of the
present invention provide a method for treating a
variety of angiogenesis-related diseases that may be
characterized by any abnormal, undesirable or
pathological angiogenesis, for example tumor-related
angiogenesis. The compounds may be used to produce an
anti-cancer effect mediated alone or in part by
antagonism of Edg-1. Such a compound of the invention
is expected to possess a wide range of activity in
angiogenesis-related diseases including, but not
limited to, non-solid tumors such as leukemia,
multiple myeloma, hematologic malignancies or
lymphoma, and also solid tumors and their metastases
such as melanoma, non-small cell lung cancer, glioma,
hepatocellular (liver) carcinoma, glioblastoma,
carcinoma of the thyroid, bile duct, bone, gastric,
brain/CNS, head and neck, hepatic, stomach, prostrate,
breast, renal, testicular, ovarian, skin, cervical,
lung, muscle, neuronal, esophageal, bladder, lung,
uterine, vulval, endometrial, kidney, colorectal,
pancreatic, pleural/peritoneal membranes, salivary
gland, and epidermoid tumors. Thus according to this
aspect of the invention there is provided the use of a
compound of the formula (I), (Ia), (II) or (Ila) or a
pharmaceutically acceptable salt thereof in the
manufacture of a medicament for use in the treatment
of angiogenesis-related diseases including, but not
limited to, non-solid tumors such as leukemia,
multiple myeloma, hematologic malignancies or
lymphoma, and also solid tumors and their metastases
such as melanoma, non-small cell lung cancer, glioma,
hepatocellular carcinoma, glioblastoma, carcinoma of
the thyroid, bile duct, bone, gastric, brain/CNS, head
and neck, hepatic, stomach, prostrate, breast, renal,
testicular, ovarian, skin, cervical, lung, muscle,
neuronal, esophageal, bladder, lung, uterine, vulval,
endometrial, kidney, colorectal, pancreatic,
pleural/peritoneal membranes, salivary gland, and
epidermoid tumors. In another embodiment the invention
is directed to a method of treating of
angiogenesis-related diseases including non-solid
tumors, solid tumors and their metastases, non-small
cell lung cancer, glioma, hepatocellular (liver)
carcinoma, glioblastoma, carcinoma of the thyroid,
bile duct, bone, gastric, brain/CNS, head and neck,
hepatic, stomach, prostrate, breast, renal,
testicular, ovarian, skin, cervical, lung, muscle,
neuronal, esophageal, bladder, lung, uterine, vulval,
endometrial, kidney, colorectal, pancreatic,
pleural/peritoneal membranes, salivary gland, and
epidermoid tumors, in a warm-blooded animal in need of
such treatment which comprises administering to said
animal an effective amount of a compound of formula
(I), (Ia), (II) or (Ha) or a pharmaceutically
acceptable salt thereof.Excessive vascular growth also
contributes to numerous non-neoplastic disorders for
which the compounds of the invention may be useful in
treating. These non-neoplastic angiogenesis-related
diseases include: atherosclerosis, haemangioma,
haemangioendothelioma, angiofibroma, vascular
malformations (e.g. Hereditary Hemorrhagic
Teleangiectasia (HHT), or Osier-Weber syndrome),
warts, pyogenic granulomas, excessive hair growth,
Kaposis' sarcoma, scar keloids, allergic oedema,
psoriasis, dysfunctional uterine bleeding, follicular
cysts, ovarian hyperstimulation, endometriosis,
respiratory distress, ascites, peritoneal sclerosis in
dialysis patients, adhesion formation result from
abdominal surgery, obesity, rheumatoid arthritis,
synovitis, osteomyelitis, pannus growth, osteophyte,
hemophilic joints, inflammatory and infectious
processes (e.g. hepatitis, pneumonia,
glomerulonephritis), asthma, nasal polyps, liver
regeneration, pulmonary hypertension, retinopathy of
prematurity, diabetic retinopathy, agerelated macular
degeneration., leukomalacia, neovascular glaucoma,
corneal graft neovascularization, trachoma,
thyroiditis, thyroid enlargement, and
lymphoproliferative disorders. Thus according to this
aspect of the invention there is provided a compound
of the formula (I), (Ia), (II) or (Ila) or a
pharmaceutically acceptable salt thereof, as defined
hereinbefore for use as a medicament. According to a
further aspect of the invention there is provided the
use of a compound of the formula (I), (Ia), (II) or
(Ha) or a pharmaceutically acceptable salt thereof, as
defined hereinbefore in the manufacture of a
medicament for use in the production of a Edg-1
antagonistic effect in a warm-blooded animal such as
man. According to this aspect of the invention there
is provided the use of a compound of the formula (I),
(Ia), (II) or (Ha), or a pharmaceutically acceptable
salt thereof, as defined hereinbefore in the
manufacture of a medicament for use in the production
of an anti-cancer effect in a warm-blooded animal such
