
PYRIMIDINE UREA DERIVATIVES AS KINASE INHIBITORS The
invention relates to novel compounds, formulations,
methods and uses. More particularly it relates to
compounds, which may be described as heteroaryl aryl
ureas, useful for the treatment of protein kinase
dependent diseases, or for the manufacture of
pharmaceutical compositions for use in the treatment
of said diseases. The invention further relates to
methods of use of such compounds in the treatment of
said diseases, pharmaceutical preparations comprising
heteroaryl aryl ureas, and processes for the
manufacture of heteroaryl aryl ureas. The invention
relates to other subject matter as disclosed below.
BACKGROUND Protein kinases (PKs) are enzymes which
catalyze the phosphorylation of specific serine,
threonine or tyrosine residues in cellular proteins.
These post-translational modifications of substrate
proteins act as molecular switch regulating cell
proliferation, activation and/or differentiation.
Aberrant or excessive PK activity has been observed in
many disease states including benign and malignant
proliferative disorders. In many cases, it has been
possible to treat diseases in vitro and in many cases
in vivo, such as proliferative disorders, by making
use of PK inhibitors. The kinases fall largely into
two groups, those specific for phosphorylating serine
and threonine, and those specific for phosphorylating
tyrosine. Some kinases, referred to as "dual
specificity" kinases, are able to phosphorylate
tyrosine as well as serine/threonine residues. Protein
kinases can also be characterized by their location
within the cell. Some kinases are transmembrane
receptor proteins capable of binding ligands external
to the cell membrane. Binding the ligands alters the
receptor protein kinase's catalytic activity. Others
are non receptor proteins lacking a transmembrane
domain and yet others are ecto-kinases that have a
catalytic domain on the extracellular (ecto) portion
of a transmembrane protein or which are secreted as
soluble extracellular proteins.Many kinases are
involved in regulatory cascades where their substrates
may include other kinases whose activities are
regulated by their phosphorylation state. Thus,
activity of a downstream effector is modulated by
phosphorylation resulting from activation of the
pathway. Receptor protein tyrosine kinases (RPTKs) are
a sub-class of transmembrane-spanning receptors
endowed with intrinsic, ligand-stimulatable tyrosine
kinase activity. RPTK activity is tightly controlled.
When mutated or altered structurally, RPTKs can become
potent oncoproteins, causing cellular transformation.
In principle, for all RPTKs involved in cancer,
oncogenic deregulation results from relief or
perturbation of one or several of the autocontrol
mechanisms that ensure the normal repression of
catalytic domains. More than half of the known RPTKs
have been repeatedly found in either mutated or
overexpressed forms associated with human malignancies
(including sporadic cases; Blume-Jensen et al., Nature
4 11: 355-365 (2001)). RPTK over expression leads to
constitutive kinase activation by increasing the
concentration of dimers. Examples are Neu/ErbB2 and
epidermal growth factor receptor (EGFR), which are
often amplified in breast and lung carcinomas and the
fibroblast growth factors (FGFR) associated with
skeletal and proliferative disorders (Blume-Jensen et
al., 2001). Angiogenesis is the mechanism by which new
capillaries are formed from existing vessels. When
required, the vascular system has the potential to
generate new capillary networks in order to maintain
the proper functioning of tissues and organs. In the
adult, however, angiogenesis is fairly limited,
occurring only in the process of wound healing and
neovascularization of the endometrium during
menstruation. See Merenmies et al., Cell Growth &
Differentiation, 8, 3-10 (1997). On the other hand,
unwanted angiogenesis is a hallmark of several
diseases, such as retinopathies, psoriasis, rheumatoid
arthritis, agerelated macular degeneration (AMD), and
cancer (solid tumors). Folkman, Nature Med., 1, 27-31
(1995). Protein kinases which have been shown to be
involved in the angiogenic process include three
members of the growth factor receptor tyrosine kinase
family: VEGFR2 (vascular endothelial growth factor
receptor 2, also known as KDR (kinase insert domain
receptor) and as FLK-1); FGF-R (fibroblast growth
factor receptor); and TEK (also known as Tie-2).TEK
(also known as Tie-2) is a receptor tyrosine kinase
expressed only on endothelial cells which has been
shown to play a role in angiogenesis. The binding of
the factor angiopoietin- 1 results in
autophosphorylation of the kinase domain of TEK and
results in a signal transduction process which appears
to mediate the interaction of endothelial cells with
periendothelial support cells, thereby facilitating
the maturation of newly formed blood vessels. The
factor angiopoietin-2, on the other hand, appears to
antagonize the action of angiopoietin-1 on TEK and
disrupts angiogenesis. Maisonpierre et al., Science,
277, 55-60 (1997). Administration of Ad-ExTek, a
soluble adenoviral expressed extracellular domain of
Tie-2, inhibited tumour metastasis when delivered at
the time of surgical excision of primary tumours in a
clinically relevant mouse model of tumor metastasis
(Lin et al., Proc Natl Acad Sci USA 95, 8829-8834
(1998)). The inhibition of Tie-2 function by ExTek may
be a consequence of sequestration of the angiopoietin
ligand and/or heterodimerisation with the native Tie-2
receptor. This study demonstrates that disruption of
Tie-2 signalling pathways, first, may be well
tolerated in healthy organisms and, second, may
provide therapeutic benefit. The Philadelphia
Chromosome is a hallmark for chronic myelogenous
leukaemia (CML) and carries a hybrid gene that
contains N-terminal exons of the bcr gene and the
major Cterminal part (exons 2-1 1) of the c-abl gene.
The gene product is a 210 kD protein (p210 Bcr-Abl).
The Abl-part of the Bcr-Abl protein contains the
abl-tyrosine kinase which is tightly 



regulated in the wild type c-abl, but constitutively
activated in the Bcr-Abl fusion protein. This
deregulated tyrosine kinase interacts with multiple
cellular signalling pathways leading to transformation
and deregulated proliferation of the cells (Lugo et
al., Science 247. 1079 [1990]). Mutant forms of the
Bcr-Abl protein have also been identified. A detailed
review of Bcr-Abl mutant forms has been published
(Cowan-Jones et al, Mini Reviews in Medicinal
Chemistry, 2004, 4 285-299). EphB4 (also named HTK)
and its ligand, ephrinB2 (HTKL) have critical roles in
establishing and determining vascular networks. On the
venous epithelium, EphB4 is expressed specifically,
while, during early stages of vascular development,
ephrinB2 is specifically andreciprocally expressed on
arterial endothelial cells. Dysfunctional genes lead
to embryonic lethality in mice, and the embryos show
identical defects in forming capillary connections in
case of either defect ephrinB2 and EphB4. Both are
expressed at the first site of hematopoiesis and
vascular development during embryogenesis. An
essential role for proper hematopoietic, endothelial,
hemangioblast and primitive mesoderm development was
established. EphB4 deficiency results in an alteration
in the mesodermal differentiation outcome of embryonic
stem cells. Ectopic expression of EphB4 in mammary
tissue results in disordered architecture, abnormal
tissue function and a predisposition to malignancy
(see e.g. N. Munarini et al., J. Cell. Sci. 115, 25-37
(2002)). From these and other data, it has been
concluded that inadequate EphB4 expression may be
involved in the formation of malignancies and thus
that inhibition of EphB4 can be expected to be a tool
to combat malignancies, e.g. cancer and the like.
c-Src (also known as p60 c-Src) is cytosolic,
non-receptor tyrosine kinase. c-Src is involved in the
transduction of mitogenic signals from a number of
polypeptide growth factors such as epidermal growth
factor (EGF) and platelet-derived growth factor
(PDGF). c-Src is over expressed in mammary cancers,
pancreatic cancers, neuroblastomas, and others. Mutant
c- Src has been identified in human colon cancer.
c-Src phosphorylates a number of proteins that are
involved in regulating cross-talk between the
extracellular matrix and the cytoplasmic actin
cytoskeleton. Modulation cSrc activity could have
implications in diseases relating to cell
proliferation, differentiation and death. See Bjorge,
J. D., et. al. (2000) Oncogene 19(49):5620-5635;
Halpern, M. S., et. al. (1996) Proc. Natl. Acad. Sci.
U. S. A. 93(2), 824-7; Belsches, A. P., et. al. (1997)
Frontiers in Bioscience [Electronic Publication]
2:D501-D518; Zhan, X., et. al (2001) Chemical Reviews
101:2477-2496; Haskell, M. D., et. al. (2001) Chemical
Reviews 101:2425-2440. The fms-like tyrosine kinase 3
(FLT3) receptor tyrosine kinase is now recognized to
be a critical mediator in the pathogenesis of myeloid
and some lymphoid leukemias. Activation of FLT3 on
leukemic cells by FLT3 ligand leads to receptor
dimerization and signal transduction in pathways that
promote cell growth and inhibit apoptosis (Blood, Vol.
98, No. 3, pp.885-887 (2001)).Use of tyrosine kinase
inhibitors for AML therapy is hindered by the
acquisition of mutations in the kinase catalytic
domain, and in the case of BCR-ABL, these mutations
confer resistance to imatinib. FLT3 is widely
expressed in AML and some cases of acute lymphocytic
leukemia. Activating mutations in FLT3 confer a poor
risk in patients with AML. Thus, FLT3 is a promising
target for therapeutic intervention. Platelet-derived
growth factor receptor (PDGFR) tyrosine kinase is
expressed in a number of tumours such as small-cell
lung cancer, prostate cancer, and glioblastoma as well
as in the stromal and vascular compartments of many
tumors. Expression of both PDGF and PDGF receptors
(PDGFRs) has been observed in pancreatic cancer (Ebert
M et al., lnt J Cancer, 62:529-535 (1995). Fibroblast
Growth Factors Normal growth, as well as tissue repair
and remodeling, require specific and delicate control
of activating growth factors and their receptors.
Fibroblast Growth Factors (FGFs) constitute a family
of over twenty structurally related polypeptides that
are developmentally regulated and expressed in a wide
variety of tissues. FGFs stimulate proliferation, cell
migration and differentiation and play a major role in
skeletal and limb development, wound healing, tissue
repair, hematopoiesis, angiogenesis, and tumorigenesis
(reviewed in Ornitz, Novartis Found Svmp 232: 63-76;
discussion 76-80, 272-82 (2001)). The biological
action of FGFs is mediated by specific cell surface
receptors belonging to the RPTK family of protein
kinases. These proteins consist of an extracellular
ligand binding domain, a single transmembrane domain
and an intracellular tyrosine kinase domain which
undergoes phosphorylation upon binding of FGF. Four
FGFRs have been identified to date: FGFR1 (also called
FIg, fms-like gene, fit- 2, bFGFR,N-bFGFR orCeki),
FGFR2 (also called Bek-Bacterial Expressed Kinase-,
KGFR, Ksam.Ksaml and Cek3), FGFR3 (also called Cek2)
and FGFR4. All mature FGFRs share a common structure
consisting of an amino terminal signal peptide, three
extracellular immunoglobulin-like domains (Ig domain
I, Ig domain II, Ig domain III), with an acidic region
between Ig domains (the"acidic box" domain), a
transmembrane domain, and intracellular kinase domains
(Ullrich andSchlessinger, Cell 61: 203,1990 ; Johnson
and Williams (1992) Adv. Cancer Res. 60: 1-41). The
distinct FGFRisoforms have different binding
affinities for the different FGF ligands, thus FGF8
(androgeninduced growth factor) and FGF9 (glial
activating factor) appear to have increased
selectivity for FGFR3 (Chellaiah et al. J Biol. Chem
1994 ; 269: 11620). Another major class of cell
surface binding sites includes binding sites for
heparan sulfateproteoglycans (HSPG) that are required
for high affinity interaction and activation of all
members of the FGF family. Tissue-specific expression
of heparan sulfate structural variants confer
ligand-receptor specificity and activityof FGFs
FGFR-Related Diseases Recent discoveries show that a
growing number of skeletal abnormalities, including 