as man. According to a further feature of the
invention, there is provided a compound of the formula
(I), (Ia), (II) or (Ha) or a pharmaceutically
acceptable salt thereof, as defined herein before in
the manufacture of a medicament for use in the
treatment of pathologically angiogenic diseases,
thrombosis, cardiac infarction, coronary heart
diseases, arteriosclerosis, tumors, osteoporosis,
inflammations or infections in a warm-blooded animal
such as man.According to a further feature of this
aspect of the invention there is provided a method for
producing a Edg-1 antagonistic effect in a
warm-blooded animal, such as man, in need of such
treatment which comprises administering to said animal
an effective amount of a compound of formula (I),
(Ia), (II) or (Ha) or a pharmaceutically acceptable
salt thereof, as defined above. According to a further
feature of this aspect of the invention there is
provided a method for producing an anti-cancer effect
in a warm-blooded animal, such as man, in need of such
treatment which comprises administering to said animal
an effective amount of a compound of formula (I),
(Ia), (II) or (Ha) or a pharmaceutically acceptable
salt thereof, as defined above. According to an
additional feature of this aspect of the invention
there is provided a method of treating pathologically
angiogenic diseases, thrombosis, cardiac infarction,
coronary heart diseases, arteriosclerosis, tumors,
osteoporosis, inflammations or infections, in a
warm-blooded animal, such as man, in need of such
treatment which comprises administering to said animal
an effective amount of a compound of formula (I),
(Ia), (II) or (Ha) or a pharmaceutically acceptable
salt thereof as defined herein before. In a further
aspect of the invention there is provided a
pharmaceutical composition which comprises a compound
of the formula (I), (Ia), (II) or (Ha) or a
pharmaceutically acceptable salt thereof, as defined
herein before in association with a
pharmaceutically-acceptable diluent or carrier for use
in the production of a Edg-1 antagonistic effect in a
warm-blooded animal such as 



man. In a further aspect of the invention there is
provided a pharmaceutical composition which comprises
a compound of the formula (I), (Ia), (II) or (Ila) or
a pharmaceutically acceptable salt thereof, as defined
herein before in association with a
pharmaceutically-acceptable diluent or carrier for use
in the production of an anti-cancer effect in a
warm-blooded animal such as man. In a further aspect
of the invention there is provided a pharmaceutical
composition which comprises a compound of the formula
(I), (Ia), (II) or (Ila) or a pharmaceutically
acceptable salt thereof, as defined herein before in
association with a pharmaceutically-acceptable diluent
or carrier for use in the treatment of pathologically
angiogenic diseases, thrombosis, cardiac infarction,
coronary heart diseases, arteriosclerosis, tumors,
osteoporosis, inflammations or infections in a
warm-blooded animal such as man. CombinationsThe
anti-cancer treatment defined herein may be applied as
a sole therapy or may involve, in addition to the
compound of the invention, conventional surgery or
radiotherapy or chemotherapy. Such chemotherapy may
include one or more of the following categories of
antitumour agents: 1. antiproliferative/antineoplastic
drugs and combinations thereof, as used in medical
oncology, such as alkylating agents (for example
cis-platin, carboplatin, cyclophosphamide, nitrogen
mustard, melphalan, chlorambucil, busulphan and
nitrosoureas); antimetabolites (for example
antifolates such as fluoropyrimidines like
5-fluorouracil and tegafur, raltitrexed, methotrexate,
cytosine arabinoside and hydroxyurea); antitumour
antibiotics (for example anthracyclines like
adriamycin, bleomycin, doxorubicin, daunomycin,
epirubicin, idarubicin, mitomycin-C, dactinomycin and
mithramycin); antimitotic agents (for example vinca
alkaloids like vincristine, vinblastine, vindesine and
vinorelbine and taxoids like taxol and taxotere); and
topoisomerase inhibitors (for example
epipodophyllotoxins like etoposide and teniposide,
amsacrine, topotecan and camptothecin); 2. cytostatic
agents such as antioestrogens (for example tamoxifen,
toremifene, raloxifene, droloxifene and iodoxyfene),
oestrogen receptor down regulators (for example
fulvestrant), antiandrogens (for example bicalutamide,
flutamide, nilutamide and cyproterone acetate), LHRH
antagonists or LHRH agonists (for example goserelin,
leuprorelin and buserelin), progestogens (for example
megestrol acetate), aromatase inhibitors (for example
as anastrozole, letrozole, vorazole and exemestane)
and inhibitors of 5a-reductase such as finasteride; 3.