achondroplasia, the most common form of human
dwarfism, result from mutations in FGFRs. Specific
point mutations in different domains of FGFR3 are
associated with autosomal dominant human skeletal
disorders including hypochondroplasia, severe
achondroplasia with developmental delay and acanthosis
nigricans (SADDAN) and thanatophoric dysplasia (TD)
(Cappellen et al., Nature Genetics, 23: 18-20 (1999);
Webster et al., Trends Genetics 13 (5): 178-182
(1997); Tavormina et al., Am. J. Hum. Genet, 64:
722-731 (1999)). FGFR3 mutations have also been
described in two craniosynostosis phenotypes: Muenke
coronal craniosynostosis (Bellus et al., Nature
Genetics, 14: 174-176 (1996); Muenke et al., Am. J.
Hum. Genet, 60 : 555-564 (1997)) and Crouzon syndrome
with acanthosis nigricans (Meyers et al., Nature
Genetics, 11 : 462-464 (1995)). Crouzon syndrome is
associated with specific point mutations in FGFR2 and
both familial and sporadic forms of Pfeiffer syndrome
are associated with mutations in FGFR1 and FGFR2
(Galvin et al., PNAS USA, 93: 7894-7899 (1996); Schell
et al., Hum MoI Gen, 4: 323-328 (1995)). Mutations in
FGFRs result in constitutive activation of the mutated
receptors and increased receptor protein tyrosine
kinase activity, rendering cells and tissue unable to
differentiate. Specifically, the achondroplasia
mutation results in enhanced stability of the mutated
receptor, dissociating receptor activation from
down-regulation, leading to restrained chondrocyte
maturation and bone growth inhibition (reviewed in
Vajo et al., Endocrine Reviews, 21(1) : 23-39 (2000)).
There is accumulating evidence for mutations
activating FGFR3 in various types of
cancer.Constitutively activated FGFR3 in two common
epithelial cancers, bladder and cervix, as well as in
multiple myeloma, is the first evidence of an
oncogenic role for FGFR3 in carcinomas. In addition, a
very recent study reports the presence of FGFR3
activating mutations in a large proportion of benign
skin tumors (Logie et a!., Hum MoI Genet 2005). FGFR3
currently appears to be the most frequently mutated
oncogene in bladder cancer where it is mutated in
almost 50% of the the total bladder cancer cases and
in about 70% of cases having superficial bladder
tumors (Cappellen, et al., Nature Genetics 1999, 23;
19-20; van Rhijn, et al., Cancer Research 2001, 61:
1265-1268; Billerey, et al, Am. J. Pathol. 2001,
158:1955-1959, WO 2004/085676). FGFR3 aberrant
overexpression as a consequence of the chromosomal
translocation t(4,14) is reported in 10-25% of
multiple myeloma cases (Chesi et al., Nature Genetics
1997, 16: 260-264; Richelda et al., Blood 1997, 90
:4061- 4070; Sibley et al., BJH 2002, 118: 514-520;
Santra et al., Blood 2003, 101: 2374-2476). FGFR3
activating mutations are seen in 5-10% of multiple
myelomas with t(4,14) and are associated with tumor
progression (Chesi et al., Nature Genetics 1997, 16:
260-264; Chesi et al., Blood, 97 (3): 729-736 (2001);
Intini, et al, BJH 2001, 114: 362-364). In this
context, the consequences of FGFR3 signaling appear to
be cell type-specific. In chondrocytes, FGFR3
hyperactivation results in growth inhibition (reviewed
in Omitz, 2001), whereas in the myeloma cell it
contributes to tumor progression (Chesi et al.,2001).
The inhibition of FGFR3 activity has been found to
represent a means for treating T cell mediated
inflammatory or autoimmune diseases, as for example in
treatment of T-cell mediated inflammatory or
autoimmune diseases including but not limited to
rheumatoid arthritis (RA), collagen Il arthritis,
multiple sclerosis (MS), systemic lupus erythematosus
(SLE), psoriasis, juvenile onset diabetes, Sjogren's
disease, thyroid disease, sarcoidosis, autoimmune
uveitis, inflammatory bowel disease (Crohn's and
ulcerative colitis), celiac disease and myasthenia
gravis. See WO 2004/1 10487. Disorders resulting from
FGFR3 mutations are described also in WO 03/023004 and
WO 02/102972. Gene amplification and /or
overexpression of FGFR1 , FGFR2 and FGFR4 has been
implicated in breast cancer (Penault-Llorca et al.,
lnt J Cancer 1995; Theillet et al., GenesChrom. Cancer
1993; Adnane et al., Oncogene 1991; Jaakola et al.,
lnt J Cancer 1993; Yamada et al., Neuro Res 2002).
Overexpression of FGFR1 and FGFR4 is also associated
with pancreatic adenocarcinomas and astrocytomas
(Kobrin et al., Cancer Research 1993; Yamanaka et al.,
Cancer Research 1993; Shah et al., Oncogene 2002;
Yamaguchi et al., PNAS 1994; Yamada et al., Neuro Res
2002). . Prostate cancer has also been related to
FGFR1 overexpression (Giri et al., Clin Cancer Res
1999). There is an unmet need for highly selective
molecules capable of blocking aberrant constitutive
receptor protein tyrosine kinase activity, in
particular FGFR activity, thereby addressing the
clinical manifestations associated with the
above-mentioned mutations, and modulating various
biological functions. In view of the large number of
protein kinase inhibitors and the multitude of
proliferative and other PK-related diseases, there is
an ever-existing need to provide novel classes of com
pounds that are useful as PK inhibitors and thus in
the treatment of these Protein Tyrosine Kinase (PTK)
related diseases. What is required are new classes of
pharmaceutically advantageous PK inhibiting compounds.
Epidermal Growth Factor family and related diseases
The epidermal growth factor receptor (EGF-R) and
ErbB-2 kinase are protein tyrosine kinase receptors
which, together with their family members ErbB-3 and
ErbB-4, play a key role in signal transmission in a
large number of mammalian cells, including human
cells, especially epithelial cells, cells of the
immune system and cells of the central and peripheral
nervous system. For example, in various cell types,
EGF-induced activation of receptor-associated protein
tyrosine kinase is a prerequisite for cell division
and hence for the proliferation of the cell
population. Most importantly, overexpression of the
EGF-R (HER-1) and/or ErbB-2 (HER-2) has been observed
in substantial fractions of many human tumours. EGF-R,
e.g., was found to be overexpressed in non small-cell
lung cancers, squameous carcinoma (head and neck),
breast, gastric, ovarian, colon and prostate cancers
as well as in gliomas. ErbB-2 was found to be
overexpressed in squameous carcinoma (head and neck),
breast, gastric, and ovarian cancers as well as in
gliomas. 



Citation of any document herein is not intended as an
admission that such document is pertinent prior art,
or considered material to the patentability of any
claim of the presentapplication. Any statement as to
content or a date of any document is based on the
information available to applicant at the time of
filing and does not constitute an admission as to the
correctness of such a statement. SUMMARY OF THE
INVENTION The present invention relates to compounds
of Formula (I) and salts, esters, N-oxides or prodrugs
thereof: where n is O, 1, 2, 3, 4 or 5; X, Y and Z are
each independently selected from N or C-R5, wherein at
least two of X, Y and Z are N; and X1 is oxygen, R1,
R2, R3 and R4 if present, are each independently
selected from an organic or inorganic moiety, where
the inorganic moiety is especially selected from halo,
especially chloro, hydroxyl, cyano, azo (N=N=N),
nitro; and where the organic moiety is substituted or
unsubstituted and may be attached via a linker, -L1- ,
the organic moiety being especially selected from
hydrogen; lower aliphatic (especially C1, C2, C3 or C4
aliphatic) e.g. lower alkyl, lower alkenyl, lower
alkynyl; amino; guanidino; hydroxyguanidino;
formamidino; isothioureido; ureido; mercapto; C(O)H or
other acyl; acyloxy; substituted hydroxy; carboxy;
sulfo; sulfamoyl; carbamoyl; a substituted
orunsubstituted cyclic group, for example the cyclic
group (whether substituted or unsubstituted) may be
cycloalkyl, e.g. cyclohexyl, phenyl, pyrrole,
imidazole, pyrazole, isoxazole, oxazole, thiazole,
pyridazine, pyrimidine, pyrazine, pyridyl, indole,
isoindole, indazole, purine, indolizidine, quinoline,
isoquinoline, quinazoline, pteridine, quinolizidine,
piperidyl, piperazinyl, pyrollidine, morpholinyl or
thiomorpholinyl and, for example, substituted lower
aliphatic or substituted hydroxy may be substituted by
such substituted or unsubstituted cyclic groups. and
-L1- having 1, 2, 3, 4 or 5 in-chain atoms (e.g.
selected from C, N, O and S) and optionally being
selected from (i) C1, C2, C3 or C4 alkyl, such an
alkyl group optionally being interrupted and/or
terminated by an -O-, -C(O)- or -NRa- linkage; -O-;
-S-; -C(O)-; cyclopropyl (regarded as having two
in-chain atoms) and chemically appropriate
combinations thereof; and -NR% wherein Ra is hydrogen,
hydroxy, hydrocarbyloxy or hydrocarbyl, wherein
hydrocarbyl is optionally interrupted by an -O- or
-NH- linkage and may be, for example, selected from an
aliphatic group (e.g. having 1 to 7 carbon atoms, for
example 1, 2, 3, or 4), cycloalkyl, especially
cyclohexyl, cycloalkenyl, especially cyclohexenyl, or
another carbocyclic group, for example phenyl; where
the hydrocarbyl moiety is substituted or
unsubstituted; each R4 is the same or different and
selected from an organic or inorganic moiety, for
example, each R4 is the same or different and selected
from halogen; hydroxy; protected hydroxy for example
trialkylsilylhydroxy; amino; amidino; guanidino;
hydroxyguanidino; formamidino; isothioureido; ureido;
mercapto; C(O)H or other acyl; acyloxy; carboxy;
sulfo; sulfamoyl; carbamoyl; cyano; azo; nitro; C1-C7
aliphatic optionally substituted by one or more
halogens and/or one or two functional groups selected
from hydroxy, protected hydroxy for example
trialkylsilylhydroxy, amino, amidino, guanidino,
hydroxyguanidino, formamidino, isothioureido, ureido,
mercapto, C(O)H or other acyl, acyloxy, carboxy,
sulfo, sulfamoyl, carbamoyl, cyano, azo, or nitro; all
of the aforesaid hydroxy, amino, amidino, guanidino,
hydroxyguanidino, formamidino, isothioureido, ureido,
mercapto, carboxy, sulfo, sulfamoyl and carbamoyl
groups in turn optionally being substituted on at
least one heteroatom by one or more C1-C7 aliphatic
groups. In a particular embodiment, there is provided
a compound of Formula (I), wherein:n is 0, 1, 2, 3, 4
or 5; X, Y and Z are each independently selected from
N or C-R5, wherein at least two of X, Y and Z are N;
and R1, R2 and R5 are each independently selected from
H, Rz-L1-; halogen; hydroxy; protected hydroxy for
example trialkylsilylhydroxy; amino; amidino;
guanidino; hydroxyguanidino; formamidino;
isothioureido; ureido; mercapto; C(O)H or other acyl;
acyloxy; carboxy; sulfo; sulfamoyl; carbamoyl; cyano;
azo; nitro; C1-C7 aliphatic optionally substituted by
one or more halogens and/or one or two functional
groups selected from hydroxy, protected hydroxy for
example trialkylsilylhydroxy, amino, amidino,
guanidino, hydroxyguanidino, formamidino,
isothioureido, ureido, mercapto, C(O)H or other acyl,
acyloxy, carboxy, sulfo, sulfamoyl, carbamoyl, cyano,
azo, or nitro; all of the aforesaid hydroxy, amino,
amidino, guanidino, hydroxyguanidino, formamidino,
isothioureido, ureido, mercapto, carboxy, sulfo,
sulfamoyl and carbamoyl groups in turn optionally
being substituted on at least one heteroatom by one
or, where possible, more Cr C7 aliphatic groups,
wherein -L1- has 1, 2, 3, 4 or 5 in-chain atoms and is
selected from C1, C2, C3 or C4 aliphatic optionally
interrupted and/or terminated by a linkage selected
from the group consisting of -NRa- ; -O-; -S-; -C(O)-;
cyclopropyl (regarded as having two in-chain atoms)
and chemically appropriate combinations thereof; -NRa-
; -O-; -S-; -C(O)-; cyclopropyl (regarded as having
two in-chain atoms) and chemically appropriate
combinations thereof; and -NR% wherein Ra is hydrogen,
hydroxy, hydrocarbyloxy or hydrocarbyl, wherein
hydrocarbyl has from 1 to 15 carbon atoms, is
optionally interrupted by an -Oor -NH- linkage and is
unsubstituted or is substituted by hydroxy, halo,
amino or mono- or dKC^C^alkylamino, lower alkanoyl,
trifluoromethyl, cyano, azo or nitro; and Rz is a
moiety containing from 1 to 30 plural valent atoms
selected from C, N, O, 



S and Si as well as monovalent atoms selected from H
and halo; R3 is H or a moiety containing from 1 to 30
plural valent atoms selected from C, N, O, S and Si as
well as monovalent atoms selected from H and halo;each
R4 is the same or different and selected from halogen;
hydroxy; protected hydroxy for example
trialkylsilylhydroxy; amino; amidino; guanidino;
hydroxyguanidino; formamidino; isothioureido; ureido;
mercapto; C(O)H or other acyl; acyloxy; carboxy;
sulfo; sulfamoyl; carbamoyl; cyano; azo; nitro; C1-C7
aliphatic optionally substituted by one or more
halogens and/or one or two functional groups selected
from hydroxy, protected hydroxy for example
trialkylsilylhydroxy, amino, amidino, guanidino,
hydroxyguanidino, formamidino, isothioureido, ureido,
mercapto, C(O)H or other acyl, acyloxy, carboxy,
sulfo, sulfamoyl, carbamoyl, cyano, azo, or nitro; all
of the aforesaid hydroxy, amino, amidino, guanidino,
hydroxyguanidino, formamidino, isothioureido, ureido,
mercapto, carboxy, sulfo, sulfamoyl and carbamoyl
groups in turn optionally being substituted on at
least one heteroatom by one or, where possible, more
C1-C7 aliphatic groups, or pharmaceutically acceptable
salts, esters, N-oxides or prodrugs thereof. Often, at
least one of R1, R2 and R5 is not H; in exemplary
compounds a single one of R1, R2 and R5 is not H.
Normally R1 is not H. The invention includes amongst
others compounds in which at least one of R1, R2 and
R5 is Rz-L1- . It includes a class of compounds in
which a single one of R1, R2 and R5 is Rz-L1- ,
particularly R1. The invention includes a class of
compounds in which R2 and R5 are H and R1 is not H,
e.g. is Rz-L1- . Chemically appropriate combinations
of -NRa-; -O-; -S-; -C(O)-; cyclopropyl are
combinations which form a chemically stable moiety,
such as -NR C(O)-; -C(O)NR -; -C(O)O- and -OC(O)-, for
example. In many classes of compounds, L1 does not
comprise cyclopropyl. It has now been found that the
above compounds, which may be described as belonging
to the heteroaryl aryl urea class, show inhibition of
a number of protein tyrosine kinases. It is believed
that certain compound of formula (I) lack novelty per
se. In one embodiment, therefore, the invention
provides compounds of formula (I) and salts, esters,
N-oxides or prodrugs thereof excluding compounds of
formula (I) in which: (A) n is O; R3 is H; Y and Z are
N; X is N, C-SO2(NH) or C-NO2 (or in a wider
exclusionary embodiment any C-R5 group); R2 is H,
SCH2CH=CH2 or SMe;and R1 is of the formula NR1R"where
R' and R" together with their adjoining nitrogen form
morpholino or one of R' and R" is H and the other is
phenyl, phenyl substituted by a single substituent
selected from Me and Cl, or is -C(O)NHPh; (B) n is 1;
R4 is methoxy; R3 is H; X is CH; Y and Z are N; R1 is
NH2; and R2 is H or SMe; (C) n is 1; R4 is Cl; R3 is
ethyl; X, Y and Z are N; and one of R1 and R2 is H
whilst the other is NEt2; or (D) n is 2; one R4 is
meta-C] and the other is para-methyl, R3 is H; X, Y
and Z are N; and one of R1 and R2 is H whilst the
other is PhNH-, /77-chloroPhNH-, p-chloroPhNH-,
m-methylPhNHor p-methylPhNH-. In embodiments, there
are additionally excluded (a) salts of the excluded
compounds, (b) esters of excluded compounds, (c)
N-oxides of excluded compounds, (d) prodrugs of
excluded compounds, or (e) 1, 2, 3 or 4 of (a), (b),
(c) and (d), e.g. all thereof. Included in the
invention is a method of treating a protein
kinase-dependent disease in a warm-blooded animal, for
example a human, comprising administering to the
animal a therapeutically effective amount of a
compound of Formula I or a salt, ester, N-oxide or
prodrug thereof. Also included is the use of a
compound of Formula I or a salt, ester, N-oxide or
prodrug thereof for the manufacture of a medicament
for use in the treatment of a a protein
kinasedependent disease. As another aspect of the
invention may be mentioned oral pharmaceutical
formulations comprising compounds of Formula I or
salts, esters, N-oxides or prodrugs thereof. Also to
be mentioned as a further aspect are intravenous
pharmaceutical formulations comprising compounds of of
Formula I or salts, esters, N-oxides or prodrugs
thereof. In embodiments of the aforesaid method, use
and formulations, the compound is in the form of the
compound of Formula (I) as such. In other embodiments,
the compound is in the formof a salt, ester, N-oxide
or prodrug thereof. Thus, in certain embodiments the
compound is in the form of a salt whilst in others it
is not. The compounds of Formula (I) (or exemplary
formula thereof), described below in more detail,
especially show inhibition of protein kinases e.g.
protein tyrosine kinases. As examples of kinases
inhibited by the compounds of the disclosure may be
mentioned FGFR1, FGFR2, FGFR3 and FGFR4. Another
inhibited kinase is the receptor tyrosine kinase
VEGF-R, in particular the VEGF receptor KDR (VEGF-R2).
The disclosed compounds are appropriate for the
inhibition of one or more of these and/or other
protein tyrosine kinases and/or for the inhibition of
mutants of these enzymes. In view of these activities,
the compounds can be used for the treatment of
diseases related to, especially, aberrant or excessive
activity of such types of kinases, especially those
mentioned. The compounds of the disclosure can exist
in different forms, such as free acids, free bases,
esters and other prodrugs, salts and tautomers, for
example, and the disclosure includes all variant forms
of the compounds. The extent of protection includes
counterfeit or fraudulent products which contain or
purport to contain a compound of the invention
irrespective of whether they do in fact contain such a
compound and irrespective of whether any such compound
is contained in a therapeutically effective amount.
Included in the scope of protection therefore are
packages which include a description or instructions
which indicate that the package contains a species or
pharmaceutical formulation or composition of the
invention and a product which is or comprises, or
purports to be or comprise, such a formulation,
composition or species. Throughout the description and
claims of this specification, the singular encompasses
the plural unless the context otherwise requires. In
particular, where the indefinite article is used, 



the specification is to be understood as contemplating
plurality as well as singularity, unless the context
requires otherwise. Features, integers,
characteristics, compounds, chemical moieties or
groups described in conjunction with a particular
aspect, embodiment or example of the invention are to
be understood to be applicable to any other aspect,
embodiment or example described herein unless
incompatible therewith.Throughout the description and
claims of this specification, the words "comprise" and
"contain" and variations of the words, for example
"comprising" and "comprises", mean "including but not
limited to", and are not intended to (and do not)
exclude other moieties, additives, components,
integers or steps. Further aspects and embodiments of
the disclosure are set forth in the following
description and claims. DETAILED DESCRIPTION The
present invention relates to compounds of Formula I as
described above and salts, esters, N-oxides or
prodrugs thereof. In an aspect, therefore, the
invention provides products which are compounds of
Formula I and salts, esters, N-oxides or prodrugs
thereof. In embodiments, the products do not include
compounds which are believed to be included in the
prior art and in which: (A) n is 0; R3 is H; Y and Z
are N; X is N, C-SO2(NH) or C-NO2 (or in a wider
exclusionary embodiment any C-R5 group); R2 is H
SCH2CH=CH2 or SMe;and R1 is of the formula NR1R" where
R1and R" together with their adjoining nitrogen form
morpholino or one of R1and R" is H and the other is
phenyl, phenyl substituted by a single substituent
selected from Me and Cl or is -C(O)NHPh; (B) n is 1;
R4 is methoxy; R3 is H; X is CH; Y and Z are N; R1 is
NH2; and R2 is H or SMe; (C) n is 1; R4 is Cl; R3 is
ethyl; X, Y and Z are N; and one of R1and R2 is H
whilst the other is NEt2; or (D) n is 2; one R4 is
meta-C\ and the other is para-methyl, R3 is H; X, Y
and Z are N; and one of R1 and R2 is H whilst the
other is PhNH-, m-chloroPhNH-, p-chloroPhNH-,
m-methylPhNHorp- methylPhNH-.In another embodiment, 1,
2, 3 or 4 of excluded categories (A), (B), (C) and (D)
is expanded to read as follows: (A) n is 0; R3 is H; Y
and Z are N; X is N or C-R5; R2 is H or a substituent;
and R1 is of the formula NR1R" where R1and R" together
with the nitrogen form a substituted or unsubstituted
ring or R' and R" are each independently H or a
substituent; (B) n is 1; R4 is a substituent; R3 is H;
Y and Z are N; X is CH (or in other embodiments is
CR5) ; R2 is H OR SMe (or in some excluded compounds S
substituted by any substituent); and R1 is NH2 (or in
a class of excluded compounds is substituted amino or
- in some instances - any substituent) (C) n is 1; R4
is halo or alkyl (or in a class of embodiments is any
substituent); R3 is alkyl; X, Y and Z are N; and one
of R1 and R2 is H whilst the other is a substituent;
or (D) n is 2; each R4 is independently selected from
halo and alkyl (or in a class of embodiments is any
substituent); R3 is H; X, Y and Z are N; and one of R1
and R2 is H whilst the other is amino or substituted
amino (or in an embodiment is any substituent). In
embodiments, there are additionally excluded (a) salts
of the excluded compounds, (b) esters of excluded
compounds, (c) N-oxides of excluded compounds, (d)
prodrugs of excluded compounds, or (e) 1, 2, 3 or 4 of
(a), (b), (c) and (d), e.g. all thereof. Structural
fragments and substituents of the compounds of Formula
(I) will now be considered in turn: The Left Hand Ring
By the "left hand ring" is meant the fragment:In a
class of compounds, two of X, Y and Z are N, and in
one sub-class X and Y are N while in another or X and
Z are N; in an alternative class all of X, Y and Z are
N. A particular class consists of compounds in which Y
and Z are N, thus forming by way of example Fragment
(A): Substituent R5 Considering now the left hand ring
without restriction, i.e. without limitation to
Fragment (A)1 the or each R5 may independently be an
R1 group, for example as more particularly defined
below, independently of the identity of R1. In some
compounds the or each R5 is independently H; hydroxy;
halo; amino or mono- or dialkylamino; cyano; azo or
nitro; an aliphatic group having 1 to 7 carbon atoms
and optionally interrupted by an -O- or -NH- linkage
and/or linked to the left hand ring by a said linkage
and/or substituted by hydroxy, halo, amino or mono- or
di- alkylamino, cyano, azo or nitro; or acyl wherein
the carbonyl moiety is substituted by a said aliphatic
group; hydroxy, amino, mono- or dialkylamino, cyano,
azo or nitro. Alkyl groups may have for example 1 to
7, e.g. 1, 2, 3 or 4 carbon atoms. Often, R5 is H,
halo, hydroxy, amino, mono- or dialkylamino, alkyl
(e.g. methyl), alkyl interrupted by an -O- or -NH-
linkage and/or linked to the left hand ring by a said
linkage (e.g. to form alkoxy, for example methoxy),
trifluoromethyl, hydroxy, amino, mono- or
dialkylamino; any alkyl moiety (interrupted or not)
typically has 1, 2, 3 or 4 carbon atoms.In a class of
compounds, R5 is H or halo, particularly H, F or Cl,
for example is H or F. In a particular class of
compounds, the or each R5 is H. The above description
of R5 applies of course to Fragment (A) as much as to
other left hand ring structures. Substituent R2 Again
considering the left hand ring without restriction, R2
may be any moiety described above in relation to R5
(e.g. may be any R1 group as described more
particularly below) and of course R2 and R5 may be the
same or different. In some compounds, R2 and the or
each R5 are independently H; halo; an aliphatic group
(e.g. having 1 to 7 carbon atoms, for example 1, 2, 3,
or 4), the aliphatic group optionally 