agents which inhibit cancer cell invasion (for example
metalloproteinase inhibitors like marimastat and
inhibitors of urokinase plasminogen activator receptor
function); 4. inhibitors of growth factor function,
for example such inhibitors include growth factor
antibodies, growth factor receptor antibodies (for
example the anti-erbb2 antibody trastuzumab
[Herceptin(tm)] and the anti-erbbl antibody cetuximab
[C225]) , farnesyl transferase inhibitors, tyrosine
kinase inhibitors and serine/threonine kinase
inhibitors, for example inhibitors of the epidermal
growth factor family (for example EGFR family tyrosine
kinase inhibitors such as
N-(3-chloro-4-fluorophenyl)-7-niethoxy-6-(3-morpholiti
opropoxy)quinazolin-4-amine (gefitinib,),
N-(3-ethynylphenyl)-6,7-bis(2-methoxyethoxy)quinazolin
-4-amine (erlotinib, OSI-774) and
6-acrylamido-N-(3-chloro-4-fluorophenyl)-7-(3-
morpholinopropoxy)quinazolin-4-amine (CI 1033)), for
example inhibitors of the platelet-derived growth
factor family and for example inhibitors of the
hepatocyte growth factor family; 5. antiangiogenic
agents such as those which inhibit the effects of
vascular endothelial growth factor, (for example the
anti-vascular endothelial cell growth factor antibody
bevacizumab [Avastin(tm)], compounds such as those
disclosed in International Patent Applications WO
97/22596, WO 97/30035, WO 97/32856 and WO 98/13354)
and compounds that work by other mechanisms (for
example linomide, inhibitors of integrin avb3 function
and angiostatin); 6. vascular damaging agents such as
Combretastatin A4 and compounds disclosed in
International Patent Applications WO 99/02166, WO
00/40529, WO 00/41669, WO 01/92224, WO 02/04434 and WO
02/08213; 7. antisense therapies, for example those
which are directed to the targets listed above, such
as ISIS 2503, an anti-ras antisense; 8. gene therapy
approaches, including for example approaches to
replace aberrant genes such as aberrant p53 or
aberrant BRCAl or BRCA2, GDEPT (gene-directed enzyme
pro-drug therapy) approaches such as those using
cytosine deaminase, thymidine kinase or a bacterial
nitroreductase enzyme and approaches to increase
patient tolerance to chemotherapy or radiotherapy such
as multi-drug resistance gene therapy; and 9.
immunotherapy approaches, including for example
ex-vivo and in-vivo approaches to increase the
immunogenicity of patient tumour cells, such as
transfection with cytokines such as interleukin 2,
interleukin 4 or granulocyte-macrophage colony
stimulating factor, approaches to decrease T-cell
anergy, approaches using transfected immune cells such
as cytokine-transfected dendritic cells, approaches
using cytokine-transfected tumour cell lines and
approaches using anti-idiotypic antibodies. Such
conjoint treatment may be achieved by way of the
simultaneous, sequential orseparate dosing of the
individual components of the treatment. Such
combination products employ the compounds of this
invention within the dosage range described
hereinbefore and the other pharmaceutically-active
agent within its approved dosage range. Biological
Activity The following assay can be used to measure
the effects of the compounds of the present invention
as SlPl/Edgl inhibitors. A. In Vitro Cell Based
Receptor Activation Assay-Transfluor Assay This
cell-based assay was designed to assess the ability of
small molecule antagonists to inhibit activation of
the GPCR SlPl in the presence of its cognate ligand
SlP. The assay used technology initially developed by
Norak Biosciences (Xsira Pharmaceutical) and presently
owned by Molecular Devices. A human osteogenic sarcoma
(U2OS) cell line overexpressing the EDG-I /SlPl)
receptor as well as a beta-arrestin/green fluorescent
protein (GFP) construct hereafter termed EDG-I
Transfluor U2OS WT Clone #37 was employed. Using a
high content screening approach (Cellomics Arrayscan),
receptor activity was measured by assessment of the
relocalization of beta-arrestin GFP in response to
stimulation of EDG-I by SlP. Specifically, EDG-I
Transfluor U2OS WT Clone #37 cells were plated at a
density of 6250 cells in 40 mL medium per well in 384
well plastic bottomed microtiter plates (BD Falcon)
and incubated overnight at 37C/5% CO . Prior to
screening, compounds were dissolved in 100% dimethyl
sulfoxide (DMSO) to a final stock concentration of 10
mM. Compounds were then serially diluted at 3OX final
concentration in EDG-I Transfluor cell growth medium
containing 30% DMSO using the Tecan Genesis
instrument. These 3OX plates were then diluted to 6X
final concentration with EDG-I Transfluor growth
medium just prior to dosing. Cells were then dosed
with 10 mL per well of 6X compound dilutions or 6%
DMSO and pre-incubated for 15 minutes at room