being interrupted by an -O- or -NH- linkage and/or
linked to the left hand ring by a said linkage and/or
substituted by hydroxy, halo, amino or mono- or di-
alkylamino, acyl wherein the carbonyl moiety is
substituted by a said aliphatic group,
trifluoromethyl, hydroxy, amino, mono- or
di-alkylamino, cyano, azo or nitro. Often, both R2 and
the or each R5 are independently H1 halo, alkyl, alkyl
interrupted by an -O- or -NH- linkage and/or linked to
the left hand ring by a said linkage, trifluoromethyl,
hydroxy, amino, mono- or dialkylamino; any alkyl
moiety (interrupted or not) typically has 1, 2, 3 or 4
carbon atoms. In a class of compounds, both R2 and the
or each R5 are independently H or halo, particularly
H, F or Cl, for example are H or F. In a particular
class of compounds, R2 and the or each R5 are H. The
above descriptions of R2 and of R2 and R5 apply of
course to Fragment (A) as much as to other left hand
ring structures. It will be understood from the
aforegoing description that a particular left hand
ring structure is Fragment (B):Substituent R1 As
previously described, R1 is an organic or inorganic
moiety. As inorganic moieties may be mentioned halo,
hydroxyl, amino, cyano, azo (N=N=N) and nitro. F and
Cl are exemplary halogens. The organic moiety,
designated Rz, is substituted or unsubstituted and may
be attached via a linker, -L1- , the organic moiety
being especially selected from hydrogen; lower
aliphatic (especially C1, C2, C3 or C4 aliphatic) e.g.
lower alkyl, lower alkenyl, lower alkynyl; amino;
guanidino; hydroxyguanidino; formamidino;
isothioureido; ureido; mercapto; carboxy; sulfo;
sulfamoyl; carbamoyl; C(O)H or other acyl; acyloxy;
substituted hydroxy; a substituted or unsubstituted
cyclic group, for example the cyclic group (whether
substituted or unsubstituted) may be cycloalkyl, e.g.
cyclohexyl, phenyl, pyrrole, imidazole, pyrazole,
isoxazole, oxazole, thiazole, pyridazine, pyrimidine,
pyrazine, pyridyl, indole, isoindole, indazole,
purine, indolizidine, quinoline, isoquinoline,
quinazoline, pteridine, quinolizidine, piperidyl,
piperazinyl, pyrollidine, morpholinyl or
thiomorpholinyl and, for example, substituted lower
aliphatic or substituted hydroxy may be substituted by
such substituted or unsubstituted cyclic groups. See
below for a description of particular classes of Rz
moiety. Linker -L1- has 1, 2, 3, 4 or 5 in-chain atoms
and is selected from C1, C2, C3 or C4 aliphatic
(notably linear aliphatic, and aliphatic particularly
being alkyl) optionally interrupted and/or terminated
by a linkage selected from the group consisting of
-NRa-; -O-; -S-; -C(O)-; cyclopropyl (regarded as
having two in-chain atoms) and chemically appropriate
combinations thereof;-NR a-; -O-; -S-; -C(O)-;
cyclopropyl (regarded as having two in-chain atoms)
and chemically appropriate combinations thereof; and
-NR% wherein Ra is hydrogen, hydroxy, hydrocarbyloxy
or hydrocarbyl, wherein hydrocarbyl has from 1 to 15
carbon atoms (e.g. 1 to 7), is optionally interrupted
by an -O- or -NH- linkage and may be, for example,
selected from an aliphatic group (e.g. having 1 to 7
carbon atoms, for example 1, 2, 3, or 4,aliphatic
particularly being alkyl), cycloalkyl, especially
cyclohexyl, cycloalkenyl, especially cyclohexenyl, or
another carbocyclic group, for example phenyl; where
the hydrocarbyl moiety is substituted or
unsubstituted. Exemplary substituents are hydroxy,
halo, amino or mono- or di^C^C^alkylamino, lower
alkanoyl, trifluoromethyl, cyano, azo or nitro. Ra is
particularly H. In a class of compounds, R1 includes a
linker L1; in a sub-class, the linker is -NR% alkyl
terminated at the left hand ring by (i.e joined to the
left hand ring by) -NRa- , alkyl terminated at its end
remote from the left hand ring by -NR -, or alkyl
interrupted by -NRa- wherein alkyl has 1, 2, 3 or 4
carbon atoms. In this class of compounds, Ra is
particularly H. A preferred linker is -NH-. In other
words, a common left hand ring structure is
represented by Fragment (C): Fragment (C) where Ra is
as described above and preferably H, and Rz is a
substituted or unsubstituted organic moiety as
mentioned above and as further described below. Also
to be mentioned are compounds in which Rz is H, i.e.
in which R1 is amino when Ra is also H, as well as
variants in which R1 is another substituted or
unsubstituted basic group, for example amidino,
guanidino; hydroxyguanidino; formamidino;
isothioureido or ureido. As previously described,
therefore, R1 may in certain compounds comprise a
substituted or unsubstituted organic moiety,
optionally joined to the left hand ring through a
linker L1. Thus, R1 in such compounds may be
represented as Rz-L1-, where Rz is a substituted or an
unsubstituted organic moiety. This applies equally to
left hand ring structures which do not correspond to
fragment (C) as to those which do. Rz is commonly a
moiety containing from 1 to 30 in-chain and/or in-ring
atoms selected from C, N1O, S and Si and in which one
or more hydrogens are optionally replaced by halogen.
Alternatively stated, such Rz groups have from 1 to 30
plural valent atoms selected from C, N, O, S and Si as
well as monovalent atoms selected from H and halo,
e.g. selected from H,F, Cl and Br, for example H, F
and Cl. In some R moieties there are from 1 to 25
plural valent atoms, e.g. 1 to 20, such as 1 to 16,
for example. Included are compounds in which Rz
contains one or a combination of moieties selected
from categories 1), 2) and 3) below and optionally one
or more moieties selected from category 4) below: 1)
aliphatic moieties, in particular having from 1 to 7
carbon atoms, e.g. 1, 2, 3 or 4, particularly alkyl or
alkenyl moieties, e.g. alkyl; 2) carbocyclic rings,
which may be saturated or unsaturated (e.g. aromatic),
particularly to be mentioned are bicyclic and
monocyclic rings and especially monocyclic rings
having 5 or 6 ring members; 3) heterocyclic rings,
which may be saturated or unsaturated (e.g. aromatic),
particularly to be mentioned are bicyclic and
monocyclic rings and especially monocyclic rings 



having 5 or 6 ring members; 4) linking moieties
selected from O, N, Si and C(O), wherein two or more
linking moieties may be combined to form a larger
linking group for example C(O)O, C(O)NH or OC(O)NH. In
these compounds, a plurality of moieties selected from
1), 2) and 3) may be linked together either directly
or through a linking moiety 4). Of course, one
compound may contain one or more linking moieties.
Tri- or more valent linking moieties such as N and Si
may serve to link together just two moieties selected
from 1) , 2) and 3), in which case the remaining
valencies are suitably occupied by hydrogen;
alternatively N or Si may link together three said
moieties, or Si may link together four said moieties.
Where R2 contains a plurality of moieties selected
from 1), 2) and 3), the moieties may be the same of
different and may independently be selected from
categories 1) , 2) and 3). Moieties 1), 2) and 3) may
be substituted by one or more substituents selected
from, in particular, hydroxy, amino, amidino,
guanidino, hydroxyguanidino, formamidino,
isothioureido, ureido, mercapto, C(O)H or other lower
acyl, lower acyloxy, carboxy, sulfo, sulfamoyl,
carbamoyl, cyano, azo, or nitro, which hydroxy, amino,
amidino, guanidino, hydroxyguanidino, formamidino,
isothioureido, ureido, mercapto, carboxy, sulfo,
sulfamoyl, carbamoyl and cyano groups are in turn
optionally substituted on at least one heteroatom by
one or, where possible, more C1-C7 aliphatic groups.
Often, but not always, Rz has 0, 1, 2, 3, or 4 such
substituents; sometimes there are a larger number of
substituents as can happen,for example, when R
contains one or more perfluorinated alkyl or cyclic
groups, e.g. CF3, as well as other optional
substituents. Particular moieties 1), 2) and 3) to
mention are straight chain and branched alkyl, 5- and
6- membered carbocyclic rings (notably phenyl and
cyclohexyl), and 5- and 6- membered heterocyclic rings
(notably 5-membered rings containing a single
heteroatom, e.g. furan, thiophene, pyrrole; and
6-membered rings containing one or two heteroatoms,
e.g. piperidine, piperazine, morpholine, pyridine,
pyrimidine and pyrazine). The invention includes
compounds of Formula (I) wherein R1 is of the formula
RZ-NR% as described above, and Rz is selected from (i)
C1-C7 aliphatic moities, (ii) C1-C7 aliphatic
substituted by one or more halogens and/or one or two
functional groups selected from hydroxy, amino,
amidino, guanidino, hydroxyguanidino, formamidino,
isothioureido, ureido, mercapto, C(O)H or other lower
acyl, lower acyloxy, carboxy, sulfo, sulfamoyl,
carbamoyl, cyano, azo, or nitro, which hydroxy, amino,
amidino, guanidino, hydroxyguanidino, formamidino,
isothioureido, ureido, mercapto, carboxy, sulfo,
sulfamoyl, carbamoyl and cyano groups are in turn
optionally substituted on at least one heteroatom by
one or, where possible, more C1-C7 aliphatic groups,
(iii) a group of the formula where: ring A represents
a mono- or bi-cyclic ring, particularly a 5- or 6-
membered carbocyclic or heterocyclic ring; m is 0, 1,
2; 3, 4 or 5, e.g. 0, 1 or 2; the or each Rb is
independently selected from -L2-NRcRd; -lL RING where
RING is a mono- or bi-cyclic ring, particularly a 5-
or 6- membered carbocyclic or heterocyclic ring,
optionally substituted as defined below; halogen;
hydroxy; protected hydroxy for example
trialkylsilylhydroxy; amino; amidino; guanidino;
hydroxyguanidino; formamidino; isothioureido; ureido;
mercapto; C(O)H or other lower acyl; lower acyloxy;
carboxy; sulfo; sulfamoyl; carbamoyl; cyano; azo; or
nitro; and C1-C7aliphatic optionally substituted by
one or more halogens and/or one or two functional
groups selected from hydroxy, protected hydroxy for
example trialkylsilylhydroxy, amino, amidino,
guanidino, hydroxyguanidino, formamidino,
isothioureido, ureido, mercapto, C(O)H or other lower
acyl, lower acyloxy, carboxy, sulfo, sulfamoyl,
carbamoyl, cyano, azo, or nitro; all of which hydroxy,
amino, amidino, guanidino, hydroxyguanidino,
formamidino, isothioureido, ureido, mercapto, carboxy,
sulfo, sulfamoyl, carbamoyl and cyano groups are in
turn optionally substituted on at least one heteroatom
by one or, where possible, more C1-C7 aliphatic
groups, wherein L2 is a direct bond; a linkage
selected from -O-; -S-; -C(O)-; -OC(O)-; -NR C(O)-;
-C(O)-NR -; -OC(O)-NR3 -; cyclopropyl and -NR -; or is
a C1-C7 aliphatic group optionally interrupted and/or
terminated at a single end or at both ends by a said
linkage (Ra being as previously defined and typically
H); and wherein Rc and Rd are each independently
selected from hydrogen, and C1-C7 aliphatic optionally
substituted by one or more halogens, by an optionally
substituted 5- or 6- membered heterocyclic or
carbocyclic ring, and/or one or two functional groups
selected from hydroxy, protected hydroxy for example
trialkylsilylhydroxy, amino, amidino, guanidino,
hydroxyguanidino, formamidino, isothioureido, ureido,
mercapto, C(O)H or other lower acyl, lower acyloxy,
carboxy, sulfo, sulfamoyl, carbamoyl, cyano, azo, or
nitro, which hydroxy, amino, amidino, guanidino,
hydroxyguanidino, formamidino, isothioureido, ureido,
mercapto, carboxy, sulfo, sulfamoyl, carbamoyl and
cyano groups are in turn optionally substituted on at
least one heteroatom by one or more C1-C7 aliphatic
groups, or Rc and Rd together with their adjoining
nitrogen form a 5- or 6- membered ring optionally
substituted as described below, said optionally
substituted rings independently of each other being
substituted by O, 1, 2, 3, 4 or 5 substituents
selected from halogen; hydroxy; protected hydroxy for
example trialkylsilylhydroxy; amino; amidino;
guanidino; hydroxyguanidino; formamidino;
isothioureido; ureido; mercapto; C(O)H or other lower
acyl; lower acyloxy; carboxy, sulfo; sulfamoyl;
carbamoyl; cyano; azo; nitro; C1-C7 aliphatic 