temperature. Cell plates were dosed with 10 mL per
well 6X SlP EDG-I Transfluor growth medium, then
incubated for 45 minutes at 37C/5% CO2. Final
concentration in the well of DMSO was 1%, compound was
IX (3-fold, 9 point IC5O dilutions starting at 100 mM
final concentration), and either 375 nM or 750 nM SlP
ligand. Cell plates were then fixed by adding 50 mL
per well of 5% formaldehyde in IX Dulbecco's phosphate
buffered saline (DPBS) directly and incubating for 30
minutes at room temperature in darkness. Fixative was
removed and replaced with 50 mL per well of IX DPBS,
after which cells werestained with 10 mg/mL final
concentration of Hoechst 33342 (Molecular Probes) for
15 minutes at room temperature in darkness. Stain was
then removed from the plates and replaced with 50 mL
per well of IX DPBS using the BioTek ExL405 plate
washer. Plates were then sealed and analysed on the
Cellomics Arrayscan using the GPCR signalling
algorithm. ECs0 values were then calculated using IDBS
ActivityBase software. In this assay, compounds of the
invention exhibit EC5O values <100 mM. For example,
the compound of Example 11 exhibited an EC50 value
0.670 mM and the compound of Example 16 exhibited an
EC50 value of 0.133 mM. Experimental Section The
invention will now be illustrated in the following
Examples in which, generally: (i) operations were
carried out at ambient temperature, i.e. in the range
17 to 250C and under an atmosphere of an inert gas
such as nitrogen or argon unless otherwise stated;
(ii) in general, the course of reactions was followed
by thin layer chromatography (TLC) and/or analytical
high pressure liquid chromatography (HPLC); the
reaction times that are given are not necessarily the
minimum attainable; (iii) when necessary, organic
solutions were dried over anhydrous magnesium
sulphate, work-up procedures were carried out using
traditional layer separating techniques or an ALLEXIS
(MTM) automated liquid handler, evaporations were
carried out either by rotary evaporation in vacuo or
in a Genevac HT-4 / EZ-2. (iv) yields, where present,
are not necessarily the maximum attainable, and when
necessary, reactions were repeated if a larger amount
of the reaction product was required; (v) in general,
the structures of the end-products of the Formula I
were confirmed by nuclear magnetic resonance (NMR)
and/or mass spectral techniques; electrospray mass
spectral data were obtained using a Waters ZMD or
Waters ZQ LC/mass spectrometer acquiring both positive
and negative ion data, generally, only ions relating
to the parent structure are reported; proton NMR
chemical shift values were measured on the delta scale
using either a Bruker Spectrospin DPX300 spectrometer
operating at a field strength of 300 MHz, a Bruker
Dpx400 operating at 400MHz or a Bruker Advance
operating at 500MHz. The following abbreviations have
been used: s, singlet; d, doublet; t, triplet; q,
quartet; m, multiplet; br, broad; (vi) unless stated
otherwise compounds containing an asymmetric carbon
and/or sulphur atom were not resolved;(vii)
intermediates were not necessarily fully purified but
their structures and purity were assessed by TLC,
analytical HPLC, infra-red (IR) and/or NMR analysis;
(viii) unless otherwise stated, column chromatography
(by the flash procedure) and medium pressure liquid
chromatography (MPLC) were performed on Merck
Kieselgel silica (Art. 9385); (ix) preparative HPLC
was performed on Cl 8 reversed-phase silica, for
example on a Waters 'Xterra' preparative
reversed-phase column (5 microns silica, 19 mm
diameter, 100 mm length) using decreasingly polar
mixtures as eluent, for example decreasingly polar
mixtures of water (containing 1% acetic acid or 1%
aqueous ammonium hydroxide (d=0.88)) and acetonitrile;
(x) the following analytical HPLC methods were used;
in general, reversed-phase silica was used with a flow
rate of about 1ml per minute and detection was by
Electrospray Mass Spectrometry and by UV absorbance at
a wavelength of 254 nm; for each method Solvent A was
water and Solvent B was acetonitrile; the following
columns and solvent mixtures were used :- Preparative
HPLC was performed on C18 reversed-phase silica, on a
Phenominex "Gemini" preparative reversed-phase column
(5 microns silica, HOA, 21.1 mm diameter, 100 mm
length) using decreasingly polar mixtures as eluent,
for example decreasingly polar mixtures of water
(containing 0.1% formic acid or 0.1% ammonia) as
solvent A and acetonitrile as solvent B; either of the
following preparative HPLC methods were used: Method
A: a solvent gradient over 9.5 minutes, at 25mls per
minute, from a 85:15 mixture of solvents A and B
respectively to a 5:95 mixture of solvents A and B.