optionally substituted by one or more halogens and/or
one or two functional groupsselected from hydroxy,
protected hydroxy for example trialkylsilylhydroxy,
amino, amidino, guanidino, hydroxyguanidino,
formamidino, isothioureido, ureido, mercapto, C(O)H or
other lower acyl; lower acyloxy carboxy, sulfo,
sulfamoyl, carbamoyl, cyano, azo, or nitro; all of the
aforesaid hydroxy, amino, amidino, guanidino,
hydroxyguanidino, formamidino, isothioureido, ureido,
mercapto, carboxy, sulfo, sulfamoyl and carbamoyl
groups in turn optionally being substituted on at
least one heteroatom by one or, where possible, more
C1-C7 aliphatic groups (for example, therefore, a ring
may be substituted by an alkoxy group, e.g. methoxy or
ethoxy). Still considering compounds wherein R1 is of
the formula Rz-NRa- and Rz is selected from categories
(i), (ii) and (iii) above, aliphatic often has 1, 2, 3
or 4 carbon atoms and is often linear, but sometimes
branched. In a class of compounds, aliphatic is alkyl,
e.g. linear or branched alkyl having 1, 2, 3 or 4
carbon atoms; linear alkyl is more common,
irrespective of the number of carbon atoms. In a
sub-class of those compounds wherein R1 is of the
formula RZ-NR% Rz is alkyl, e.g. linear or branched
alkyl having 1, 2, 3 or 4 carbon atoms; linear alkyl
being more common, irrespective of the number of
carbon atoms. As already described, there also
included compounds in which Rz is H. This sub-class
therefore comprises compounds in which R1 is amino or
mono- or di-alkylamino. Turning now to those compounds
in which Rz is a category (iii) group, i.e. is of the
formula ring A is typically a 6-membered carbocyclic
or heterocyclic ring, particularly phenyl, cyclohexyl
or cyclohexenyl. Of these, phenyl is preferred. In
other instances, ring A is a 5- membered carbocyclic
or heterocyclic ring. Other exemplary residues forming
ring A are pyridyl and pyrimidyl. Integer m may be 0.
Integer m is often 1. Where m is greater than one, all
the Rb groups or all the Rb groups except one are
often halogen (notably F or Cl), methyl or
trifluoromethyl. Also to bementioned in this regard
are hydroxy and amino. Often, a single Rb group is
selected from -L2-NRcRd and - LL RING and there are 0,
1 or 2 additional substituents which are not -L2-NRRd
or -IL RING but are, for example, halogen (notably F
or Cl), lower alkyl (e.g. methyl), lower alkoxy (e.g.
methoxy), hydroxy, amino or trifluoromethyl.
Accordingly, the invention includes compounds in which
Rz is, e.g. a 6-membered carbocyclic ring (notably
phenyl) substituted by 1, 2, 3, 4 or 5 halogens, e.g.
selected from F, Cl and Br; typically, such phenyl
rings are mono- or di-substituted, e.g. are 2- and/or
4- substituted by F or 3-substituted by Cl. In some
cases of plural substitution by halogen, all the
halogens are the same. Thus, in a class of compounds
Rz is a monocyclic ring, particularly a 6-membered
carbocyclic ring (notably phenyl), substituted solely
by one or more halogens, particularly selected from F
and Cl; sometimes the or each halogen is F but in some
other cases the or each halogen is Cl. In another
class of compounds, Rz is a monocyclic ring,
particularly a 6-membered carbocyclic ring (notably
phenyl), substituted by 1, 2, 3, 4 or 5 substituents,
e.g. 1 or 2 substituents, selected from alkyl, alkoxy,
alkanoyl, alkanoyloxy, haloalkyl, amino, mono- or di-
alkylamino, cyano, halogen, hydroxy or protected
hydroxy, wherein alkyl or the alkyl part of alkoxy and
alkanoyl(oxy) has 1, 2, 3 or 4 carbon atoms; exemplary
substituents in this case are methyl, ethyl, methoxy,
ethoxy, acetyl, trifluoromethyl, cyano, F, Cl and OH.
Certain such rings have 0, 1 or 2 substituents, e.g. 0
or 1. In one class of compounds, L2 is a direct bond,
linear alkyl, linear alkyl terminated adjacent ring A
by a said linkage, or is a said linkage. In a
sub-class, any said linkage is -O- or -C(O)-, of which
-O- may be particularly mentioned. The invention
includes a class of compounds in which ring A is a
6-membered ring, particularly phenyl, cyclohexyl or
cyclohexenyl and has one or two substituents Rb
independently selected from -L2-NRRd and -IL RING, as
defined previously. In a sub-class, there is a single
substituent at, in particular, the 3-position or
4-position selected from -L2-NRRd and -IL RING such
that the left hand ring has a structure corresponding
to Fragments (D1), (D2), (E1) or (E2):As previously
described, Ra is commonly H. Also as previously
described, the phenyl ring may be replaced by
cyclohexyl or cyclohexenyl, particularly cyclohexyl.
It may alternatively be replaced by a 5- or 6-membered
heterocycle, particularly pyridine. In some
embodiments, the phenyl ring of the above fragments
(or other ring replacing phenyl) has 1, 2, 3 or 4
further substituents, for example selected from
halogen (notably F or Cl), methyl, methoxy or
trifluoromethyl, e.g. 1 or 2 such substituents. Also
to be mentioned in this regard are hydroxy and amino.
L2 is as previously described, that is a direct bond;
a linkage selected from -O-; -S-; -C(O)-; -OC(O)-; -N
R C(O)-; -C(O)-NR -; -OC(O)-NR - ; cyclopropyl and
-NR3-; or C1-C7 aliphatic optionally interrupted
and/or terminated at a single end or at both ends by a
said linkage (R3 being as previously defined and
typically H). Any aliphatic moiety is often alkyl,
e.g. alkyl or other aliphatic having 1, 2, 3 or 4
carbon atoms, as in the case of a sub-class of linkers
L2 in which aliphatic moieties are methyl, ethyl or
n-propyl. In particular fragments (D) and (E), L2 is a
direct bond, linear alkyl, linear alkyl terminated
adjacent the phenyl ring in the above representations
of the fragments by a said linkage, or is a said
linkage; suitably but not necessarily any said linkage
is -O- or -C(O)-, of which -Omay be particularly
mentioned. Thus, the above fragments (D) and (E) may
comprise subfragments -Ph-NR cRd, -Ph-RING,
-Ph-O-alkyl-NR cRd, -Ph-O-alkyl-RING,
-Ph-alkyl-NRcRd,-Ph-alkyl-RING, and also to be
mentioned are sub-fragments -Ph-O-NRcRd, -Ph-O-RING,
-Ph-C(O)- NRRd and -Ph-C(O)-RING, where, in all these
sub-fragments which contain alkyl, alkyl may be e.g.
methyl, ethyl or n-propyl, or n-butyl. Considering now
in more detail fragments (D1) and (D2), these contain
a moiety RING which is a cyclic moiety and in many
cases a 5- or 6- membered carbocyclic or heterocyclic
ring optionally substituted as defined previously.
Exemplary rings are saturated, e.g. 



cyclopentane or cyclohexane. In particular compounds,
RING is a 5- or 6-membered heterocycle, often
containing one or two heteroatoms, typically selected
from O and N; in a sub-class, the heterocycles contain
one or two nitrogens and, where there is a single
nitrogen, optionally an oxygen. Particular
heterocycles include a nitrogen which is not a member
of a double bond and these are more particularly
saturated heterocycles. As heterocycles may be
mentioned pyrrolidine, piperidine, piperazine and
morpholine; in some compounds, RING is piperidine
having its nitrogen at the 4-position relative to L2.
As already described, RING may be substituted and, in
one class of compounds, is substituted by 0, 1, 2, 3,
4 or 5 substituents, e.g. selected from C1-C7
aliphatic groups, optionally substituted as described
above, and less frequently C1-C7 aliphatic-oxy of
which the aliphatic group is optionally substituted as
described above. Any aliphatic group is often alkyl
(straight chain or branched), e.g. alkyl or other
aliphatic having 1, 2, 3 or 4 carbon atoms, as in the
case of a sub-class of fragments (D1) and (D2) having
substituents which are methyl, ethyl or npropyl.
Exemplary substituents on RING include straight chain
or branched C1, C2, C3 or C4 alkyl such as, e.g.,
methyl, ethyl n-propyl, isopropyl or f-butyl, of which
methyl may be particularly mentioned, halogen (notably
F or Cl) and C1, C2, C3 or C4 alkoxy; also to be
mentioned are hydroxy and amino. Alkyl moieties may be
unsubstituted or substituted, e.g. by halogen (notably
F or Cl) or in some cases by hydroxy or amino. In some
classes of RING moieties, there are 0, 1, 2, 3, 4 or 5
such substituents selected from alkyl, alkoxy,
alkanoyl, alkanoyloxy, haloalkyl, amino, mono- or di-
alkylamino, cyano, halogen, hydroxy or protected
hydroxy, wherein alkyl or the alkyl part of alkoxy and
alkanoyl(oxy) has 1, 2, 3 or 4 carbon atoms; exemplary
substituents in this case are methyl, ethyl, methoxy,
ethoxy, acetyl, trifluoromethyl, cyano, F, Cl and OH.
Certain RING moieties have 0, 1 or 2 substituents,
e.g. 0 or 1.Considering now in more detail fragments
(E1) and (E2), these contain a moiety NRcRd. Rc and Rd
are as previously described. In one class of these
fragments, R and Rd are the same or different (but
more usually the same) and selected from C1-C7, e.g.
C1-C4 aliphatic groups, optionally substituted as
described above. As aliphatic Rc and Rd moieties may
be mentioned alkyl, e.g having 1, 2, 3 or 4 carbon
atoms, as in the case of a sub-class of fragments (E1
) and (E2) having substituents which are methyl, ethyl
or n-propyl. Alkyl or other aliphatic moieties may be
substituted e.g. by amino or mono- or di (C1-C4)
alkylamino, or e.g. by a 5- or 6- membered
heterocyclic or carbocyclic ring optionally
substituted as previously described, or be
unsubstituted. Thus, particular L2NRGRd moieties are
-OCH 2NMe2, -OCH2NEt2, -OCH2CH2NMe2, -OCH2CH2NEt2,
-OCH2CH2CH2NMe2, -OCH2CH2CH2NEt2, - CH2NMe2, -CH2NEt2,
-CH2CH2NMe2, -CH2CH2NEt2, -CH 2CH2CH2NMe2, and
-CH2CH2CH2NEt2. In another class of fragments (E1) and
(E2), R and Rd together with the adjoining nitrogen
form a heterocyclic moiety (normally a 5- or 6-
membered heterocyclic ring), optionally substituted as
previously described. In addition to the nitrogen of
moiety NRcRd, the heterocyclic ring may contain at
least one further heteroatom, and often exactly one
further heteroatom, in either case typically selected
from O and N; in a sub-class, the heterocycles contain
altogether one or two nitrogens and, where there is a
single nitrogen, optionally an oxygen. Particular
heterocycles include a nitrogen which is not a member
of a double bond and these are more particularly
saturated heterocycles. As heterocycles may be
mentioned pyrrolidine, piperidine, piperazine and
morpholine; of these particular heterocycles are
piperazine and morpholine. As already described, the
heterocycle may be substituted and, in one class of
compounds, is substituted by O, 1, 2, 3, 4 or 5
substituents, e.g. selected from C1-C7 aliphatic
groups, optionally substituted as described above, and
less frequently C1-C7 aliphatic-oxy of which the
aliphatic group is optionally substituted as described
above. Any aliphatic group is often alkyl (straight
chain or branched), e.g. alkyl or other aliphatic
having 1, 2, 3 or 4 carbon atoms, as in the case of a
sub-class of cyclic (E1 ) and (E2) fragments having
substituents which are methyl, ethyl or -propyl.
Exemplary substituents on cyclic (E1) and (E2)
fragments include straight chain or branched C1, C2,
C3 or C4 alkyl such as, e.g., methyl, ethyl n-propyl,
isopropyl or f-butyl, of which methyl may be
particularly mentioned, halogen (notably F or Cl) and
C1, C2, C3 or C4 alkoxy; also to be mentioned are
hydroxy and amino. Alkyl moieties may be unsubstituted
or substituted, e.g. by halogen (notably F or Cl) or
in some cases by hydroxy or amino.In some classes of
cyclic (E1) and (E2) fragments (that is to say
fragments in which Rc and Rd together with the
adjoining nitrogen form a ring), there are 0, 1, 2, 3,
4 or 5 such substituents selected from alkyl, alkoxy,
alkanoyl, alkanoyloxy, haloalkyl, amino, mono- or
dialkylamino, cyano, halogen, hydroxy or protected
hydroxy, wherein alkyl or the alkyl part of alkoxy and
alkanoyl(oxy) has 1, 2, 3 or 4 carbon atoms; exemplary
substituents in this case are methyl, ethyl, methoxy,
ethoxy, acetyl, trifluoromethyl, cyano, F, Cl and OH.
Certain cyclic fragments have 0, 1 or 2 substituents,
e.g. 0 or 1. Particular L2NRRd moieties are -Pip,
-Morph, -OCH 2Pip, -OCH 2Morph, -OCH 2CH2Pip, -OCH
2CH2MOrPh, -OCH 2CH2CH2Pip, -OCH 2CH2CH2Morph, -CH
2Hp, -CH2Morph, -CH2CH2PJp, -CH2CH2Morph, -CH
2CH2CH2PJp, and -CH2CH2CH2Morph. Also to be mentioned
are -C(O)Pip and -C(O)Morph. The abbreviation "Pip"
stands for piperazine and "Morph" for morpholine, and
these rings may be substituted as previously
described. In particular piperazine is optionally
N-substituted. Piperazine and morpholine may be
substituted by a C1-C7 aliphatic group as mentioned in
the previous paragraph, for example a straight chain
or branched C1, C2, C3 or C4 moiety selected from
alkyl and haloalkyl such as, e.g., methyl,
trifluoromethyl, ethyl n-propyl, isopropyl or f-butyl,
of which methyl and trifluoromethyl are exemplary. As
described before, Ra is in particular hydrogen.
Amongst the classes of compounds which are
particularly to be mentioned are those in which the
left hand ring has a structure corresponding to
Fragment (D1) or (E1). Particularly exemplary are such
compounds having a fragment (E1) in which R0 and Rd
together with the 