Method B: a solvent gradient over 9.5 minutes, at
25mls per minute, from a 60:40 mixture of solvents A
and B respectively to a 5:95 mixture of solvents A and
B. (xi) where certain compounds were obtained as an
acid-addition salt, for example a mono-hydrochloride
salt or a di-hydrochloride salt, the stoichiometry of
the salt was based on the number and nature of the
basic groups in the compound, the exact stoichiometry
of the salt was generally not determined, for example
by means of elemental analysis data; (xii) the
following abbreviations have been used:- DMF
N,N-dimethylformamide DMSO dimethylsulphoxide EtOAc
ethyl acetateEt3N triethylamine CH2Cl2 dichloromethane
CH2I2 diiodomethane THF tetrahydrofuran TFA
trifluoroacetic acid DMA N-dimethylacetamide DCM
dichloromethane HATU
O-(7-azabenzotriazol-l-yl)-N,N,N',N'-tetramethyluroniu
m hexafluorophosphate MeCN Acetonitrile DIPEA/Hunig's
base diisopropyl ethylamine PPh3 triphenyl phosphine
TFAA triflouroacetic anhydride TMSCHN2 trimethylsilyl
diazomethane HOBt N-hydroxybenzotriazole EDCI
l-(3-Dimethylaminopropyl)-3-ethyl-carbodiimide
hydrochloride RT or rt room temperature Boc N-(fer
-butoxycarbonyl) Lawesson's reagent
2,4-bis(4-methoxyphenyl)-
1,3-dithia-2,4-diphosphatane- 2,4-disulfide bearing
the following structure / p- s /l ~oOOCOR* Scheme 1
Compounds of formula (I) can also be generated as
shown in scheme 2 , Reflux Scheme 2Compounds of
formula (II) may be also prepared as shown below in
scheme 3 TMSCHN2 NH2NH2, (1a) (1d) Ethyl isothiocyante
MCPBA, DCM (2) (2f) Scheme 3 In cases where
commercially available (Ia) is used, an additional
step may be necessary as shown below to convert (If)
to compounds of formula 1 (U) (1) Compound of formula
(Ia) may be either commercially available or may be
generated by reacting the appropriate commercially
available amino acid with commercially available
sulfonyl chlorides. (1a)Example 1
4-Chloro-7V-[l-(4-methyl-5-methyl-4
r-l,2,4-triazol-3-yI)-2-phenylethyI]benzenesulfonamide
A solution of
4-chloro-N-[l-(5-methyl-l,3,4-oxadiazol-2-yl)-2-
phenylethyljbenzenesulfonamide (Intermediate Ia, 50
mg) in methyl amine (33% wt. in EtOH) was heated to
150 0C in a microwave for 1.5 hours. The reaction
mixture was cooled and concentrated to yield crude
product which was purified using reverse phase HPLC to
afford 4- chloro- -[l-(4-methyl-5-methyl-4
H-l,2,4-triazol-3-yl)-2-phenylethyl]benzenesulfonamide
(30 mg,). 1HNMR (300 MHz, DMSO-d6) 8.87 (IH, d), 7.50
(4H, m), 7.14 (5H, m), 4.73 (IH, m), 3.43 (3H, s),
3.12 (IH, dd), 2.98 (IH, dd), 2.32 (3H, s). M/Z = 390.