adjoining nitrogen form a 5- or 6- membered
heterocyclic ring as described above. These rings may
be substituted as previously described. In particular
they are optionally Nsubstituted by a C1-C7 aliphatic
group as mentioned earlier, for example a straight
chain or branched C1, C2, C3 or C4 moiety selected
from alkyl and haloalkyl such as, e.g., methyl,
trifluoromethyl, ethyl n-propyl, isopropyl or f-butyl,
of which methyl and trifluoromethyl are exemplary. As
described before, Ra is in particular hydrogen. It
will be appreciated from the aforegoing that the
invention includes compounds having a left hand ring
having the structure of the following Fragment
(F):where L2NRcRd is in particular -Pip, -Morph, -OCH
2PJp, -OCH 2Morph, -OCH 2CH2PiP, -OCH 2CH2Morph, -OCH
2CH2CH2Pip, -OCH 2CH2CH2MOrPh, -CH 2Rp, -CH2Morph,
-CH2CH2PiP, -CH2CH2Morph, -CH 2CH2CH2Pip, and
-CH2CH2CH2Morph, or is -C(O)Pip or -C(0)Morph. "Pip"
and "Morph" are as described in the last but one
paragraph. Substituent R3 Substituent R3 is as
previously described in relation to Formula (I). In
embodiments, R3 is selected from H, Rb groups, and
categories (i), (ii) and (iii) described above in
relation to Rz, independently of the identity of Rz.
In one class of embodiments, R3 is H or a C1-C7
aliphatic group, for example straight chain or
branched C1-C4 alkyl such as, e.g., methyl, ethyl or
n-propyl, of which methyl is exemplary. In other
compounds, R3 is a C1-C7 aliphatic group (for example
straight chain or branched C1-C4 alkyl such as, e.g.,
methyl, ethyl or n-propyl) substituted by a mono- or
bi-cyclic ring, particularly a 5- or 6- membered
saturated or unsaturated carbocyclic or heterocyclic
ring, for example by phenyl, pyrrolidine, piperidine,
piperazine, morpholine, thiophene, furan, pyrrole,
pyridine, pyrazine or pyran. R3 may therefore be
straight chain alkyl (or other straight chain
aliphatic group, for example in either case having up
to 4 carbon atoms) substituted at its free end by such
a mono- or bicyclic ring. In one class of compounds R3
is a category (iii) moiety, that is, a moiety having
the structure: as previously described. The identity
of R3 is independent of that of Rz, as already stated.
However, as particular compounds, may be mentioned
those in which just one of Rz and R3 is a category
(iii) moiety. In a subclass, one of Rz and R3 is a
category (iii) moiety and theother is H; to be
mentioned in this regard are compounds in which R3 is
a category (iii) moiety and R1 is NH2, or
alternatively mono- or di-alkyl amino. Where R3 is a
category (iii) moiety, it may have a structure
corresponding to the category (iii) structures found
in Fragments (D1), (D2), (E1), (E2) or (F), as
previously described. The Right Hand Ring By the
"right hand ring" is meant the fragment: It has
previously been mentioned that n is 0, 1, 2, 3, 4 or 5
and that each R4 is the same or different and selected
from an organic or inorganic moiety, for example, each
R4 is the same or different and selected from halogen;
hydroxy; protected hydroxy for example
trialkylsilylhydroxy; amino; amidino; guanidino;
hydroxyguanidino; formamidino; isothioureido; ureido;
mercapto; C(O)H or other acyl; acyloxy; carboxy;
sulfo; sulfamoyl; carbamoyl; cyano; azo; nitro; C1-C7
aliphatic optionally substituted by one or more
halogens and/or one or two functional groups selected
from hydroxy, protected hydroxy for example
trialkylsilylhydroxy, amino, amidino, guanidino,
hydroxyguanidino, formamidino, isothioureido, ureido,
mercapto, C(O)H or other acyl, acyloxy, carboxy,
sulfo, sulfamoyl, carbamoyl, cyano, azo, or nitro; all
of the aforesaid hydroxy, amino, amidino, guanidino,
hydroxyguanidino, formamidino, isothioureido, ureido,
mercapto, carboxy, sulfo, sulfamoyl and carbamoyl
groups in turn optionally being substituted on at
least one heteroatom by one or, where possible, more
C1-C7 aliphatic groups (for example, therefore, R4
ring may be an alkoxy group, e.g. methoxy or ethoxy).
Integer n is more usually 1, 2, 3 or 4, e.g. 2, 3 or
4. In particular, there are often R4 groups
substituted at both o/t/jo-positions and optionally at
at least one or two other positions, e.g. there may be
a single further meta or para substituent.R4 is
particularly selected from hydroxy, protected hydroxy,
lower alkoxy, lower alkyl, trifluoromethyl and halo,
notably F or Cl. R4 may also be Br. Alkyl and the
alkyl part of alkoxy may be branched or, more usually,
straight chain, and often have 1, 2, 3, or 4 carbon
atoms, as for example in the case of methyl, ethyl,
methoxy and ethoxy. R4 is especially selected from Cl,
F, hydroxy, methyl, methoxy and trifluoromethyl, e.g.
is selected from Cl, F, methyl, methoxy and
trifluoromethyl, as in those compounds where R4 is Cl,
F, methyl or methoxy. In some of the compounds
mentioned in this paragraph, chlorine is the sole
halogen, in some others fluorine is the sole halogen.
The reader is reminded that, where there are plural R4
groups, they may be the same or different. Included
are compounds in which there is halogen selected from
F and Cl at one or both ortho positions. To be
mentioned are right hand rings corresponding to
Fragment (G): where: Q is selected from F and Cl; U is
selected from H, F, Cl, methyl, trifluoromethyl and
methoxy, and particularly Q and U are the same or
different and both selected from F and Cl; T and V are
the same or different and selected from H, methyl,
trifluoromethyl and methoxy, e.g. from from H, methyl
and methoxy. In some Fragments (G), all of U, T and V
are H. In other Fragments (G), Q and U are the same
and selected from F and Cl. A particular right hand
ring is Fragment (H):To be mentioned are right hand
rings corresponding to Fragment (I): where: Q is
selected from F and Cl; Ua and Ub are each
independently selected from H, F, Cl, methyl,
trifluoromethyl and methoxy; in some compounds Ua and
Ub are the same. In exemplary Fragment (I) structures,
all of Q, Ua and Ub are the same and are fluorine or 



more particularly chlorine. In other exemplary
structures, Q is F or, particularly, Cl whilst Ua and
Ub are the same or different and selected from methyl,
trifluoromethyl and methoxy; both Ua and Ub may be the
same, e.g both may be methoxy. The Compounds of
Formula (I) It has been described above how the
compounds of formula (I) have the following variable
domains:  left hand ring . R3  right hand ring.
Various particular moieties have been described for
each of these variable domains and it will be
appreciated that any combination of such moieties is
permissible.To be mentioned are compounds having the
following combinations, amongst many others:METHODS
AND ASSAYS FOR DETECTING GUANYLATE CYCLASE ACTIVITY
The present invention relates to soluble guanylate
cyclase (sGC) enzymes. More specifically it provides a
cell-based assay system which allows to detect with
high efficiency and sensitivity the soluble guanylate
cyclase enzymatic activity. In a preferred embodiment,
the invention provides a method of screening molecules
that interact with sGC by stimulating or inhibiting
its enzymatic activity and that can be used in the
diagnosis or therapy of sGC-mediated dysfunctions or
diseases. The invention further provides
gene-constructs, vectors, and cells for use in said
method. BACKGROUND OF THE INVENTION Adenylate cyclases
and guanylate cyclases synthesize the intracellular
second messengers cAMP and cGMP, respectively, in
response to a variety of regulatory signals. Mammalian
adenylate cyclases are intrinsic plasma membrane
proteins that contain a duplicated module consisting
of a hexahelical transmembrane region followed by a
roughly 40-kDa cytosolic domain (Sunahara, et al.
(1996) Annu. Rev. Pharm. Toxicol. 36, 461-480). Highly
conserved and homologous sequences within the two
cytosolic domains contribute to the active site of the
enzyme (Tang, et al. (1995) Science 268, 1769-1772).
The x-ray crystal structure of this soluble domain of
the enzyme complexed with both activators and
inhibitors has also been solved (Tesmer, et al. (1997)
Science 278, 1907-1916). Guanylate cyclases exist as
both soluble and membrane-bound species. Both types of
the enzyme contain cytoplasmic domains similar to
those of the adenylate cyclases (Garbers, D.L., et al.
(1994) MoL Biol. Cell 5, 1-5). Membrane-bound
guanylate cyclases are monomers stimulated by the
natriuretic peptides, whereas the soluble guanylate
cyclase (sGC) exists as aheterodimer consisting of an
a and a b subunit (both of which are required for
catalysis) containing heme as prosthetic group.
Guanylate cyclase (GC) belongs to a family of enzymes
which catalyzes the conversion of guanosine 5'-
triphosphate (GTP) to cyclic guanosine 3', 5'-
monophosphate (cGMP). By formation of cGMP as second
messenger, sGC plays an important role in a variety of
extracellular signals and different physiological
processes, i.e. vasodilatation, platelet aggregation
and adhesion and neural transmission. The most
important physiological activators of sGC are NO and
NO-related compounds, which activate the enzyme upon
binding to the heme moiety. Binding of nitric oxide
(NO) to a prosthetic heme group causes marked
activation of soluble guanylate cyclases. The
pathogenesis of various cardiovascular diseases has
been linked to an inappropriate activation of sGC. The
concept of NO dependent sGC activation as a mechanism
of action has been widely validated by the clinical
use of NO donors. Soluble guanylate cyclase is
detectable in organs such as, for example, the heart,
lung, liver, kidney, and brain of all mammals,
including humans. In pathological processes or in
processes relevant for pathological events, the
oxidation state of the heme group iron in soluble
guanylate cyclase may play an essential part. A higher
proportion of soluble guanylate cyclase with oxidized
heme group iron would result in the possibility of
diminishing activation of soluble guanylate cyclase by
endogenous NO. This might lead, inter alia, to an
increase in blood pressure, activation of platelets,
increased proliferation of cells or enhanced adhesion
of cells, to permanent high blood pressure, stable or
unstable angina pectoris, thromboses, myocardial
infarct, strokes, pulmonary edemas, erectile
dysfunction, uncontrolled tissue growth with tumor
formation, diabetes, renal dysfunctions, hepatic
dysfunctions, or vascular dysfunctions.A mutated GC
enzyme in which the three residues of the active site
of guanylate cyclase are substituted with those of
adenylate cyclase has been shown to have a completely
changed nucleotide specificity (Sunahara, R.K. et al
1998). The mutated guanylate cyclase enzyme, in
particular, has ATP as substrate without having
influenced the responsiveness to the respective GC
stimulators. This mutated form of soluble guanylate
cyclase is useful for the detection of Nitric Oxide
induced cAMP production. Traditional methods for the
detection of soluble guanylate cyclase modulators are:
- radioactive methods in which nucleotide precursors
are used cellular systems based on calcium channels
sensitive to cyclic nucleotides 



in-vivo methods in which the effect of stimulators of
GC are tested on tissues or in animal models.
DISCLOSURE OF THE INVENTION Object of the present
invention is to provide a cell-based assay useful for
the determination of the enzymatic activity of soluble
guanylate cyclase (sGC). A further object of the
invention is the provision of a method of screening
molecules that interact with sGC, utilizing said
cell-based assay. According to the invention, the sGC
enzymatic activity is determined by coupling a sGC
enzyme with modified substrate specificity to a cAMP
sensitive reporter construct in a suitable eukaryotic
or prokaryotic cell, whereby the activity of the
reporter gene is indicative of the sGC enzymatic
activity. The sGC enzyme with modified substrate
specificity is able to catalyze the conversion of ATP
into cyclic AMP without affecting the allosteric
regulation of the natural enzyme. The sGC substrate
specificity can be modified by replacing the amino
acid residues involved in nucleotide binding with the
corresponding residues present in the active site of
adenylatecyclase. For example, when rat sGC is used,
the amino acids Arg592 of a subunit, Glu473 and Cys541
of b subunit are respectively changed into GIn, Lys
and Asp, to confer ATP substrate-specificity. More
details on the modification of sGC substrate
specificity can be found in Sunahara et al. (1998),
which is hereby incorporated by reference. The cAMP
sensitive reporter construct contains a reporter gene
functionally linked to a cAMP-responsive promoter
sensitive to intracellular cAMP levels. In a preferred
embodiment, the cAMP-responsive promoter is a MRE/CRE
(Multiple Response Element - Ray A, et al. 1989; cAMP
Responsive Element: Fink, J.S. et al. 1988) inducible
promoter containing from 1 to 4 MREs and from 1 to 5
CRE elements. Preferably, the MRE-CRE inducible
promoter sensitive to increased intracellular cAMP
levels contains 3 MRE and 5 CRE element repetitions.
The MREs correspond to the human Interlukin-6 promoter
region which enables the cell line to respond to Ga,
Gq and Gs signalling (MRE: Ray A, Sassone-Corsi P,
Sehgal PB., 1989; Fitzgerald, LR, Manan, IJ, Dytko,
GM, Wu, HL, Nambi,P, 1999). Each MRE element is 32 bp
and corresponds to the sequence :
ATGCTAAAGGACGTCACATTGCACAATCTTAA. The CRE sequence
("TGACGTCA") contains one or multiple copies of the
conserved sequence motif CGTCA (Fink, J.S. et al.
1988). This element is similar to sequences in other
genes known to be regulated by cAMP and to sequences
in several viral enhancers. The reporter construct may
further contain transcription-regulating elements,
selectable markers and viral promoters. Suitable
reporter genes that may be used according to the
invention include, but are not limited to, luciferase,
Green Fluorescent Proteins (GFP) and photoprotein
genes. This system, however, is very useful not only
for reporter gene transcription, but also for the
expression and induction of anygene of interest such
as the G-protein coupled receptor families (GPCRs),
the ion channels and the nuclear hormone receptors.
The invention in addition provides vectors and host
cells containing the sGC-encoding gene and/or the
reporter gene construct. Preferably, the host cell is
a CHO cell line (hereafter, the CHO cell line
containing the described MRE- CRE elements driving the
expression of a luciferase reporter gene will be
referred to as CHO cAMPL). Host cell lines according
to the invention are conveniently used as a tool for
detection of intracellular NO-release. In a preferred
embodiment, the invention provides a method for
determining the sGC enzymatic activity in a cultured
eukaryotic or prokaryotic cell, which comprises: A)
introducing into the cell: i) a vector encoding a
reporter gene functionally linked to a CRE or MRE-CRE
inducible promoter, and, simultaneously or separately,
ii) a vector encoding a sGC with substrate specificity
for ATP, i.e able to catalyze the conversion of ATP
into cyclic AMP; B) incubating the cell with a
compound that stimulates or inhibits sGC enzymatic
activity; C) determining the activity of the reporter
gene. In a preferred embodiment, the invention is
directed to a method of identifying molecules that
modulate sGC activity, which comprises: A) introducing
into the cell: i) a vector encoding a reporter gene
functionally linked to a CRE or MRE-CRE inducible
promoter, and, simultaneously or separately, ii) a
vector encoding sGC with substrate specifcity for ATP,
B) incubating the cell with a candidate molecule;C)
determining the activity of the reporter gene.
Molecules that stimulate or inhibit sGC activity can
be selected by measuring the reporter gene
expression/activity. The assay can be carried out in
the presence or absence of known NO-releasing
substances which activate the enzyme upon NO-binding
to its heme moiety. Both NO-releasing molecules and
NO-independent sGC activators (and inhibitors which
are not 



specific for the catalytic site, e.g. ODQ) can be
conveniently assayed with the method of the invention.
The selected compounds represent valuable candidate
for the treatment of diseases related to sGC
dysfunctions. In particular, sGC-stimulating compounds
can be used in the therapy of diseases involving
inappropriate activation of sGC, especially diseases
of the cardiovascular system. Compared to known assays
used so far for determining the sGC activity, the
method of the invention is more advantageous in that
a) it does not require radioactive reagents, b) it has
a higher sensitivity, c) it can be easily adapted to a
high throughput format and d) it is performed in a
native environment. In a further embodiment, the
invention provides a method of modulating the
expression of a gene of interest in cultured
eukaryotic or prokaryotic cell, which comprises: A)
introducing into the cell: i) a vector encoding the
target gene functionally linked to a CRE or MRE-CRE
inducible promoter; and, simultaneously or separately,
ii) a vector encoding sGC with substrate specificity
for ATP, B) incubating the cell with a molecule able
to stimulate sGC in a NO-dependent or NO-independent
manner. A typical assay according to the invention,
the conditions and reagentstherein utilized, are
disclosed below in greater detail. EXPERIMENTAL
SECTION Rat wild type sGC a3 and bl subunits were
amplified from brain cDNA by RT-PCR and used as
templates for site directed mutagenesis. The amino
acids Arg 592 of a subunit, GIu 473 and Cys 541 of b
subunit were respectively changed into GIn, Lys and
Asp, which confer specificity for adenosine. An
expression vector for the rat mutagenized sGC cDNA was
prepared (pIRES from Clontech). A reporter vector was
constructed by cloning the MRE-CRE (Multiple Response
Element: Ray A, et al. 1989; cAMP Responsive Element:
Fink, J.S. et al. 1988) inducible promoter at 5' of
the luciferase gene of the pMAMneoluc vector
(Clontech). The structure of the MRE-CRE inducible
element sensitive to increased intracellular cAMP
levels, is the following: MRE element: 3 CRE element:
5 Both vectors were transfected in a stable way in
CHO-Kl cells and positive clones were selected on the
basis of the best Luciferase induction obtained upon 4
hrs. incubation with the NO donor compound SNAP (Fig.
1). The most responsive clone coming from 3 rounds of
limiting dilutions was used to test the activity of
different compounds such as NO-donors and
NO-independent activators, in the presence or absence
of the known sGC inhibitor ODQ (Fig. 2-4). The results
are illustrated in the attached Figures, where: Figure
1: 3rd LD clone re-test 12 best clones coming from 3rd
LD were incubated in 50 ml serum free medium with SNAP
for 4h: luciferase activity was measured after
injection of 50 ml Bright-GloTM (Promega) at the CCD
camera (60" measurement, highsensitivity).
Experimental conditions: 5000 c/w in 96 wp format, 48
h after seeding. Clone 7 was chosen as final clone for
further characterization. Figure 2: (a) EC50
calculation for the NO-donor SNAP 5000 c?w were seeded
in 96 wp. 48 h after seeding the cells were incubated
4 h with 50 ml of SNAP in serum free medium (SFM). (b)
The experiment was performed in parallel also on not
transfected cells. Luciferase activity was detected
after injection of 50 ml Bright-GloTM (Promega) at the
CCD camera (60" measurement, high sensitivity).
Published EC50 1,7x1 0 6M. Figure 3; (a) EC50
calculation for the NO-donor SIN-I 1500 c/w were
seeded in 384 wp. 48 h after seeding the cells were
incubated 4 h with SIN-I in Tyrode buffer (25 ml).
Luciferase activity was detected after injection of 25
ml of Bright-GloTM (Promega) at the CCD camera (60"
measurement, high sensitivity). Published EC50 10 7-10
6M. (b) Inhibition of SIN-I activity by ODQ 1500 c/w
were seeded in 384 wp; 48 h after seeding a dose
response of SIN in the absence or presence of ODQ (300
nM, 3 mM, 30 mM) was performed. Total volume of
incubation 25 ml in Tyrode buffer. Figure 4: EC50
calculation for the NO-donor NOC- 18. 5000 c/w were
seeded in 96 wp. 48 h after seeding the cells were
incubated 4 h with 50 ml of NOC 18 in serum free
medium (SFM). Luciferase activity was detected after
injection of 50 ml Bright-GloTM (Promega) at the CCD
camera (60" measurement, high sensitivity). Figure 5:
(a) EC50 calculation for the sGC stimulator BAY4
1-2272 1500 c/w were seeded in 384 wp. 48 h after
seeding the cells were incubated 4 h with BAY4 1-2272
in Tyrode buffer 25 ml. Luciferase activity 