Examples 2-8, shown in Table 1, were prepared in a
manner analogous to that described for Example 1 using
the intermediate oxadiazole (Intermediate) indicated
in TABLE 1 and the appropriate commercially available
amine. TABLE 1Method for the Preparation of
Fluoropolymer Powdered Materials The present invention
relates to a method for the preparation of
Fluoropolymer powdered materials. Fluoropolymers are
long-chain polymers comprising mainly ethylenic linear
repeating units in which some or all of the hydrogen
atoms are replaced with fluorine. Examples include
Poly(tetrafluoroethylene), Perfluoromethyl vinyl ether
(MFA), Fluoro ethylene propylene (FEP), Per Fluoro
Alkoxy (PFA), Poly(chlorotrifluoroethylene) and
Poly(vinylfluoride). They are amongst the most
chemically inert of all polymers and are characterised
by an unusual resistance to acids, bases and solvents.
They have unusually low frictional properties and have
the ability to withstand extremes of temperature.
Accordingly, fluoropolymers are utilised in a wide
variety of applications in which resistance to extreme
environments is necessary. Current applications
include the formation of tubing and packing materials
within chemical plants, semiconductor equipment,
automotive parts and structural cladding. There are
several application methods, one of which requires the
powdered form of the fluoropolymer. Here the
fluoropolymer is typically applied to a surface by
electrostatic spraying of the powder. Uses include the
coating of household cookware to increase non-stick
properties and abrasion resistance, and the coating of
automotive parts to increase resistance to
environmental weathering. At present, two methods are
used to produce the powdered form of a fluoropolymer.
Spray drying methods comprise the pumping of an
aqueous dispersion of the fluoropolymer feed into an
atomising system, generally located at the top of a
drying chamber. The liquid is atomised into a stream
of heated gas to evaporate the water and produce a dry
powder. This method has several limitations. The
requirement that the aqueous dispersion is pumped into
the atomising system limits the use of this process to
pumpable materials, and the spray dried agglomerates
are tightly bound to each other and resist
subsequentdisagglomeration. In addition, only
non-fibrillatable materials can be processed, as
atomisation may result in the fibrillation of the
fluoropolymer, resulting in an intractable
'marshmallow' material which is difficult to handle.
An alternative method involves the coagulation of the
particles within an aqueous dispersion. Coagulation is
facilitated by the use of high mechanical shear, the
addition of acids or the addition of gelling agents
and subsequent treatment with a water immiscible
organic liquid. The coagulated particles can be
separated from the residual liquid by filtration and
subsequently dried, typically using tray, belt or
flash dryers. The coagulated granules are usually case
hardened for ease of handling. However, the formation
of agglomerates results in a particle size that is too
large for use in conventional powder spray application
techniques. Milling, traditionally used to adjust the
particle size distribution, can cause fibrillation of
the particles, to produce an intractable material
which is difficult to handle. The case hardened
material also produces a tight agglomerate which
resists subsequent disagglomeration. It is an object
of the present invention to provide a method for the
preparation of fluoropolymer powdered materials in
which the fluoropolymer particles do not tightly
agglomerate, and in which the powdered material may be
produced from a liquid suspension of the solid
fluoropolymer particles, which under normal
circumstances would not be pumpable because of its
fibrillatable nature. According to the present
invention there is provided a method for the
preparation of fluoropolymer powdered materials, the
method comprising freezing a suspension of the solid
fluoropolymer particles in a liquid carrier and
subsequently separating out the fluoropolymer
particles by means of sublimation of the frozen
carrier to produce a dry powder.The method is
particularly suitable for the processing of the
following polymers Poly(tetrafluoroethylene),
Perfluoromethyl vinyl ether (MFA), Fluoro ethylene
propylene (FEP), Per Fluoro Alkoxy (PFA). Preferably,
the fluoropolymer powdered materials have a particle
size that is sufficiently small to allow application
by conventional powder spray application techniques.
The agglomerates (with a primary particle size of
about 0.2mm) produced may have an average diameter of
from 1 to lOOmm, more preferably from 20 to 30mm.
Preferably, the suspension of the solid fluoropolymer
particles in a liquid carrier is frozen in a freezer
at a temperature below O0C. More preferably, the
suspension is frozen at a temperature in the range
-6O0C to -2O0C. Typically, freezing might be completed
in 6 hrs to 24 hrs. Preferably, the suspension of the
solid fluoropolymer particles in a liquid carrier is
poured, scooped or otherwise transferred into a tray
prior to freezing. Preferably, the tray containing the
suspension of the solid fluoropolymer particles is
then placed into the freezer and frozen within the
tray. Preferably, the liquid carrier is water based
with or without surfactant and with or without
bridging solvents (organic solvent used to aid the
dispersion/solvating of additional resins). If
bridging solvents are used, they should be at
concentrations low enough and have high enough melting
points so that freezing is not inhibited. Preferably,
the sublimation is carried out using sub-atmospheric
pressure or a vacuum. The use of a reduced pressure
causes sublimation of the carrier from a frozen state
directly to a gaseous state, avoiding the solid to
liquid and liquid to gas transition. Preferably, the
reduced pressure is created by means of a vacuum pump.
Preferably, the reduced pressure is in the range
O.Olatm to 0.99atm, morepreferably 0.04atm to 0.08atm
Typically, sublimation might be completed in 12 hrs to
48 hrs. For some fluoropolymers, the method is carried
out at a temperature which is in practice below the
glass transition temperature of the fluoropolymer. The
glass transition temperature, Tg, of a polymer is the
temperature at which it changes from a glassy form to
a rubbery form. The measured value of Tg will depend
on the molecular weight of the polymer, its thermal
history and age, and on the rate of heating and
cooling. Typical values are PTFE about 1300C, PFA
about 750C, FEP about -2080C, PVDF about -450C. The
temperature is controlled to assist the sublimation
process and avoid melting of the carrier liquid. It is
a beneficial coincidence that these controls also
maintain temperatures below the Tg values for some of
the materials listed. Thus, the method may be carried
out at ambient temperature. Alternatively, the method
may be carried out at a temperature above ambient
temperature, in order to reduce the time taken to
complete the process. The fluoropolymer particles may
be modified prior to freezing, after sublimation has
occurred or at any point during the process of the
present invention. Such modifications may include the
addition of fillers, milling or irradiation of the
fluoropolymer. The addition of fillers would be
carried out before drying to improve blend stability;
milling would be carried out after drying. Irradiation
of the fluoropolymer would be carried out after
milling to assist in particle size control. The
addition of fillers at the liquid stage allows the
filler particles to disperse efficiently between the
fluoropolymers particles thus imparting desirable
properties to the finished powder coating. Post
milling or irradiation of the
freeze-driedfluoropolymers materials can also enhance
their suitability as powder coating materials. Fillers
comprise those substances which enhance or modify the
specific physical characteristics of the
fluoropolymer. For example, fillers may alter the
colour, adhesion characteristics, hardness or
corrosion resistance of the fluoropolymer. Examples of
fillers include temperature stable pigments, binders,
glass beads, bronze powder and tungsten. Other
specific fillers include silicon carbide,
polyphenylene sulphide (PPS), zinc phosphate, poly
amide imide (PAI), Poly ether imide (PEI),
polyetheretherketone (PEEK) and other engineering
polymers. The method may additionally comprise the
milling of the fluoropolymer particles. Milling
adjusts the particle size distribution of the
fluoropolymer, for example reducing the mean particle
size to produce a finer powder. Typically the milling
would be carried out conventionally in a pin or jet
mill. The method may additionally comprise irradiation
of the fluoropolymer particles, typically as a powder
but alternatively in the suspension. Irradiation
adjusts the melt characteristics of the fluoropolymer,
for example to lower the melting temperatures/glass
transition temperatures and increase the melt flow
rate. The method of the present invention does not
result in the tight agglomeration of the particles,
but instead produces a fine powder, which is suitable
for use in conventional powder spray application
techniques or for redispersion in aqueous or organic
media. The friable powder can be broken down easily
for particle size modification. The method of the
invention may be carried out at a temperature below
the glass transition temperature of the fluoropolymer,
in contrast to the known processes involving spray
drying and coagulation, which require temperatures
well in excess of 1000C. The use of ambient
temperature allows greater energy efficiency, whilethe
use of temperatures that are above ambient
temperature, but below the glass transition
temperature, can be used to increase the speed with
which the sublimation proceeds. Temperatures above
ambient can also be used to assist secondary drying,
to drive off any remaining liquid carrier traces. The
method of the invention can be used to prepare
fluoropolymer powdered materials from fluoropolymers
that are either fibrillatable or non-fibrillatable.