was detected after injection of 25ul Bright-GloTM
(Promega) at the CCDcamera (60" measurement, high
sensitivity). Published EC50 6x1 0' 7M. (b) Inhibition
of BAY4 1-2272 activity by ODQ 1500 c/w were seeded in
384 wp; 48h after seeding a dose response of
BAY41-2272 in the absence or presence of ODQ (300 nM,
3 mM, 30 mM) was performed. Total volume of incubation
25 ml in Tyrode buffer. BAY4 1-2272 stimulating effect
on sGC is competed by ODQ. Figure 6 : Kinetic and dose
response experiments with SNAP 5000 c/w were seeded in
96 wp. 48 h after seeding the cells were incubated
with increasing concentration of SNAP: after times of
incubation indicated the compound was replaced with
medium serum free. Total incubation time 4 h.
MATERIALS AND METHODS PCR analysis Rat soluble
Guanylate Cyclase (a3 and bl subunits): alpha 3
subunit NM O17090; coding region: 690 aa long beta 1
subunit NM O12769; coding region: 619 aa long Rat
brain cDNA was purchased from Clontech (cat. N 6373
12). 2 ml of cDNA was used as template in PCR analysis
for non quantitative expression analysis. In addition
a negative control was performed with no template.
Standard PCR procedure were as indicated by Perkin
Elmer. PCR protocol was as follows: Primers: Primer
sGCalpha UP (A) : 5'CGGJCTA|ATA]AGGJAGG]AAAJCCAJC3'
Primer sGCalpha LOW (B):
5'AGASAAC|\TGJ:GG|CTCKCT)\AT(:TA3 ' Primer sGCbeta UP
(C): 5'CGG|\CAJCCA|TGT)\CG|GTT) GTGSGGA3 ' Primer
sGCbeta LOW (D) 5'GGc|rGCJ3Atfrc4GTTfrTC|ATc|cTG3 '
PCR reaction mix: 2 ml template5 ml 10 x Pfx Buffer
(GIBCO-LifeTechnologies) 1.5 ml 1O mM dNTPs 1 ml 50 mM
MgSO4 (GIBCO-LifeTechnologies) 2.5 ml primer A (IO mM)
2.5 ml primer B (10 mM) 2.5 U Platinum Pfx
(GIBCO-LifeTechnologies) 35 ml H2O Amplification
protocol performed in Perkin Elmer 9700 thermocycler:
1 time the following step: pre PCR 2' at 94C 40 times
the following steps: denaturation 30" at 94C annealing
l ' at 56C elongation 2' 10" at 680C 1 time the
following step: elongation 7' at 68C Expected length
of specific PCR product: 1309 bp (690 bp for A/B
amplification; 619 bp for C/D). Amplification products
were analysed by electrophoresis on 1% agarose gel in
IxTAE running buffer following standard procedure, as
described by Maniatis et al. Site Directed Mutagenesis
Mutations into the b subunit of sGC were inserted by
PCR using the wild type gene as template, in
particular primers sGCbeta UP and sGCbetaE473K LOW
were used to amplify the 5' portion of the gene,
primers sGCbetaE473K UP and sGCbetaC541D LOW were used
to amplify a central fragment, primers sGCbetaC541D UP
and sGCbeta LOW were used to amplify the 3' portion of
the gene.To reconstitute the full length mutated gene,
these three discrete fragments were used as template
in a final PCR reaction performed with primers sGCbeta
UP sGCbeta LOW. Amplification protocol performed in
Perkin Elmer 9700 thermocycler: 1 time the following
step: pre PCR 2' at 94C 20 times the following steps:
denaturation 30" at 94C annealing 1' at 520C
elongation 30" at 68C 1 time the following step:
elongation 7' at 680C The mutation R592Q into the a
subunit of sGC was inserted by site directed
mutagenesis (QuikChange XL Site-Directed Mutagenesis
Kit from Stratagene), using primers sGCalphaR592Q UP
and sGCalphaR592Q LOW. Amplification protocol
performed in Perkin Elmer 9700 thermocycler: 1 time
the following step: pre PCR 1' at 95C 18 times the
following steps: denaturation 30" at 950C annealing 1'
at 550C 



elongation 13' at 680C 1 time the following step:
elongation 7' at 68C PCR reaction mix: 1 ml template 5
ml 10 x Turbo Pfu Buffer (Stratagene) 1 ml 2OmM
dNTPs2.5 ml primer A (10 mM) 2.5 ml primer B (10 mM) 1
ml 2.5 U/ml Turbo Pfu (Stratagene) 37 ml H2O Clonine
procedure: pIRESsGCbamut Each of the two mutated
subunits of sGC was cloned into a bi-cistronic
mammalian expression vector (pIRES, purchased from
Clontech) that allows the simultaneous translation of
two consecutive ORF (Open Reading Frame) from the same
messenger RNA, through an Internal Ribosome Entry Site
(IRES) element, thus generating the so-called
pIRESsGCba vector. The mutated b subunit of sGC
described above was cloned into EcoRI unique
restriction site of pIRES. The pIRESsGCb vector was
subsequently digested with Smal to insert the mutated
a subunit of sGC downstream the IRES element.All the
constructs obtained were verified by full-length
dideoxy sequencing. Cell culture: Culture medium,
seeding and incubation : DMEM/F12 with Glutamax (GIBCO
cod.3 133 1-028), 10% FBS, 1% Pen./Strep. (Invitrogen
cod.15140- 122), 25 mM Hepes Buffer Solution (GIBCO
cod. 15630-056), 1.0 mM Sodium Pyruvate (GIBCO cod.
11360-039), 1.5 g/L Sodium Bicarbonate (GIBCO cod.
25080-060), 0.5 mg/ml G418 (Calbiochem cod.345812).
Preculture conditions: Cells were seeded for
experiments when 70-80% confluent. Cell culture
conditions: Split twice a week: 3.OxIO5 cells/ffask
T75 (recovery: 8x1 06 cells). Clone Selection Process:
CHO cAMPL, previously generated by Axxam, were
transfected with pIRESsGC bamut. After eight days of
G41 8 selection, the stable transfected cells were put
in 1st limiting dilution (1st LD) at 1 c/w in 96 wp
format. After two weeks, plates were incubated 4h with
SNAP 100 mM and measured at CCD camera after injection
of Bright-GloTM (Promega). The 9 best responding
clones were re-tested in a dose response experiment as
counted cells. The 3 best responding clones were put
in 2nd LD (0.3 c/w, 96wp). After two weeks, plates
were replicated and after 48 h incubated 4 h with SNAP
100 mM and read at CCD camera after injection of
Bright-GloTM (Promega). The best responding 12 clones
were re-tested in a dose response experiment as
counted cells. The four best responding clones were
put in 3rd LD (0.3 c/w, 96 wp format).The final clone
was chosen after the 3rd LD selected with SNAP 10 mM.
Complete optimization of the assay was performed on
the best responding clone 7. Reference Compounds: SNAP
(Tocris cat# 0598) was dissolved in DMSO at a
concentration of 100 mM and stored in aliquots at
-200C. Working solution was freshly prepared in Serum
Free Medium. SIN (Tocris cat# 0 756) was dissolved in
water at a concentration of 100 mM and stored in
aliquots at -200C. NOC18 (Calbiochem cat# 487957) was
dissolved in water at a concentration of 100 mM and
stored in aliquots at -200C. ODQ (Calbiochem cat#
495320) was dissolved in DMSO at a concentration of
100 mM and stored in aliquots at -200C. BAY41-2272 was
purchased from Alexis, dissolved in DMSO at a
concentration of 10 mM and stored in aliquots at
-200C. Working solutions for SIN-I and BAY4 1-2272 and
BAY58-2667 were freshly prepared in standard Tyrode
buffer. Tyrode Buffer composition: NaCl 130 mM, KCl 5
mM, CaCl2 2 mM, MgCl2 1 mM, NaHCO3 5 mM e HEPES 20 mM
pH 7.4. Bright-Glo(tm): Promega cat#E2620.REFERENCES
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278, 1907-1916.CLAIMS 1. A method for determining the
soluble guanylate cyclase (sGC) enzymatic activity in
a cultured eukaryotic or prokaryotic cell, which
comprises: A) introducing into the cell: i) a vector
encoding a reporter gene functionally linked to a CRE
or MRE-CRE inducible promoter, and, simultaneously or
separately, ii) a vector encoding a soluble guanylate
cyclase able to catalyze the conversion of ATP into
cyclic AMP; B) contacting the cell with a compound
that stimulates or inhibits sGC enzymatic activity; C)
determining the activity of the reporter gene. 2. A
method of identifying molecules that modulate sGC
activity in a cultured eukaryotic or prokaryotic cell,
which comprises: A) introducing into the cell: i) a
vector encoding a reporter gene functionally linked to
a CRE or MRE-CRE inducible promoter, and,
simultaneously or separately, ii) a vector encoding a
soluble guanylate cyclase able to catalyze the
conversion of ATP into cyclic AMP; B) contacting the
cell with a candidate molecule; C) determining the
activity of the reporter gene. 3. A method of
modulating the expression of a target gene in a
cultured eukaryotic or prokaryotic cell, which
comprises: A) introducing into the cell: i) a vector
encoding the target gene functionally linked to a
CREor MRE-CRE inducible promoter, and, simultaneously
or separately, ii) a vector encoding a soluble
guanylate cyclase able to catalyze the conversion of
ATP into cyclic AMP; B) contacting the cell with a
molecule able to stimulate sGC enzymatic activity in a
NO-dependent or NO-independent manner; 4. A method
according to claims 1-3, wherein the MRE-CRE inducible
promoter contains 3 MRE and 5 CRE elements. 5. A
method according to claims 1-3, wherein a vector
encoding rat soluble guanylate cyclase is used. 6. A
method according to claim 5, wherein said rat sGC
carries Arg592->Gln mutation on the a subunit and
Glu473- Lys and Cys541 Asp mutations on the b subunit.
7. A method according to claims 1-2, wherein the
reporter gene codes for a protein selected from
luciferase, Green Fluorescent Protein (GFP) and a
Photoprotein. 8. A method according to claim 2,
wherein the candidate molecule is able to stimulate or
inhibit sGC activity in a NO-dependent or
NO-independent modality. 9. A method according to
claim 3, wherein the target gene is selected from ion
channels, GPCRs and Nuclear Hormone Receptors. 10. A
prokaryotic or eukaryotic host cell containing i) a
vector encoding a reporter gene functionally linked to
a CRE or MRE-CRE inducible promoter and ii) a vector
encoding a soluble guanylate cyclase able to catalyze
the conversion of ATP into cyclic AMP. 11. A
eukaryotic host cell according to claim 8, which is a
CHO cell. 12. The use of a soluble guanylate cyclase
able to catalyze the conversion of ATP into cyclic AMP
for the screening of compounds that modulate
sGCenzymatic activity. 13. The use of a host cell
according to claims 10-1 1 as a tool for detection of
intracellular NO-release.SEQUENCE LISTING <110> AXXAM
S.r.l. <120> METHODS AND ASSAYS FOR DETECTING
GUANYLATE CYCLASE ACTIVITY <130> SCB939PCT <160> 11
<170> Patentln version 3.1 



<210> 1 <211> 32 <212> DNA <213> Homo sapiens <400> 1
atgctaaagg acgtcacatt gcacaatctt a a 32 <210> 2 <211>
22 <212> DNA <213> Rattus sp. <400> 2 cggctaataa
ggaggaaacc a c 22 <210> 3 <211> 24 <212> DNA <213>
Rattus sp. <400> 3 agaaacatgc ggctcactaa tcta 24 <210>
4 <211> 24 <212> DNA <213> Rattus sp. <400> 4
cggacaccat gtacggtttt gtga 24 <210> 5 <211> 24 <212>
DNA <213> Rattus sp. <400> 5 ggctgccatt cagttttcat
cctg 24 <210> 6 <211> 39 <212> DNA <213> Rattus sp.
<400> 6gtcggagtga agatgcccca gtattgcctg tttggaaac 39
<210> 7 <211> 39 <212> DNA <213> Rattus sp . <400> 7
gtttccaaac aggcaatact ggggcatctt cactccgac 39 <210> 8
<211> 39 <212> DNA <213> Rattus sp . <400> 8
ccatttgttt acaaggtgaa gacagttggt gacaagtat 39 <210> 9
<211> 39 <212> DNA <213> Rattus sp. <400> 9 atacttgtca
ccaactgtct tcaccttgta aacaaatgg 39 <210> 10 <211> 39
<212> DNA <213> Rattus sp. <400> 10 cagcggatgc
cacggtatga tctcttcgga aatactgtc 39 <210> 11 <211> 39
<212> DNA <213> Rattus sp. <400> 11 gacagtattt
ccgaagagat cataccgtgg catccgctg 39 