Fibrillatable materials are those which form fibers
when exposed to a shear force. The known methods,
which involve spray drying and coagulation, both
expose the solid fluoropolymer particles to shear
forces, which can result in the production of an
intractable material. The present invention does not
involve shear forces at any stage and is therefore
suitable for use with fibrillatable fluoropolymers.
The method of the invention may be used to prepare a
fluoropolymer powdered material from a pumpable or
non-pumpable suspension of the solid fluoropolymer
particles in a liquid carrier. The suspension may be
non-pumpable because of high viscosity or shear
sensitivity and examples include high molecular weight
PTFE or unstabilised PFA, MFA and FEP dispersions. The
method does not involve any steps where the suspension
must be pumped. Instead, the suspension may be poured
or scooped into the tray for freezing, and the solid,
frozen block may be transferred into the vacuum
chamber. The invention may be carried into practice in
varying ways and some embodiments will now be
described by way of example. General Description In a
typical process, a fluoropolymer (modified or
unmodified) with a particle size of about 0.2 mm is
formed into a dispersion in water by mixing ,
optionally with a surfactant and/or bridging solvent,
depending on the nature of the polymer. The dispersion
is poured into trays, typically to a depth of 1 to
1.5cm. The loaded trays are then frozen to a
temperature between -60 and -2O0C. When frozen the
trays areloaded into a vacuum chamber and the pressure
reduced to between 0.01 and 0.99 atmospheres, more
typically 0.04-0.08atm. Under these conditions
sublimation of the liquid carrier takes place.
Additional heating can be applied to assist the
sublimation process while avoiding melting the frozen
carrier material, and to assist secondary drying.
Subsequent process steps might include milling,
irradiating and compaction to modify powder properties
and tailor to specific requirements. Specific
dispersions made and treated as described are set out
below. Fluoropolymers PFA dispersion in water with a
solids content of 23-27 wt. % and melt flow rate of
7.2g/10min measured at 3720C. FEP dispersion in water
with a solids content of 23-27 wt. % and melt flow
rate of 6.5g/10min measured at 3720C. MFA dispersion
in water with a solids content of 28-32 wt.% and melt
flow rate of 5.4g/10min measured at 372C. PTFE
dispersion in water with a solids content of 30 -
60wt% and melt flow rate of 1-lOg/mins measured at
372C. Other Components Other components that can be
included in the dispersions mentioned, include:
Silicon Carbide, average particle size 3 microns
available from CARBOREX. PoIy phenylene sulphide (PPS)
available from RYTON Red 120 Iron oxide pigment
available from BAYFEROX PK 6075 Ochre pigment
available from FERRO 34E23 Black mineral pigment
available from JOHNSONClaims 1. A method for the
preparation of fluoropolymer powdered materials which
comprises freezing a suspension of solid fluoropolymer
particles in a liquid carrier and sublimating the
frozen carrier to leave a dry powder. 2. A method as
claimed in Claim 1, in which sublimation is achieved
by means of a sub-atmospheric pressure. 3. A method as
claimed in Claim 2, in which the reduced pressure is
in the range 0.01 to 0.99atm. 4. A method as claimed
in any proceeding Claim, in which the liquid carrier
is water. 5. A method as claimed in any proceeding
Claim, in which sublimation is carried out at a
temperature below the glass transition temperature of
the fluoropolymer. 6. A method as claimed in Claim 5,
in which sublimation is carried out at ambient
temperature. 7. A method as claimed in Claim 5, in
which sublimation is carried out at a temperature
between ambient temperature and the glass transition
temperature of the fluoropolymer. 8. A method as
claimed in any proceeding Claim, in which the
suspension of the solid fluoropolymer particles in a
liquid carrier is frozen at a temperature in the range
-6O0C to -2O0C.9. A method as claimed in any
proceeding Claim, in which the suspension of the solid
fluoropolymer particles in a liquid carrier is frozen
in trays. 10. A method as claimed in any proceeding
Claim, additionally comprising modification of the
fluoropolymer or the solid fluoropolymer particles.
11. A method as claimed in Claim 10, in which the
fluoropolymer is modified by the addition of one or
more fillers. 12. A method as claimed in Claim 11, in
which the filler comprises pigments and/or binders.
13. A method as claimed in Claim 10, in which the
solid fluoropolymer particles are modified by milling
and/or irradiation. 14. A method as claimed in any
proceeding Claim, in which the fluoropolymer is either
fibrillatable and/or non-pumpable. 


